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ABSTRACT 

 

 

 
SCALE-DEPENDENT VARIATION IN MOLECULAR AND ECOLOGICAL PATTERNS OF 

INFECTION FOR ENDOHELMINTHS FROM CENTRARCHID FISHES 

 

Dissertation under the directions of Gerald W. Esch, 

Charles M. Allen Professor of Biology, Department of Biology 

 

 Few studies exist addressing the intraspecific molecular variability of helminths in a 

widely distributed freshwater fish host.  Equally rare are studies considering both large- and 

small-scale patterns of infection of helminth communities in a widely distributed aquatic host(s).  

Vanishingly few studies exist making large-scale population-level comparisons of numerous 

helminth species occurring in multiple host species.  Typically, such studies are meta-analyses, 

which incorporate data from numerous independent studies, thereby introducing issues of 

sampling (or sampler) bias, inconsistent reporting of information, etc.  The purpose of the current 

work was to attempt to fill some of these voids in the parasitological/ecological literature, with a 

single, concise series of studies using the internal helminths of a commonly encountered group of 

freshwater fishes (Centrarchidae) across the United States (US). 

 Intraspecific molecular variation in the bass tapeworm, Proteocephalus ambloplitis, was 

assessed by sequencing the mitochondrial (16S) and nuclear (ITS2) loci of tapeworms recovered 

from numerous centrarchid host species, from freshwater bodies of water across a large portion of 

the US.   The goal of the study was to determine whether crypticity in this tapeworm could 

explain the pattern of adult presence in definitive hosts during summer mo in the northern portion 

of the US, and during the winter mo in the southern portion of the country.  Sequences were 

obtained from 191 individual worms, taken from various locations, host species, and host tissues.  

Sequences were concatenated and used to construct a maximum likelihood (ML) phylogenetic 
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tree which evidenced a large amount of sequence heterogeneity in these worms across the US.  

Four distinct groups appeared to resolve, based on branch length; however, branch support values 

did not recapitulate this topography.  In neither case was the prediction of crypticity as a driving 

force behind the pattern of seasonal, regional presence of adults in definitive hosts supported.  

Furthermore, no patterns in molecular structuring were observed on the basis of host species, host 

tissue, or even within a lake.  Rejection of the crypticity hypothesis suggests that perhaps 

differential seasonal presence/absence of first intermediate hosts, changes in water temperature, 

fluctuations in definitive-host hormone levels, or a combination of 2, or more, of these factors 

may be responsible for the observed patterns of adult cestode infections. 

 Prevalence and intensity values are common metrics for analyzing and comparing the 

endohelminth populations infecting various hosts.  Even so, few studies exist assessing these 

measures on a large geographic scales.  In the current study, the endohelminths of 1,962 hosts of 

3 species, i.e., bluegill sunfish (Lepomis macrochirus), green sunfish (Lepomis cyanellus), and 

largemouth bass (Micropterus salmoides), were used for comparison.  Prevalence and intensity 

were used to compare population-level differences between host species, and total richness (S), 

total average endohelminth richness (ST), average allogenic endohelminth richness (SAL), and 

average autogenic endohelminth richness (SAU) were used to make community-level comparisons.    

Thirteen of 25 endohelminth species encountered, infected all 3 host species, 6 infected a 

combination of 2, and 6 infected only 1 host species.  The most commonly encountered 

endohelminth species infecting all 3 species included Neoechinorhynchus cylindratus, 

Proteocephalus ambloplitis, Camallanus oxycephalus, Contracaecum spiculigerum, Spinitectus 

spp., and Posthodiplostomum minimum.  As might be expected, some endohelminth species 

differentially infected these closely related hosts, based on prevalence and intensity comparisons 

with permutational ANOVA, while others did not.  Likely, behavioral differences between these 

hosts, including discrepancies in food/prey choice and habitat preference, influence these 

patterns.  The endohelminth communities of bluegill sunfish were characterized by the greatest 
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richness (S = 25), but lowest diversity (0.36), of all host species.  Conversely, largemouth bass 

endohelminth communities were characterized by the lowest total richness (S = 15), but had the 

second highest diversity (0.65), of all host species.  Largemouth bass also possessed the greatest 

ST and SAL values, and bluegill sunfish and largemouth possessed the same SAU values.  Although 

bluegill sunfish possessed the greatest total endohelminth richness at the host population level, 

individual largemouth bass possessed 1 of the highest diversities, and the highest ST, SAL, and SAU 

values.  The results of the current study confirms the value of large-scale studies in detecting 

patterns in endohelminth community structure which allow general conclusions to be made (and 

tested) concerning the parasite communities of widely distributed hosts. 

 The resolution of patterns in parasite communities is highly dependent on both 

geographic and temporal scale.  Although the impact of geographic scale on pattern resolution 

has received much attention as it pertains to free-living organisms, the parasitological literature 

remains depauperate in this area.  Redundancy analysis (RDA) ordination using environmental 

variables, or host physical traits, in combination with the binary community matrix for 24 

endohelminth species of bluegill sunfish (obtained from 200 freshwater bodies of water), was 

used to determine to what extent these factors structured the endohelminth communities of these 

hosts.  Additionally, Mantel tests were employed to evaluate whether internal helminth 

communities of bluegill sunfish decay significantly with distance, both at a nearly countrywide 

scale, and at a regional scale, i.e., freshwater ecoregions.  Average internal helminth richness was 

calculated for each freshwater ecoregion, and for each body of water from which 5 (or more) 

bluegill sunfish were recovered.  These values were compared between freshwater ecoregions, as 

well as between bodies of water within ecoregions using either permutational ANOVAs or 

permutational t-tests.  Additionally, average internal helminth richness was plotted against 

latitude and longitude to determine whether significant relationships existed for either.  The data 

showed that bluegill internal helminth communities are both rich and quite consistent across the 

entire sampled range.  Even so, community similarity decayed significantly with geographic 
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distance, and average internal helminth richness was significantly influenced by both latitude and 

longitude across the sampled area.  These trends were greatly mitigated at the intermediate 

geographic scale, i.e., within freshwater ecoregions, with only 2 of 16 showing a significant 

decay of similarity in endohelminth community similarity as inter-lake distance increased.  At the 

smallest scale, e.g., between lakes within a given ecoregion, average internal helminth richness 

differed significantly, suggesting heterogeneity like that seen at the largest geographic scale.  

Thus, the data suggest that relatively small, or gradual, changes in internal helminth community 

structure at the local scale, such as adding or removing rare or regionally distinct endohelminth 

species, may be amplified at larger scales, but diminished at regional scales.  Additionally, it 

appears that relatively few ecoregions, those characterized by particularly rich, or depauperate, 

endohelminth communities, may have a disproportionate impact on the countrywide patterns 

observed. 

 Few modern-day studies exist attempting to single-handedly summarize the 

endohelminth communities of a widely distributed group of hosts, across a large geographic area.  

Often such studies must rely on multiple sources, potentially from numerous authorities, time 

frames, and widely distributed sampling sites.  The final contribution of the current body of work 

is a survey the endohelminths of 18 different centrarchid species, or hybrids, collected from 

across a large portion of the US, during the summer mo of 2011-2013.  No recent surveys exist 

considering the endohelminths of a single group of hosts, let alone such a closely related, yet 

behaviorally diverse group of hosts.  The majority of endohelminths encountered were recovered 

from a variety of host species, suggesting broad utility of centrarchid hosts in the life cycles of 

many generalist endohelminth species of fishes occurring across the sampled region of the US.    



 

 

1 

 

CHAPTER I 

 

INTRODUCTION 

 

 The current series of studies were borne out of a desire to better understand the factors 

influencing the seasonal presence of adults of the bass tapeworm, Proteocephalus ambloplitis, in 

definitive hosts.  A review of the literature supports the presence of adults in the GI tract of 

definitive hosts during the summer mo in the northern portion of the United States (US) (and 

southern Canada), e.g., Bangham (1955), Fischer and Freeman (1969), Esch (1971), Gilliland and 

Muzzall (2004), and the winter mo in the southern portion of the US, e.g., Gash et al. (1972), 

Hoffman et al. (1974), and Eure (1976) (see Table II-I). 

Proteocephalus ambloplitis (syn = Taenia ambloplitis) was first reported from the 

stomachs of rock bass (Ambloplites rupestris) by Leidy (1887) in New York.  Initial work to 

elucidate the life cycle of this cestode was undertaken by Cooper (1915) and, following reports of 

the pathology caused by the migration of plerocercoids through the body cavity of infected fish 

hosts (Moore, 1925, 1926), Hunter (1928) provided experimental support for the life cycle 

suggested by Cooper (1915).  Both authors proposed that eggs were consumed by cyclopoid 

copepods (the first intermediate hosts); these eggs would hatch, and an oncosphere would migrate 

from the gut into the host’s body cavity, developing into a procercoid.  Infected copepods would 

then be consumed by plaktivorous fishes (the second intermediate hosts), typically centrarchid or 

percid species (Hoffman, 1967, 1999; Hunter, 1928).  The procercoid would leave the gut and 

enter into the body cavity of the fish host, developing into a plerocercoid in the visceral organs or 

surrounding mesenteries.  Ultimately, a piscivorous fish (the definitive host) would ingest the 

infected planktivorous fish and the plerocercoid would develop into an adult.   

For over 40 yr, it was assumed that development of plerocercoids into adults was the 

same in P. ambloplitis as it is in its Palearctic congeners, occurring entirely in the gastrointestinal 
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(GI) tracts of the definitive hosts (Scholz, 2007).  However, Fischer and Freeman (1969) provided 

experimental evidence that infection of the definitive host, largemouth bass (Micropterus 

salmoides), by adults, required internal autoinfection.  Furthermore, this step was obligatory both 

when the definitive host consumed an infected copepod and in the majority of cases when an 

infected planktivorous fish was consumed (a finding which also evidenced that P. ambloplitis can 

utilize either a 2- or 3-host life cycle) (Fischer and Freeman, 1969).  Thus, consumption of a 

copepod by a bass leads to the procercoid’s emigration from the gut, development into a 

plerocercoid in the abdominal cavity, subsequent immigration back into the gut by the 

plerocercoid, and eventual maturation into an adult (Fischer and Freeman, 1969).  Alternatively, 

when bass consume an infected planktivorous fish, the plerocercoid leaves the gut of the 

definitive host, enters into the abdominal cavity and re-encysts as a plerocercoid, and later 

immigrates back into this host’s gut, where it develops into an adult (Fischer and Freeman, 1969).  

In rare cases, Fischer and Freeman (1969) observed plerocercoids, which had already re-entered 

the gut of a smaller, sexually mature largemouth bass, develop directly into adults in the next 

bass’ GI tract. 

Given our rather intimate knowledge of the P. ambloplitis life cycle, the observation of 

regional differences in the seasonal presence of adult tapeworms in the GI tracts of definitive 

hosts remains a particularly curious characteristic of this endohelminth.  The studies described in 

the current dissertation work arose from the peculiarity of this parasite’s life cycle and 

endeavored to explore 3 primary objectives.  The first was to determine whether crypticity in the 

bass tapeworm, P. ambloplitis, might explain the regional and seasonal life cycle disparity 

observed in this helminth species.  The second sought to determine whether population- and 

community-level patterns of endohelminth infections differ among widely distributed host 

species, all with membership in Centrarchidae.  Finally, we endeavored to provide a 

contemporary, temporally restricted, and geographically expansive survey of the endohelminths 

of centrarchids collected across a large portion of the US.   
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Chapter II explores the primary question of the dissertation; specifically, whether 

crypticity can explain the seasonal regional differences in the presence of adult P. ambloplitis in 

the GI tracts of definitive hosts.   This question is addressed from a molecular point-of-view, and 

the impact of geographic location, host species, and host tissue on resulting molecular structure is 

assessed. 

Chapter III investigates the large-scale (nearly countrywide) patterns of infection of 

various internal helminth parasites in the 3 most commonly encountered centrarchid hosts in this 

study, i.e., bluegill sunfish (Lepomis macrochirus), green sunfish (Lepomis cyanellus), and 

largemouth bass (Micropterus salmoides).  Specifically, prevalence and intensity values for 27 

species of endohelminths are reported, and comparisons between host species are made for the 

most common parasites encountered.  Additionally, diversity of internal helminth communities, 

as well as average total internal helminth richness (ST), average allogenic helminth richness (SAL), 

and average autogenic helminth richness (SAU) are reported and compared between host species. 

Chapter IV is a series of large-scale parasite surveys focusing on bluegill sunfish, green 

sunfish, the true basses (large- and smallmouth bass), and various other centrarchid hosts, 

including Ambloplites rupestris, Lepomis spp., Pomoxis spp, and various Lepomis spp. hybrids.   

Finally, several appendices have been included at the end of this work.  Appendices A – 

D include supplemental materials for Chapters II – V, respectively.  These materials are included 

here because they are not a part of the versions of the manuscripts submitted for publication, but 

still provide valuable additional information for each chapter.  Some of these materials are 

referenced in the text of the published manuscripts as “Luth (2016).”  Others are not referenced in 

the text, but are still included here in the interest of providing as much information to the reader 

as possible.  The last 3 appendices (Appendices E – G) provide maps of the distributions of 

sampling sites, the distributions of all host species, and the distribution of all internal helminth 

species encountered, respectively.  
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ABSTRACT 

 

The Nearctic cestode, Proteocephalus ambloplitis, is distinct from its Palearctic 

congeners, both in terms of its life cycle and on the basis of molecular inference.  Adults of this 

parasite exhibit a seasonal, geographically delimited, pattern of infection within definitive hosts 

across the United States (US).  Specifically, P. ambloplitis adults are present during warmer mo 

in the north and during colder mo in the south.  The primary objective of the current study was to 

determine whether this pattern was the result of crypticity, i.e., molecularly distinct groups of this 

parasite inhabiting these 2 regions of the US.  A total of 191 worms (either adults or 

plerocercoids) were collected from broadly distributed centrarchid hosts, i.e., Lepomis spp. and 

Micropterus salmoides.  A maximum likelihood (ML) tree was constructed based on 

concatenated and aligned sequences for the internal transcribed spacer 2 (ITS2) and large 

mitochondrial ribosomal subunit (16S) loci.  Branch support was generally low, due likely to a 

large degree of sequence similarity among individuals; however, long branch lengths suggest 4 

molecularly distinct groupings.  Observed groups did not appear to correspond to patterns in host 

species, infection site within host, or the region of the US from which worms were collected.  

These data suggest that observed differences in seasonal presence of adult cestodes in definitive 

hosts, in the northern or southern US, are not due to crypticity.  Three alternative hypotheses are 

proposed to explain the seasonal patterns in the distribution of adults of P. ambloplitis: (1) 

variability in seasonal abundance of intermediate hosts, namely copepods, in these different 

regions of the US; (2) asynchronous, i.e., seasonal, hormonal changes in hosts; and (3) seasonal 

changes in water temperature.  Future molecular studies should sample worms from more 

distantly related host species, compare sequence data from additional loci, and assess the role of 

anthropogenic influences, e.g., stocking practices, on the current distribution of molecular 

variability in P. ambloplitis by comparing worms from well-established, natural host populations 

to worms collected from hatchery reared hosts.  
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INTRODUCTION 

 

Proteocephalus ambloplitis (syn. = Taenia ambloplitis) was first reported from the 

stomachs of rock bass (Ambloplites rupestris) by Leidy (1887) in New York.  Life cycle work by 

Cooper (1915) and Hunter (1928) showed that eggs, shed into the water column by adults 

residing in the GI tract of definitive hosts, are consumed by the first intermediate host, cyclopoid 

copepods.  These develop into procercoids in the body cavity of the copepod, and are transferred 

trophically to second intermediate hosts, typically centrarchid or percid planktivorous fishes 

(Hoffman, 1967; Hunter, 1928).  The procercoid leaves the gut and enters into the fish’s body 

cavity, where it develops into a plerocercoid in the visceral organs or surrounding mesenteries.  In 

the 3-host version of the P. ambloplitis life cycle, a piscivorous fish ingests an infected 

planktivorous fish, and the plerocercoid develops into an adult in the gut of this definitive host, 

e.g., largemouth bass (Micropterus salmoides).  Fischer and Freeman (1969) showed that a 2-host 

life cycle can also be observed, and occurs when procercoids are ingested by the definitive host.  

Here, the procercoid exits the GI tract and migrates into parenteric spaces, develops into a 

plerocercoid, then later re-enters the gut, and develops into an adult.  This phenomenon, referred 

to as internal autoinfection, distinguishes P. ambloplitis from its Palearctic congeners (Scholz, 

2007). 

Differences in seasonal presence of adult P. ambloplitis in the northern US/southern 

Canada versus the southern US (Table II-I) went largely unnoticed until research on this species 

was done by Eure (1976) in a South Carolina reservoir.  Fischer and Freeman (1969) proposed 

both hormonal and temperature triggers for internal autoinfection in definitive hosts, after 

observing adult P. ambloplitis exclusively in sexually mature largemouth bass exposed to an 

increase in water temperature (as might occur with a seasonal change from winter to summer) in 

Lake Opeongo, Ontario, Canada.  Similarly, Eure (1976) proposed a temperature trigger (but in 

the opposite direction), after observing adult P. ambloplitis in mature largemouth bass only after a 
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decrease in water temperatures in a heated reservoir in South Carolina, USA.  A review of 

literature reporting the seasonal presence/absence of adult P. ambloplitis in definitive hosts 

confirmed a pattern exists (Table II-I). 

Here, we suggest that the observed seasonal patterns in these 2 regions of the US may be 

the result of regionally isolated cryptic species of the bass tapeworm.  Although several studies 

exist evaluating the interspecific relationships within the Proteocephalidae on a molecular basis, 

e.g., Zehnder and Mariaux (1999), Kodedová et al. (2000), de Chambrier et al. (2004), Hypša et 

al. (2005), and Scholz et al. (2007), no studies exist exploring the intraspecific variability for any 

Proteocephalus spp. cestode.  Existing studies support the monophyly of the Palearctic species of 

Proteocephalus (Zehnder and Mariaux, 1999; Škeříková et al., 2001; de Chambrier et al., 2004), 

while consistently evidencing the paraphyly of the Neotropical and Neararctic species of 

Proteocephalus (Zehnder and Mariaux, 1999; de Chambrier et al., 2004; Hypša et al., 2005; de 

Chambrier et al., 2009).  These findings, coupled with the aforementioned differences in life 

cycles between P. ambloplitis and its Palearctic congeners, verify the need for further evaluation 

of the molecular variability in this proteocephalidean cestode. 

Discovery of cryptic species of P. ambloplitis could help explain the seasonal and 

regional patterns of infection by adults in definitive hosts across the US.  Furthermore, the 

discovery of crypticity in the bass tapeworm would challenge its identification in intermediate 

hosts on the basis of morphology or infection-site specificity.   

The purpose of the current study was to assess whether distinct cryptic species of this 

cestode are present in the northern versus the southern portions of the US.  Juvenile and adult 

worms, identified as P. ambloplitis on the basis of morphology and infection site within hosts, 

were collected from various host species, tissues, and bodies of water across a large portion of 

cestode’s range in the US.  To evaluate the extent of molecular variation within P. ambloplitis, 

both nuclear and mitochondrial loci were sequenced and compared, an approach commonly 

employed by studies addressing questions of intraspecific molecular variation within a parasite 
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species, e.g., Padgett et al. (2005) and Steinauer et al. (2007).  A phylogenetic comparison of 191 

sequences was made to explore whether regional patterns in crypticity exist for the bass 

tapeworm.  Several additional hypotheses explaining the seasonally and regionally distinct 

distribution of adult P. ambloplitis among definitive hosts are also briefly addressed. 
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MATERIALS AND METHODS 

 

Host collection and examination 

All cestodes used in the current study were obtained from centrarchid hosts (collected 

using scientific collecting permits or valid fishing licenses) from lakes across a large portion of 

the US (Fig. II-1).  Hosts were processed in the field, i.e., the visceral mass for each host was 

removed, perforated, and placed immediately into individual vials containing 95% ethanol.  

Samples were stored on ice, or kept cold in an incubator, until necropsy at Wake Forest 

University (typically within 8 mo of host capture).  Any P. ambloplitis worms observed in the 

visceral mass or GI tract of hosts were removed and placed directly into 95% ethanol.  

Identification of specimens was based on morphological characters and site of infection within 

hosts. 

Molecular data 

Molecular characters used for phylogenetic inference were obtained from a combination 

of both nuclear (internal transcribed spacer 2 [ITS2]) and mitochondrial (large ribosomal subunit 

[16S]) sequence data.  DNeasy 96 Blood and Tissue kits (Qiagen, Hilden, Germany) were used to 

isolate DNA, and standard protocols were employed with the following exception: 50 µL of AE 

(instead of 100 µL) was used for elution due to the size of the specimens.   

The primers used to amplify approximately 600 nucleotides of the ITS2 region, Proteo1 

(5′-CGGTGGATCACTCGGCTC-3′) and Proteo2 (5′-TCCTCCGCTTATTGATATGC-3′), from 

Scholz et al. (2003), were based on the ITS1-ITS2 genes from Eubothrium crassum and E. 

salvelini from Král’ová et al. (2001).  For polymerase chain reaction (PCR) amplification of the 

ITS2 region, 0.5 µL of each primer (10 µM), 1 µL of template, and 23 µL DI H2O was added to 

each well of 2-96 well plates of illustra PuReTaq Ready-to-Go PCR beads (GE Healthcare, Little 

Chalfont, United Kingdom).  The following PCR program was used: 2 min at 95ºC; 35 cycles of 
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denaturing for 30 s at 95ºC, annealing for 30 s at 53ºC, and extension for 1 min at 72ºC; and a 

final extension for 8 min at 72ºC.   

Primers used to amplify approximately 275 nucleotides of the 16S region, 16SF-53  

(5’-AATRGCCGCAGTATHRTGACTGTG-3’) and 16SR-378 (5’-

ACYYAAGTCAACATCGAGGTAGC-3’) were obtained from Gamil (2012), based on the 

alignment of several proteocephalidean species.  PCR preparations were the same for 16S as for 

ITS2, using the illustra PuReTaq Ready-to-Go PCR beads and the methods described above.  The 

following PCR program was adapted from Zehnder and Mariaux (1999) after a series of gradient 

PCRs evidenced that an annealing temperature of 48ºC tended to produce the best results: 2 min 

at 94ºC; 30 cycles of denaturing for 15 s at 94ºC, annealing for 30 s at 48ºC, and extension for 45 

s at 68ºC; and a final extension for 1 min at 72ºC.  The products of both PCR reactions were 

cleaned using AMPure (Beckman Coulter, Brea, California).   

Sequencing reactions were run separately for each of the 4 primers listed above, using the 

following reagents:  0.5 µL BigDye (Applied Biosystems, Foster City, California), 0.5 µL 

extension buffer, 1 µL primer (2 µM), and 7 µL template.  A step-PCR process was used to prep 

samples for sequencing as follows: 1 min at 96ºC; 15 cycles of denaturing for 10 s at 96ºC, 

annealing for 5 s at 50ºC, and extension for 1 min 15 s at 60ºC; 5 cycles of extension for 10 s at 

96ºC, annealing for 5 s at 50ºC, and extension for 1 min 30 s at 60ºC; and 15 cycles of denaturing 

for 10 s at 96ºC, annealing for 5 s at 50ºC, and extension for 2 m at 60ºC.  Sequencing cleanup 

proceeded with ethanol precipitation: 100 µL fresh-made 70% ethanol was added to each well 

and the 96 well plates were spun for 60 min at 4ºC (4,500 RPM).  Template was re-suspended in 

10 µL injection solution and electrofluoresced using a Sanger ABI 3730 xl sequencer (Applied 

Biosystems). 

Phylogenetic inference 

Forward and reverse strands for individual isolates were reconciled and aligned against 

each other (using CodonCode) for each locus, to ensure recovery of all point mutations.  Only 
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singletons with clear reads were kept; all others were discarded.  A total of 244 novel sequences 

were used as ingroup taxa in the current analysis: 104 bidirectional 16S sequences, 84 

bidirectional ITS2 sequences, 37 unidirectional 16S sequences, and 19 unidirectional ITS2 

sequences.  Pre-existing data in GenBank revealed homologous information for ITS2 and 16S 

rDNA derived from Proteocephalus ambloplitis; however, as sequence data from common source 

individuals were not available, sequences from 2 separate individuals were used as additional 

ingroup taxa:  Proteocephalus ambloplitis 16S (AJ389505) and Proteocephalus ambloplitis ITS2 

(AY551158).  Two taxa were used in the outgroup: 1 congener (Proteocephalus perplexus 

[AJ275216], which only had sequence data for the 16S locus), and 1 confamilial worm 

(Crepidobothrium sp. [INVE 22108], which had common source data for both loci).  The latter 

outgroup taxon was chosen for 2 reasons:  1) it consistently groups closer to P. ambloplitis than 

any Palearctic congeners of P. ambloplitis (based on the 28S and 16S phylogenies of Zehnder and 

Mariaux [1999] and the combined ITS2, 18S, 28S, and 16S phylogeny in Hypša et al. [2005]), 

and 2) because it was the closest relative (based on BLAST sequence similarity) that possessed 

sequence data for both the 16S and ITS2 loci in GenBank.  All novel sequences used in the 

current study are deposited in GenBank.  A detailed list of each coded taxon name in Figure II-2, 

GenBank accession numbers, the developmental stage of the worm, the date of collection, and the 

DDS coordinates of the body of water from which the worm was collected can be found in Luth 

(Table A-I).   

Sequences were aligned using MUSCLE, and data used for the concatenated tree were 

combined in Mesquite.  Aligned data partitions were examined with FindModel 

(http://hiv.lanl.gov/content/sequence/findmodel/findmodel.html) and subject to maximum 

likelihood analyses in Garli 2.01 (Zwickl, 2006), using unlinked general time reversible models 

for each partition, with an estimated gamma rate heterogeneity parameter.  Searches were set to 

run for 5 million generations, but with automatic termination should likelihood scores not 

improve over 20,000 generations. Bootstrap support values were subsequently determined with 
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1,000 replicates in Garli 2.01 but with state-frequencies for the rate matrix being fixed to those 

found in the most likely tree.  Resulting trees were visualized in FigTree 1.4.2 (Rambaut and 

Drummond, 2009), and annotated with Adobe Illustrator (Adobe Systems, San Jose, California).  

Elucidation of unique and unreversed nucleotide changes on the internodes subtending various 

clades was accomplished in Mesquite 3.04 (Maddison and Maddison, 2015). 
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RESULTS 

 

Alignment of the nuclear ITS2 sequences resulted in approximately 600 bp of sequence 

from 181 individuals.  In all, 105 haplotypes were observed with 32 informative SNPs, and 

variation among individuals at this locus ranged from 0-17.7%.  Alignment of the mitochondrial 

16S sequences resulted in approximately 275 bp of sequence from 140 individuals.  In all, 70 

haplotypes were observed at this locus with 30 informative SNPs, and variation in these 

sequences ranging from 0-38.2% among individuals.  All 244 novel sequences for P. ambloplitis, 

obtained in the current study, were uploaded to GenBank (Table A-I).  

The concatenated 16S and ITS2 ML tree (Fig. II-2) was built using 244 novel nucleotide 

sequences from a total of 192 individual worms, as well as sequences from 4 worms obtained 

from GenBank.  Although bootstrap branch support values were generally low (with only 4 

exceeding 50%), branch lengths and tree topography suggests 4 major molecular divisions in the 

sequences from P. ambloplitis.  Furthermore, there appears to be no connection between the host 

species or tissue from which a worm was removed and the worm’s molecular makeup.  

Additionally, no pattern was observed between the region of the US from which a worm was 

collected and the topology of the resulting molecular tree.   

Although the molecular groupings observed on the ML tree (Fig. II-2) did not correspond 

to any of the hypothesized factors, i.e., host species, host tissue, and region in the US, it is clear 

that groupings did exist.  Group1 (labeled 1 in Fig. II-2), contained a single worm, 

BG_L_ND_McDowell Lake (12_A02).  Group 2 (labeled 2 in Fig. II-2) consisted of a clade 

containing 13 worms.  Worms in this group were collected from lakes distributed across 7 states, 

i.e., OH, MD, MI, NC, NM, SC, and WI, and were isolated from several different host species 

and host tissues (Fig. II-2; Table A-I).  The long-branch length of the 12 worms relative to the 

single worm in this group suggests real differences between these members of this group; 

however, this assertion is not supported by strong branch support values.   
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The third group (labeled 3 in Fig. II-2) consisted of sequences from 4 novel individuals 

(sequenced here) in addition to both of the P. ambloplitis sequences acquired from GenBank (Fig. 

II-2).  Relative to the other groups observed in the current study, the worms in this group were 

recovered from fewer different host species, and from a smaller geographic area, i.e., IN, MS, 

NC, and OH.  Group 4 (labeled 4 in Fig. II-2) was the largest grouping of sequences and was 

comprised of data from worms recovered from a wide diversity of host species, host tissue, and 

host geography (Fig. II-2; Table A-I).  Although there are clearly distinct molecular groupings of 

what has classically been called P. ambloplitis, the size of Group 4 indicates that most of these 

worms do indeed fit into a single, morphologically and molecularly supported group. 

A total of 6 characters was observed with no homoplasy (CI = 1.0), all of which were in 

the 16S region of the concatenated sequences, and which provided additional support for the 

separation of the 4 groups observed in the concatenated tree (Fig. II-2).  Specifically, 4 zero 

homoplasy characters distinguished Group 2 from the others, 3 transitions (A � G at 835/173; T 

� C at 849/187 and 950/288) and 1 transversion (A � C at 1000/338).  Group 3 is distinguished 

from the others by a single zero homoplasy transition (C � T at 799/137), and Group 4 by a 

single transversion (G � T at 945/283).  Here, the numbers listed in parentheses represent the 

location of characters in the following order: concatenated sequence/16S sequence only. 

  



 

 

17 

 

DISCUSSION 

 

Life cycle patterns 

The present study is the first to elucidate the extent of molecular variability in the bass 

tapeworm, P. ambloplitis, across a large portion of its endemic range in the US.  The primary 

objective of the study was to determine whether the presence of regionally distributed cryptic 

species might account for the seasonality of adult worms within definitive hosts.  The results 

obtained here firmly reject this hypothesis.  Indeed, no genetic structuring was observed on the 

basis of geographic location, host species, or juvenile infection site within hosts.  These data do, 

however, suggest what appear to be 4 molecularly distinct groupings of P. ambloplitis across the 

sampled range.   

Since crypticity is not the driving force behind this regionally distinct seasonal pattern, 

alternative explanations should be considered.  Here, we propose 3 possibilities, which may, in 

fact, all be partially responsible for the observed patterns.  First, it is possible that seasonal 

variation in the abundance of the first intermediate hosts, i.e., copepods (Cyclops spp.), may 

explain the variation in the abundance of adults in the definitive hosts.  Gillooly and Dodson 

(2000) showed that seasonal variation in zooplankton abundance was tied to water temperature, 

ranging from 15-20º, across the US, with greatest abundances occurring in February in Florida, 

i.e., the south, through September in Alaska, i.e., the north.  Few studies exist considering 

Cyclops spp. abundance specifically; however, peaks were observed for 2 cyclopoid species, i.e., 

Cyclops vernalis and C. bicuspidatus, in Lake Erie, with the latter showing gradual increases in 

abundance from January through June, both showing peak abundances in June, and declines until 

the following January (Andrews, 1953).  These results are similar to those reported by Hann and 

Zrum (1997) in Canada, where cyclopoid copepod species showed greatest abundances in June 

followed by declines in July and August.  These patterns correspond to the seasonal patterns 
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observed for adults of P. ambloplitis in definitive hosts, ranging from winter in the south, through 

summer and fall in the north.   

Additional explanations for processes capable of generating the observed patterns were 

first proposed by Fischer and Freeman (1969) and Eure (1976).  In both of those studies, the 

authors proposed both a hormonal and temperature trigger for autoinfection by plerocercoids and 

subsequent presence of adults in the GI tracts of definitive hosts.  The influence of hormones on 

this process arose from the fact that only sexually mature definitive hosts ever harbored adults.  

Both initiation of sexual maturity and annual spawning are tied to changes in the levels of certain 

hormones, e.g., gonadotropin releasing hormone (GnRH) and luteinizing hormone (LH) (Zohar 

and Mylonas, 2001).  Given that these processes are regulated by changes in the same hormones 

across numerous fish species, strengthens the argument that co-evolution between P. ambloplitis 

and its hosts could result in the worms’ ability to monitor hormonal levels in their hosts.  

Especially given the close relationship between all confirmed definitive hosts of this particular 

cestode, i.e., large- and smallmouth bass and rock bass (all in fishes in Centrarchidae).  This 

remains merely speculative until future studies can show the presence/absence of molecular 

machinery in P. ambloplitis capable of recognizing and responding to host hormones.   

Studies have shown that some cestodes, e.g., Echinococcus granulosus, can indeed 

communicate with their hosts through hormone-ligand interaction (Förster et al., 2011).  

Additionally, Brehm (2010a, b) showed that another echinococcid  cestode possessed nuclear 

hormone receptors capable of recognizing host ligands.  Unfortunately, no data exist evidencing 

such abilities in the Proteocephalidae, primarily due to the fact that no genome-wide approaches 

have been applied to worms in this family.  Given that certain hormones play important roles in 

fish maturation and spawning, future studies might use DNA probes to focus efforts toward 

screening candidate loci in the P. ambloplitis genome for regions corresponding to particular 

receptor proteins.  Alternatively, RADSeq approaches could be applied with these worms, 

allowing for these types of functional genomics questions to be addressed. 
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Water temperature is also a likely candidate for stimulating autoinfection in definitive 

hosts (Fischer and Freeman, 1969), and could help explain the regional seasonal infection 

patterns of adult P. ambloplitis.  As with hormones, water temperature has been indicated as an 

important stimulus of spawning in largemouth bass.  Specifically, Jackson (1979) showed an 

increase in ambient water temperatures could induce spawning in largemouth bass; however, if 

temperatures were elevated too high, spawning ceased.   

Previous studies appear to suggest that the ability to respond to temperature stimuli is not 

exclusive to the hosts in this host-parasite system.  Both Fischer and Freeman (1969) and Esch et 

al. (1975) linked an increase in ambient water temperature to autoinfection in definitive hosts in 

northern lakes.  Eure (1976) also linked the migration of parenteric plerocercoids into the GI tract 

of the definitive hosts to a change in ambient water temperature; however, in the latter case, 

autoinfection was associated with a decrease in temperature.  These studies provide evidence that 

P. ambloplitis plerocercoids possess the ability to respond to changes in ambient water 

temperatures.  Indeed, Sukhdeo (1992) provides evidence for the ability of a cestode, 

Hymenolepis diminuta, to respond to thermal cues.  Future studies should address the response of 

P. ambloplitis, specifically, or other proteocephalidean cestodes, more generally, to thermal 

changes, and explore whether they possess the molecular machinery capable of eliciting such 

responses.   

Molecular patterns 

 Previous studies have considered the role of geography in structuring molecular patterns 

of parasite species, and have reported differing results.  Steinauer et al. (2007), utilizing both 

nuclear and mitochondrial loci, showed as many as 6 molecularly distinct lineages, residing in 

specific regions, across the US in the acanthocephalan, Leptorhynchoides thecatus (another 

common parasite of centrarchids).  Conversely, Palm et al. (2007) showed very low sequence 

variation in the 16S, cox1, and complete trnT regions of the trypanorhynch cestode, Tentacularia 

coryphaenae, from various teleost hosts, suggesting high levels of gene flow resulting from the 
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parasite’s cosmopolitan distribution and broad host specificity.  The ubiquitous distribution of P. 

ambloplitis across the US likely explains the large amount of variability observed in this worm.  

Additionally, anthropogenic movement of important hosts in the life cycle of P. ambloplitis, e.g., 

bluegill sunfish and the basses, has likely greatly increased gene flow between once distinct 

populations of this cestode across the country, leading to high levels of variability, at least at the 

loci considered in the current study.  

 On numerous occasions, multiple haplotypes were recovered from the same lake, the 

same host, and even the same host tissue.  There are a number of plausible explanations for the 

observed patters; however, given the available data, the exact explanation remains unknown.  

Criscione et al. (2005) suggests that multiple introductions of a parasite into ponds from stocking 

populations can explain at least some of the observed lack of genetic patterning in some systems.  

Largemouth bass, infected with P. ambloplitis, have been reported from hatcheries across the US 

(Moore, 1925; Bangham, 1927; Langlois, 1936; Becker et al., 1966).  If enough time passed 

between stocking events, or if subsequent stocking events included fish from different sources, it 

is possible that multiple molecular lineages could be present in the same body of water.  

Additionally, if intermittent colonization of lakes by infected hosts (intermediate or definitive) 

occurred, due to either natural or anthropogenic events, e.g., an ephemeral stream or stocking 

practices, molecularly distinct populations of this worm could be constantly introduced and 

sustained in these systems. 

Although the current study utilized worms isolated from a relatively large number (N = 

10) of different host species, no clear molecular patterns were observed on the basis of host 

species (Fig. II-2).  Worms were recovered from 1 Ambloplitis sp., 8 Lepomis spp., and 1 

Micropterus sp., with these hosts serving as intermediate, definitive, or both, hosts in the 

cestode’s life cycle.  In another cestode infecting centrarchid fishes, Bothriocephalus 

acheilognathi, Luo et al. (2002) reported finding specific parasite genotypes associated with 

specific host species.  The close relationship between the hosts in the current study could explain 
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the lack of host-specific parasite haplotypes in P. ambloplitis.  The host genera considered here 

are closely related, belonging to the same family (Centrarchidae).  Furthermore, both 

morphological and molecular data verify the distinct, yet close, relationship between these 

genera, especially Lepomis and Micropterus, which are sister to one another (Roe et al., 2002; 

Near et al., 2004).  This differs greatly from the Luo et al. (2002) study, where worms were taken 

from hosts belonging to 2 different orders (Cypriniformes and Cyprinodontiformes).  These 

results suggest that hosts may need be more distantly related to apply enough selective pressure to 

observe clear molecular differences within a group of cestodes infecting numerous host species.  

According to de Chambrier et al. (2009), P. ambloplitis can also be recovered from Amia calva 

(Amiiformes) and catfish (Siluriformes).  Future molecular studies of this tapeworm should thus 

incorporate sequence data for worms from these hosts to see if additional host species-specific 

variation is observed. 
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Figure II-1.  Sites sampled during the current study.  Closed circles ( ) represent sites where 

Proteocephalus ambloplitis was recovered; open circles ( ) represent sites where P. ambloplitis 

was not recovered.  Stars ( ) denote locations where molecular data were collected for the 

current study (see Table A-I). 

  



 

29 

 



 

30 
 

Figure II-2.  Maximum likelihood (ML) tree using concatenated 16S and ITS2 sequence data for 

191 P. ambloplitis specimens.  Although no patterns in molecular structure appear to result based 

on host species, infection site within hosts, or geographic location, these data suggest 4 distinct 

groupings of what has historically been considered the same species.  Taxon codes correspond to 

those provided in Table A-I.  Excerpted taxa set aside by black wedges are zero-branch-length 

with respect to the node to which they attach. 
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Table II-I. Review of published literature reporting the location, seasonality, and definitive host species harboring adult Proteocephalus 

ambloplitis.  The general pattern that emerges from these studies is that adult worms are present in definitive hosts during summer mo in the 

northern portions of the US, and during the winter mo in the southern portions of the US. 

     

Publication Year Collected Location Season(s) Adults Present Host Species w/ Adults 

NORTHERN US/CANADA 

Bangham (1955) 1951 Canada summer Micropterus dolomieu, M. salmoides 

Fischer and Freeman (1969) 1963-68 Canada summer M. dolomieu 

de Roth (1953) 1947 ME summer M. dolomieu 

Becker and Brunson (1968) 1963-66 WA summer M. salmoides 

Amin (1990) 1977-79 WI spring, summer, autumn N/A 

Amin and Cowen (1990) 1976-79 WI spring, summer, autumn Amia calva, M. salmoides 

Amin and Boarini (1992) 1976-79 WI summer, autumn Lepomis macrochirus, M. dolomieu, M. salmoides 

Esch (1971) 1968-69 MI summer M. dolomieu, M. salmoides 

Esch and Huffines (1973) 1967-68 MI summer M. dolomieu 

Esch et al. (1975) 1967-68, 1972-73 MI spring, summer M. dolomieu 

Gillilland and Muzzall (2004) 2000-01 MI spring, summer M. dolomieu, M. salmoides 

Bangham (1925) 1921-22 OH summer M. dolomieu 

Bangham (1933) 1930-32 OH summer M. salmoides 

Bangham (1941) 1939 OH summer M. dolomieu, Perca flavescens 

SOUTHERN US 

Eure (1976) 1972-73 SC winter M. salmoides 

Wilson (1957) 1952-53 KS autumn Pomoxis nigromaculatus, M. salmoides 

Gash et al. (1972) 1966 KS autumn, winter M. salmoides 

Hoffman et al. (1974) N/A AR winter, spring M. salmoides 

Ingham and Dronen, Jr. (1982) N/A TX autumn M. salmoides 

Boonyaratpalin and Rogers (1984) 1976 FL summer M. salmoides 
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ABSTRACT 

 

The purpose of this study was to explore the patterns of infection, specifically richness, 

prevalence, and intensity, of the endohelminths in 3 common centrarchid hosts, green sunfish 

(Lepomis cyanellus), bluegills (L. macrochirus), and largemouth bass (Micropterus salmoides) on 

a large geographic scale.  A total of 1,962 hosts was considered in the present analysis, collected 

from 227 freshwater lakes and ponds in 30 U.S. states.  Monogenean and protozoan parasites 

were not evaluated.  At least 28 helminth species were recovered (including 2 unidentified 

nematode species).  Of these, 13 infected all 3 host species, 6 infected a combination of 2 of the 

host species, and 6 infected only 1 host species.  Three acanthocephalan, 4 cestode, 11 nematode, 

and 10 trematode species were recovered.  The most common helminths infecting all 3 host 

species were Neoechinorhynchus cylindratus, Proteocephalus ambloplitis, Camallanus 

oxycephalus, Contracaecum spiculigerum, Spinitectus spp., and Posthodiplostomum minimum.  

From the level of host-species, i.e., host population, bluegills possessed the greatest endohelminth 

richness (S = 25), green sunfish possessed the second richest endohelminth community (S = 19), 

and largemouth bass were characterized by the most depauperate endohelminth community (S = 

15).  This pattern was not observed at the level of host-individual, with greatest average, i.e., per 

host-individual) endohelminth richness (ST) occurring in largemouth bass, and the lowest ST 

occurring in green sunfish.  Average allogenic helminth richness (SAL) was the same in bluegills 

(0.97) and largemouth bass (0.97); however, largemouth bass possessed the greatest average 

richness of autogenic helminth species (SAU).  These data highlight the influence of scale, trophic 

interactions, and host behaviors in the transmission, maintenance, and structuring of infection 

patterns of common centrarchid endohelminth species, including Proteo. ambloplitis, Spinitectus 

spp., and Pos. minimum.  Additionally, this study demonstrates the importance of geographically 

expansive, and sampling-intensive methods to allow assessment of the congruence between large- 

and small-scale investigations.  
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INTRODUCTION 

 

A rich history exists exploring the factors driving the distribution and abundance of 

parasites among their free-living hosts.  Perhaps one of the most expansive bodies of literature 

addressing these questions involves parasites and their hosts in aquatic ecosystems.  Although 

many of these studies focus on the aquatic invertebrates in these systems (Marcogliese et al., 

1990; Snyder et al., 1993; Zimmermann et al., 2011; Russell et al., 2015), the focus of numerous 

others has been vertebrate hosts (Wetzel and Esch, 1997; Zelmer et al., 1999).  One of the most 

commonly studied group of vertebrate hosts are the freshwater fishes, with much attention being 

given to the centrarchids, e.g., largemouth bass (Holmes and Mullan, 1965; Eure, 1976a, 1976b; 

Durborow et al., 1988; Banks and Ashley, 2000), bluegills (Jilek and Crites, 1980; Lemly and 

Esch, 1984b; Fisher and Kelso, 1990; Wilson and Camp, 2003; Fellis, 2005; Fellis and Esch, 

2005a, 2005b), green sunfish (Ewald and Nikol, 1989; de Buron and Nikol, 1994; Adel-Meguid 

et al., 1995; Meguid and Eure, 1996), combinations of these host species (Lemly and Esch, 

1984a; Olson and Nickol, 1996; Fellis and Esch, 2004), and other fishes in the family (Cloutman, 

1975).  

Even in the light of this vast body of literature, there are still many questions that remain 

unanswered.  Arguably one of the most significant of these questions seeks to elucidate how 

patterns of infection of common helminths vary at different geographic scales.  A multitude of 

studies exist considering the patterns of infection in centrarchids in a single (of a few) body(ies) 

of water, i.e., at the local scale (Cloutman, 1975; Eure, 1976a; Eure, 1976b; Banks and Ashley, 

2000; Wilson and Camp, 2003; Fellis and Esch, 2004). However, vanishingly few studies exist 

considering infection patterns in these fishes from numerous, geographically distant bodies of 

water, i.e., at the countrywide, or even regional (Fellis and Esch, 2005a, Fellis and Esch, 2005b), 

scales.  As a result, we cannot even begin to address questions concerning large scale patterns of 

helminth infection in these hosts, nor can we make meaningful comparisons of patterns at varying 
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spatial scales.  The primary purpose of this investigation was to provide a first look at the patterns 

of endohelminth infection in 3 of the most common centrarchid species, i.e., green sunfish 

(Lepomis cyanellus), bluegills (L. macrochirus), and largemouth bass (Micropterus salmoides), at 

a large, intensely sampled geographic scale to provide the groundwork for making these multi-

scale comparisons. 

Hosts for the current investigation were collected in a range extending from the Rocky 

Mountains to the Atlantic Coast and from the U.S.-Canadian border to the Gulf Coast.  

Approximately 10 fish(es) (of a single or mixed species) were sampled from each freshwater 

body of water, totaling 1,962 hosts from 227 bodies of water in 30 states. Endohelminths from the 

abdominal cavity of hosts, including those residing in the visceral organs and GI tract were 

removed, identified, and enumerated.  The resulting data make possible the evaluation of patterns 

of infection, i.e., prevalence and intensity, of numerous endohelminths on a very large (nearly 

country-wide scale), as well as allow for a cursory comparison of both population- and 

community-level patterns of infection between these 3 ubiquitously distributed centrarchid 

species.    
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MATERIALS AND METHODS 

 

Collections were made during the summer months (June to mid-August, 2011 – 2013) 

(Fig. III-1), employing appropriate state-issued scientific collection permits or valid angling 

licenses.  In most cases, hosts were obtained via hook-and-line and killed using MS222 or ice.  

On 2 occasions, i.e., Lake Charleston, Illinois, U.S.A. and Lake Paradise, Illinois, U.S.A. 

electroshocking methods were used to obtain hosts.  Hosts were maintained on ice until 

processing, which always occurred within 10 hr of capture.  Processing procedures included 

identification to species (based primarily on Eddy and Underhill [1978]) and measuring host 

weight, total length, and standard length.  In addition, host skin, scales, and fins were assessed 

visually for the presence of subcutaneous, fin dwelling, or both, helminths, e.g., Clinostomum 

marginatum and Uvulifer ambloplitis.  Finally, hosts were eviscerated, sexed, and GI tracts (from 

buccal cavity to anus), as well as visceral organs in the abdominal cavity, e.g., liver, spleen, and 

gonads, were perforated, placed in individual vials of 95% ethanol, and stored on ice, or in 

freezers, until necropsies of the preserved entrails could be performed (typically within 8 mo of 

host capture and processing).  Host age was assessed at the time of necropsy (not processing) by 

counting scale annuli.  Samples of host flesh, liver, intestine, scales, and a fin snip were isolated 

and placed in 95% ethanol for all processed hosts; these samples are, at the time of writing, stored 

at -80°C Wake Forest University, Winston-Salem, North Carolina, U.S.A.  

Careful necropsy allowed for the removal, identification (based primarily on Hoffman 

[1999]), enumeration, and preservation in 95% ethanol of all parasites residing in the abdominal 

cavity, i.e., the visceral organs, mesenteries, and GI tract.  As this project stemmed from a study 

focusing on acquiring specimens of the bass tapeworm, Proteocephalus ambloplitis, attention was 

given only to the regions of the hosts where this cestode was most likely to be found.  

Monogenean and protozoan parasites of these hosts were not considered, nor were helminths 

residing in areas outside of the abdominal cavity of these hosts.  Although Clinostomum 
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marginatum and Uvulifer ambloplitis tend to be found subcutaneously, in the fins, or in both 

locations, they were considered in this study because they can also be found, albeit more rarely, 

in the abdominal cavity, and because they are easily identified upon host inspection.  

Due to heavy infection intensities, Posthodiplostomum minimum enumeration was capped 

at 200 metacercariae per host, and Spinitectus spp. counts were capped at 40 individuals per host.  

At the time of necropsy, all spinitectid worms were classified as “Spinitectus spp.”, and are 

considered together for statistical analyses.  More recent bright field and SEM work has shown 

that this group is actually a complex of the 3 most common Spinitectus spp. infecting freshwater 

fishes, i.e., Spin. carolini, Spin. gracilis, and Spin. micracanthus; at the time of this writing, a 

thorough survey of the preserved nematodes has not been made.  “Crepidostomum spp.” likely 

includes both Cre. cooperi and Cre. cornutum, based on qualitative size differences observed in 

these worms from different sampling locations; however, no morphometric analyses were 

performed and they are therefore considered together for statistical analyses.  Two nematode 

species, although clearly distinct from the other nematode species encountered, remain 

unidentified, and are aptly named “Unknown Nematode 1” and “Unknown Nematode 2”.  These 

species were included in total richness estimates, but were not included in autogenic/allogenic 

calculations. 

 Due to a general failure of the response variables to satisfy the assumptions of normality 

(based on assessment using qqPlot in the “cars” package in R [R Core Team, Vienna, Austria]), 

and a general failure of a single transformation technique to normalize data for all 3 host species, 

a permutational analysis approach was employed.  The strength of such an approach is that, 

unlike traditional ANOVA and t-test approaches, which assume normally distributed data with 

groups characterized by equal variance, permutational ANOVA and permutational t-test 

approaches make no assumptions about the data’s distribution and require only that the groups 

being compared are independent.  With these approaches, the null distribution is generated by 

resampling (without replacement) the original data set.   
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All statistical comparisons made between all 3 host species (excluding helminth 

prevalence) utilized a permutational ANOVA (10,000 iterations each) approach.  This includes 

comparisons of host parameters (weight, standard length, and age), mean parasite richness 

measures (total [ST], allogenic [SAL], and autogenic [SAU]), and parasite intensities.  A significant 

relationship was observed between host total length and standard length (R2 = 0.995; F(1, 1950) = 

356,900; P < 0.001), so only standard length was used in statistical analyses due to its being less 

influenced by host behavior, e.g., fighting, predation, etc.  Post hoc analysis of permutational 

ANOVAs was performed using pair wise permutational t-Test techniques (1,000 iterations) with 

Holm-Bonferroni adjusted P-values for multiple comparisons; a permutational approach was 

again used here for the same reasons as described above for the use of permutational ANOVA.  In 

the case where only 2 host species were infected with a given helminth species, a pair wise 

permutational t-Test (10,000 iterations) approach was employed.  Only the general results of 

these tests are presented in the text; however, the test statistics and P-values for all comparisons 

are provided in Luth (2016).   

Prevalence values were compared statistically between hosts for all endohelminths 

encountered (even in cases where only presence/absence and not abundance were determined).  

Clopper-Pearson “exact” CIs (Clopper and Pearson, 1934) were calculated to estimate the error of 

the prevalence value for each helminth in each host species per the suggestion and methods (in 

Microsoft Excel) of Zelmer (2013).  The prevalence of each helminth encountered was compared 

across the 3 focal host species, using contingency χ2 analysis.  When deviations from chance were 

observed, pair-wise contingency χ2 analyses, with Holm-Bonferroni corrected P-values, were 

utilized to determine where these significant differences likely arose.   

Species accumulation curves based on the number of sites and the number of hosts 

sampled were created using the “vegan” package in R to assess the sufficiency of sampling effort 

for each host species.  Observed richness (S0), i.e., the observed number of helminth species 

infecting each host species, as well as extrapolated total richness (using Chao [SC] [Chao, 1984] 
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and bootstrap [SB] [Smith and van Belle, 1984] approaches), were considered.   SC and SB were 

chosen due to the pervasive usage of the former in ecological literature, and the appropriateness 

of the latter for large sample sizes (n > 20), i.e., large number of plots/quadrats (in this case, 

bodies of water), as suggested by (Krebs, 1989).  Simpson’s index (D) was calculated (reported 

here as 1 – D) as an indicator of diversity.   

Prevalence and intensity (as defined by Bush et al. [1997]) were compared statistically 

between the host species and for each parasite species encountered.  These metrics were chosen 

for comparison due to their standard usage in the literature, thereby facilitating interpretation and 

comparison to previously published studies.  Furthermore, the purpose of the current investigation 

is to provide a starting point for making general comparisons of the parasites inhabiting common 

centrarchid species across a large geographic area.  Admittedly, larger sample sizes at each of the 

227 bodies of water would have made for interesting smaller-scale comparisons; however, the 

study from which these data resulted was not designed for this type of sampling.  We are 

confident that the total number of hosts sampled during the study makes comparisons not only 

valid, but also meaningful.   

The map showing the locations of the sampled bodies of water was created using ArcMap 

10 (Environmental Systems Research Institute [ESRI], Redlands, California). 
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RESULTS 

 

Host parameters 

In total, 1,962 hosts, i.e., 1,377 bluegills, 423 green sunfish, and 162 largemouth bass, 

were necropsied in the current study.  Host masses differed significantly between host species (P 

< 0.001); green sunfish had the smallest mass (range = 2.9 – 228.5 g), then bluegills (3.1 – 433.8 

g), and largemouth bass had the greatest mass (0.6 – 1,144.1 g) (Table III-I, Luth [2016]).  Host 

standard lengths differed significantly between host species (P < 0.001); green sunfish were the 

shortest hosts (range = 4.4 – 20.0 cm), then bluegills (4.7 – 21.2 cm), and largemouth bass were 

the longest (3.0 – 35.8 cm) (Table III-I, Luth [2016]).  Host ages differed significantly between 

host species (P < 0.001); bluegills (range <1 – 12 yr) were significantly older than both green 

sunfish and largemouth bass (<1 – 9 yr); however, age of green sunfish and largemouth bass did 

not differ significantly (Table III-I, Luth [2016]).  The average age for all host species was in the 

range of 3- to 4-yr-old. 

Helminth richness 

All metrics of helminth richness (S0, SB, and SC) revealed that total helminth richness 

differed between host species (Table III-II).  S0 and SB showed congruent richness results, with 

bluegills harboring the greatest number of parasite species, followed by green sunfish, with 

largemouth bass possessing the most depauperate endohelminth communities (based on both sites 

and individuals sampled) (Table III-II).  SC suggested a little different arrangement, with bluegills 

possessing the highest richness, followed by largemouth bass, then green sunfish (Tables III-II).   

Sampling effort was sufficient for bluegills and green sunfish (evidenced by plateauing 

SAC curves), based on both sites and individuals [Figs. III-2, III-3]); furthermore, extrapolated 

helminth richness, based on both sites and individuals, differed no more than a maximum of 2.24 

helminth species for the former and 1.08 for the latter, when compared with observed richness (S-

0) (Table III-II).   Less confidence in sampling effort can be assigned to the largemouth sample, 
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however, due to the fact that, although S0 and SB did plateau (Figs. III-2-3, III-3-3) and differed 

by a maximum of 1.89 helminth species (Table III-II), SC failed to plateau (Figs. III-2-3, III-3-3) 

and differed greatly (~9 species) from S0 (Table III-II).  These results suggest that one should 

exercise caution when interpreting the largemouth bass data, both as a stand-alone interpretation 

or in comparison with the other focal species. 

Endohelminth diversity differed between host species, with the lowest diversity occurring 

in bluegills (0.36), then in largemouth bass (0.65), and with green sunfish harboring the most 

diverse endohelminth communities (0.68).  Average total helminth richness (ST) differed 

significantly between host species (P < 0.001); largemouth bass possessed the highest ST, 

followed by bluegills, with green sunfish possessing the lowest ST (Table III-I, Luth [2016]).  

Average allogenic richness (SAL) differed significantly among hosts (P < 0.001); however, this 

difference was attributed to a reduction in SAL in green sunfish, relative to both bluegills and 

largemouth bass, the latter of which did not differ significantly (Table III-I, Luth [2016]).  All 

host species differed significantly in terms of average autogenic richness (SAU) (P < 0.001); 

largemouth bass possessed the greatest number of autogenic endohelminth species per individual, 

then bluegills, and green sunfish possessed the fewest (Table III-I, Luth [2016]).   

Helminth infection patterns: General 

A total of 28 species of endohelminths were recovered in this study, i.e., 3 

Acanthocephala, 11 Nematoda, 4 Cestoda, and 10 Trematoda.  Thirteen species were recovered 

from all 3 hosts (this number includes “Spinitectus spp.” as 1 species): 2 Acanthocephala 

(Leptorhynchoides thecatus Linton, 1891 and Neoechinorhynchus cylindratus Van Cleave, 1913), 

5 Nematoda (Camallanus oxycephalus Ward and Magath, 1917; Capillaria catenata Van Cleave 

and Mueller, 1932; Contracaecum spiculigerum Rudolphi, 1809; Spinitectus spp.; and Unknown 

Nematode 2), 2 Cestoda (Bothriocephalus acheilognathi Yamaguti, 1934 and Proteocephalus 

ambloplitis Leidy, 1887), and 4 Trematoda (Clinostomum marginatum Rudolphi, 1819; 
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Pisciamphistoma stunkardi Holl, 1929; Posthodiplostomum minimum MacCallum, 1921; and 

Uvulifer ambloplites Hughes, 1927).   

Six helminth species occurred in 2 of the focal hosts: bluegills and green sunfish harbored 

the nematodes, Eustrongyloides tubifex (Nitzsch, 1909) and Unknown Nematode 1, and the 

trematode, Caecincola parvulus (Marshall and Gilbert, 1905); bluegills and largemouth bass 

harbored the cestode, Haplobothrium globuliformae (Cooper, 1914), and the trematodes, Azygia 

angusticauda (Stafford, 1904) and Crepidostomum spp. 

Six helminth species were recovered from a single host species.  Bluegills alone harbored 

the acanthocephalan, Pomphorhynchus bulbocolli (Van Cleave, 1919), the nematode, 

Hysterothylacium brachyurum (Ward and Magath, 1917), the cestode, Triaenophorus nodulosus 

(Pallas, 1760), and the trematodes, Cryptogonimus chili (Osborn, 1930) and Proterometra 

macrostoma (Horsfall, 1934); green sunfish alone harbored the nematode, Dichelyne cotylophora 

(Ward and Magath, 1917). 

Only those endohelminth species recovered from all 3 focal hosts are considered in any 

detail in the text.  (For those interested in additional comparisons between host species, including 

prevalence and intensity data for all endohelminths encountered, as well as the test statistics and 

P-values for all statistical comparisons between hosts, see Luth [2016].  In addition, a brief 

description of the unknown nematodes, as well as the specific sampling locations and additional 

hosts for all endohelminths considered here can be found in Luth [2016].) 

Helminth infection patterns: Prevalence 

Prevalence values differed significantly between all 3 host species for 4 helminth species 

(Fig. III-4-1).  For both Proteo. ambloplitis and Co. spiculigerum, prevalence values were highest 

in largemouth bass, followed by green sunfish, then bluegills.  Prevalence for the former cestode 

ranged from 32.6 – 59.3% across all hosts, and for the latter nematode, from 2.5 – 19.8%.  

Alternatively, for Spinitectus spp. infections, bluegills had significantly higher prevalences than 

green sunfish, followed by largemouth bass (range = 18.5 – 60.7%).  Finally, for the fluke, Pos. 



 

 

45 

 

minimum, bluegills had significantly higher prevalences than largemouth bass, with the lowest 

prevalences occurring in green sunfish; however, in none of the host species was the prevalence 

below ~50% (range = 49.2 – 89.3%). 

Prevalence of the nematode, Cam. oxycephalus, was significantly higher in bluegills and 

largemouth bass than in green sunfish (range = 8.5 – 19.2%), although prevalences in the former 

2 hosts did not differ significantly (Fig. III-4-1).  The cestode, B. acheilognathi, was significantly 

more prevalent in green sunfish than in both bluegills and largemouth bass (range = 0.6 – 7.2%), 

with the latter hosts showing no significant difference in prevalence for this helminth (Fig. III-4-

2).  The acanthocephalan, N. cylindratus, was significantly more prevalent in largemouth bass 

than in either bluegills or green sunfish (range = 15.1 – 71.6%), with the latter 2 species not 

differing (Fig. III-4-1).  Green sunfish and largemouth bass had significantly higher prevalences 

of the trematode, Pis. stunkardi, than bluegills (range = 1.9 – 6.2%); however, the former hosts 

did not have significantly differing prevalences (Fig. III-4-2).  No statistically significant 

difference in prevalence was observed between host species for any of the remaining helminth 

species, i.e., L. thecatus, Cap. catenata, Cl. complanatum, U. ambloplites, and Unknown 

Nematode 2 (Fig. III-4-2). 

Helminth infection patterns: Intensity 

 Only 1 of the parasite species recovered from all 3 host species (Proteo. ambloplitis) 

showed statistically significantly differences in intensity among all 3 host species (Fig. III-5), and 

followed the same general pattern as was observed for prevalence of this cestode (Fig. III-4-1), 

i.e., largemouth bass harbored significantly more of these parasites than green sunfish and 

bluegills, with the former host harboring significantly more than the latter (range = 3.6 – 19.8).   

Three helminth species were characterized by significantly higher intensities in 

largemouth bass than in bluegills and green sunfish (which did not differ significantly) (Fig. III-

5), i.e., N. cylindratus (range = 3.2 – 26.6), Cam. oxycephalus (range = 1.2 – 4.3), and Cap. 

catenata (range = 1.8 – 11.7).  This pattern was reversed in the case of Spinitectus spp., such that 
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bluegills and green sunfish (although not significantly different from 1 another) possessed 

significantly higher numbers of this nematode than did largemouth bass (range = 5.3 – 12.7) (Fig. 

III-5).  Green sunfish harbored significantly fewer Pos. minimum individuals than largemouth 

bass and bluegills (range = 13.2 – 45.2) (Fig. III-5), with the latter 2 species not differing 

significantly.   

Three helminth species showed no significant difference in intensity between host 

species, i.e., the acanthocephalan, L. thecatus, (range = 5.7 – 10.4); the cestode, B. acheilognathi, 

(range = 1.1 – 2.0); and the trematode, Pis. stunkardi, (range = 1.2 – 2.0) (Fig. III-5). 
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DISCUSSION 

 

The purpose of the current study was to provide a large-scale framework for the 

comparison of endohelminths of a ubiquitously distributed group of hosts in Centrarchidae.  

Although this particular data set does not allow for fine-scale, e.g., individual body of water, 

population or community analysis, it does provide a valuable snapshot of the large-scale patterns 

of infection for bluegills, green sunfish, and largemouth bass, during the summer months, across 

the U.S.   

 In general, these data suggest that, across a large geographic area, a sample of these host 

species should be characterized by bluegills harboring the richest total endohelminth community, 

largemouth bass harboring the least rich endohelminth community, and green sunfish harboring 

an endohelminth community of intermediate richness (Table III-II, Figs. III-2, III-3).  

Interestingly, largemouth bass possessed the highest ST and SAU of all the host species considered 

here, and they share the highest SAL with bluegills (Table III-II).  This would suggest that 

although endohelminth richness is highest in bluegills at the host population scale, this richness is 

highest in largemouth bass at the individual host scale.  This assertion is further supported by the 

relatively high diversity characterizing largemouth bass in this study (Table III-I).  It is not 

surprising that a top carnivore in an ecosystem would possess the highest individual 

endohelminth richness, especially given the reliance on trophic transmission of most of the 

helminths encountered in this investigation.  It is, however, interesting that bluegills, and not 

largemouth bass, possessed the greatest total, population-level richness, a pattern that could be the 

result of parasite adaptation to a widely distributed, and very common sunfish across the entirety 

of the U.S.  Additionally research might consider the molecular diversity of these endohelminths 

across the U.S. and between host species to see if any host-specific differences are detectible.  

A few small-scale studies exist showing similar richness measures for bluegills and 

largemouth bass as those observed in the current study.  Fisher and Kelso (1990) observed higher 
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per-individual richness in largemouth bass than in bluegills, while bluegills maintained a higher 

total endohelminth richness, and Cloutman (1975) showed that bluegills possessed a greater total 

endohelminth richness than largemouth bass.  Future large-scale investigations should be 

performed to see if these patterns are observed with additional data sets, or at smaller regional 

scales, e.g., ecoregions, river drainage basins, etc.  Given the data that do exist, from the current 

study and from a handful of smaller-scale studies, it appears that congruence concerning 

endohelminth richness patterns, at least in bluegills and largemouth bass, does occur at both small 

and large geographic scales.   

 Prevalence and intensity values were calculated in the current study to provide a means 

by which to compare infection patterns between host species, but also to provide an indication of 

the relative commonness or rarity of some of the endohelminths occurring in these hosts.  Over 

twice as many endohelminth species occurred in all 3 of these hosts, i.e., 13, than occurred in 2 or 

1 host species alone, i.e., 6 in each case.  This redundancy in endohelminth faunal communities 

highlights the importance of these con-familial hosts in the life cycles of these parasite species, as 

well as suggests that, for a number of these parasite species, these hosts might be more-or-less 

interchangeable.  Certainly, in the cases in which the same stage, e.g., juvenile or adult, is seen 

infecting multiple different host species to complete the same stage of the life cycle.   

Differences in prevalence and intensity between these host species could reflect the 

impact of at least 2 very different processes.  On the 1 hand, observed differences in these metrics 

could be the result of host preference on the part of the parasite species, e.g., there is something 

inherently better, from the perspective of a Proteo. ambloplitis individual, in infecting largemouth 

bass over the other 2 host species considered here.  On the other hand, these differences could 

simply be the result of passive processes like anthropogenic movement of hosts or the availability 

of a given host in a given body of water.  Future studies might attempt to disentangle to what 

extent intensity differences in different host species reflect parasite host choice versus host 

behaviors that incline them more or less to infection by a given parasite species.  To do this, more 
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attention might be given to sampling ponds in which multiple host species co-occur, or targeting 

host species which are not traditionally moved from 1 body of water to another (as is frequently 

the case for both bluegills and largemouth bass). 

A look at Hoffman (1999) shows that of the helminths occurring in only 2 of 3 host 

species in the current study, at least 3 (A. angusticauda, Cae. parvulus, and Crepidostomum spp.) 

are reported from congeners (either considered here or other lepomids/micropterids), suggesting 

that their absence from more than 2 of the hosts here was the result of sampling bias and not 

necessarily an indication of host preference by the parasite.  At least 4 (Pom. bulbocolli, Hy. 

brachyurum, Cr. chili, and Proter. macrostoma) endohelminths occurred in bluegills alone and 1 

(D. cotylophora) occurred in green sunfish alone, but according to Hoffman (1999) have been 

reported from at least 1 of the other host species considered here.  Clearly, the sampling 

methodology utilized here would not be appropriate for discerning small-scale, single-pond 

patterns of infection among these hosts, but on a large scale, the sampling is sufficient for 

comparing patterns of infection between these 3 thoroughly sampled hosts.  Future studies might 

target bodies of water where these more “rare” endohelminths are located to see what factors 

differ at the local scale to influence the pervasiveness of some helminth species across sites and 

host species, and rarity of others.   The results of such small-scale studies could then be compared 

with those of large-scale studies to determine whether the same factors regulate rarity of a 

parasite which can infect multiple host species, at both large and small scales of resolution. 

 Largemouth bass possessed significantly higher intensities of infection than did green 

sunfish and bluegills for a number of trophically transmitted helminths, e.g., N. cylindratus, 

Proteo. ambloplitis, Cam. oxycephalus, and Cap. catenata.  Such a pattern might have arisen due, 

at least in part, to the fact that, as a top carnivore in these ecosystems, largemouth bass have 

multiple modes of infection by many of these parasites.  Alternatively, bluegills (Werner and 

Hall, 1977; Fisher and Kelso, 1990), and to a lesser extent green sunfish (Werner and Hall, 1977), 

are more restricted in terms of prey size, and tend to feed on smaller food items than do 
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largemouth bass.  As an example, a largemouth bass may be infected by Proteo. ambloplitis via 

infected copepods, plerocercoids in smaller fishes, or via transfer of adults from 1 largemouth 

bass to another.  A bluegill can only be infected through the consumption of infected copepods, 

due to its limited gape size, and therefore more narrow range in food items.  Similarly, a green 

sunfish may become infected through the consumption of procercoid-bearing copepods and, 

perhaps, by plerocercoids in small planktivorous fishes.  This continuum in gape sizes and 

therefore range of potential food items is reflected in the patterns of infection of Proteo. 

ambloplitis (Figs. III-4-1, III-5).  In the case of the other 3 endohelminths with greatest intensities 

in largemouth bass, all have adults which can be transferred from 1 definitive host to another, i.e., 

planktivorous fish to piscivorous fish, thereby increasing the number of potential modes of 

transfer for largemouth bass, but not for the other host species considered here.  

 In the case of Spinitectus spp. this pattern was reversed, with bluegills and green sunfish 

harboring significantly greater number of this nematode than largemouth bass (Fig. III-5).  This 

switch is likely due to the propensity of bluegills and green sunfish to voraciously consume 

aquatic insects (the primary 1st intermediate hosts in Spinitectus spp. life cycles), throughout their 

lives (Werner and Hall, 1977).  Although largemouth bass certainly consume both juvenile and 

adult insects (Cochran and Adelman, 1982; Fisher and Kelso, 1990), they do so in a reduced 

capacity, as they grow larger and are capable of taking larger prey items.  Thus, relative to the 

other 2 host species, a diminished reliance on this particular food source may contribute to the 

observed difference in intensity between these hosts.  Further compounding this difference, in the 

specific case of Spinitectus spp., may be differential abilities of adults of different species of 

helminths to re-establish in the gut of a new host.  It is not known how effective adult and 

juvenile Spinitectus spp. are at passing from the gut of 1 host to the gut of the next, but it is 

known to occur (Jilek and Crites, 1982). 

 Host behavior is a likely explanation for why bluegills and largemouth bass both show 

extremely high intensities of the trematode, Pos. minimum, relative to green sunfish, and suggest, 
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more generally, the importance of host behavior in influencing infection rates of some helminths.  

Unlike many of the other parasite species considered in the current study, Pos. minimum infects 

fish hosts through active penetration by free-swimming cercariae.  Given the differences in 

behavior and habitat choice of these various host species, the chances of exposure to this parasite 

would likely be quite different for bluegills and largemouth bass relative to green sunfish.  The 

tendency of green sunfish to hide in crevices in wait for prey likely shields these hosts from 

exposure to the infective cercariae of this helminth species, while the tendency of bluegills and 

largemouth bass to inhabit less cryptic, more open, areas likely increases their exposure to this 

trematode.   

This pattern in differential prevalence based on host was not observed for a second 

trematode encountered in the current investigation, U. ambloplitis, which also utilizes an actively 

infecting cercarial stage to infect fish hosts.  Although both of these trematodes utilize snails as 

the first intermediate hosts, Pos. minimum utilizes physid snails, while U. ambloplitis utilizes 

helisomid snails.  Zimmermann et al. (2014) have shown that these snail hosts differ substantially 

in terms of both feeding behavior and vagility, which may account for the differences in infection 

patterns observed in the 2nd intermediate fish hosts considered here.  Although additional research 

would be required to substantiate this hypothesis, the differential patterns of infection between 

these 2 trematodes (characterized by quite similar life cycles), highlight the complexity of 

evaluating observed ecological patterns on large scales. 

One of the greatest strengths of large-scale sampling efforts is the increased confidence 

one gains when attempting to predict the presence/absence of a given organism.  Although a great 

many factors influence where a given helminth species may be found, the wealth of data reported 

here greatly reduces the guess-work and increases the confidence of such predictions.  These 

results suggest that largemouth bass and green sunfish will harbor a more diverse, per-individual 

endohelminth fauna than bluegills; however, bluegills will tend to harbor richer communities 

overall.   At least half of the trophically transmitted helminths in the current study found to infect 
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all 3 host species had greater intensities in largemouth bass than in bluegills or green sunfish.  

Thus, targeting a top carnivore in these systems appears to increase the intensity of infection, but 

only increases prevalence, i.e., likelihood of finding these trophically transmitted helminths, for a 

quarter of the helminths infecting all 3.  Finally, this study provides large-scale evidence for the 

ability to use host behavior, e.g., food or habitat choice, to predict which host species will likely 

be infected with which endohelminths and to what extent, relative to the others (at least for some 

of the helminths encountered here).  For example, Postho. minimum tended to be recovered more 

frequently from hosts inhabiting particular locations in the body of water, while Proteo. 

ambloplitis showed increases in both prevalence and intensity as the trophic level and the 

diversity of the diet of the host increased. 

The current investigation evidences the importance of broad, high-intensity sampling 

when attempting to better understand the infection patterns of a suite of parasite species infecting 

specific, widely distributed hosts.  There are still many questions left to answer and future studies 

will hopefully utilize the present data set to address whether difference exist between regional and 

local infection patterns for the individual parasite species reported here.  Future research should 

also determine which host physical attributes, e.g., weight, length, sex, etc., might influence the 

risk and degree of infection by the parasites encountered in this study.  Finally, a comparison of 

parasite communities, taken as a whole, between these host species would help discern whether 

the same factors that drive individual helminth infection patterns also structure helminth 

communities in these hosts, on both local and regional scales. 
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Figure III-1.  Sites from which bluegills, green sunfish, and largemouth bass were collected.  A 

total of 1,962 hosts from 227 lakes in 30 different US States were included. 
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Figure III-2.  Species accumulation curves (SAC) for (a) bluegills, (b) green sunfish, and (c) 

largemouth bass based on sites, i.e., bodies of water.  On each plot, the solid black line (with gray 

bars showing 95% CI) represents the SAC based on actual observed parasite richness (S0) across 

sampled ponds for 201, 102, and 53 ponds, respectively, from which each host species was 

collected.  Lines representing various extrapolation techniques are also included on each plot, 

with dotted lines representing the Chao method (SC) and dashed lines representing the bootstrap 

method (SB). 
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Figure III-3.  Species accumulation curves (SAC) for (a) bluegills, (b) green sunfish, and (c) 

largemouth bass based on individuals.  In each figure, the solid black line (with gray bars 

showing 95% CI) represents the SAC based on actual observed parasite richness (S0) for 1377, 

423, and 162 individual hosts, respectively.  Lines representing various extrapolation techniques 

are also included on each plot, with dotted lines representing the Chao method (SC) and dashed 

lines representing the bootstrap method (SB). 
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Figure III-4.  Comparison of prevalence values for helminth species infecting all 3 host species.  

(a) Helminths which occurred in 10% (or greater) of at least 1 host species, and (b) helminths 

which occurred in less than 10% of all host species.  Error bars represent 95% CI for each of the 

prevalence values (for a description of how confidence intervals were determined, see the 

methods section).  White bars represent bluegills, thatched bars represent green sunfish, and black 

bars represent largemouth bass.  Asterisks denote significant differences between host species (P 

< 0.050) within an endohelminth species.  Abbreviations of helminth species names on the x-axes 

correspond to the full scientific names in the materials and methods section.  X-axis codes are as 

follows: Nc = Neoechinorhynchus cylindratus, Pa = Proteocephalus ambloplitis, Co = 

Camallanus oxycephalus, Cs = Contracaecum spiculigerum, Sspp = Spinitectus spp., Pm = 

Posthodiplostomum minimum, Lt = Leptorhynchoides thecatus, Ba = Bothriocephalus 

acheilognathi, Cc = Capillaria catenata, UN2 = Unknown Nematode 2, Cm = Clinostomum 

marginatum, Ps = Pisciamphistoma stunkardi, and Ua = Uvulifer ambloplites. 
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Figure III-5.  Comparison of helminth intensities, based on host species, of helminths occurring in 

all 3 host species considered in this study.  Error bars represent standard error.  White bars 

represent bluegills, thatched bars represent green sunfish, and black bars represent largemouth 

bass.  Asterisks denote significant differences between host species (P < 0.050) within an 

endohelminth species.  Abbreviations of helminth species names on the x-axis correspond to the 

full scientific names in the materials and methods section.  Codes on x-axis are the same as those 

used in Fig. 4. 
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Table III-I.  Comparison of host physical parameters and endohelminth richness calculations 

based on host species.  Means are reported with standard error.  All parameters showing 

significant differences (P < 0.050) between hosts, bear an asterisk (*) after the row name.  

Differing superscripts for each given column indicate significant differences (P < 0.050) in 

pairwise comparisons between host species. 

 

Host Bluegill Green Largemouth 

Mass (g)* 49.89 (± 1.08)a 29.50 (± 1.33)b 220.63 (± 17.10)c 

Standard Length (cm)* 10.81 (± 0.07)a 9.11 (± 0.12)b 19.50 (± 0.63)c 

Age (yr)* 3.78 (± 0.05)a 3.22 (± 0.07)b 3.18 (± 0.15)b
 

1 – D 0.36 0.68 0.65 

Mean ST/Host* 2.50 (± 0.03)a 1.91 (± 0.06)b 2.81 (± 0.11)c 

Mean SAL/Host* 0.97 (± 0.01)a 0.64 (± 0.03)b 0.97 (± 0.05)a 

Mean SAU/Host* 1.44 (± 0.03)a 1.17 (± 0.05)b 1.80 (± 0.09)c 
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Table III-II.  Observed total parasite richness (S0) for each host species sampled, as well as 

extrapolated richness values calculated using Chao (SC) and bootstrap (SB) methods. “Sites” uses 

bodies of water and “Individuals” uses individual hosts as the grouping variable for the 

corresponding species accumulation curves (Fig. 2-7). 

 

 

 

 

 

 

 

 

 

 

  

 Host S0 SC SB 

Sites     

 Bluegill 25 27.24 26.41 

 Green 19 19.99 20.08 

 Largemouth 15 24.82 16.89 

Individuals     

 Bluegill 25 26.00 25.81 

 Green 19 20.00 20.04 

 Largemouth 15 19.47 16.33 
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ABSTRACT 

 

Bluegill sunfish (Lepomis macrochirus) are among the most commonly encountered 

centrarchids in the U.S. Their ubiquitous distribution makes knowledge of their helminth 

communities critically important. The goal of this survey was to gain a better understanding of 

the locations and infection patterns of the endohelminths infecting these hosts, across a large 

portion of the bluegill’s range. A total of 1,377 bluegills from 203 bodies of freshwater were 

considered for the survey, from which 24 different helminth species were recovered: 3 species of 

Acanthocephala, 4 species of Cestoda, 9 species of Trematoda, and 8 species of Nematoda. 

Leptorhynchoides thecatus, Neoechinorhynchus cylindratus, Bothriocephalus acheilognathi, 

Proteocephalus ambloplitis, Crepidostomum spp., Posthodiplostomum minimum, Uvulifer 

ambloplites, Camallanus oxycephalus, and Spinitectus spp. were among the endohelminths 

encountered. Although no new parasite species were encountered, and no new host records are 

reported here, the current survey greatly expands our current knowledge of the distribution of 

bluegills and their endohelminths, while providing a large-scale, temporally focused snapshot of 

the infection patterns of these endohelminths within this host. 

 KEY WORDS:  bluegill, endohelminth, Lepomis macrochirus, Leptorhynchoides 

thecatus, Neoechinorhynchus cylindratus, Bothriocephalus acheilognathi, Proteocephalus 

ambloplitis, Posthodiplostomum minimum, Camallanus oxycephalus, and Spinitectus spp. 
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INTRODUCTION 

 

The bluegill sunfish, Lepomis macrochirus, is perhaps the most commonly encountered 

centrarchid inhabiting freshwater ecosystems across the U.S. Their current distribution reflects a 

history of both natural radiations and anthropogenic movements due, in the former, to the species’ 

suitability and robustness to a variety of habitats, and, in the latter, to the species’ use in stocking 

practices. Assessing the patterns of endohelminth infection in this widely distributed host species 

thus becomes an exploration both its history and ecology. A wealth of older studies exist 

reporting the helminths of these hosts from a single body of water, e.g., Cloutman (1975); Wilson 

and Camp (2003), or a few bodies, e.g., Jilek and Crites (1980); Fellis and Esch (2005); however, 

the literature addressing the distributions of these hosts and their endohelminths (or their patterns 

of infection) on a large, countrywide scale remains depauperate. Furthermore, few contemporary 

surveys of these hosts and their parasites exist, leaving the current state of their distributions and 

infection patterns only vaguely understood.  

Bluegills are gape-limited planktivorous fishes, which consume zooplankton, aquatic 

insects, and other small, typically vegetation-associated food items while young, followed by a 

switch to primarily small zooplankton as they get older and larger (Mittelbach, 1981; Mittelbach, 

1984; Werner and Hall, 1988). This shift in diet is typically associated with a shift in habitat use 

as well, which is due to a suite of factors, including age (Mittelbach, 1981; Fisher and Kelso, 

1990), competition for food (Werner and Hall, 1977; Mittelbach, 1984; Werner and Hall, 1988), 

and predator avoidance (Werner and Hall, 1988).   

A life-long dependence on zooplankton and aquatic insects introduces these hosts to a 

continuous supply of trophically transmitted helminths. These feeding habits are likely at least 1 

explanation for why bluegills tend to harbor richer overall endohelminth communities than 

congeneric and confamilial species (Luth et al., 2016d). Furthermore, the trophic placement of 

these fish, as food items for both aquatic predators, e.g., basses, pike, etc., and avian predators, 
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e.g., kingfishers, great blue herons, etc., make these fish important links in a number of helminth 

life cycles. Not surprisingly, bluegills, and a number of other trophically similar centrarchids, 

e.g., longear sunfish, pumpkinseed sunfish, redbreast sunfish, serve as both intermediate and 

definitive hosts in a great number of parasite life cycles (Luth et al., 2016c). 

Hoffman (1967) and Hoffman (1999) provide thorough lists of the helminths of bluegills across 

North America; however, these sources draw information from numerous different studies, 

ranging greatly in sample sizes and in the time, both in terms of season and year, of collections. 

The current survey provides a single, thorough consideration of the endohelminths of bluegills, 

collected from 203 bodies of water across the U.S. Additionally, this survey covers a narrower, 3-

yr timeframe, with the majority of hosts being collected during the summer mo. Thus, this report 

provides a unique, large-scale, and temporally focused snapshot of the endohelminths infecting 

these hosts.  A cursory look at the patterns of infection of numerous bluegill endohelminths is 

provided, and a substantial number of records of hosts and parasites reported here are from bodies 

of water novel to science. 
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MATERIALS AND METHODS 

 

For a complete description of host capture and processing techniques see Luth et al. 

(2016d).  

In the case of Spinitectus spp., more recent work in the lab has evidenced that 3 species in 

this genus, i.e., Spinitectus carolini (Holl, 1928), Spinitectus gracilis (Ward and Magath, 1917), 

Spinitectus micracanthus (Christian, 1972) were encountered in the surveys of all hosts (see also 

Luth et al., 2016a,b,c). It is not possible to retroactively determine the exact numbers of each 

Spinitectus sp. obtained from each host species with any confidence due to the potential loss of 

specimens at the time of original necropsy, and given the amount of subsequent SEM and 

brightfield microscopy work done with this group of nematodes in this lab. Thus, these congeners 

were grouped together at the level of genus, based on the counts obtained at the time of the 

original necropsy.   

Given the extremely high numbers of the trematode, Posthodiplostomum minimum, and 

the nematodes, Spinitectus spp., often encountered in hosts, per-host-individual counts did not 

exceed 200 metacercariae for the former species, or 40 worms for the latter. This cutoff is 

justified in that it helped standardize the amount of time/effort spent necropsying each host, and 

because the current survey stemmed from a study focusing on the intraspecific molecular 

variation in the bass tapeworm, Proteocephalus ambloplitis (see Luth et al., 2016e), in which 

obtaining the cestode was the primary objective.  

 Prevalence, intensity, and range for each helminth species recovered from bluegills are 

provided for each body of water sampled. These data are presented in the following format: 

(prevalence [%], mean ± standard error, range), e.g., (100.0%, 7.1 ± 3.2 SE, range = 1-24). When 

a particular helminth species was not enumerated, i.e., only presence/absence data were collected, 

the value presented in parentheses is (prevalence [%]), e.g., (20.0%). To save space, all symbols, 

abbreviations, and labels have been omitted from values reported in the survey section, e.g., 
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(100.0, 7.1 ± 3.2, 1-24) or (20.0). Bodies of water are coded; first, the 2 letter code for each state 

(see Luth [2016]), followed by the unique lake identification (ID) number in parentheses. A map 

detailing the location of each of these bodies of water, as well as a table providing the lake IDs, 

full names of water bodies, coordinates (DMS), counties, and dates of sampling can be found in 

Luth (2016).  

Synonyms provided for each parasite species are taken from Hoffman (1999) unless otherwise 

specified. As Hoffman (1999) provides a thorough account of additional host reports for these 

helminth species, this survey has not endeavored to re-list these here. Only additional host reports 

observed by the current authors, stemming from their large-scale survey of numerous hosts in 

Centrarchidae (see Luth et al., 2016a,b,c), are included. When possible, specimens of each 

helminth species encountered in the survey were preserved in 95% ethanol, placed in a -80.0°C 

freezer, and continue to be stored at Wake Forest University, Winston-Salem, North Carolina, 

U.S.A. 
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RESULTS 

 

A total of 1,377 bluegills from 203 bodies of water, were considered in the current 

survey.  In all, 97.8% (1,346/1,377) of L. macrochirus were infected with at least 1 helminth 

species, and endohelminth species richness ranged from 1 to 9.  

 A total of at least 24 endohelminth species were recovered from these hosts.  Three 

species of Acanthocephala, Leptorhynchoides thecatus (Linton, 1891), Neoechinorhynchus 

cylindratus (Van Cleave, 1913), and Pomphorhynchus bulbocolli (Van Cleave, 1919); 4 species 

of Cestoda, Bothriocephalus acheilognathi (Yamaguti, 1934), Haplobothrium globuliformae 

(Cooper, 1914), Proteo. ambloplitis (Leidy, 1887), and Triaenophorus nodulosus (Pallas, 1760); 

at least 9 species of Trematoda, Azygia angusticauda (Stafford, 1904), Caecincola parvulus 

(Marshall and Gilbert, 1905), Clinostomum marginatum (Rudolphi, 1819), Crepidostomum spp., 

Cryptogonimus chili (Osborn, 1930), Pisciamphistoma stunkardi (Holl, 1929), Pos. minimum 

(MacCallum, 1921), Proterometra macrostoma (Horsfall, 1934), and Uvulifer ambloplites 

(Hughes, 1927); and at least 8 species of Nematoda, Camallanus oxycephalus (Ward and Magath, 

1917), Capillaria catenata (Van Cleave and Mueller, 1932), Contracaecum spiculigerum 

(Rudolphi, 1809), Eustrongyloides tubifex (Nitzsch, 1909), Hysterothylacium brachyurum (Ward 

and Magath, 1917), Spinitectus spp., Unknown 1, and Unknown 2. 

Acanthocephala 

Echinorhynchida: Rhadinorhynchidae 

Leptorhynchoides thecatus (Linton, 1891) Kostylew, 1924 

(Syn. Echinorhynchus thecatus Linton, 1891; Echinorhynchus oricola Linstow, 1901.) 

Prevalence, mean intensity, range, and location:  1 of 8 (12.5, 13.0 ± --, 13) in AR (11), 

4 of 7 (57.1, 1.0 ± 0.0, 1) in AR (14), 7 of 7 (100.0, 7.1 ± 3.2, 1-24) in AR (15), 3 of 3 (100.0, 

35.3 ± 16.4, 10-66) in IA (33), 2 of 4 (50.0, 1.5 ± 0.5, 1-2) in LA (82), 2 of 10 (20.0, 1.0 ± 0.0, 1) 

in LA (83), 1 of 9 (11.1, 1.0 ± --, 1) in LA (84), 4 of 6 (66.7, 1.8 ± 0.8, 1-4) in LA (85), 1 of 6 
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(16.7, 1.0 ± --, 1) in LA (86), 2 of 2 (100.0, 1.5 ± 0.5, 1-2) in LA (88), 2 of 9 (22.2, 1.5 ± 0.5, 1-2) 

in MD (89), 1 of 5 (20.0, 1.0 ± --, 1) in MI (105), 1 of 1 (100.0, 26.0 ± --, 26) in MN (106), 9 of 

10 (90.0, 2.4 ± 0.4, 1-5) in MN (107), 1 of 1 (100.0, 13.0 ± --, 13) in MN (109), 1 of 1 (100.0, 6.0 

± --, 6) in MN (110), 2 of 6 (33.3, 4.0 ± 1.0, 3-5) in MO (113), 1 of 9 (11.1, 1.0 ± --, 1) in OH 

(150), 1 of 3 (33.3, 3.0 ± --, 3) in OH (157), 1 of 10 (10.0, 2.0 ± --, 2) in TN (186), and 2 of 14 

(14.3, 1.5 ± 0.5, 1-2) in WI (211). 

Site of infection:  Adults in cecae and intestines; larvae in the visceral mesenteries and 

liver. 

Type host and locality: White perch, Morone americanus, from a New York market; the 

type location from which fish hosts were recovered is unknown (Steinauer and Nickol, 2015). 

Other host reports: Adults, larvae, or both, were also recovered from rock bass, 

Ambloplites rupestris (Luth et al., 2016c), largemouth bass, Micropterus salmoides (Luth et al., 

2016b), and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae.   

Neoechinorhynchida: Neoechinorhynchidae 

Neoechinorhynchus cylindratus (Van Cleave, 1913) Van Cleave, 1919 

Prevalence, mean intensity, range, and location: 1 of 10 (10.0, 1.0 ± --, 1) in AL (1), 1 of 

10 (10.0, 3.0 ± --, 3) in AL (2), 7 of 9 (77.8, 2.4.0 ± 0.5, 1-4) in AL (3), 5 of 7 (71.4, 3.6 ± 1.1, 1-

7) in AL (4), 3 of 6 (50.0, 3.0 ± 1.5, 1-6) in AL (5), 1 of 9 (11.1, 1.0 ± --, 1) in AL (6), 7 of 11 

(63.6, 2.9 ± 0.9, 1-7) in AR (9), 2 of 5 (40.0, 4.0 ± 2.0, 2-6) in AR (10), 4 of 7 (57.1, 3.5 ± 1.2, 1-

6) in AR (13), 4 of 7 (57.1, 6.5 ± 3.9, 1-18) in AR (14), 4 of 7 (57.1, 2.3 ± 0.9, 1-5) in AR (15), 6 

of 10 (60.0, 3.8 ± 0.9, 1-9) in GA (21), 7 of 10 (70.0, 2.3 ± 0.5, 1-5) in GA (22), 2 of 5 (40.0, 2.0 

± 1.0, 1-3) in GA (23), 5 of 10 (50.0, 1.4 ± 0.2, 1-2) in GA (25), 3 of 9 (33.3, 1.3 ± 0.3, 1-2) in IA 

(29), 1 of 1 (100.0, 1.0 ± --, 1) in IA (31), 2 of 3 (66.7, 2.5 ± 1.5, 1-4) in IL (46), 2 of 5 (40.0, 1.5 

± 0.5, 1-2) in IL (52), 8 of 18 (44.4, 1.9 ± 0.3, 1-3) in KY (70), 1 of 10 (10.0, 1.0 ± --, 1) in KY 
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(71), 1 of 2 (50.0, 4.0 ± --, 4) in KY (72), 3 of 6 (50.0, 3.0 ± 1.5, 1-6) in KY (73), 2 of 5 (40.0, 2.5 

± 1.5, 1-4) in KY (74), 2 of 2 (100.0, 1.0 ± 0.0, 1) in KY (76), 1 of 1 (100.0, 1.0 ± --, 1) in KY 

(78), 1 of 8 (12.5, 3.0 ± --, 3) in KY (80), 6 of 6 (100.0, 4.2 ± 1.6, 2-12) in KY (81), 1 of 4 (25.0, 

1.0 ± --, 1) in LA (82), 4 of 10 (40.0, 2.0 ± 0.4, 1-3) in LA (83), 2 of 9 (22.2, 1.0 ± 0.0, 1) in LA 

(84), 3 of 6 (50.0, 1.7 ± 0.33, 1-2) in LA (85), 5 of 6 (83.3, 2.2 ± 0.8, 1-5) in LA (86), 1 of 1 

(100.0, 2.0 ± --, 2) in MD (90), 1 of 1 (100.0, 3.0 ± --, 3) in MN (106), 9 of 10 (90.0, 2.7 ± 0.8, 1-

7) in MN (107), 1 of 10 (10.0, 1.0 ± --, 1) in MN (108), 1 of 1 (100.0, 1.0 ± --, 1) in MN (110), 6 

of 10 (60.0, 2.3 ± 0.4, 1-3) in MO (111), 3 of 3 (100.0, 3.7 ± 0.9, 2-5) in MO (112), 1 of 6 (16.7, 

1.0 ± --, 1) in MO (113), 1 of 3 (33.3, 1.0 ± --, 1) in MO (115), 2 of 10 (20.0, 1.0 ± 0.0, 1) in MS 

(120), 1 of 6 (16.7, 1.0 ± --, 1) in NC (124), 5 of 20 (25.0, 6.0 ± 2.9, 1-13) in NC (125), 1 of 1 

(100.0, 4.0 ± --, 4) in NC (136), 2 of 7 (28.6, 2.0 ± 1.0, 1-3) in NC (137), 4 of 11 (36.4, 1.8 ± 0.5, 

1-3) in NC (138), 3 of 7 (42.9, 2.0 ± 0.6, 1-3) in NE (143), 1 of 9 (11.1, 1.0 ± --, 1) in OH (154), 2 

of 10 (20.0, 3.0 ± 1.0, 2-4) in PA (173), 4 of 8 (50.0, 2.0 ± 0.4, 1-3) in SC (175), 1 of 1 (100.0, 

6.0 ± --, 6) in SC (176), 3 of 9 (33.3, 1.0 ± 0.0, 1) in SC (177), 7 of 9 (77.8, 2.9 ± 1.1, 1-9) in SC 

(178), 5 of 10 (50.0, 1.2 ± 0.2, 1-2) in SC (179), 1 of 10 (10.0, 1.0 ± --, 1) in SC (180), 2 of 10 

(20.0, 1.5 ± 0.5, 1-2) in TN (188), 2 of 9 (22.2, 1.5 ± 0.5, 1-2) in TN (189), 4 of 8 (50.0, 2.5 ± 0.5, 

2-4) in TN (190), 2 of 8 (25.0, 1.5 ± 0.5, 1-2) in TN (191), 7 of 7 (100.0, 2.7 ± 1.6, 1-12) in TN 

(192), 2 of 7 (28.6, 1.0 ± 0.0, 1) in TN (193), 1 of 3 (33.3, 1.0 ± --, 1) in TN (194), 4 of 9 (44.4, 

3.0 ± 0.8, 1-5) in TN (195), 3 of 8 (37.5, 2.0 ± 1.0, 1-4) in TN (196), 1 of 10 (10.0, 1.0 ± --, 1) in 

VA (202), 15 of 19 (78.9, 11.9 ± 2.8, 1-38) in VA (208), 8 of 10 (80.0, 1.5 ± 0.3, 1-3) in VA 

(209), 3 of 10 (30.0, 4.3 ± 2.8, 1-10) in VA (210), 10 of 19 (52.6, 3.8 ± 0.7, 1-7) in WV (222), 3 

of 13 (23.1, 3.7 ± 1.5, 1-6) in WV (223), and 1 of 9 (11.1, 1.0 ± --, 1) in WV (226). 

Site of infection: Adults in cecae and intestines; larvae in the visceral mesenteries and 

liver.   

Type host and locality: Largemouth bass, Mic. salmoides, from Pelican Lake, MN, 

U.S.A. (Van Cleave, 1919). 
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Other host reports: Adults, larvae, or both, were also recovered from A. rupestris (Luth et 

al., 2016c), Mic. salmoides (Luth et al., 2016b), white crappie, Pomoxis annularis (Luth et al., 

2016c), and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae. 

Echinorhynchida: Pomphorhynchidae 

Pomphorhynchus bulbocolli (Linkins) Van Cleave, 1919 

Prevalence, mean intensity, range, and location:  8 of 8 (100.0, 33.0 ± 9.5, 1-87) in AR 

(11), 1 of 7 (14.3, 4.0 ± --, 4) in AR (15), 4 of 5 (80.0, 24.5 ± 10.8, 5-53) in MI (105), 2 of 9 

(22.2, 2.0 ± 1.0, 1-3) in MN (156), 1 of 13 (7.7, 1.0 ± --, 1) in OH (149), and 5 of 14 (35.7, 1.6 ± 

0.2, 1-2) in WI (211). 

Site of infection:  Adults in intestines. 

Type host and locality:  Black carp, Ictiobus urus, smallmouth buffalo, Ictiobus bubalus, 

European carp, Cyprinus carpio, brown bullhead, Ameiurus nebulostis, black bullhead, Ameiurus 

melas, black crappie, Pomoxis nigromaculatus, and white crappie, Pom. annularis; type locality 

not specified (Van Cleave, 1919).  

Other host reports: Adults were also recovered from other species of Lepomis (Luth et 

al., 2016c). 

Cestoda 

Pseudophyllidea: Bothriocephalidae 

Bothriocephalus acheilognathi Yamaguti, 1934 

(Syn. Bothriocephalus gowkongensis Yeh, 1955; Bothriocephalus opsariichthydis Yamaguti, 

1934; Bothriocephalus phoxini Molnár and Murai, 1973; Pool [1987] suggests Bothriocephalus 

aegyptiacus Rysavy and Moravec, 1975 and Bothriocephalus kivuensis Baer and Fain, 1958 are 

likely also synonyms.) 
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Prevalence, mean intensity, range, and location:  1 of 10 (10.0, 1.0 ± --, 1) in CO (17), 1 

of 10 (10.0, 2.0 ± --, 2) in CO (18), 1 of 10 (10.0, 2.0 ± --, 2) in IA (28), 1 of 10 (10.0, 1.0 ± --, 1) 

in IL (36), 1 of 8 (12.5, 1.0 ± --, 1) in IN (57), 1 of 1 (100.0, 2.0 ± --, 2) in MD (90), 1 of 5 (20.0, 

1.0 ± --, 1) in NM (147), 1 of 10 (10.0, 4.0 ± --, 4) in PA (170), 3 of 5 (60.0, 1.3 ± 0.3, 1-2) in 

WV (219), 1 of 6 (16.7, 1.0 ± --, 1) in WV (221), 1 of 5 (20.0, 1.0 ± --, 1) in WV (225), 1 of 9 

(11.1, 1.0 ± --, 1) in WV (226), and 1 of 10 (10.0, 1.0 ± --, 1) in WY (227). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Grass carp, Ctenopharyngodon idella, from Ogura Lake, Japan 

(Scholz, 1997). 

Other host reports: Adults were also recovered from Mic. salmoides (Luth et al., 2016b), 

and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Bothriocephalus acheilognathi was not encountered frequently in the 

sampling, but was recovered from hosts collected across the entire sampled range. Interestingly, 

the cestode, Pr. ambloplitis, i.e., the bass tapeworm, co-occurred with B. acheilognathi in 21/29 

(72.4%) bodies of water from which the latter was recovered; of these, 19/21 (90.5%) were 

infected with both B. acheilognathi and Pr. ambloplitis. In all, 28/41 hosts (68.3%) from these 

ponds harboring B. acheilognathi were simultaneously infected by Pr. ambloplitis. These findings 

indicate the suitability of these common, and widely distributed centrarchid species for harboring 

the invasive/alien Asian tapeworm.  

Pseudophyllidea: Haplobothriidae 

Haplobothrium globuliformae Cooper, 1914 

Prevalence, mean intensity, range, and location:  1 of 6 (16.7, 1.0 ± --, 1) in KY (73).  

Site of infection:  Adults in the intestines. 

Type host and locality:  Bowfin, Amia calva, possibly from Georgian Bay (Lake Huron, 

Ontario, Canada). 

Other host reports: Adults were also recovered from Mic. salmoides (Luth et al., 2016b). 
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Proteocephalidea: Proteocephalidae 

Proteocephalus ambloplitis (Leidy, 1887) Benedict, 1900 

(Syn. Taenia ambloplitis Leidy, 1887; Taenia micropteri Leidy, 1887.) 

Prevalence, mean intensity, range, and location:  2 of 10 (10.0, 1.0 ± 0.0, 1) in AL (1), 2 

of 7 (28.6, 5.5 ± 0.5, 5-6) in AL (4), 3 of 3 (100.0, 11.3 ± 7.5, 1-26) in AL (8), 6 of 11 (54.5, 4.3 

± 1.2, 1-9) in AR (9), 4 of 5 (80.0, 8.0 ± 2.8, 1-13) in AR (10), 3 of 8 (37.5, 1.0 ± 0.0, 1) in AR 

(11), 2 of 7 (28.6, 2.5 ± 1.5, 1-4) in AR (14), 3 of 7 (42.9, 1.7 ± 0.7, 1-3) in AR (15), 10 of 10 

(100.0, 5.7 ± 1.1, 1-12) in CO (17), 3 of 10 (30.0, 5.7 ± 1.9, 2-8) in CO (18), 2 of 10 (20.0, 1.5 ± 

0.5, 1-2) in GA (21), 1 of 10 (10.0, 1.0 ± --, 1) in GA (22), 1 of 5 (20.0, 2.0 ± --, 2) in GA (23), 1 

of 10 (10.0, 1.0 ± --, 1) in IA (28), 5 of 9 (55.6, 2.0 ± 0.5, 1-4) in IA (29), 1 of 1 (100.0, 2.0 ± --, 

2) in IA (31), 2 of 3 (66.7, 5.0 ± 1.0, 4-6) in IA (33), 3 of 7 (42.9, 12.0 ± 10.5, 1-33) in IL (34), 4 

of 10 (40.0, 1.8 ± 0.5, 1-3) in IL (35), 6 of 10 (60.0, 1.5 ± 0.3, 1-3) in IL (36), 1 of 10 (10.0, 2.0 ± 

--, 2) in IL (38), 3 of 10 (30.0, 6.7 ± 5.7, 1-18) in IL (40), 1 of 2 (50.0, 3.0 ± --, 3) in IL (41), 6 of 

10 (60.0, 2.2 ± 0.5, 1-4) in IL (42), 1 of 8 (12.5, 2.0 ± --, 2) in IL (43), 3 of 5 (60.0, 5.7 ± 4.2, 1-

14) in IL (44), 5 of 7 (71.4, 3.8 ± 1.4, 1-8) in IL (45), 1 of 3 (100.0, 12.0 ± --, 12) in IL (46), 10 of 

17 (58.8, 2.7 ± 0.5, 1-6) in IL (47), 2 of 4 (50.0, 1.5 ± 0.5, 1-2) in IL (48), 3 of 8 (37.5, 1.3 ± 0.3, 

1-2) in IL (49), 3 of 6 (50.0, 4.3 ± 2.0, 1-8) in IL (50), 7 of 9 (77.8, 1.9 ± 0.6, 1-5) in IL (51), 2 of 

5 (40.0, 1.5 ± 0.5, 1-2) in IL (52), 3 of 5 (60.0, 2.3 ± 0.9, 1-4) in IN (55), 7 of 8 (87.5, 2.1 ± 0.3, 

1-3) in IN (57), 3 of 10 (30.0, 1.3 ± 0.3, 1-2) in IN (58), 2 of 6 (33.3, 1.0 ± 0.0, 1) in IN (60), 6 of 

8 (75.0, 2.5 ± 0.7, 1-5) in IN (61), 5 of 5 (100.0, 4.2 ± 1.1, 2-8) in IN (62), 1 of 2 (50.0, 1.0 ± --, 

1) in IN (63), 4 of 5 (80.0, 7.8 ± 4.0, 1-19) in IN (64), 2 of 3 (66.7, 4.5 ± 3.5, 1-8) in IN (66), 2 of 

3 (66.7, 1.5 ± 0.5, 1-2) in KS (68), 12 of 18 (66.7, 1.9 ± 0.3, 1-4) in KY (70), 1 of 10 (10.0, 2.0 ± 

--, 2) in KY (71), 5 of 6 (83.3, 1.6 ± 0.4, 1-3) in KY (73), 1 of 5 (20.0, 2.0 ± --, 2) in KY (74), 2 

of 3 (66.7, 4.0 ± 1.0, 3-5) in KY (75), 4 of 5 (80.0, 1.5 ± 0.3, 1-2) in KY (77), 2 of 5 (40.0, 1.0 ± 

0.0, 1) in KY (79), 4 of 8 (50.0, 4.8 ± 1.4, 1-7) in KY (80), 2 of 10 (20.0, 1.0 ± 0.0, 1) in LA (83), 

3 of 9 (33.3, 3.0 ± 1.1, 1-5) in MD (89), 8 of 10 (80.0, 2.1 ± 0.7, 1-7) in MD (91), 7 of 10 (70.0, 
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2.1 ± 0.8, 1-7) in MD (92), 8 of 11 (72.7, 1.6 ± 0.4, 1-4) in MD (93), 3 of 9 (33.3, 1.3 ± 0.3, 1-2) 

in MD (94), 6 of 6 (100.0, 9.3 ± 3.2, 2-21) in MD (96), 5 of 10 (10.0, 1.6 ± 0.4, 1-3) in MD (98), 

6 of 10 (60.0, 4.0 ± 0.9, 2-7) in MD (99), 2 of 3 (66.7, 2.5 ± 0.5, 2-3) in MD (100), 5 of 8 (62.5, 

1.6 ± 0.6, 1-4) in MI (102), 5 of 9 (55.6, 1.6 ± 0.4, 1-3) in MI (103), 1 of 9 (11.1, 2.0 ± --, 2) in 

MI (104), 2 of 5 (40.0, 2.0 ± 0.0, 2) in MI (105), 4 of 10 (40.0, 2.3 ± 0.6, 1-4) in MN (107), 5 of 

10 (50.0, 2.0 ± 0.4, 1-3) in MN (108), 4 of 10 (40.0, 1.0 ± 0.0, 1) in MO (111), 1 of 6 (16.7, 1.0 ± 

--, 1) in MO (113), 1 of 2 (50.0, 1.0 ± --, 1) in MO (114), 1 of 3 (33.3, 3.0 ± --, 3) in MO (115), 2 

of 4 (50.0, 2.5 ± 1.5, 1-4) in MO (116), 3 of 10 (30.0, 1.0 ± 0.0, 1) in MS (120), 1 of 5 (20.0, 2.0 

± --, 2) in NC (123), 1 of 6 (16.7, 1.0 ± --, 1) in NC (124), 2 of 20 (10.0, 1.5 ± 0.5, 1-2) in NC 

(125), 2 of 5 (40.0, 2.0 ± 1.0, 1-3) in NC (126), 1 of 6 (16.7, 1.0 ± --, 1) in NC (130), 1 of 13 (7.7, 

1.0 ± --, 1) in NC (131), 1 of 1 (100.0, 1.0 ± --, 1) in NC (132), 1 of 4 (25.0, 1.0 ± --, 1) in NC 

(134), 3 of 6 (50.0, 2.7 ± 0.3, 2-3) in NC (135), 9 of 10 (90.0, 2.7 ± 0.5, 1-6) in ND (141), 6 of 11 

(54.5, 2.7 ± 0.6, 1-5) in NE (142), 6 of 7 (85.7, 3.7 ± 1.1, 1-8) in NE (143), 5 of 5 (100.0, 7.2 ± 

1.5, 5-13) in NM (147), 7 of 10 (70.0, 9.7 ± 3.9, 2-30) in OH (148), 1 of 13 (7.7, 2.0 ± --, 2) in 

OH (149), 5 of 9 (55.6, 3.8 ± 1.7, 1-10) in OH (150), 6 of 11 (54.5, 3.5 ± 0.7, 1-6) in OH (151), 5 

of 9 (55.6, 24.2 ± 16.9, 1-90) in OH (152), 6 of 11 (54.5, 2.7 ± 0.9, 1-7) in OH (153), 1 of 9 (11.1, 

1.0 ± --, 1) in OH (154), 1 of 3 (33.3, 1.0 ± --, 1) in OH (157), 1 of 1 (100.0, 1.0 ± --, 1) in OH 

(158), 4 of 7 (57.1, 4.5 ± 1.4, 1-8) in OH (160), 4 of 5 (80.0, 2.8 ± 0.9, 2-5) in OK (166), 6 of 9 

(66.7, 4.3 ± 2.2, 1-15) in OK (168), 5 of 10 (50.0, 3.0 ± 0.5, 1-4) in PA (170), 2 of 3 (66.7, 10.5 ± 

9.5, 1-20) in PA (171), 3 of 10 (30.0, 2.0 ± 0.6, 1-3) in PA (173), 1 of 8 (12.5, 1.0 ± --, 1) in SC 

(175), 3 of 10 (30.0, 1.3 ± 0.3, 1-2) in SC (179), 3 of 9 (33.3, 2.3 ± 0.3, 2-3) in SD (183), 9 of 10 

(90.0, 9.4 ± 1.7, 3-19) in TN (186), 1 of 1 (100.0, 1.0 ± --, 1) in TN (187), 3 of 10 (30.0, 1.0 ± 

0.0, 1) in TN (188), 5 of 9 (55.6, 2.8 ± 0.8, 1-5) in TN (189), 5 of 8 (62.5, 2.2 ± 0.6, 1-4) in TN 

(190), 3 of 8 (37.5, 2.3 ± 0.7, 1-3) in TN (191), 2 of 7 (28.6, 6.0 ± 4.0, 2-10) in TN (193), 6 of 8 

(75.0, 2.8 ± 0.6, 1-5) in TN (196), 1 of 2 (50.0, 1.0 ± --, 1) in VA (200), 3 of 3 (100.0, 6.0 ± 3.2, 

1-12) in VA (204), 6 of 10 (60.0, 3.8 ± 1.3, 1-10) in VA (205), 5 of 10 (50.0, 1.6 ± 0.4, 1-3) in 
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VA (207), 5 of 19 (26.3, 1.6 ± 0.4, 1-3) in VA (208), 7 of 10 (70.0, 5.7 ± 2.6, 1-21) in VA (210), 

2 of 14 (14.3, 1.0 ± 0.0, 1) in WI (211), 5 of 5 (100.0, 1.8 ± 0.8, 1-5) in WV (217), 2 of 5 (40.0, 

3.5 ± 2.5, 1-6) in WV (219), 4 of 6 (66.7, 2.5 ± 1.2, 1-6) in WV (221), 4 of 19 (21.1, 2.0 ± 0.7, 1-

4) in WV (222), 4 of 13 (30.8, 2.8 ± 1.0, 1-5) in WV (223), 1 of 7 (14.3, 10.0 ± --, 10) in WV 

(224), and 1 of 5 (20.0, 4.0 ± --, 4) in WV (225). 

Site of infection:  Larvae (plerocercoids) in the visceral mesenteries, liver, and gonads. 

Type host and locality:  Largemouth bass, Mic. salmoides (= nigracans), from Lake 

George, New York, U.S.A. (Hunter, 1928). 

Other host reports: Adults, larvae, or both, were also recovered from A. rupestris (Luth et 

al., 2016c), Micropterus spp. (Luth et al., 2016b), Pomoxis spp. (Luth et al., 2016c), and other 

species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Adults were only recovered from Mic. salmoides from Bass Lake, Ohio, 

U.S.A. 

Pseudophyllidea: Triaenophoridae 

Triaenophorus nodulosus Pallas, 1760 

(Syn. from Kuchta et al. [2007]: Taenia rugosa Pallas, 1760; Taenia piscium Pallas, 1766; Taenia 

lucii Müller, 1776; Taenia tricuspidatus Bloch, 1779; additional synonyms see Kuperman 

[1973].) 

Prevalence, mean intensity, range, and location:  1 of 11 (9.1, 1.0 ± --, 1) in OH (153), 

and 9 of 9 (100.0, 2.4 ± 0.8, 1 – 8) in OH (154). 

Site of infection: Larvae in the visceral mesenteries. 

Type host and locality:  Northern pike, Esox lucius; type locality not specified (Kuchta 

and Scholz, 2007). 

Remarks:  This cestode was recovered exclusively from L. macrochirus. 

Trematoda 

Digenea: Azygiidae 
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Azygia angusticauda (Stafford, 1904) Manter, 1926 

(Syn. Mimodistomum angusticaudum Stafford, 1904; Azygia loossi Marshall and Gilbert, 1905; 

Ptychogonimus fontanus (Lyster, 1939) Gibson, 1996.) 

Prevalence, mean intensity, range, and location:  1 of 9 (11.1, 1.0 ± 0.0, 1) in MI (103), 1 

of 9 (11.1, 2.0 ± 0.0, 2) in MI (104), 1 of 10 (10.0, 1.0 ± 0.0, 1) in MN (107), and 1 of 1 (100.0, 

1.0 ± 0.0, 1) in NC (136). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Burbot, Lota maculosa (= Lota lota), and walleye, Stizostedion 

vitreum (= Sander vitreus), as Mim. angusticaudum from markets in Montreal, Canada (Stafford, 

1904). 

Other host reports: Adults were also recovered from A. rupestris (Luth et al., 2016c), 

Mic. salmoides (Luth et al., 2016b), and other species of Lepomis (Luth et al., 2016c). 

Digenea: Cryptogonimidae 

Caecincola parvulus Marshall and Gilbert, 1905 

Prevalence, mean intensity, range, and location: 1 of 10 (10.0, 1.0 ± --, 1) in IN (56), 1 

of 1 (100.0, 1.0 ± --, 1) in MN (110), 1 of 8 (12.5, 1.0 ± --, 1) in TN (196), and 5 of 14 (35.7, 1.8 

± 0.6, 1 – 4) in WI (211). 

Site of infection:  Adults in the stomach and cecae. 

Type host and locality:  Largemouth, Mic. salmoides from Lakes Mendota, Monona, 

Wingra, and Round Lake, Wisconsin, U.S.A. (Marshall and Gilbert, 1905). 

Other host reports: Adults were also recovered from A. rupestris (Luth et al., 2016c) and 

green sunfish, Lepomis cyanellus (Luth et al., 2016a). 

Digenea: Plagiorchiida: Clinostomidae 

Clinostomum marginatum Rudolphi, 1819 

(Syn. Clinostomum complanatum Rudolphi, 1819.) 
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Prevalence, mean intensity, range, and location:  1 of 10 (10.0) in AL (1), 1 of 8 (12.5) 

in IL (43), 2 of 5 (40.0) in IL (52), 1 of 6 (16.7) in IN (54), 1 of 11 (9.1) in OH (151), 1 of 10 

(10.0) in SD (180), 1 of 7 (14.3) in TN (192), 2 of 5 (40.0) in WV (225), and 1 of 9 (11.1) in WV 

(226). 

Site of infection:  Larvae (metacercariae) were encysted in the fins, subcutaneously and, 

more rarely, in the musculature of hosts. 

Type host and locality:  N/A. 

Other host reports: Larvae were also recovered from Mic. salmoides (Luth et al., 2016b) 

and L. cyanellus (Luth et al., 2016a). 

Remarks:  Only presence/absence data were collected for Cl. marginatum in this study. 

There is debate on the validity of Cl. marginatum as being distinct from Cl. complanatum with 

Braun (1901) distinguishing the 2 based on geographic distribution, i.e., Cl. marginatum being 

the “American type” and Cl. complanatum being the “European type”. Caffara et al. (2011) 

showed morphological and molecular support for this distinction as well. Thus, “yellow grub” is 

here assigned to Cl. marginatum. 

Digenea: Allocreadidae 

Crepidostomum spp.  

(Crepidostomum cooperi Hopkins, 1931 and/or Crepidostomum cornutum (Osborn, 1903) 

Stafford, 1904) 

(Syn. of Cr. cooperi: Crepidostomum amblopitis, Crepidostomum fausti, and Crepidostomum 

solidum according to Hoffman [1999]; Crepidostomum laureatum according to Hopkins [1931].) 

Prevalence, mean intensity, range, and location:  1 in 9 (11.1, 1.0 ± --, 1) in AL (3), 1 of 

6 (16.7, 5.0 ± --, 5) in AL (5), 1 of 5 (20.0, 45.0 ± --, 45) in AR (10), 1 of 10 (10.0, 1.0 ± --, 1) in 

GA (21), 1 of 5 (20.0, 1.0 ± --, 1) in GA (23), 1 of 8 (12.5, 1.0 ± --, 1) in KY (80), 1 of 6 (16.7, 

1.0 ± --, 1) in LA (85), 1 of 10 (10.0, 3.0 ± --, 3) in MN (108), 1 of 20 (5.0, 1.0 ± --, 1) in NC 

(125), 2 of 9 (22.2, 1.5 ± 0.5, 1 – 2) in OK (168), and 1 of 8 (12.5, 1.0 ± --, 1) in SC (175). 
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Site of infection:  Adults in the intestines. 

Type host and locality:  Crepidostomum cooperi: yellow perch, Perca flavescens, 

pumpkinseed, Lepomis gibbosus, Johnny darter, Boleosoma (=Etheostoma) nigrum, and the Iowa 

darter, Etheostoma iowae (= exile), from Go-Home Bay, Ontario, Canada (Cooper, 1915); Cr. 

cornutum: Henderson (1938) suggests various centrarchids as the type hosts from Lake 

Chautauqua, New York, U.S.A. (Osborn, 1903a). 

Other host reports: Adults were also recovered from other species of Lepomis (Luth et 

al., 2016a,c). 

Remarks:  Crepidostomum cooperi and Cr. cornutum were not enumerated separately in 

the current survey; however, it is believed that both of these species were recovered in hosts 

necropsied in the present study. This conclusion is based on qualitative/superficial assessment of 

size dimorphism of the adults observed in the current sampling. 

Digenea: Cryptogonimidae 

Cryptogonimus chili Osborn, 1903 

Prevalence, mean intensity, range, and location:  1 of 10 (10.0, 1.0 ± --, 1) in MN (108). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Smallmouth bass, Micropterus dolomieu, and other fishes from 

Lake Chautauqua, New York, U.S.A. and St. Mary’s River, Michigan, U.S.A. (Osborn, 1903b). 

Other host reports: Adults were also recovered from A. rupestris and Lepomis megalotis 

(Luth et al., 2016c). 

Digenea: Paramphistomatidae 

Pisciamphistoma stunkardi Holl, 1929 

(Syn. Paramphistomum stunkardi.) 

Prevalence, mean intensity, range, and location:  1 of 6 (16.7, 1.0 ± --, 1) in AL (5), 1 of 

5 (20.0, 2.0 ± --, 2) in AR (10), 2 of 10 (20.0, 1.0 ± 0.0, 1) in GA (21), 1 of 10 (10.0, 1.0 ± --, 1) 

in IL (42), 1 of 5 (20.0, 1.0 ± --, 1) in IN (55), 1 of 8 (12.5, 1.0 ± --, 1) in IN (61), 1 of 5 (20.0, 1.0 
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± --, 1) in IN (64), 2 of 18 (11.1, 1.0 ± 0.0, 1) in KY (70), 1 of 10 (10.0, 1.0 ± --, 1) in MD (91), 2 

of 11 (18.2, 1.5 ± 0.5, 1-2) in MD (93), 1 of 7 (14.3, 1.0 ± --, 1) in MD (95), 1 of 10 (10.0, 1.0 ± -

-, 1) in MO (111), 1 of 6 (16.7, 1.0 ± --, 1) in NC (122), 1 of 6 (16.7, 2.0 ± --, 2) in NC (124), 1 of 

21 (4.8, 1.0 ± --, 1) in NC (127), 1 of 11 (9.1, 2.0 ± --, 2) in OH (153), 1 of 4 (25.0, 1.0 ± --, 1) in 

PA (169), 1 of 3 (33.3, 1.0 ± --, 1) in PA (171), 1 of 10 (10.0, 2.0 ± --, 2) in VA (207), 1 of 6 

(16.7, 1.0 ± --, 1) in WV (221), 2 of 19 (10.5, 2.0 ± 1.0, 1-3) in WV (222), and 1 of 13 (7.7, 2.0 ± 

--, 2) in WV (223). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Pumpkinseed, Eupomotis (=L.) gibbosus, and warmouth bass, 

Chaenobryttus (=Lepomis) gulosus, from the Eno River, near Durham, North Carolina, U.S.A. 

(Holl, 1929). 

Other host reports: Adults were also recovered from Mic. salmoides (Luth et al., 2016b) 

and other species of Lepomis (Luth et al., 2016a,c). 

Digenea: Strigeidida: Diplostomidae 

Posthodiplostomum minimum (MacCallum, 1921) Dubois, 1936 

(Syn. possibly Diplostomum cuticola [Cooper, 1915] according to Hunter and Hunter [1940]; 

Diplostomum vancleavei [Agersborg, 1926]; Neascus vancleavei [Hughes, 1928]; Diplostomum 

minimum MacCallum [Hunter and Hunter, 1940].) 

Prevalence, mean intensity, range, and location:  9 of 10 (90.0, 7.7 ± 3.3, 1-31) in AL 

(1), 8 of 10 (80.0, 16.7 ± 8.0, 1-69) in AL (2), 7 of 9 (77.8, 32.4 ± 21.0, 1-156) in AL (3), 7 of 7 

(85.7, 16.0 ± 6.2, 5-52) in AL (4), 5 of 6 (83.3, 6.2 ± 2.7, 1-15) in AL (5), 9 of 9 (100.0, 47.2 ± 

9.5, 6-92) in AL (6), 3 of 10 (30.0, 52.7 ± 16.8, 20-76) in AL (7), 3 of 3 (100.0, 14.3 ± 4.7, 5-20) 

in AL (8), 6 of 11 (54.5, 5.5 ± 2.0, 2-15) in AR (9), 5 of 5 (100.0, 45.2 ± 28.5, 2-152) in AR (10), 

4 of 8 (50.0, 5.3 ± 2.7, 1-13) in AR (11), 2 of 2 (100.0, 51.0 ± 13.0, 38-64) in AR (12), 7 of 7 

(100.0, 7.0 ± 2.0, 2-17) in AR (13), 7 of 7 (100.0, 3.9 ± 0.8, 1-7) in AR (14), 6 of 7 (85.7, 3.3 ± 

0.8, 1-6) in AR (15), 3 of 3 (100.0, 13.7 ± 5.2, 8-24) in AR (16), 1 of 10 (10.0, 1.0 ± --, 1) in CO 
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(17), 1 of 10 (10.0, 2.0 ± --, 2) in CO (18), 10 of 10 (100.0, 62.6 ± 18.5, 10-200) in GA (21), 10 

of 10 (100.0, 15.7 ± 2.9, 6-29) in GA (22), 4 of 5 (80.0, 13.8 ± 5.5, 2-28) in GA (23), 1 of 1 

(100.0, 3.0 ± --, 3) in GA (24), 9 of 10 (90.0, 3.0 ± 0.9, 1-8) in GA (25), 10 of 10 (100.0, 127.0 ± 

22.7, 18-200) in IA (28), 9 of 9 (100.0, 62.0 ± 17.1, 17-161) in IA (29), 1 of 1 (100.0, 14.0 ± --, 

14) in IA (30), 1 of 1 (100.0, 62.0 ± --, 62) in IA (31), 3 of 3 (100.0, 120.3 ± 39.9, 77-200) in IA 

(33), 6 of 7 (85.7, 28.7 ± 18.8, 4-122) in IL (34), 10 of 10 (100.0, 68.8 ± 15.9, 10-171) in IL (35), 

10 of 10 (100.0, 96.1 ± 11.6, 46-154) in IL (36), 9 of 9 (100.0, 146.7 ± 14.6, 66-200) in IL (37), 

10 of 10 (100.0, 171.3 ± 18.5, 51-200) in IL (38), 3 of 3 (100.0, 102.3 ± 39.8, 62-182) in IL (39), 

10 of 10 (100.0, 18.2 ± 5.3, 5-62) in IL (40), 2 of 2 (100.0, 21.0 ± 20.0, 1-41) in IL (41), 10 of 10 

(100.0, 86.5 ± 19.9, 18-200) in IL (42), 8 of 8 (100.0, 106.1 ± 18.2, 31-183) in IL (43), 5 of 5 

(100.0, 56.2 ± 10.3, 38-86) in IL (44), 7 of 7 (100.0, 139.9 ± 25.0, 57-200) in IL (45), 3 of 3 

(100.0, 10.7 ± 4.7, 2-18) in IL (46), 17 of 17 (100.0, 43.5 ± 6.8, 6-110) in IL (47), 4 of 4 (100.0, 

52.3 ± 26.0, 14-129) in IL (48), 8 of 8 (100.0, 34.8 ± 5.7, 15-54) in IL (49), 6 of 6 (100.0, 8.2 ± 

2.0, 2-13) in IL (50), 9 of 9 (100.0, 82.1 ± 23.6, 13-200) in IL (51), 5 of 5 (100.0, 103.2 ± 33.5, 

15-200) in IL (52), 1 of 1 (100.0, 200.0 ± --, 200) in IL (53), 6 of 6 (100.0, 82.8 ± 13.4, 50-120) 

in IN (54), 3 of 5 (60.0, 26.3 ± 20.3, 6-67) in IN (55), 10 of 10 (100.0, 93.2 ± 10.2, 50-140) in IN 

(56), 8 of 8 (100.0, 4.8 ± 1.3, 1-13) in IN (57), 2 of 10 (20.0, 1.0 ± 0.0, 1) in IN (58), 1 of 1 

(100.0, 152.0 ± --, 152) in IN (59), 5 of 6 (83.3, 68.2 ± 19.4, 10-117) in IN (60), 8 of 8 (100.0, 

139.1 ± 26.3, 18-200) in IN (61), 5 of 5 (100.0, 85.6 ± 26.1, 39-159) in IN (62), 2 of 2 (100.0, 

19.5 ± 5.5, 14-25) in IN (63), 5 of 5 (100.0, 166.4 ± 16.7, 110-200) in IN (64), 4 of 4 (100.0, 19.5 

± 7.3, 8-40) in IN (65), 2 of 3 (66.7, 5.0 ± 1.0, 4-6) in IN (66), 18 of 18 (100.0, 62.9 ± 10.4, 9-

159) in KY (70), 10 of 10 (100.0, 75.1 ± 18.3, 11-200) in KY (71), 2 of 2 (100.0, 66.0 ± 14.0, 52-

80) in KY (72), 6 of 6 (100.0, 1.8 ± 0.5, 1-4) in KY (73), 5 of 5 (100.0, 7.8 ± 2.6, 1-15) in KY 

(74), 3 of 3 (100.0, 9.0 ± 2.6, 4-13) in KY (75), 2 of 2 (100.0, 130.0 ± 70.0, 60-200) in KY (76), 5 

of 5 (100.0, 84.6 ± 16.6, 41-137) in KY (77), 1 of 1 (100.0, 200.0 ± --, 200) in KY (78), 5 of 5 

(100.0, 56.2 ± 23.1, 14-137) in KY (79), 8 of 8 (100.0, 7.4 ± 3.5, 1-31) in KY (80), 6 of 6 (100.0, 
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65.7 ± 27.7, 12-200) in KY (81), 4 of 4 (100.0, 47.3 ± 19.3, 15-103) in LA (82), 8 of 10 (80.0, 3.5 

± 1.3, 1-12) in LA (83), 8 of 9 (88.9, 1.6 ± 0.3, 1-3) in LA (84), 6 of 6 (100.0, 36.8 ± 6.1, 13-58) 

in LA (85), 6 of 6 (100.0, 37.0 ± 19.8, 8-134) in LA (86), 8 of 8 (100.0, 7.9 ± 2.3, 1-17) in LA 

(87), 2 of 2 (100.0, 27.5 ± 14.5, 13-42) in LA (88), 9 of 9 (100.0, 18.3 ± 2.3, 8-31) in MD (89), 1 

of 1 (100.0, 61.0 ± --, 61) in MD (90), 11 of 11 (100.0, 56.7 ± 6.5, 29-96) in MD (91), 10 of 10 

(100.0, 24.5 ± 5.0, 7-61) in MD (92), 11 of 11 (100.0, 24.5 ± 4.9, 8-60) in MD (93), 7 of 9 (77.8, 

17.4 ± 8.9, 1-68) in MD (94), 2 of 7 (28.6, 3.0 ± 1.0, 2-4) in MD (95), 6 of 6 (100.0, 5.3 ± 1.7, 2-

12) in MD (96), 3 of 5 (60.0, 53.7 ± 23.9, 8-89) in MD (97), 6 of 10 (60.0, 6.0 ± 1.8, 1-13) in MD 

(98), 4 of 10 (40.0, 1.8 ± 0.8, 1-4) in MD (99), 3 of 3 (100.0, 15.3 ± 6.2, 6-27) in MD (100), 6 of 

6 (100.0, 95.7 ± 11.2, 50-120) in MI (101), 8 of 8 (100.0, 57.9 ± 8.2, 30-95) in MI (102), 4 of 9 

(44.4, 10.3 ± 7.0, 1-31) in MI (103), 6 of 9 (66.7, 3.5 ± 2.1, 1-14) in MI (104), 5 of 5 (100.0, 17.0 

± 6.7, 7-42) in MI (105), 1 of 1 (100.0, 200.0 ± --, 200) in MN (106), 9 of 10 (90.0, 23.7 ± 7.0, 8-

67) in MN (107), 10 of 10 (100.0, 85.2 ± 16.6, 35-171) in MN (108), 1 of 1 (100.0, 9.0 ± --, 9) in 

MN (109), 1 of 1 (100.0, 27.0 ± --, 27) in MN (110), 10 of 10 (100.0, 33.2 ± 5.9, 14-65) in MO 

(111), 3 of 3 (100.0, 34.3 ± 15.4, 17-65) in MO (112), 6 of 6 (100.0, 25.3 ± 10.9, 1-76) in MO 

(113), 2 of 2 (100.0, 47.0 ± 22.0, 25-69) in MO (114), 2 of 3 (66.7, 8.0 ± 7.0, 1-15) in MO (115), 

4 of 4 (100.0, 83.0 ± 40.0, 21-200) in MO (116), 7 of 7 (100.0, 5.4 ± 1.3, 2-11) in MS (118), 3 of 

3 (100.0, 7.3 ± 4.4, 2-16) in MS (119), 10 of 10 (100.0, 21.3 ± 6.2, 2-54) in MS (120), 5 of 5 

(100.0, 21.6 ± 4.5, 14-37) in NC (121), 6 of 10 (40.0, 34.3 ± 8.1, 9-60) in NC (122), 5 of 5 (100.0, 

15.6 ± 7.3, 2-44) in NC (123), 6 of 6 (100.0, 97.2 ± 24.2, 39-200) in NC (124), 20 of 20 (100.0, 

27.7 ± 6.2, 3-118) in NC (125), 5 of 5 (100.0, 20.6 ± 4.5, 4-31) in NC (126), 21 of 21 (100.0, 25.1 

± 6.7, 3-126) in NC (127), 5 of 10 (40.0, 8.6 ± 2.4, 4-17) in NC (128), 10 of 10 (100.0, 59.8 ± 

17.4, 4-148) in NC (129), 6 of 6 (100.0, 72.8 ± 8.4, 47-93) in NC (130), 12 of 13 (92.3, 58.3 ± 

8.8, 9-110) in NC (131), 1 of 1 (100.0, 23.0 ± --, 23) in NC (132), 6 of 6 (100.0, 26.0 ± 3.5, 16-

38) in NC (133), 4 of 4 (100.0, 20.0 ± 2.1, 15-25) in NC (134), 5 of 6 (83.3, 6.8 ± 2.1, 2-14) in 

NC (135), 1 of 1 (100.0, 20.0 ± --, 20) in NC (136), 6 of 7 (85.7, 3.2 ± 0.6, 2-6) in NC (137), 11 
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of 11 (100.0, 34.9 ± 6.3, 1-71) in NC (138), 10 of 10 (100.0, 141.0 ± 17.3, 66-200) in ND (141), 

11 of 11 (100.0, 43.6 ± 7.2, 28-113) in NE (142), 5 of 7 (71.4, 1.4 ± 0.4, 1-3) in NE (143), 1 of 1 

(100.0, 142.0 ± --, 142) in NE (144), 1 of 2 (50.0, 1.0 ± --, 1) in NM (145), 4 of 5 (80.0, 4.3 ± 1.7, 

1-9) in NM (147), 2 of 10 (20.0, 3.5 ± 0.5, 3-4) in OH (148), 13 of 13 (100.0, 32.1 ± 7.2, 4-86) in 

OH (149), 7 of 9 (77.8, 5.6 ± 1.5, 2-13) in OH (150), 11 of 11 (100.0, 55.6 ± 5.7, 30-87) in OH 

(151), 9 of 9 (100.0, 35.4 ± 5.7, 10-65) in OH (152), 11 of 11 (100.0, 19.7 ± 4.7, 4-55) in OH 

(153), 6 of 9 (66.7, 7.8 ± 3.5, 1-25) in OH (154), 4 of 4 (100.0, 22.0 ± 10.7, 2-52) in OH (155), 9 

of 9 (100.0, 51.6 ± 9.6, 3-88) in OH (156), 3 of 3 (100.0, 109.3 ± 10.7, 88-120) in OH (157), 1 of 

1 (100.0, 12.0 ± --, 12) in OH (158), 6 of 7 (85.7, 17.0 ± 4.1, 6-34) in OH (160), 2 of 2 (100.0, 

41.5 ± 24.5, 17-66) in OH (161), 4 of 4 (100.0, 6.8 ± 2.5, 1-13) in OK (163), 1 of 1 (100.0, 10.0 ± 

--, 10) in OK (164), 2 of 2 (100.0, 36.0 ± 18.0, 18-54) in OK (165), 5 of 5 (100.0, 110.2 ± 38.8, 

12-200) in OK (166), 9 of 9 (100.0, 147.8 ± 20.6, 26-200) in OK (168), 3 of 4 (.0, 6.3 ± 1.7, 3-8) 

in PA (169), 10 of 10 (100.0, 51.5 ± 4.9, 27-74) in PA (170), 3 of 3 (100.0, 9.0 ± 2.3, 5-13) in PA 

(171), 2 of 2 (100.0, 43.0 ± 4.0, 39-47) in PA (172), 10 of 10 (100.0, 88.5 ± 12.1, 19-137) in PA 

(173), 6 of 6 (100.0, 19.0 ± 4.9, 7-40) in PA (174), 7 of 8 (87.5, 13.9 ± 3.6, 3-30) in SC (175), 9 

of 9 (100.0, 21.1 ± 5.1, 3-40) in SC (177), 9 of 9 (100.0, 125.6 ± 22.1, 39-200) in SC (178), 9 of 

10 (90.0, 38.3 ± 10.0, 11-103) in SC (179), 8 of 10 (80.0, 10.6 ± 3.0, 1-22) in SC (180), 1 of 1 

(100.0, 22.0 ± --, 22) in SD (182), 9 of 9 (100.0, 200.0 ± 0.0, 200) in SD (183), 5 of 5 (100.0, 

13.8 ± 3.1, 8-25) in SD (185), 10 of 10 (100.0, 92.1 ± 11.1, 47-147) in TN (186), 1 of 1 (100.0, 

30.0 ± --, 30) in TN (187), 9 of 10 (90.0, 3.2 ± 1.1, 1-11) in TN (188), 9 of 9 (100.0, 65.9 ± 15.6, 

19-155) in TN (189), 8 of 8 (100.0, 18.8 ± 3.0, 5-33) in TN (190), 8 of 8 (100.0, 34.5 ± 5.1, 12-

52) in TN (191), 7 of 7 (100.0, 12.1 ± 6.9, 2-53) in TN (192), 7 of 7 (100.0, 51.7 ± 10.2, 18-89) in 

TN (193), 3 of 3 (100.0, 6.7 ± 3.2, 1-12) in TN (194), 9 of 9 (100.0, 135.1 ± 14.4, 77-200) in TN 

(195), 6 of 8 (75.0, 4.0 ± 1.5, 1-11) in TN (196), 1 of 1 (100.0, 15.0 ± --, 15) in VA (199), 2 of 2 

(100.0, 3.0 ± 0.0, 3) in VA (200), 8 of 8 (100.0, 13.5 ± 2.9, 5-28) in VA (201), 7 of 10 (70.0, 15.7 

± 6.4, 2-41) in VA (202), 5 of 5 (100.0, 146.4 ± 18.7, 96-200) in VA (203), 3 of 3 (100.0, 10.7 ± 
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5.2, 4-21) in VA (204), 10 of 10 (100.0, 69.6 ± 9.2, 24-123) in VA (205), 2 of 10 (20.0, 1.0 ± 0.0, 

1) in VA (207), 18 of 19 (94.7, 21.2 ± 3.2, 4-48) in VA (208), 10 of 10 (10.0, 7.7 ± 1.7, 1-17) in 

VA (209), 13 of 14 (92.9, 39.1 ± 16.4, 4-200) in WI (211), 5 of 5 (100.0, 9.6 ± 4.6, 1-27) in WV 

(217), 5 of 5 (100.0, 7.6 ± 2.0, 2-12) in WV (219), 1 of 2 (50.0, 1.0 ± --, 1) in VW (220), 6 of 6 

(100.0, 39.7 ± 7.8, 14-62) in WV (221), 14 of 19 (73.7, 6.5 ± 1.2, 1-13) in WV (222), 12 of 13 

(92.3, 31.0 ± 16.8, 1-200) in WV (223), 7 of 7 (100.0, 18.6 ± 8.3, 2-67) in WV (224), 5 of 5 

(100.0, 136.2 ± 30.6, 64-200) in WV (225), 7 of 9 (77.8, 7.0 ± 2.6, 2-21) in WV (226), and 9 of 

10 (90.0, 7.9 ± 1.7, 2-16) in WY (227). 

Site of infection:  Larvae (metacercariae) encysted in numerous tissues, e.g., liver, 

gonads, heart, visceral mesenteries, and throughout the abdominal cavities of hosts.   

Type host and locality:  Metacercaria: Hunter and Hunter (1940) suggest that the type 

host for N. vancleavei is the bluntnose minnow, Hyborhynchus notatus, from Urbana, Illinois, 

U.S.A.; these authors also suggest that what Cooper (1915) called D. cuticola may be Pos. 

minimum from the minnow, Notropis atherinoides, the red-fin minnow, Notropis cornutus, and 

pumpkinseed, L. gibbosus from Go-Home Bay, Ontario, Canada, and the creek chub, Semotilus 

atromaculatus, from Toronto, Canada. Hunter and Hunter (1940) suggest earlier accounts of Pos. 

minimum exist, but do not provide specific references to verify type host and locality from these 

resources. Adult: Great blue heron, Ardea herodias, from Zoological Park, New York, U.S.A. 

(MacCallum, 1921). 

Other host reports:  Larvae were also recovered from A. rupestris (Luth et al., 2016c), 

Micropterus spp. (Luth et al., 2016b), Pomoxis spp. (Luth et al., 2016c), and other species of 

Lepomis (Luth et al., 2016a,c). 

Remarks:  According to Hoffman (1958, 1999), and numerous other authorities, e.g., 

Allison and McGraw (1967), Aliff et al. (1977), Pos. minimum is actually a complex of 2, or 

more, subspecies, i.e., Posthodiplostomum minimum centrarchi infecting centrarchid fish and 

Posthodiplostomum minimum minimum infecting cyprinid fish. Infection intensities of Pos. 



 

 

92 
 

minimum (likely Pos. m. centrarchi) in the current survey ranged greatly from 1 host to another, 

from a single metacercaria in some, to greater than 600 metacercariae in others.  

Digenea: Azygiidae 

Proterometra macrostoma Horsfall, 1934 

Prevalence, mean intensity, range, and location:  3 of 8 (37.5, 2.3 ± 1.3, 1-5) in IN (61). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Horsfall (1933) recovered Proter. (= Neascus) macrostoma from 

numerous centrarchid genera, e.g., Ambloplites, Lepomis, Micropterus, and Pomoxis, but type 

locality was not specified. 

Other host reports:  Adults were also recovered from other species of Lepomis (Luth et 

al., 2016c). 

Digenea: Strigeidida: Diplostomatidae 

Uvulifer ambloplites (Hughes, 1927) Dubois, 1938 

(Syn. Neascus wardi; Uvulifer claviformis; Uvulifer magnibursiger Dubois, 1968.) 

Prevalence, mean intensity, range, and location:  4 of 10 (40.0) in AL (2), 1 of 9 (11.1) 

in AL (3), 1 of 8 (12.5) in AR (11), 1 of 7 (14.3) in AR (14), 1 of 10 (10.0) in IA (28), 1 of 9 

(11.1) in IA (29), 1 of 1 (100.0) in IA (31), 1 of 3 (33.3) in IA (33), 3 of 4 (75.0) in LA (82), 2 of 

6 (33.3) in LA (86), 9 of 10 (90.0) in MN (107), 5 of 10 (50.0) in MN (108), 1 of 1 (100.0) in MN 

(109), 2 of 9 (22.2) in OK (168), and 6 of 9 (66.7) in SD (183). 

Site of infection:  Larvae (metacercariae) in the fins, subcutaneous flesh and, more rarely, 

deeper musculature of hosts. 

Type host and locality:  Rock bass, A. rupestris, from Douglas Lake, Michigan, U.S.A. 

(Hughes, 1927). 

Other host reports:  Larvae were also recovered from Mic. salmoides (Luth et al., 2016b) 

and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Only presence/absence data were collected for U. ambloplites in this study. 
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Nematoda 

Spirurida: Camallanoidea: Camallanidae 

Camallanus oxycephalus Ward and Magath, 1916 

Prevalence, mean intensity, range, and location:  1 of 10 (10.0, 1.0 ± --, 1) in AL (1), 5 

of 10 (50.0, 1.0 ± 0.0, 1) in AL (2), 2 of 9 (22.2, 3.0 ± 2.0, 1-5) in AL (3), 4 of 7 (57.1, 1.0 ± 0.0, 

1) in AL (4), 1 of 3 (33.3, 2.0 ± --, 2) in AL (8), 1 of 11 (9.1, 1.0 ± --, 1) in AR (9), 1 of 5 (20.0, 

1.0 ± --, 1) in AR (10), 1 of 7 (14.3, 1.0 ± --, 1) in AR (13), 1 of 7 (14.3, 1.0 ± --, 1) in AR (15), 1 

of 3 (33.3, 2.0 ± --, 2) in AR (16), 1 of 10 (10.0, 1.0 ± --, 1) in GA (21), 1 of 10 (10.0, 1.0 ± --, 1) 

in GA (22), 2 of 5 (40.0, 1.5 ± 0.5, 1-2) in GA (23), 5 of 10 (50.0, 2.2 ± 0.7, 1-5) in GA (25), 3 of 

10 (30.0, 2.0 ± 0.6, 1-3) in IA (28), 4 of 9 (44.4, 1.5 ± 0.3, 1-2) in IA (29), 1 of 1 (100.0, 1.0 ± --, 

1) in IA (30), 1 of 1 (100.0, 8.0 ± --, 8) in IA (31), 2 of 3 (66.7, 2.5 ± 0.5, 2-3) in IA (33), 1 of 7 

(14.3, 1.0 ± --, 1) in IL (34), 5 of 10 (50.0, 1.4 ± 0.4, 1-3) in IL (35), 5 of 10 (50.0, 1.2 ± 0.2, 1-2) 

in IL (40), 1 of 2 (50.0, 2.0 ± 1.3, 2) in IL (41), 4 of 10 (40.0, 1.3 ± 0.3, 1-2) in IL (42), 3 of 7 

(42.9, 1.3 ± 0.3, 1-2) in IL (45), 1 of 3 (33.3, 1.0 ± --, 1) in IL (46), 3 of 17 (17.6, 1.0 ± 0.0, 1) in 

IL (47), 1 of 4 (25.0, 1.0 ± --, 1) in IL (48), 1 of 8 (12.5, 1.0 ± --, 1) in IL (49), 1 of 6 (16.7, 1.0 ± 

--, 1) in IL (50), 2 of 9 (22.2, 1.0 ± 0.0, 1) in IL (51), 5 of 5 (100.0, 9.0 ± 2.4, 3-17) in IL (52), 4 

of 6 (66.7, 1.8 ± 0.5, 1-3) in IN (54), 1 of 10 (10.0, 1.0 ± --, 1) in IN (56), 5 of 10 (50.0, 1.8 ± 0.4, 

1-3) in IN (58), 5 of 6 (83.3, 2.0 ± 0.5, 1-4) in IN (60), 4 of 8 (50.0, 1.3 ± 0.3, 1-2) in IN (61), 2 of 

2 (100.0, 1.5 ± 0.5, 1-2) in IN (63), 2 of 5 (40.0, 1.0 ± 0.0, 1) in IN (64), 2 of 3 (66.7, 1.5 ± 0.5, 1-

2) in IN (66), 3 of 6 (30.0, 1.3 ± 0.3, 1-2) in KY (73), 1 of 5 (20.0, 1.0 ± --, 1) in KY (74), 2 of 5 

(40.0, 1.5 ± 0.5, 1-2) in KY (77), 1 of 5 (20.0, 1.0 ± --, 1) in KY (79), 1 of 6 (16.7, 1.0 ± --, 1) in 

KY (81), 2 of 10 (20.0, 1.0 ± 0.0, 1) in LA (83), 4 of 9 (44.4, 1.5 ± 0.3, 1-2) in LA (84), 1 of 6 

(16.7, 1.0 ± --, 1) in LA (85), 2 of 6 (33.3, 2.0 ± 0.0, 2) in LA (86), 1 of 2 (50.0, 2.0 ± --, 2) in LA 

(88), 3 of 10 (30.0, 1.3 ± 0.3, 1-2) in MD (92), 2 of 11 (18.2, 1.0 ± --, 1) in MD (93), 1 of 9 (11.1, 

1.0 ± --, 1) in MD (94), 5 of 7 (71.4, 1.2 ± 0.2, 1-2) in MD (95), 3 of 6 (50.0, 4.0 ± 3.0, 1-10) in 

MD (96), 1 of 10 (10.0, 2.0 ± --, 2) in MD (98), 1 of 10 (10.0, 1.0 ± --, 1) in MD (99), 1 of 6 
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(16.7, 1.0 ± --, 1) in MI (101), 1 of 8 (12.5, 2.0 ± --, 2) in MI (102), 1 of 10 (10.0, 1.0 ± --, 1) in 

MO (111), 2 of 6 (33.3, 1.0 ± 0.0, 1) in MO (113), 4 of 7 (57.1, 1.3 ± 0.3, 1-2) in MS (118), 2 of 3 

(66.7, 2.0 ± 1.0, 1-3) in MS (119), 4 of 10 (40.0, 1.3 ± 0.3, 1-2) in MS (120), 1 of 5 (20.0, 2.0 ± --

, 2) in NC (121), 2 of 6 (33.3, 2.0 ± 1.0, 1-3) in NC (122), 1 of 5 (20.0, 1.0 ± 0.0, 1) in NC (123), 

2 of 6 (33.3, 2.0 ± 1.0, 1-3) in NC (124), 4 of 20 (20.0, 1.0 ± 0.0, 1) in NC (125), 3 of 21 (14.3, 

1.7 ± 0.7, 1-3) in NC (127), 9 of 10 (90.0, 2.0 ± 0.3, 1-4) in NC (128), 5 of 10 (50.0, 1.2 ± 0.2, 1-

2) in NC (129), 2 of 6 (33.3, 3.0 ± 2.0, 1-5) in NC (130), 2 of 13 (15.4, 1.5 ± 0.5, 1-2) in NC 

(131), 1 of 1 (100.0, 3.0 ± --, 3) in NC (132), 1 of 6 (16.7, 5.0 ± --, 5) in NC (133), 3 of 4 (75.0, 

3.7 ± 1.3, 1-5) in NC (134), 2 of 6 (33.3, 1.5 ± 0.5, 1-2) in NC (135), 1 of 1 (100.0, 1.0 ± --, 1) in 

NC (136), 8 of 11 (72.7, 2.1 ± 0.6, 1-5) in NC (138), 1 of 5 (20.0, 1.0 ± --, 1) in NM (147), 2 of 

13 (15.4, 3.0 ± 2.0, 1-5) in OH (149), 4 of 11 (36.4, 1.3 ± 0.3, 1) in OH (151), 1 of 9 (11.1, 1.0 ± -

-, 1) in OH (152), 1 of 3 (33.3, 1.0 ± --, 1) in OH (157), 1 of 4 (25.0, 2.0 ± --, 2) in OK (163), 1 of 

2 (50.0, 3.0 ± --, 3) in OK (165), 5 of 10 (50.0, 1.4 ± 0.2, 1-2) in PA (170), 1 of 2 (50.0, 1.0 ± --, 

1) in PA (172), 2 of 10 (20.0, 1.0 ± 0.0, 1) in PA (173), 6 of 9 (66.7, 1.2 ± 0.2, 1-2) in SC (178), 7 

of 10 (70.0, 1.3 ± 0.3, 1-3) in SC (179), 5 of 9 (55.6, 2.2 ± 0.7, 1-5) in SD (183), 2 of 10 (20.0, 

2.0 ± 1.0, 1-3) in TN (186), 1 of 10 (10.0, 1.0 ± --, 1) in TN (188), 4 of 7 (57.1, 3.5 ± 1.2, 1-6) in 

TN (192), 2 of 7 (28.6, 1.5 ± 0.5, 1-2) in TN (193), 3 of 9 (33.3, 2.0 ± 0.6, 1-3) in TN (195), 1 of 

1 (100.0, 1.0 ± --, 1) in VA (199) , 1 of 2 (50.0, 1.0 ± --, 1) in VA (200), 4 of 8 (50.0, 1.3 ± 0.3, 1-

2) in VA (201), 2 of 5 (40.0, 1.0 ± 0.0, 1) in VA (203), 2 of 10 (10.0, 1.0 ± 0.0, 1) in VA (207), 2 

of 6 (33.3, 3.0 ± 1.0, 2-4) in WV (221), 4 of 19 (21.1, 2.0 ± 1.0, 1-5) in WV (222), 2 of 13 (15.4, 

2.0 ± 1.0, 1-3) in WV (223), 1 of 7 (14.3, 1.0 ± --, 1) in WV (224), 2 of 5 (40.0, 2.5 ± 1.5, 1-4) in 

WV (225), and 2 of 9 (22.2, 1.5 ± 0.5, 1-2) in WV (226). 

Site of infection:  Adults (and potentially juveniles) in the intestines of hosts. 

Type host and locality:  White bass, Morone chrysops, and black crappie, Pom. 

nigromaculatus from Fairport, Iowa, U.S.A. (Ward and Magath, 1916). 
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Other host reports:  Camallanus oxycephalus was also recovered from A. rupestris (Luth 

et al., 2016c), Micropterus spp. (Luth et al., 2016b), Pomoxis spp. (Luth et al., 2016c), and other 

species of Lepomis (Luth et al., 2016a,c). 

Remarks:  In the majority of cases, worms were found in the posterior portion of the host 

intestine, with the worms’ anterior end attached to the intestinal lining, and their posterior end 

extending out of the host through the anus. Most worms appeared to be adults, based on location 

in the GI tract and size (qualitative assessment; no measurements were obtained); however, some 

shorter forms of these worms (likely juveniles) were encountered on occasion.   

Adenophorea: Trichinelloidea 

Capillaria catenata Van Cleave and Mueller, 1932 

(Syn. Echinocoleus catenata [Van Cleave and Mueller, 1932] López-Neyra, 1947; Thomnix 

catenata [Van Cleave and Mueller, 1932] Skrjabin and Schikhobalova, 1954.) 

Prevalence, mean intensity, range, and location:  2 of 10 (20.0, 1.5 ± 0.5, 1-2) in AL (1), 

1 of 10 (10.0, 1.0 ± --, 1) in AL (2), 1 of 9 (11.1, 1.0 ± --, 1) in AL (6), 1 of 5 (20.0, 1.0 ± --, 1) in 

AR (10), 1 of 7 (14.3, 1.0 ± --, 1) in AR (14), 1 of 7 (14.3, 2.0 ± --, 2) in AR (15), 2 of 10 (20.0, 

2.5 ± 0.5, 2-3) in GA (21), 3 of 10 (30.0, 1.0 ± 0.0, 1) in GA (22), 3 of 10 (30.0, 3.0 ± 1.5, 1-6) in 

GA (25), 1 of 8 (12.5, 4.0 ± --, 4) in IN (61), 1 of 4 (25.0, 1.0 ± --, 1) in LA (82), 3 of 9 (33.3, 1.3 

± 0.3, 1-2) in LA (84), 2 of 6 (33.3, 4.5 ± 1.5, 3-6) in LA (85), 1 of 6 (16.7, 1.0 ± --, 1) in LA 

(86), 2 of 2 (100.0, 1.0 ± 0.0, 1) in LA (88), 2 of 10 (20.0, 1.0 ± 0.0, 1) in MS (120), 1 of 20 (5.0, 

1.0 ± --, 1) in NC (125), 5 of 8 (62.5, 1.6 ± 0.4, 1-3) in SC (175), 2 of 9 (22.2, 2.0 ± 1.0, 1-3) in 

SC (177), and 4 of 10 (40.0, 2.3 ± 0.5, 1-3) in SC (179). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Pumpkinseed, L. gibbosus, from Oneida Lake, New York, U.S.A. 

(Bell and Beverley-Burton, 1981). 

Other host reports:  Capillaria catenata was also recovered from Mic. salmoides (Luth et 

al., 2016b) and other species of Lepomis (Luth et al., 2016a,c). 
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Ascaridida: Anisakidae 

Contracaecum spiculigerum (Rudolphi, 1809) 

(Syn. Ascaris spiculigera, Ascaris variegata, Ascaris mergorum, Ascaris colyborum, Ascaris 

siluri, Contracaecum siluri, Contracaecum trukestanicum, Contracaecum umiu Yamaguti, 1941, 

and Contracaecum himeu Yamaguti, 1941 [McDonald, 1969].) 

Prevalence, mean intensity, range, and location:  1 of 10 (10.0) in AL (2), 1 of 7 (14.3) 

in AR (15), 1 of 5 (20.0) in CO (18), 1 of 5 (20.0) in GA (23), 2 of 10 (20.0) in IA (28), 1 of 1 

(100.0) in IA (30), 1 of 1 (100.0) in IA (31), 1 of 9 (11.1) in IL (37), 1 of 9 (11.1) in IL (51), 1 of 

8 (12.5) in IN (61), 1 of 10 (10.0) in LA (83), 1 of 6 (16.7) in LA (85), 3 of 6 (50.0) in LA (86), 1 

of 11 (9.1) in MD (91), 5 of 10 (50.0) in MN (107), 1 of 1 (100.0) in MN (110), 1 of 3 (33.3) in 

MO (112), 1 of 4 (25.0) in MO (116), 1 of 2 (50.0) in NM (145), 1 of 2 (50.0) in OK (165), 1 of 5 

(20.0) in OK (166), 1 of 9 (11.1) in OK (168), 1 of 10 (10.0) in PA (170), 1 of 10 (10.0) in PA 

(173), 1 of 10 (10.0) in TN (188), 1 of 7 (14.3) in TN (193), and 1 of 19 (5.3) in VA (208). 

Site of infection:  Larvae (juveniles) in the subcutaneous musculature and, more rarely, 

inside the body cavity in the mesenteries surrounding the intestines. 

Type host and locality:  N/A. 

Other host reports:  Contracaecum spiculigerum was also recovered from Micropterus 

spp. (Luth et al., 2016b) and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Only presence/absence data were collected for Co. spiculigerum in this study. 

Adenophorea: Dioctophymatoidea 

Eustrongyloides tubifex (Nitzsch, 1819) Jägerskiöd 1909 

Prevalence, mean intensity, range, and location:  1 of 10 (10.0, 1.0 ± 0.0, 1) in GA (21), 

1 of 5 (20.0, 1.0 ± 0.0, 1) in GA (23), 5 of 18 (27.8, 1.4 ± 0.1, 1-2) in KY (70), 1 of 20 (5.0, 1.0 ± 

0.0, 1) in NC (125), 1 of 9 (11.1, 1.0 ± 0.0, 1) in SC (178), 2 of 10 (20.0, 1.0 ± 0.0, 1) in SC 

(180), 1 of 7 (14.3, 1.0 ± 0.0, 1) in TN (192), 3 of 9 (33.3, 1.0 ± 0.0, 1) in TN (195), and 1 of 14 

(7.1, 1.0 ± 0.0, 1) in WI (211). 
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Site of infection:  Larvae in mesenteries. 

Type host and locality:  N/A. 

Other host reports:  Larvae were also recovered from L. cyanellus (Luth et al., 2016a). 

Ascaridida: Anisakidae 

Hysterothylacium brachyurum Ward and Magath, 1917 

(Syn. Contracaecum brachyurum Van Cleave and Mueller, 1934; Thynnascaris brachyurum 

Margolis and Arthur, 1979.) 

Prevalence, mean intensity, range, and location:  2 of 10 (20.0, 12.0 ± 8.0, 4-20) in MN 

(108), and 4 of 10 (40.0, 11.7 ± 5.9, 3-29) in MN (108). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Smallmouth bass, Mic. dolomieu, from Lake St. Claire, 

Michigan, U.S.A. (Gopar-Merino et al., 2005). 

Other host reports:  Hysterothylacium brachyurum was also recovered from other species 

of Lepomis (Luth et al., 2016c). 

Spirurida: Habronematoidea: Cystidicolidae 

Spinitectus spp.  

(Spinitectus carolini Holl, 1928; Spinitectus gracilis Ward and Magath, 1917; and/or 

Spinitectus micracanthus Christian, 1972) 

Prevalence, mean intensity, range, and location:  10 of 10 (100.0, 22.9 ± 4.6, 5-40) in AL 

(1), 8 of 10 (80.0, 10.6 ± 4.6, 1-40) in AL (2), 9 of 9 (100.0, 30.1 ± 4.7, 6-40) in AL (3), 7 of 7 

(100.0, 11.6 ± 4.9, 2-40) in AL (4), 6 of 6 (100.0, 20.5 ± 6.7, 4-40) in AL (5), 9 of 9 (100.0, 19.2 

± 4.8, 1-40) in AL (6), 2 of 3 (66.7, 4.0 ± 2.0, 2-6) in AL (7), 3 of 3 (100.0, 11.7 ± 10.2, 1-32) in 

AL (8), 10 of 11 (90.9, 13.6 ± 3.2, 2-30) in AR (9), 3 of 5 (60.0, 15.0 ± 12.5, 2-40) in AR (10), 8 

of 8 (100.0, 29.5 ± 5.3, 3-40) in AR (11), 7 of 7 (100.0, 25.6 ± 2.9, 17-40) in AR (13), 7 of 7 

(100.0, 20.7 ± 5.0, 3-40) in AR (14), 7 of 7 (100.0, 23.3 ± 5.9, 1-40) in AR (15), 3 of 3 (100.0, 

14.3 ± 5.2, 6-24) in AR (16), 10 of 10 (100.0, 18.6 ± 4.7, 2-40) in GA (21), 10 of 10 (100.0, 16.9 
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± 4.2, 4-40) in GA (22), 5 of 5 (100.0, 5.8 ± 1.0, 3-9) in GA (23), 1 of 1 (100.0, 40.0 ± --, 40) in 

GA (24), 8 of 10 (80.0, 4.1 ± 1.0, 1-8) in GA (25), 9 of 10 (90.0, 10.0 ± 2.3, 2-24) in IA (28), 9 of 

9 (100.0, 13.6 ± 4.2, 1-40) in IA (29), 1 of 1 (100.0, 29.0 ± --, 29) in IA (31), 2 of 3 (66.7, 2.5 ± 

1.5, 1-4) in IA (33), 6 of 7 (85.7, 11.3 ± 5.0, 1-35) in IL (34), 10 of 10 (100.0, 13.3 ± 4.0, 1-40) in 

IL (35), 10 of 10 (100.0, 9.9 ± 2.4, 1-25) in IL (36), 9 of 9 (100.0, 9.4 ± 3.9, 3-40) in IL (37), 9 of 

10 (90.0, 18.9 ± 4.6, 7-40) in IL (38), 3 of 3 (100.0, 13.7 ± 8.7, 4-31) in IL (39), 3 of 10 (30.0, 1.3 

± 0.3, 1-2) in IL (40), 5 of 10 (50.0, 4.2 ± 2.0, 1-12) in IL (42), 8 of 8 (100.0, 4.0 ± 0.9, 1-7) in IL 

(43), 5 of 5 (100.0, 10.4 ± 3.5, 3-22) in IL (44), 7 of 7 (100.0, 12.1 ± 3.3, 1-29) in IL (45), 2 of 3 

(66.7, 29.0 ± 11.0, 18-40) in IL (46), 9 of 17 (52.9, 18.6 ± 5.6, 1-40) in IL (47), 2 of 4 (50.0, 3.5 ± 

1.5, 2-5) in IL (48), 4 of 8 (50.0, 3.0 ± 1.1, 1-6) in IL (49), 6 of 6 (100.0, 4.7 ± 1.8, 1-13) in IL 

(50), 8 of 9 (88.9, 10.8 ± 2.8, 1-25) in IL (51), 1 of 5 (20.0, 1.0 ± --, 1) in IL (52), 1 of 1 (100.0, 

40.0 ± --, 40) in IL (53), 2 of 6 (33.3, 1.5 ± 0.5, 1-2) in IN (54), 5 of 5 (100.0, 14.6 ± 5.3, 1-32) in 

IN (55), 10 of 10 (100.0, 34.5 ± 4.0, 1-40) in IN (56), 4 of 8 (40.0, 2.0 ± 0.4, 1-3) in IN (57), 1 of 

1 (100.0, 2.0 ± --, 2) in IN (59), 4 of 6 (66.7, 9.8 ± 3.6, 3-20) in IN (60), 5 of 8 (62.5, 3.6 ± 0.9, 2-

7) in IN (61), 4 of 5 (80.0, 8.8 ± 3.8, 2-19) in IN (62), 2 of 2 (100.0, 2.0 ± 1.0, 1-3) in IN (63), 4 

of 5 (80.0, 15.0 ± 9.0, 1-40) in IN (64), 2 of 4 (50.0, 1.5 ± 0.5, 1-2) in IN (65), 3 of 3 (100.0, 10.7 

± 4.8, 1-16) in IN (66), 14 of 18 (77.8, 6.8 ± 1.5, 2-24) in KY (70), 9 of 10 (90.0, 16.8 ± 5.8, 1-

40) in KY (71), 1 of 2 (50.0, 2.0 ± --, 2) in KY (72), 5 of 6 (50.0, 18.8 ± 5.5, 3-34) in KY (73), 4 

of 5 (80.0, 7.0 ± 2.4, 1-11) in KY (74), 2 of 3 (66.7, 9.5 ± 3.5, 6-13) in KY (75), 2 of 2 (100.0, 

40.0 ± 0.0, 40) in KY (76), 4 of 8 (50.0, 6.3 ± 2.7, 2-14) in KY (80), 4 of 6 (66.7, 4.0 ± 1.4, 2-8) 

in KY (81), 4 of 4 (100.0, 15.3 ± 8.9, 1-40) in LA (82), 10 of 10 (100.0, 11.8 ± 3.4, 3-40) in LA 

(83), 6 of 9 (66.7, 2.7 ± 1.2, 1-8) in LA (84), 6 of 6 (100.0, 13.3 ± 4.8, 1-28) in LA (86), 6 of 8 

(75.0, 2.3 ± 0.6, 1-5) in LA (87), 1 of 10 (10.0, 5.0 ± --, 5) in MD (92), 6 of 11 (54.5, 3.2 ± 0.7, 1-

5) in MD (93), 1 of 9 (11.1, 1.0 ± --, 1) in MD (94), 1 of 7 (14.3, 2.0 ± --, 2) in MD (95), 1 of 6 

(16.7, 2.0 ± --, 2) in MD (96), 2 of 10 (20.0, 1.0 ± 0.0, 1) in MD (99), 3 of 3 (100.0, 10.3 ± 4.6, 2-

18) in MD (100), 5 of 6 (83.3, 4.4 ± 1.5, 1-10) in MI (101), 4 of 8 (50.0, 4.3 ± 1.4, 1-8) in MI 
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(102), 9 of 9 (100.0, 2.2 ± 0.6, 1-6) in MI (103), 5 of 9 (55.6, 3.6 ± 1.2, 1-8) in MI (104), 5 of 5 

(100.0, 16.8 ± 3.0, 11-28) in MI (105), 1 of 1 (100.0, 5.0 ± --, 5) in MN (106), 6 of 10 (60.0, 5.0 ± 

1.1, 3-10) in MN (107), 9 of 10 (90.0, 13.2 ± 3.8, 2-39) in MN (108), 1 of 1 (100.0, 3.0 ± --, 3) in 

MN (109), 1 of 1 (100.0, 2.0 ± --, 2) in MN (110), 10 of 10 (100.0, 25.5 ± 3.4, 12-40) in MO 

(111), 3 of 3 (100.0, 6.0 ± 2.3, 2-10) in MO (112), 6 of 6 (100.0, 22.2 ± 7.2, 4-40) in MO (113), 2 

of 2 (100.0, 40.0 ± 0.0, 40) in MO (114), 3 of 3 (100.0, 33.3 ± 6.7, 20-40) in MO (115), 4 of 4 

(100.0, 26.5 ± 5.4, 16-40) in MO (116), 7 of 7 (100.0, 10.4 ± 5.1, 1-40) in MS (118), 3 of 3 

(100.0, 8.7 ± 5.0, 1-18) in MS (119), 9 of 10 (100.0, 15.6 ± 5.1, 1-40) in MS (120), 1 of 6 (16.7, 

1.0 ± --, 1) in NC (122), 2 of 5 (40.0, 1.0 ± 0.0, 1) in NC (123), 9 of 20 (45.0, 3.4 ± 0.8, 1-9) in 

NC (125), 1 of 5 (20.0, 4.0 ± --, 4) in NC (126), 15 of 21 (71.4, 8.4 ± 1.9, 1-23) in NC (127), 1 of 

10 (10.0, 1.0 ± --, 1) in NC (128), 2 of 10 (20.0, 1.0 ± 0.0, 1) in NC (129), 2 of 6 (33.3, 1.0 ± 0.0, 

1) in NC (130), 1 of 1 (100.0, 14.0 ± --, 14) in NC (132), 4 of 6 (66.7, 4.8 ± 2.5, 1-12) in NC 

(133), 3 of 4 (75.0, 1.3 ± 0.3, 1-2) in NC (134), 2 of 6 (33.3, 2.5 ± 1.5, 1-4) in NC (135), 1 of 1 

(100.0, 10.0 ± --, 10) in NC (136), 7 of 7 (100.0, 40.0 ± 0.0, 40) in NC (137), 10 of 11 (90.9, 19.8 

± 5.0, 2-40) in NC (138), 1 of 1 (100.0, 8.0 ± --, 8) in NE (144), 5 of 5 (100.0, 36.4 ± 3.6, 22-40) 

in NM (147), 1 of 10 (10.0, 9.0 ± --, 9) in OH (148), 3 of 13 (23.1, 4.0 ± 1.5, 1-6) in OH (149), 6 

of 9 (66.7, 6.8 ± 2.1, 1-16) in OH (150), 6 of 11 (54.5, 3.3 ± 0.9, 1-6) in OH (151), 7 of 9 (77.8, 

7.9 ± 2.4, 1-17) in OH (152), 7 of 11 (63.6, 6.3 ± 1.5, 1-12) in OH (153), 6 of 9 (66.7, 10.2 ± 2.6, 

2-20) in OH (154), 3 of 4 (66.7, 7.0 ± 3.8, 1-14) in OH (155), 7 of 9 (77.8, 5.0 ± 1.3, 1-10) in OH 

(156), 3 of 3 (100.0, 9.7 ± 5.8, 2-21) in OH (157), 7 of 7 (100.0, 13.1 ± 2.6, 4-22) in OH (160), 2 

of 2 (100.0, 24.0 ± 3.0, 21-27) in OH (161), 4 of 4 (100.0, 11.5 ± 6.9, 2-32) in OK (163), 1 of 2 

(50.0, 6.0 ± --, 6) in OK (165), 5 of 5 (100.0, 18.4 ± 4.6, 6-30) in OK (166), 8 of 9 (88.9, 28.6 ± 

4.0, 13-40) in OK (168), 3 of 4 (75.0, 3.3 ± 1.9, 1-7) in PA (169), 5 of 10 (10.0, 5.8 ± 2.4, 1-15) 

in PA (170), 1 of 3 (33.3, 3.0 ± --, 3) in PA (171), 7 of 10 (70.0, 3.6 ± 0.9, 1-7) in PA (173), 2 of 

6 (33.3, 4.0 ± 3.0, 1-7) in PA (174), 7 of 8 (87.5, 16.1 ± 4.3, 1-33) in SC (175), 1 of 1 (100.0, 27.0 

± --, 27) in SC (176), 8 of 9 (88.9, 24.5 ± 5.3, 7-40) in SC (177), 9 of 9 (100.0, 12.9 ± 4.2, 1-40) 
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in SC (178), 3 of 10 (30.0, 4.3 ± 1.7, 1-6) in SC (179), 9 of 10 (90.0, 11.6 ± 4.3, 1-40) in SC 

(180), 8 of 9 (88.9, 11.4 ± 2.3, 1-22) in SD (183), 2 of 10 (20.0, 4.5 ± 2.5, 2-7) in TN (186), 2 of 

10 (20.0, 8.0 ± 5.0, 3-13) in TN (188), 3 of 9 (33.3, 4.7 ± 2.7, 2-10) in TN (189), 4 of 8 (50.0, 4.5 

± 1.2, 1-6) in TN (190), 8 of 8 (100.0, 9.6 ± 2.1, 1-21) in TN (191), 4 of 7 (57.1, 5.3 ± 3.0, 1-14) 

in TN (192), 7 of 7 (100.0, 24.3 ± 6.4, 4-40) in TN (193), 2 of 3 (66.7, 6.0 ± 1.0, 5-7) in TN 

(194), 9 of 9 (100.0, 12.8 ± 3.5, 2-32) in TN (195), 5 of 8 (62.5, 6.4 ± 2.0, 2-13) in TN (196), 1 of 

1 (100.0, 1.0 ± --, 1) in VA (199), 7 of 8 (87.5, 11.1 ± 2.4, 1-21) in VA (201), 1 of 10 (10.0, 1.0 ± 

--, 1) in VA (202), 1 of 3 (33.3, 3.0 ± --, 3) in VA (204), 9 of 10 (90.0, 16.6 ± 4.6, 3-40) in VA 

(205), 5 of 10 (50.0, 5.6 ± 0.9, 2-7) in VA (207), 15 of 19 (78.9, 17.5 ± 3.2, 1-40) in VA (208), 9 

of 10 (90.0, 20.3 ± 4.3, 5-40) in VA (209), 7 of 10 (70.0, 14.9 ± 4.9, 1-40) in VA (210), 5 of 14 

(35.7, 4.2 ± 2.1, 1-12) in WI (211), 5 of 5 (100.0, 20.0 ± 3.5, 7-28) in WV (217), 5 of 5 (100.0, 

18.2 ± 6.2, 2-40) in WV (219), 1 of 2 (50.0, 1.0 ± --, 1) in WV (220), 6 of 6 (100.0, 7.5 ± 3.3, 1-

20) in WV (221), 1 of 19 (5.3, 1.0 ± --, 1) in WV (222), 10 of 13 (76.9, 3.5 ± 1.3, 1-12) in WV 

(223), and 3 of 7 (42.9, 1.3 ± 0.3, 1-2) in WV (224). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Spinitectus carolini: pumpkinseed, L. gibbosus, and warmouth, 

Ch. (=L.) gulosus, near Durham, North Carolina, U.S.A.; S. gracilis: Holl (1928) states that S. 

gracilis was recovered from “fresh-water fishes” collected near Fairport, Iowa, U.S.A. by Ward 

and Magath (1916); S. micracanthus: bluegill sunfish, L. macrochirus, from a pond in Ohio 

[Christian, 1972].) 

Other host reports:  These nematodes were also recovered from A. rupestris (Luth et al., 

2016c), Micropterus spp. (Luth et al., 2016b), Pom. nigromaculatus (Luth et al., 2016c), and 

other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  All 3 of the commonly encountered Spinitectus spp. infecting centrarchids, 

i.e., S. carolini, S. gracilis, and S. micracanthus, were encountered in the current survey, but were 

grouped here (see the Materials and Methods above). 
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Unknown Nematode 1 

Prevalence, mean intensity, range, and location:  2 of 10 (20.0, 1.5 ± 0.5, 1-2) in AL (1), 

1 of 10 (10.0, 1.0 ± --, 1) in AL (2), 1 of 9 (11.1, 1.0 ± --, 1) in AL (6), 1 of 5 (20.0, 1.0 ± --, 1) in 

AR (10), 1 of 7 (14.3, 2.0 ± --, 2) in AR (15), 2 of 10 (20.0, 2.5 ± 0.5, 2-3) in GA (21), 3 of 10 

(30.0, 1.0 ± 0.0, 1) in GA (22), 3 of 10 (30.0, 3.0 ± 1.5, 1-6) in GA (25), 1 of 4 (25.0, 1.0 ± --, 1) 

in LA (82), 3 of 9 (33.3, 1.3 ± 0.3, 1-2) in LA (84), 2 of 6 (33.3, 4.5 ± 1.5, 3-6) in LA (85), 1 of 6 

(16.7, 1.0 ± --, 1) in LA (86), 2 of 2 (100.0, 1.0 ± 0.0, 1) in LA (88), 2 of 10 (20.0, 1.0 ± 0.0, 1) in 

MS (120), 1 of 20 (5.0, 1.0 ± --, 1) in NC (125), 5 of 8 (62.5, 1.6 ± 0.4, 1-3) in SC (175), 2 of 9 

(22.2, 2.0 ± 1.0, 1-3) in SC (177), and 4 of 10 (40.0, 2.3 ± 0.5, 1-3) in SC (179). 

Site of infection:  Stomach and intestines of hosts. 

Type host and locality:  N/A. 

Other host reports:  Unknown Nematode 1 was also recovered from other species of 

Lepomis (Luth et al., 2016a,c). 

Remarks:  These nematodes were long and slender and always located in the stomachs, 

intestines, or both, of hosts. Although clearly distinct from the other nematode species 

encountered in the current study, the identity of these nematodes remains undetermined. 

Unknown Nematode 2 

Prevalence, mean intensity, range, and location:   1 of 10 (10.0) in AL (1), 1 of 9 (11.1) 

in AL (3), 1 of 7 (14.3) in AL (4), 2 of 9 (22.2) in AL (6), 1 of 3 (33.3) in AL (7), 1 of 3 (33.3) in 

AL (8), 1 of 7 (14.3) in AR (15), 3 of 10 (30.0) in GA (21), 2 of 10 (20.0) in GA (22), 2 of 10 

(20.0) in GA (25), 1 of 10 (10.0) in IL (42), 1 of 7 (14.3) in IL (45), 1 of 5 (20.0) in IL (52), 1 of 

5 (20.0) in IN (55), 1 of 10 (10.0) in IN (56), 1 of 1 (100.0) in IN (59), 1 of 6 (16.7) in IN (60), 1 

of 5 (20.0) in IN (62), 1 of 2 (50.0) in IN (63), 3 of 5 (60.0) in KY (79),  2 of 4 (50.0) in LA (82), 

2 of 9 (22.2) in LA (84), 3 of 6 (50.0) in LA (85), 4 of 6 (66.7) in LA (86), 4 of 9 (44.4) in MD 

(89), 2 of 7 (28.6) in MS (118), 1 of 3 (33.3) in MS (119), 1 of 10 (10.0) in MS (120), 3 of 20 

(15.0) in NC (125), 4 of 10 (40.0) in NC (128), 1 of 10 (10.0) in NC (129), 1 of 7 (14.3) in NC 
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(137), 1 of 11 (9.1) in NC (138), 7 of 10 (70.0) in ND (141), 6 of 8 (75.0) in SC (175), 1 of 9 

(11.1) in SC (178), 1 of 9 (11.1) in SD (183), 5 of 8 (62.5) in TN (190), 6 of 7 (85.7) in TN (192), 

4 of 9 (44.4) in TN (195), 11 of 19 (57.9) in VA (208), and 1 of 5 (20.0) in WV (225). 

Site of infection:  Larvae encysted in visceral mesenteries in the abdominal cavities of 

hosts. 

Type host and locality:  N/A. 

Other host reports:  Unknown Nematode 2 was also recovered from Micropterus spp. 

(Luth et al., 2016b) and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  These nematodes were quite small and were found encysted in the visceral 

mesenteries in cysts containing numerous, typically from 1 – 10, and rarely as many as 40 (or 

more), larvae in a single cyst. Due to the abundance of these nematodes within these cysts, the 

worms in only a few were quantified, and only presence/absence data are presented in this survey. 
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DISCUSSION 

 

This survey provides a contemporary and thorough snapshot of the distribution of 

bluegills and their endohelminths across the U.S. during the summer mo. of the yr. 2011-2013. 

Not only does it provide a wealth of new location data for common and rare bluegill 

endohelminths, but it makes possible an initial look at the patterns of infection of these helminths, 

in this particular host species, on a large geographic scale. 

 As a point of comparison, Hoffman (1999) provides a list of 8 acanthocephalan genera, 6 

cestode genera, 30 trematode genera, and 15 nematode genera occurring in bluegills from North 

America. The current study, which included bluegills from 203 bodies of freshwater across 30 

U.S. states, evidenced 4 acanthocephalan species/genera, 4 cestode species/genera, at least 9 

trematode species/genera, and at least 8 nematode species/genera.  Clearly, a large percentage of 

the total helminth genera from across North America were found in this subset of hosts taken 

from across the U.S.  

With these data, and those reported for green sunfish (Luth et al, 2016a), large- and 

smallmouth bass (Luth et al., 2016b), and assorted other centrarchid hosts (Luth et al., 2016c), we 

now have a more complete understanding of the distribution of centrarchid hosts and their 

endohelminths.   
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ABSTRACT 

 

Large-scale surveys considering the endohelminths of single host species across their 

natural range are rare. In the current survey, a total of 423 green sunfish, Lepomis cyanellus, were 

collected from 104 bodies of freshwater across the U.S. At least 18 endohelminth species were 

encountered in these hosts; specifically, 2 Acanthocephala, 2 Cestoda, 6 Trematoda, and 8 

Nematoda. Leptorhynchoides thecatus, Neoechinorhynchus cylindratus, Bothriocephalus 

acheilognathi, Proteocephalus ambloplitis, Clinostomum marginatum, Posthodiplostomum 

minimum, Camallanus oxycephalus, and Spinitectus spp., among others, were recovered. These 

data provide a rare, large-scale snapshot of the distribution of green sunfish, their endohelminths, 

and the general infection patterns (prevalence, intensity, and range) of these helminths within 

these hosts. A large number of the bodies of water reported in the current survey do not appear in 

the literature, making it quite valuable as an update to our current understanding of the 

distributions of these hosts and their endohelminths.  Finally, initial, although admittedly cursory, 

comparisons of endohelminth communities can be made between sampled bodies of water across 

the U.S.  

 KEY WORDS:  green sunfish, Lepomis cyanellus, endohelminths, Leptorhynchoides 

thecatus, Neoechinorhynchus cylindratus, Bothriocephalus acheilognathi, Proteocephalus 

ambloplitis, Clinostomum marginatum, Posthodiplostomum minimum, Camallanus oxycephalus, 

and Spinitectus spp. 
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INTRODUCTION 

 

Green sunfish, Lepomis cyanellus, are a centrarchid commonly inhabiting bodies of 

freshwater across the U.S. Green sunfish differ from many of their congeners (and confamilials) 

both in terms of their gape and with respect to their preferred habitat. 

The majority of fishes in Centrarchidae show a general transition, from small to large, 

with respect to the size of prey items they can take as they age. Green sunfish are no different in 

this respect; however, with perhaps the exception of warmouth, Lepomis gulosus, green sunfish 

possess the broadest gape of any of their congeners. This characteristic greatly broadens the range 

of prey items green sunfish can consume at maturity. Other congeners, e.g., bluegill sunfish 

(Lepomis macrochirus), possess a much smaller gape at maturity.  Thus, as green sunfish age, 

small food items, e.g., zooplankton, become less important, while larger prey items, e.g., aquatic 

insects and small fishes, become increasingly more important in their diets; conversely, as 

bluegill sunfish age, the opposite trend is observed (Werner and Hall, 1977).  

Other fishes in the family, with membership in other genera, e.g., the crappies, Pomoxis 

spp., and true basses, Micropterus spp., show more expansive gapes than even green sunfish. 

Largemouth bass (Micropterus salmoides), with the largest gape of any of the Centrarchidae, tend 

to take the largest and most highly motile prey items of all (Howick and O’Brien, 1983). Since a 

great many endohelminths infecting these hosts rely on trophic modes of transmission (Hoffman, 

1999), it is of interest to assess how the endohelminth communities of these hosts, closely related 

yet differing in dietary preferences during various stages of their lives, compare. 

Habitat preference also differs greatly between green sunfish and most of the other 

centrarchids considered in the other parts of this survey, e.g., bluegill sunfish (Luth et al., 2016a), 

the true basses (Luth et al., 2016b), and assorted Lepomis spp., Pomoxis spp., and rock bass (Luth 

et al., 2016c). Bluegill sunfish tend to inhabit the littoral zone when small, then show a shift to 

open waters as they age (Mittelbach, 1981). Largemouth bass, on the other hand, tend to inhabit 
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the littoral zone of freshwater ecosystems throughout their lives (Heidinger, 1975). Similarly, 

green sunfish inhabit the shallower areas of freshwater ecosystems (Werner and Hall, 1977); 

however, unlike many confamilials, these hosts tend to hide in submerged refugia, e.g. rocks or 

logs, in wait to ambush their prey (per. obs.).  

With the exception of Luth et al. (2016d), vanishingly few studies exist which directly 

compare patterns of infection of various endohelminths in centrarchid hosts from a large portion 

of the U.S. The current survey was conducted to provide a thorough, geographically expansive, 

and temporally constrained snapshot of the endohelminths infecting green sunfish to allow 

subsequent large-scale comparisons to be made. Additionally, it is hoped that this survey will 

provide a starting point for assessing the impact of the aforementioned host behaviors on the 

endohelminth communities they harbor.  

In all, 423 green sunfish were collected from 104 bodies of freshwater across the U.S., during the 

summer mo. of 2011-2013. Although Hoffman (1999) provides a comprehensive list of the 

endohelminths infecting these hosts across North America, it is nearly 20 yr old, is not limited to 

the U.S., and cannot provide the resolution in the distributions of both host and helminth afforded 

by the current survey. 
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MATERIALS AND METHODS 

 

See Luth et al. (2016a). 

 

RESULTS 

 

A total of 423 green sunfish from 104 bodies of water, were considered in the current 

survey.  Eighty seven percent (368/423) of Lepo. cyanellus were infected with at least 1 helminth 

species. Helminth richness ranged from 1 to 7 different endohelminth species per host individual.  

 A total of at least 18 endohelminth species were recovered from green sunfish. Two 

species of Acanthocephala, Leptorhynchoides thecatus (Linton, 1891) and Neoechinorhynchus 

cylindratus (Van Cleave, 1913); 2 species of Cestoda, Bothriocephalus acheilognathi (Yamaguti, 

1934) and Proteocephalus ambloplitis (Leidy, 1887); at least 6 species of Trematoda, Caecincola 

parvulus (Marshall and Gilbert, 1905), Clinostomum marginatum (Rudolphi, 1819), 

Crepidostomum spp., Pisciamphistoma stunkardi (Holl, 1929), Posthodiplostomum minimum 

(MacCallum, 1921), and Uvulifer ambloplites (Hughes, 1927); and at least 8 species of 

Nematoda, Camallanus oxycephalus (Ward and Magath, 1917), Capillaria catenata (Van Cleave 

and Mueller, 1932), Contracaecum spiculigerum (Rudolphi, 1809), Dichelyne cotylophora (Ward 

and Magath, 1917), Eustrongyloides tubifex (Nitzsch, 1909), Spinitectus spp., Unknown 1, and 

Unknown 2.  

Acanthocephala 

Echinorhynchida: Rhadinorhynchidae 

Leptorhynchoides thecatus (Linton, 1891) Kostylew, 1924 

(Syn. Echinorhynchus thecatus Linton, 1891; Echinorhynchus oricola Linstow, 1901.) 

Prevalence, mean intensity, range, and location:  1 of 1 (100.0, 5.0 ± --, 5) in AR (14), 1 

of 1 (100.0, 3.0 ± --, 3) in MI (104), 5 of 5 (100.0, 17.6 ± 6.5, 9-43) in MN (106), 1 of 1 (100.0, 
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4.0 ± --, 4) in MN (110), 3 of 3 (100.0, 7.3 ± 1.4, 5-10) in MO (113), and 2 of 3 (66.7, 1.5 ± 0.5, 

1-2) in TX (197). 

Site of infection:  Adults in cecae and intestines; larvae in the visceral mesenteries and 

liver.   

Type host and locality: White perch, Morone americanus, from a New York market; the 

type location from which fish hosts were recovered is unknown (Steinauer and Nickol, 2015). 

Other host reports: Adults, larvae, or both, were also recovered from rock bass, 

Ambloplites rupestris (Luth et al., 2016c), largemouth bass, Micropterus salmoides (Luth et al., 

2016b), and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae. 

Neoechinorhynchida: Neoechinorhynchidae 

Neoechinorhynchus cylindratus (Van Cleave, 1913) Van Cleave, 1919 

Prevalence, mean intensity, range, and location: 1 of 1 (100.0, 1.0 ± --, 1) in AL (4), 4 of 

4 (100.0, 1.8 ± 0.3, 1-2) in AL (5), 1 of 7 (14.3, 1.0 ± --, 1) in AL (7), 1 of 1 (100.0, 1.0 ± --, 1) in 

AR (9), 1 of 2 (50.0, 4.0 ± --, 4) in AR (13), 1 of 1 (100.0, 32.0 ± --, 32) in AR (14), 1 of 5 (20.0, 

1.0 ± --, 1) in GA (23), 2 of 2 (100.0, 2.0 ± 1.0, 1-3) in GA (26), 1 of 10 (10.0, 1.0 ± --, 1) in IA 

(27), 1 of 1 (100.0, 2.0 ± --, 2) in IL (45), 1 of 17 (23.5, 2.0 ± --, 2) in IL (46), 1 of 4 (25.0, 2.3 ± 

0.5, 1-3) in IL (50), 4 of 10 (40.0, 2.3 ± 0.9, 1-5) in KY (73), 2 of 11 (18.2, 1.0 ± 0.0, 1) in KY 

(74), 1 of 2 (50.0, 3.0 ± --, 3) in KY (77), 1 of 2 (50.0, 1.0 ± --, 1) in KY (78), 2 of 5 (40.0, 1.0 ± 

0.0, 1) in MN (106), 2 of 3 (66.7, 3.5 ± 1.5, 2-5) in MO (112), 1 of 3 (33.3, 3.0 ± --, 3) in MO 

(113), 3 of 6 (50.0, 3.0 ± 2.0, 1-7) in MO (114), 6 of 8 (75.0, 1.7 ± 0.3, 1-3) in MS (119), 1 of 3 

(33.3, 2.0 ± --, 2) in NC (125), 2 of 4 (50.0, 7.0 ± 6.0, 1-13) in NC (126), 1 of 6 (16.7, 1.0 ± --, 1) 

in NC (127), 1 of 1 (100.0, 1.0 ± --, 1) in NE (142), 1 of 5 (20.0, 2.0 ± --, 2) in NE (143), 1 of 3 

(33.3, 1.0 ± --, 1) in OH (155), 1 of 3 (33.3, 3.0 ± --, 3) in OH (160), 1 of 5 (20.0, 24.0 ± --, 24) in 

OK (164), 1 of 2 (50.0, 2.0 ± --, 2) in PA (171), 3 of 3 (100.0, 4.3 ± 1.5, 2-7) in TN (187), 1 of 1 
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(100.0, 2.0 ± --, 2) in TN (191), 1 of 4 (25.0, 1.0 ± --, 1) in TN (194), 2 of 2 (100.0, 14.0 ± 2.0, 

12-16) in TN (196), 1 of 8 (12.5, 6.0 ± --, 6) in VA (200), 1 of 10 (10.0, 1.0 ± --, 1) in WV (216), 

1 of 5 (20.0, 3.0 ± --, 3) in WV (219), and 2 of 3 (66.7, 1.5 ± 0.5, 1-2) in WV (223). 

Site of infection: Adults in cecae and intestines; larvae in the visceral mesenteries and 

liver.   

Type host and locality: Largemouth bass, Mic. salmoides, from Pelican Lake, MN, 

U.S.A. (Van Cleave, 1919). 

Other host reports: Adults, larvae, or both, were also recovered from A. rupestris (Luth et 

al., 2016c), Micropterus salmoides (Luth et al., 2016b), white crappie, Pomoxis annularis (Luth 

et al., 2016c), and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae. 

Cestoda 

Pseudophyllidea: Bothriocephalidae 

Bothriocephalus acheilognathi Yamaguti, 1934 

(Syn. Bothriocephalus gowkongensis Yeh, 1955; Bothriocephalus opsariichthydis Yamaguti, 

1934; Bothriocephalus phoxini Molnár and Murai, 1973; Pool [1987] suggests Bothriocephalus 

aegyptiacus Rysavy and Moravec, 1975 and Bothriocephalus kivuensis Baer and Fain, 1958 are 

likely also synonyms.) 

Prevalence, mean intensity, range, and location:  1 of 9 (11.1, 1.0 ± --, 1) in CO (19), 1 

of 6 (16.7, 1.0 ± --, 1) in CO (20), 1 of 5 (20.0, 1.0 ± --, 1) in GA (23), 5 of 10 (50.0, 1.2 ± 0.2, 1-

2) in IA (27), 2 of 4 (50.0, 1.0 ± 0.0, 1) in IL (39), 1 of 8 (12.5, 2.0 ± --, 2) in NM (145), 2 of 10 

(20.0, 1.0 ± 0.0, 1) in NM (146), 1 of 5 (20.0, 1.0 ± --, 1) in NM (147), 1 of 4 (25.0, 1.0 ± --, 1) in 

PA (172), 1 of 4 (25.0, 1.0 ± --, 1) in SD (184), 1 of 10 (10.0, 1.0 ± --, 1) in TX (198), 7 of 10 

(70.0, 1.3 ± 0.2, 1-2) in WV (216), 1 of 5 (20.0, 1.0 ± --, 1) in WV (219), 2 of 7 (28.6, 1.0 ± 0.0, 

1) in WY (229), and 3 of 10 (30.0, 1.0 ± 0.0, 1) in WY (230). 
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Site of infection:  Adults in the intestines. 

Type host and locality:  Grass carp, Ctenopharyngodon idella, from Ogura Lake, Japan 

(Scholz, 1997). 

Other host reports: Adults were also recovered from Micropterus salmoides (Luth et al., 

2016b), and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Bothriocephalus acheilognathi was not encountered frequently in the 

sampling, but was recovered from hosts collected across the entire sampled range. Interestingly, 

the cestode, Pr. ambloplitis, i.e., the bass tapeworm, co-occurred with B. acheilognathi in 21/29 

(72.4%) bodies of water from which the latter was recovered; of these, 19/21 (90.5%) were 

infected with both B. acheilognathi and Pr. ambloplitis. In all, 28/41 hosts (68.3%) from these 

ponds harboring B. acheilognathi were simultaneously infected by Pr. ambloplitis. These findings 

indicate the suitability of these common, and widely distributed centrarchid species for harboring 

the invasive/alien Asian tapeworm.   

Proteocephalidea: Proteocephalidae 

Proteocephalus ambloplitis (Leidy, 1887) Benedict, 1900 

(Syn. Taenia ambloplitis Leidy, 1887; Taenia micropteri Leidy, 1887.) 

Prevalence, mean intensity, range, and location:  1 of 1 (100.0, 30.0 ± --, 30) in AL (4), 1 

of 7 (14.9, 1.0 ± --, 1) in AL (8), 1 of 1 (100.0, 4.0 ± --, 4) in AR (9), 6 of 9 (66.7, 1.7 ± 0.5, 1-4) 

in CO (19), 6 of 6 (100.0, 4.0 ± 1.5, 1-11) in CO (20), 4 of 5 (80.0, 12.5 ± 6.1, 3-30) in GA (23), 

4 of 13 (30.8, 3.5 ± 1.0, 1-6) in GA (24), 2 of 2 (100.0, 7.5 ± 0.5, 7-8) in GA (26), 4 of 10 (40.0, 

1.5 ± 0.3, 1-2) in IA (27), 3 of 4 (75.0, 2.0 ± 1.0, 1-4) in IL (39), 1 of 1 (100.0, 1.0 ± --, 1) in IL 

(41), 1 of 1 (100.0, 14.0 ± --, 14) in IL (45), 16 of 17 (94.1, 8.9 ± 2.1, 1-31) in IL (46), 2 of 4 

(50.0, 7.5 ± 2.5, 5-10) in IL (48), 1 of 4 (25.0, 1.0 ± --, 1) in IL (50), 1 of 1 (100.0, 4.0 ± --, 4) in 

IN (61), 2 of 3 (66.7, 1.5 ± 0.5, 1-2) in IN (66), 1 of 3 (33.3, 1.0 ± --, 1) in KS (68), 7 of 10 (70.0, 

1.1 ± 0.1, 1-2) in KY (73), 8 of 11 (72.7, 1.6 ± 0.3, 1-3) in KY (74), 1 of 1 (100.0, 5.0 ± --, 5) in 

KY (75), 1 of 2 (50.0, 17.0 ± --, 17) in KY (77), 1 of 1 (100.0, 11.0 ± --, 11) in LA (82), 1 of 5 
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(20.0, 2.0 ± --, 2) in MD (97), 4 of 7 (57.1, 1.0 ± 0.0, 1) in MD (100), 1 of 1 (100.0, 1.0 ± --, 1) in 

MI (103), 2 of 3 (66.7, 10.0 ± 7.0, 3-17) in MO (112), 2 of 3 (66.7, 8.0 ± 3.0, 5-11) in MO (113), 

4 of 6 (66.7, 2.5 ± 1.0, 1-5) in MO (114), 4 of 7 (57.1, 6.3 ± 3.0, 1-12) in MO (115), 2 of 4 (50.0, 

2.5 ± 0.5, 2-3) in MO (116), 2 of 8 (25.0, 1.0 ± 0.0, 1) in MS (119), 1 of 1 (100.0, 1.0 ± --, 1) in 

NC (123), 3 of 3 (100.0, 1.7 ± 0.3, 1-2) in NC (125), 4 of 4 (100.0, 10.0 ± 1.8, 6-14) in NC (126), 

3 of 4 (75.0, 3.0 ± 2.0, 1-7) in NC (133), 1 of 1 (100.0, 2.0 ± --, 2) in NE (142), 3 of 5 (60.0, 5.3 ± 

0.7, 4-6) in NE (143), 1 of 8 (12.5, 1.0 ± --, 1) in NM (145), 9 of 10 (90.0, 6.1 ± 1.4, 2-14) in NM 

(146), 5 of 5 (100.0, 5.2 ± 1.2, 3-9) in NM (147), 1 of 1 (100.0, 15.0 ± --, 15) in OH (148), 8 of 9 

(88.9, 4.5 ± 1.6, 1-15) in OH (159), 3 of 3 (100.0, 4.7 ± 0.9, 3-6) in OH (160), 1 of 4 (25.0, 3.0 ± -

-, 3) in OH (161), 2 of 4 (50.0, 2.5 ± 0.5, 2-3) in OH (162), 1 of 4 (25.0, 1.0 ± --, 1) in OK (163), 

1 of 5 (20.0, 3.0 ± --, 3) in OK (164), 1 of 2 (50.0, 1.0 ± --, 1) in OK (166), 1 of 7 (14.3, 6.0 ± --, 

6) in PA (169), 2 of 2 (100.0, 10.0 ± 7.0, 3-17) in PA (171), 2 of 4 (50.0, 1.0 ± 0.0, 1) in SD 

(184), 1 of 3 (33.3, 5.0 ± --, 5) in TN (187), 1 of 4 (25.0, 3.0 ± --, 3) in TN (194), 2 of 3 (66.7, 1.0 

± 0.0, 1) in TX (197), 2 of 8 (25.0, 2.5 ± 1.5, 1-4) in VA (200), 1 of 2 (50.0, 3.0 ± --, 3) in VA 

(204), 2 of 10 (20.0, 2.0 ± 1.0, 1-3) in WV (216), and 2 of 3 (66.7, 3.5 ± 2.5, 1-6) in WV (223). 

Site of infection:  Larvae (plerocercoids) in the visceral mesenteries, liver, and gonads. 

Type host and locality:  Largemouth bass, Mic. salmoides (= nigracans), from Lake 

George, New York, U.S.A. (Hunter, 1928). 

Other host reports: Adults, larvae, or both, were also recovered from A. rupestris (Luth et 

al., 2016c), Micropterus spp. (Luth et al., 2016b), Pomoxis spp. (Luth et al., 2016c), and other 

species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Adults were only recovered from M. salmoides from Bass Lake, Ohio, U.S.A. 

Trematoda 

Digenea: Cryptogonimidae 

Caecincola parvulus Marshall and Gilbert, 1905 

Prevalence, mean intensity, range, and location: 1 of 4 (25.0, 1.0 ± --, 1) in TN (194). 
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Site of infection:  Adults in the stomach and cecae. 

Type host and locality:  Largemouth, Mic. salmoides from Lakes Mendota, Monona, 

Wingra, and Round Lake, Wisconsin, U.S.A. (Marshall and Gilbert, 1905). 

Other host reports: Adults were also recovered from A. rupestris (Luth et al., 2016c) and 

Lepomis macrochirus (Luth et al., 2016a). 

Digenea: Plagiorchiida: Clinostomidae 

Clinostomum marginatum Rudolphi, 1819 

(Syn. Clinostomum complanatum Rudolphi, 1819.) 

Prevalence, mean intensity, range, and location:  2 of 10 (20.0) in IA (27), 1 of 6 (16.7) 

in IN (60), 1 of 2 (50.0) in KY (77), and 1 of 6 (16.7) in WY (228). 

Site of infection:  Larvae (metacercariae) were encysted in the fins, subcutaneously and, 

more rarely, in the musculature of hosts. 

Type host and locality:  N/A. 

Other host reports: Larvae were also recovered from Micropterus salmoides (Luth et al., 

2016b) and Lepomis macrochirus (Luth et al., 2016a). 

Remarks:  Only presence/absence data were collected for Cl. marginatum in this study. 

There is debate on the validity of Cl. marginatum as being distinct from Cl. complanatum with 

Braun (1901) distinguishing the 2 based on geographic distribution, i.e., Cl. marginatum being 

the “American type” and Cl. complanatum being the “European type”. Caffara et al. (2011) 

showed morphological and molecular support for this distinction as well. Thus, “yellow grub” is 

here assigned to Cl. marginatum. 

Digenea: Allocreadidae 

Crepidostomum spp.  

(Crepidostomum cooperi Hopkins, 1931 and/or Crepidostomum cornutum (Osborn, 1903) 

Stafford, 1904) 
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(Syn. of Cr. cooperi: Crepidostomum amblopitis, Crepidostomum fausti, and Crepidostomum 

solidum according to Hoffman [1999]; Crepidostomum laureatum according to Hopkins [1931].) 

Prevalence, mean intensity, range, and location:  1 of 5 (20.0, 1.0 ± --, 1) in GA (23), 

and 1 of 2 (50.0, 4.0 ± --, 4) in KY (78). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Crepidostomum cooperi: yellow perch, Perca flavescens, 

pumpkinseed, Lepomis gibbosus, Johnny darter, Boleosoma (=Etheostoma) nigrum, and the Iowa 

darter, Etheostoma iowae (= exile), from Go-Home Bay, Ontario, Canada (Cooper, 1915); Cr. 

cornutum: Henderson (1938) suggests various centrarchids as the type hosts from Lake 

Chautauqua, New York, U.S.A. (Osborn, 1903). 

Other host reports: Adults were also recovered from other species of Lepomis (Luth et 

al., 2016a,c). 

Remarks:  Crepidostomum cooperi and Cr. cornutum were not enumerated separately in 

the current survey; however, it is believed that both of these species were recovered in hosts 

necropsied in the present study. This conclusion is based on qualitative/superficial assessment of 

size dimorphism of the adults observed in the current sampling. 

Digenea: Paramphistomatidae 

Pisciamphistoma stunkardi Holl, 1929 

(Syn. Paramphistomum stunkardi.) 

Prevalence, mean intensity, range, and location:  1 of 7 (14.3, 1.0 ± --, 1) in AR (7), 3 of 

4 (75.0, 1.0 ± 0.0, 1) in IL (39), 1 of 2 (50.0, 1.0 ± --, 1) in IL (43), 3 of 17 (17.6, 1.0 ± 0.0, 1) in 

IL (46), 2 of 10 (20.0, 1.0 ± 0.0, 1) in KY (73), 1 of 11 (9.1, 1.0 ± --, 1) in KY (74), 1 of 1 (100.0, 

1.0 ± --, 1) in MD (95), 1 of 5 (20.0, 1.0 ± --, 1) in MD (97), 1 of 3 (33.3, 1.0 ± --, 1) in MO 

(112), 1 of 3 (33.3, 1.0 ± --, 1) in MO (113), 1 of 3 (33.3, 1.0 ± --, 1) in NC (125), 1 of 4 (25.0, 

3.0 ± --, 3) in NC (126), 1 of 3 (33.3, 1.0 ± --, 1) in OH (155), 1 of 4 (25.0, 1.0 ± --, 1) in OH 



 

 

120 
 

(161), 1 of 4 (25.0, 1.0 ± --, 1) in OH (162), 1 of 8 (12.5, 3.0 ± --, 3) in VA (200), 1 of 5 (20.0, 

1.0 ± --, 1) in WV (219), and 1 of 3 (33.3, 1.0 ± --, 1) in WV (223). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Pumpkinseed, Eupomotis (=L.) gibbosus, and warmouth bass, 

Chaenobryttus (=Lepomis) gulosus, from the Eno River, near Durham, North Carolina, U.S.A. 

(Holl, 1929). 

Other host reports: Adults were also recovered from Micropterus salmoides (Luth et al., 

2016b) and other species of Lepomis (Luth et al., 2016a,c). 

Digenea: Strigeidida: Diplostomidae 

Posthodiplostomum minimum (MacCallum, 1921) Dubois, 1936 

(Syn. possibly Diplostomum cuticola [Cooper, 1915] according to Hunter and Hunter [1940]; 

Diplostomum vancleavei [Agersborg, 1926]; Neascus vancleavei [Hughes, 1928]; Diplostomum 

minimum MacCallum [Hunter and Hunter, 1940].) 

Prevalence, mean intensity, range, and location:  1 of 1 (100.0, 2.0 ± --, 2) in AL (6), 2 

of 7 (28.6, 1.0 ± 0.0, 1) in AL (8), 2 of 3 (66.7, 1.0 ± 0.0, 1) in AR (12), 1 of 1 (100.0, 3.0 ± --, 3) 

in AR (14), 2 of 9 (22.2, 12.0 ± 11.0, 1-23) in CO (19), 4 of 6 (66.7, 7.3 ± 4.3, 1-20) in CO (20), 1 

of 13 (7.7, 3.0 ± --, 3) in GA (24), 2 of 2 (100.0, 5.0 ± 3.0, 2-8) in GA (26), 9 of 10 (90.0, 64.9 ± 

19.2, 2-148) in IA (27), 10 of 10 (100.0, 9.9 ± 2.3, 2-25) in GA (32), 4 of 4 (100.0, 1.5 ± 0.3, 1-2) 

in IL (39), 1 of 1 (100.0, 1.0 ± --, 1) in IL (41), 1 of 2 (50.0, 33.0 ± --, 33) in IL (43), 1 of 2 (50.0, 

3.0 ± --, 3) in IL (44), 1 of 1 (100.0, 29.0 ± --, 29) in IL (45), 8 of 17 (47.1, 1.3 ± 0.3, 1-3) in IL 

(46), 1 of 1 (100.0, 2.0 ± --, 2) in IL (47), 4 of 4 (100.0, 3.8 ± 0.5, 3-5) in IL (48), 3 of 4 (75.0, 6.7 

± 1.5, 4-9) in IL (50), 1 of 6 (16.7, 1.0 ± --, 1) in IN (60), 1 of 1 (100.0, 14.0 ± --, 14) in IN (61), 

1 of 2 (50.0, 1.0 ± --, 1) in IN (64), 3 of 3 (100.0, 5.0 ± 4.0, 1-13) in IN (65), 1 of 11 (9.1, 1.0 ± --, 

1) in KS (67), 3 of 10 (30.0, 1.3 ± 0.3, 1-2) in KY (73), 3 of 11 (27.3, 2.0 ± 1.0, 1-4) in KY (74), 

2 of 2 (100.0, 2.0 ± 1.0, 1-3) in KY (77), 2 of 2 (100.0, 28.5 ± 17.5, 11-46) in KY (78), 1 of 1 

(100.0, 19.0 ± --, 19) in LA (82), 4 of 5 (80.0, 2.8 ± 1.1, 1-6) in MD (97), 7 of 7 (100.0, 3.3 ± 0.5, 
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1-5) in MD (100), 1 of 1 (100.0, 4.0 ± --, 4) in MI (104), 4 of 5 (80.0, 12.3 ± 6.5, 1-30) in MN 

(106), 1 of 1 (100.0, 15.0 ± --, 15) in MN (110), 2 of 3 (66.7, 3.0 ± 1.0, 2-4) in MO (112), 3 of 3 

(100.0, 8.0 ± 2.0, 4-10) in MO (113), 2 of 6 (33.3, 12.5 ± 8.5, 4-21) in MO (114), 1 of 7 (14.3, 2.0 

± --, 2) in MO (115), 2 of 4 (50.0, 12.5 ± 8.5, 4-21) in MO (116), 1 of 1 (100.0, 3.0 ± --, 3) in MO 

(117), 3 of 8 (37.5, 1.7 ± 0.7, 1-3) in MS (119), 1 of 1 (100.0, 25.0 ± --, 25) in NC (123), 2 of 3 

(66.7, 13.0 ± 3.0, 10-16) in NC (125), 4 of 4 (100.0, 8.3 ± 5.1, 1-23) in NC (126), 3 of 6 (50.0, 

21.0 ± 18.5, 2-58) in NC (127), 3 of 4 (75.0, 3.7 ± 1.2, 2-6) in NC (133), 2 of 2 (100.0, 12.5 ± 4.5, 

8-17) in NC (134), 1 of 1 (100.0, 2.0 ± --, 2) in NE (142), 2 of 5 (40.0, 2.0 ± 1.0, 1-3) in NE 

(143), 2 of 8 (25.0, 2.0 ± 1.0, 1-3) in NM (145), 8 of 10 (80.0, 17.6 ± 15.5, 1-126) in NM (146), 1 

of 5 (20.0, 1.0 ± --, 1) in NM (147), 1 of 1 (100.0, 10.0 ± --, 10) in OH (149), 3 of 3 (100.0, 8.3 ± 

3.8, 2-15) in OH (155), 1 of 9 (11.1, 6.0 ± --, 6) in OH (159), 1 of 4 (25.0, 17.0 ± --, 17) in OH 

(161), 2 of 4 (50.0, 1.0 ± 0.0, 1) in OH (162), 2 of 4 (50.0, 3.0 ± 1.0, 2-4) in OK (163), 5 of 5 

(100.0, 1.8 ± 0.5, 1-3) in OK (164), 3 of 7 (42.9, 2.7 ± 0.7, 2-4) in PA (169), 2 of 2 (100.0, 17.5 ± 

3.5, 14-21) in PA (171), 1 of 4 (25.0, 2.0 ± --, 2) in PA (172), 2 of 2 (100.0, 24.5 ± 9.5, 15-34) in 

PA (174), 2 of 2 (100.0, 41.5 ± 28.5, 13-70) in SD (182), 4 of 4 (100.0, 63.5 ± 45.8, 10-200) in 

SD (184), 1 of 1 (100.0, 96.0 ± --, 96) in SD (185), 2 of 3 (66.7, 1.0 ± 0.0, 1) in TN (187), 1 of 4 

(25.0, 1.0 ± --, 1) in TN (194), 3 of 3 (100.0, 27.0 ± 9.5, 16-46) in TX (197), 10 of 10 (100.0, 4.3 

± 0.9, 1-9) in TX (198), 1 of 1 (100.0, 7.0 ± --, 7) in VA (199), 4 of 8 (50.0, 1.5 ± 0.3, 1-2) in VA 

(200), 4 of 6 (66.7, 5.8 ± 1.8, 2-10) in VA (203), 3 of 10 (30.0, 3.7 ± 1.2, 2-6) in WV (216), 1 of 1 

(100.0, 2.0 ± --, 2) in WV (218), 1 of 5 (20.0, 2.0 ± --, 2) in WV (219), 1 of 3 (33.3, 2.0 ± --, 2) in 

WV (223), 6 of 6 (100.0, 65.3 ± 28.7, 13-200) in WY (228), and 5 of 7 (71.4, 7.0 ± 2.4, 3-15) in 

WY (229). 

Site of infection:  Larvae (metacercariae) encysted in numerous tissues, e.g., liver, 

gonads, heart, visceral mesenteries, and throughout the abdominal cavities of hosts.   

Type host and locality:  Metacercaria: Hunter and Hunter (1940) suggest that the type 

host for N. vancleavei is the bluntnose minnow, Hyborhynchus notatus, from Urbana, Illinois, 
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U.S.A.; these authors also suggest that what Cooper (1915) called D. cuticola may be Pos. 

minimum from the minnow, Notropis atherinoides, the red-fin minnow, Notropis cornutus, and 

pumpkinseed, L. gibbosus from Go-Home Bay, Ontario, Canada, and the creek chub, Semotilus 

atromaculatus, from Toronto, Canada. Hunter and Hunter (1940) suggest earlier accounts of Pos. 

minimum exist, but do not provide specific references to verify type host and locality from these 

resources. Adult: Great blue heron, Ardea herodias, from Zoological Park, New York, U.S.A. 

(MacCallum, 1921). 

Other host reports:  Larvae were also recovered from A. rupestris (Luth et al., 2016c), 

Micropterus spp. (Luth et al., 2016b), Pomoxis spp. (Luth et al., 2016c), and other species of 

Lepomis (Luth et al., 2016a,c). 

Remarks:  According to Hoffman (1958, 1999), and numerous other authorities, e.g., 

Allison and McGraw (1967), Aliff et al. (1977), Pos. minimum is actually a complex of 2, or 

more, subspecies, i.e., Posthodiplostomum minimum centrarchi infecting centrarchid fish and 

Posthodiplostomum minimum minimum infecting cyprinid fish. Infection intensities of Pos. 

minimum (likely Pos. m. centrarchi) in the current survey ranged greatly from 1 host to another, 

from a single metacercaria in some, to greater than 600 metacercariae in others. 

Digenea: Strigeidida: Diplostomatidae 

Uvulifer ambloplites (Hughes, 1927) Dubois, 1938 

(Syn. Neascus wardi; Uvulifer claviformis; Uvulifer magnibursiger Dubois, 1968.) 

Prevalence, mean intensity, range, and location:  1 of 2 (50.0) in AR (13), 5 of 10 (50.0) 

in IA (27), 4 of 10 (40.0) in IA (32), 1 of 5 (20.0) in MN (106), and 2 of 5 (40.0) in OK (164). 

Site of infection:  Larvae (metacercariae) in the fins, subcutaneous flesh and, more rarely, 

deeper musculature of hosts. 

Type host and locality:  Rock bass, A. rupestris, from Douglas Lake, Michigan, U.S.A. 

(Hughes, 1927). 



 

 

123 
 

Other host reports:  Larvae were also recovered from Micropterus salmoides (Luth et al., 

2016b) and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Only presence/absence data were collected for U. ambloplites in this study. 

Nematoda 

Spirurida: Camallanoidea: Camallanidae 

Camallanus oxycephalus Ward and Magath, 1916 

Prevalence, mean intensity, range, and location:  3 of 7 (42.9, 1.0 ± 0.0, 1) in AL (8), 1 

of 3 (33.3, 1.0 ± --, 1) in AR (12), 2 of 2 (100.0, 1.5 ± 0.5, 1-2) in GA (26), 1 of 10 (10.0, 1.0 ± --, 

1) in IA (27), 2 of 17 (11.8, 1.5 ± 0.5, 1-2) in IL (46), 2 of 10 (20.0, 1.0 ± 0.0, 1) in KY (73), 1 of 

11 (9.1, 1.0 ± --, 1) in KY (74), 1 of 2 (50.0, 1.0 ± --, 1) in KY (78), 1 of 5 (20.0, 1.0 ± --, 1) in 

MD (97), 1 of 7 (14.3, 1.0 ± --, 1) in MD (100), 1 of 3 (33.3, 1.0 ± --, 1) in MO (112), 2 of 8 

(25.0, 1.5 ± 0.5, 1-2) in MS (119), 2 of 3 (66.7, 1.0 ± 0.0, 1) in NC (125), 1 of 4 (25.0, 1.0 ± --, 1) 

in NC (126), 2 of 4 (50.0, 1.0 ± 0.0, 1) in NC (133), 2 of 3 (66.7, 1.5 ± 0.5, 1-2) in OH (160), 1 of 

4 (25.0, 2.0 ± --, 2) in OH (162), 1 of 4 (25.0, 2.0 ± --, 2) in OK (163), 1 of 4 (25.0, 1.0 ± --, 1) in 

TN (194), 1 of 10 (10.0, 1.0 ± --, 1) in TX (198), 3 of 8 (37.5, 1.0 ± 0.0, 1) in VA (200), 1 of 2 

(50.0, 1.0 ± --, 1) in VA (201), 1 of 1 (100.0, 2.0 ± --, 2) in WV (222), and 2 of 7 (28.6, 1.0 ± 0.0, 

1) in WY (229). 

Site of infection:  Adults (and potentially juveniles) in the intestines of hosts. 

Type host and locality:  White bass, Morone chrysops, and black crappie, Pom. 

nigromaculatus from Fairport, Iowa, U.S.A. (Ward and Magath, 1916). 

Other host reports:  Camallanus oxycephalus was also recovered from A. rupestris (Luth 

et al., 2016c), Micropterus spp. (Luth et al., 2016b), Pomoxis spp. (Luth et al., 2016c), and other 

species of Lepomis (Luth et al., 2016a,c). 

Remarks:  In the majority of cases, worms were found in the posterior portion of the host 

intestine, with the worms’ anterior end attached to the intestinal lining, and their posterior end 

extending out of the host through the anus. Most worms appeared to be adults, based on location 
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in the GI tract and size (qualitative assessment; no measurements were obtained); however, some 

shorter forms of these worms (likely juveniles) were encountered on occasion.   

Adenophorea: Trichinelloidea 

Capillaria catenata Van Cleave and Mueller, 1932 

(Syn. Echinocoleus catenata [Van Cleave and Mueller, 1932] López-Neyra, 1947; Thomnix 

catenata [Van Cleave and Mueller, 1932] Skrjabin and Schikhobalova, 1954.) 

Prevalence, mean intensity, range, and location:   1 of 4 (25.0, 2.0 ± --, 2) in AL (5), 1 of 

7 (14.3, 2.0 ± --, 2) in AL (8), 1 of 13 (7.7, 1.0 ± --, 1) in GA (24), 1 of 2 (50.0, 3.0 ± --, 3) in GA 

(26), 1 of 1 (100.0, 5.0 ± --, 5) in MN (110), 1 of 8 (12.5, 1.0 ± --, 1) in MS (119), and 1 of 3 

(33.3, 1.0 ± --, 1) in OH (160). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Pumpkinseed, Lepomis gibbosus, from Oneida Lake, New York, 

U.S.A. (Bell and Beverley-Burton, 1981). 

Other host reports:  Capillaria catenata was also recovered from Micropterus salmoides 

(Luth et al., 2016b) and other species of Lepomis (Luth et al., 2016a,c). 

Ascaridida: Anisakidae 

Contracaecum spiculigerum (Rudolphi, 1809) 

(Syn. Ascaris spiculigera, Ascaris variegata, Ascaris mergorum, Ascaris colyborum, Ascaris 

siluri, Contracaecum siluri, Contracaecum trukestanicum, Contracaecum umiu Yamaguti, 1941, 

and Contracaecum himeu Yamaguti, 1941 [McDonald, 1969].) 

Prevalence, mean intensity, range, and location:  1 of 7 (14.3) in AL (8), 4 of 6 (66.7) in 

CO (20), 1 of 5 (20.0) in GA (23), 1 of 2 (50.0) in GA (26), 2 of 10 (20.0) in IA (32), 1 of 1 

(100.0) in IL (45), 3 of 17 (17.6) in IL (46), 1 of 4 (25.0) in IL (48), 6 of 6 (100.0) in IN (60), 1 of 

1 (100.0) in IN (61), 1 of 11 (9.1) in KS (67), 1 of 11 (9.1) in KS (74), 2 of 7 (28.6) in MD (100), 

2 of 5 (40.0) in MN (106), 1 of 3 (33.3) in MO (113), 1 of 1 (100.0) in MO (117), 1 of 6 (16.7) in 

NC (127), 1 of 8 (12.5) in NM (145), 1 of 10 (10.0) in NM (146), 2 of 4 (50.0) in OK (163), 3 of 
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5 (60.0) in OK (164), 2 of 2 (100.0) in OK (166), 1 of 2 (50.0) in PA (171), 1 of 2 (50.0) in SD 

(182), 1 of 3 (33.3) in TN (187), 1 of 8 (12.5) in VA (200), and 1 of 10 (10.0) in WY (230). 

Site of infection:  Larvae (juveniles) in the subcutaneous musculature and, more rarely, 

inside the body cavity in the mesenteries surrounding the intestines. 

Type host and locality:  N/A. 

Other host reports:  Contracaecum spiculigerum was also recovered from Micropterus 

spp. (Luth et al., 2016b) and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  Only presence/absence data were collected for Con. spiculigerum in this study. 

Ascaridida: Seuratoidea: Cucullanidae 

Dichelyne cotylophora Ward and Magath, 1917 

(Syn. Dacnitoides cotylophora.) 

Hosts and localities:  SD (182). 

Prevalence, mean intensity, range, and location:  1 of 2 (50.0, 1.0 ± 0.0, 1) in SD (182). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Yellow perch, Perca flavescens, and walleye, Stizostedion 

vitreum, from Lake St. Clair, Michigan, U.S.A. (Ward and Magath, 1916). 

Remarks:  This helminth was recovered from a single green sunfish in the current survey. 

Adenophorea: Dioctophymatoidea 

Eustrongyloides tubifex (Nitzsch, 1819) Jägerskiöd 1909 

Prevalence, mean intensity, range, and location:  1 of 5 (20.0, 1.0 ± 0.0, 1) in GA (23) 

and 1 of 1 (100.0, 1.0 ± 0.0, 1) in WV (218). 

Site of infection:  Larvae in mesenteries. 

Type host and locality:  N/A. 

Other host reports:  Larvae were also recovered from Lepomis macrochirus (Luth et al., 

2016a). 

Spirurida: Habronematoidea: Cystidicolidae 
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Spinitectus spp.  

(Spinitectus carolini Holl, 1928; Spinitectus gracilis Ward and Magath, 1917; and/or 

Spinitectus micracanthus Christian, 1972) 

Prevalence, mean intensity, range, and location:  1 of 1 (100.0, 40.0 ± --, 40) in AL (4), 1 

of 4 (25.0, 2.0 ± --, 2) in AL (5), 1 of 1 (100.0, 9.0 ± --, 9) in AL (6), 1 of 7 (14.3, 6.0 ± --, 6) in 

AL (7), 3 of 7 (42.9, 2.3 ± 0.3, 2-3) in AL (8), 1 of 1 (100.0, 5.0 ± --, 5) in AR (9), 1 of 3 (33.3, 

1.0 ± --, 1) in AR (12), 2 of 2 (100.0, 21.0 ± 13.5, 8-35) in AR (13), 1 of 1 (100.0, 8.0 ± --, 8) in 

AR (14), 1 of 1 (100.0, 35.0 ± --, 35) in AR (16), 2 of 5 (40.0, 1.0 ± 0.0, 1) in GA (23), 11 of 13 

(84.6, 20.8.0 ± 4.0, 6-40) in GA (24), 2 of 2 (50.0, 6.5 ± 2.5, 4-9) in GA (26), 8 of 10 (80.0, 16.4 

± 5.3, 3-40) in IA (27), 1 of 1 (100.0, 10.0 ± --, 10) in IL (37), 4 of 4 (100.0, 6.8 ± 3.1, 1-14) in IL 

(39), 1 of 1 (100.0, 4.0 ± --, 4) in IL (44), 1 of 1 (100.0, 2.0 ± --, 2) in IL (45), 12 of 17 (70.6, 9.8 

± 3.8, 1-40) in IL (46), 2 of 4 (50.0, 1.0 ± 0.0, 1) in IL (48), 3 of 4 (75.0, 1.7 ± 0.7, 1-3) in IL 

(50), 2 of 6 (33.3, 2.0 ± 0.0, 2) in IN (60), 3 of 3 (100.0, 29.7 ± 8.9, 12-40) in IN (66), 10 of 10 

(100.0, 7.1 ± 3.1, 1-32) in KY (73), 9 of 11 (81.8, 9.0 ± 2.6, 2-24) in KY (74), 1 of 2 (50.0, 2.0 ± -

-, 2) in KY (77), 3 of 7 (42.9, 4.0 ± 1.5, 2-7) in MD (100), 1 of 1 (100.0, 2.0 ± --, 2) in MI (104), 

2 of 5 (40.0, 11.0 ± 10.0, 1-21) in MN (106), 1 of 3 (33.3, 2.0 ± --, 2) in MO (112), 3 of 3 (100.0, 

17.0 ± 11.5, 5-40) in MO (113), 5 of 6 (83.3, 11.6 ± 4.7, 1-25) in MO (114), 7 of 7 (100.0, 26.4 ± 

6.0, 1-40) in MO (115), 4 of 4 (100.0, 17.3 ± 4.4, 6-26) in MO (116), 2 of 8 (25.0, 1.0 ± 0.0, 1) in 

MS (119), 1 of 3 (33.3, 8.0 ± --, 8) in NC (125), 4 of 6 (66.7, 3.0 ± 1.2, 1-6) in NC (127), 1 of 1 

(100.0, 26.0 ± --, 26) in NC (138), 1 of 5 (20.0, 3.0 ± --, 3) in NE (143), 3 of 10 (30.0, 6.7 ± 2.6, 

2-11) in NM (146), 4 of 5 (80.0, 20.8 ± 7.5, 8-40) in NM (147), 8 of 9 (88.9, 12.3 ± 3.0, 2-25) in 

OH (159), 3 of 3 (100.0, 17.0 ± 10.0, 7-37) in OH (160), 2 of 4 (50.0, 2.0 ± 1.0, 1-3) in OH (161), 

2 of 4 (50.0, 3.0 ± 2.0, 1-5) in OH (162), 4 of 4 (100.0, 12.3 ± 3.0, 8-21) in OK (163), 2 of 2 

(100.0, 6.5 ± 4.5, 2-11) in OK (166), 1 of 2 (50.0, 1.0 ± --, 1) in PA (171), 1 of 4 (25.0, 1.0 ± --, 

1) in PA (172), 1 of 1 (100.0, 40.0 ± --, 40) in TN (191), 1 of 2 (50.0, 2.0 ± --, 2) in VA (201), 1 
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of 6 (16.7, 3.0 ± --, 3) in VA (203), 1 of 1 (100.0, 1.0 ± --, 1) in WV (218), and 4 of 5 (80.0, 5.0 ± 

1.1, 2-7) in WV (219). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Spinitectus carolini: pumpkinseed, L. gibbosus, and warmouth, 

Ch. (=L.) gulosus, near Durham, North Carolina, U.S.A.; S. gracilis: Holl (1928) states that S. 

gracilis was recovered from “fresh-water fishes” collected near Fairport, Iowa, U.S.A. by Ward 

and Magath (1916); S. micracanthus: bluegill sunfish, L. macrochirus, from a pond in Ohio 

[Christian, 1972].) 

Other host reports:  These nematodes were also recovered from A. rupestris (Luth et al., 

2016c), Micropterus spp. (Luth et al., 2016b), Pomoxis nigromaculatus (Luth et al., 2016c), and 

other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  All 3 of the commonly encountered Spinitectus spp. infecting centrarchids, 

i.e., S. carolini, S. gracilis, and S. micracanthus, were encountered in the current survey, but were 

grouped here (see the Materials and Methods in Luth et al. [2016a]). 

Unknown Nematode 1 

Prevalence, mean intensity, range, and location:   1 of 4 (25.0, 2.0 ± --, 2) in AL (5), 1 of 

7 (14.3, 2.0 ± --, 2) in AL (8), 1 of 13 (7.7, 1.0 ± --, 1) in GA (24), 1 of 2 (50.0, 3.0 ± --, 3) in GA 

(26), and 1 of 8 (12.5, 1.0 ± --, 1) in MS (119). 

Site of infection:  Stomach and intestines of hosts. 

Type host and locality:  N/A. 

Other host reports:  Unknown Nematode 1 was also recovered from other species of 

Lepomis (Luth et al., 2016a,c). 

Remarks:  These nematodes were long and slender and always located in the stomachs, 

intestines, or both, of hosts. Although clearly distinct from the other nematode species 

encountered in the current study, the identity of these nematodes remains undetermined. 

Unknown Nematode 2 
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Prevalence, mean intensity, range, and location:  1 of 4 (25.0) in AL (5), 1 of 7 (14.3) in 

AL (7), 1 of 7 (14.3) in AL (8), 1 of 3 (33.3) in AR (12), 1 of 1 (100.0) in AR (14), 1 of 1 (100.0) 

in AR (16), 2 of 13 (15.4) in GA (24), 1 of 2 (50.0) in GA (26), 1 of 6 (16.7) in IN (60), 1 of 2 

(50.0) in IN (64), 2 of 2 (100.0) in KY (78), 1 of 1 (100.0) in LA (82), 5 of 8 (62.5) in MS (119), 

1 of 8 (12.5) in NM (145), 4 of 10 (40.0) in NM (146), 1 of 5 (20.0) in NM (147), 1 of 4 (25.0) in 

OH (161), 1 of 2 (50.0) in TN (196), 1 of 3 (33.3) in TX (197), 1 of 10 (100.0) in TX (198), 1 of 

10 (10.0) in WV (216), 1 of 3 (33.3) in WV (223), and 3 of 6 (50.0) in WY (228). 

Site of infection:  Larvae encysted in visceral mesenteries in the abdominal cavities of 

hosts. 

Type host and locality:  N/A. 

Other host reports:  Unknown Nematode 2 was also recovered from Micropterus spp. 

(Luth et al., 2016b) and other species of Lepomis (Luth et al., 2016a,c). 

Remarks:  These nematodes were quite small and were found encysted in the visceral mesenteries 

in cysts containing numerous, typically from 1 – 10, and rarely as many as 40 (or more), larvae in 

a single cyst. Due to the abundance of these nematodes within these cysts, the worms in only a 

few were quantified, and only presence/absence data are presented in this survey. 
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DISCUSSION 

 

The current survey reports at least 18 total endohelminths from green sunfish collected 

from 104 bodies of freshwater across 30 U.S. states. This included, 2 species/genera of 

acanthocephalans, 2 species/genera of cestode, at least 6 species/genera of trematode, and at least 

6 species/genera of nematode. To provide perspective, Hoffman (1999) provided a list of 6 

acanthocephalan genera, 3 cestode genera, 16 trematode genera, and 8 nematode genera from 

green sunfish across North America. A large number of genera occurring in these fish across 

North America were recovered in this sample, which was exclusively from the U.S. The 

trematode, Ca. parvulus, and the nematode, E. tubifex, are reported from green sunfish here, but 

are not on the list provided by Hoffman (1999). 

 

ACKNOWLEDGEMENTS 

 

 We would like to acknowledge the Grady Britt Fund, as well as the Vecellio Grant for 

financial support for this research. 

  



 

 

130 
 

LITERATURE CITED 

Aliff, J. V., D. Smith, and H. Lucas. 1977. Some metazoan parasites from fishes of Middle  

Georgia. Transactions of the American Microscopical Society 96: 145-148. 

Allison, T. C., and J. L. McGraw. 1967. The helminth parasites of Centrarchidae form the  

Navasota River system of Texas. Texas Journal of Science 19: 326-328. 

Bell, D. A. and M. Beverley-Burton. 1981. Taxonomy of Capillaria in North American  

freshwater fish. Systematic Parasitology 2: 157-169. 

Braun, M. 1901. Die arten der gattung Clinostomum Leidy. Zoologische Jahrbücher. Abteilung  

für Systematik, Ökologie und Geographie der Tiere 14: 1-48. 

Caffara, M., S. A. Locke, A. Gustinelli, D. J. Marcogliese, and M. L. Fioravanti. 2011.  

Morphological and molecular differentiation of Clinostomum complanatum and  

Clinostomum marginatum (Digenea: Clinostomidae) metacercariae and adults. Journal of  

Parasitology 97: 884-891. 

Christian, F. A. 1972.  Spinitectus micracanthus sp.n. (Nematoda: Rhabdochonidae) from the  

bluegill, Lepomis macrochirus Rafinesque, in Ohio. Proceedings of the Helminthological  

Society of Washington 39: 51-54. 

Cooper, A. R. 1915. Trematodes from marine and freshwater fishes, including one species of  

ectoparasitic turbellarian. Transactions of the Royal Society of Canada 9: 181-205. 

Heidinger, R. C. 1975. Life history and biology of the largemouth bass. Pages 11-20 in H.  

Clepper, ed. Black bass biology and management. Sport Fishing Institute, Washington,  

D.C., U.S.A.  

Henderson, H. E. 1938. The cercaria of Crepidostomum cornutum (Osborn). Transactions of the  

American Microscopical Society 57: 165-172. 

Hoffman, G. L. 1958. Experimental studies on the cercaria and metacercaria of a strigeid  

trematode, Posthodiplostomum minimum.  Experimental Parasitology 7: 23-50. 

Hoffman, G. L. 1999. Parasites of North American Freshwater Fishes, 2nd ed. Cornell  



 

 

131 
 

University Press, Ithaca, New York, U.S.A., 539 pp. 

Holl, F. J. 1928. Two new nematode parasites. Journal of the Elisha Mitchell Scientific Society  

43:184-187. 

Holl, F. J. 1929. A paramphistome from fishes. Journal of Parasitology 16: 35-37. 

Hopkins, A. R. 1931. Studies on Crepidostomum. II. The “Crepidostomum laureatum” of A. R.  

Cooper. Journal of Parasitology 18: 79-91. 

Howick, G. L., and W. J. O’Brien. 1983. Piscivorous feeding behavior of largemouth bass: An  

experimental analysis. Transactions of the American Fisheries Society 112: 508-516. 

Hughes, R. C. 1927. Studies on the trematode family Strigeidae (Holostomidae) No. VI. A new  

metacercaria Neascus ambloplitis, sp. nov. representing a new larval group. Transactions  

of the American Microscopical Society 46: 248-267. 

Hunter III., G. W., 1928. Contributions to the life history of Proteocephalus ambloplitis  

(Leidy). Journal of Parasitology 14: 229-242. 

Hunter III., G. W., and W. S. Hunter. 1940. Studies on the development of the metacercaria  

and the nature of the cyst of Posthodiplostomum minimum (MacCallum 1921)  

(Trematoda; Strigeata). Transactions of the American Microscopical Society 59: 52-63. 

Luth, K. E. 2016. Scale-dependent variation in molecular and ecological patterns of infection for  

endohelminths from centrarchid fishes. PhD Dissertation, Wake Forest University,  

Winston-Salem, North Carolina, U.S.A., XX p. 

Luth, K. E., M. R. Zimmermann, and G. W. Esch. 2016a. A survey of the endoparasitic  

helminths of centrarchids across the United States: I. Those occurring in bluegills  

(Lepomis macrochirus). In review. Comparative Parasitology. 

Luth, K. E., M. R. Zimmermann, and G. W. Esch. 2016b. A survey of the endoparasitic  

helminths of centrarchids across the United States: III. Those occurring in the true basses,  

smallmouth bass (Micropterus dolomieu) and largemouth bass (Micropterus salmoides).  

In review. Comparative Parasitology. 



 

 

132 
 

Luth, K. E., M. R. Zimmermann, and G. W. Esch. 2016c. A survey of the endoparasitic  

helminths of centrarchids across the United States: IV. Those occurring in Ambloplites  

rupestris, Lepomis spp., Pomoxis spp., and Lepomis spp. hybrids. In review. Comparative 

Parasitology. 

Luth, K. E., M. R. Zimmermann, and G. W. Esch. 2016d. Large-scale patterns of  

endoparasitic helminth infection in green sunfish (Lepomis cyanellus), bluegills (L.  

macrochirus), and largemouth bass (Micropterus salmoides) from freshwater ponds and  

lakes across the United States. In review. Journal of Parasitology. 

MacCallum, G. A. 1921. Studies in helminthology. Zoopathologica 1: 136-284.  

Marshall, W. S., and N. C. Gilbert. 1905. Three new trematodes found principally in black  

bass. Zoologische Jahrbuecher Abteilung für Systematik Oekologie und Geographie der  

Tiere 22: 477-488. 

McDonald, M. E. 1969. Catalogue of helminths of waterfowl (Anatidae). United States  

Department of the Interior, Fish and Wildlife Service, Bureau of Sport Fisheries and  

Wildlife, Special Scientific Report - Wildlife No. 126, Washington D.C., U.S.A., 692 pp. 

Mittelbach, G. G. 1981. Foraging efficiency and body size: A study of optimal diet and habitat  

use by bluegills. Ecology 62: 1370–1386. 

Osborn, H. L. 1903. Bunodera cornuta, sp. nov.: A new parasite from the crayfish and certain  

fishes of Lake Chautauqua, N.Y. Biological Bulletin 5: 63-73. 

Pool, D. W. 1987. A note on the synonomy of Bothriocephalus acheilognathi Yamaguti, 1934, B.  

aegyptiacus Ryšavý and Moravec, 1975 and B. kivuensis Baer and Fain, 1958.  

Parasitology Research 73: 146-150. 

Scholz, T. 1997. A revision of the species of Bothriocephalus Rudolphi, 1808 (Cestoda:  

Pseudophyllidea) parasitic in American freshwater fishes. Systematic Parasitology 36:  

85-107. 

Steinauer, M. L. and B. B. Nickol. 2015. Revision of Leptorhynchoides thecatus  



 

 

133 
 

(Acanthocephala: Illiosentidae), with morphometric analysis and description of six new  

species. Journal of Parasitology 101: 193-211. 

Van Cleave, H. J. 1919. Acanthocephala from the Illinois River, with descriptions of species and  

a synopsis of the family Neoechinorhynchidae.  Bulletin of the State of Illinois  

Department of Registration and Education: Division of the Natural History Survey 13:  

225-273. 

Ward, H. B. and T. B. Magath. 1916. Notes on some nematodes from fresh-water fishes.  

Journal of Parasitology 3: 57-64. 

Werner, E. E. 1974. The fish size, prey size, handling time relation in several sunfishes and  

some implications. Journal of the Fisheries Research Board of Canada 31: 1531-1536. 

Werner, E. E., and D. J. Hall. 1977. Competition and habitat shift in two sunfishes  

(Centrarchidae).  Ecology 58:  869-876. 

  



 

 

134 
 

Chapter IV 

 

 

 

A SURVEY OF THE ENDOPARASITIC HELMINTHS OF CENTRARCHIDS ACROSS THE 

UNITED STATES:  

III. THOSE OCCURRING IN THE TRUE BASSES, SMALLMOUTH BASS (MICROPTERUS 

DOLOMIEU) AND LARGEMOUTH BASS (MICROPTERUS SALMOIDES) 

 

 

Kyle E. Luth, Michael R. Zimmermann, and Gerald W. Esch 

 

 

 

 

 

 

 

 

 

 

 

The following manuscript was submitted for publication in Comparative Parasitology (In 

Review, 2016) and is reprinted with permission.  Stylistic variations are due to the requirements 

of the journal.  K.E. Luth performed the study and wrote the manuscript.  M.R. Zimmermann 

contributed significantly to the collections of specimens here discussed and served in an editorial 

capacity.  G.W. Esch served in both an advisory and editorial capacity. 



 

 

135 
 

ABSTRACT 

 

Few surveys exist considering the distribution of hosts, their parasites, and patterns of 

helminth infection, i.e., prevalence, intensity, and range, on a nearly countrywide scale. The 

endohelminths of 185 largemouth bass, Micropterus salmoides, and smallmouth bass, 

Micropterus dolomieu, were surveyed from 59 bodies of freshwater across the U.S., from the 

Rocky Mountains to the Atlantic Coast, and from the U.S.-Canadian border to the Gulf Coast. A 

total of at least 15 endohelminth species was observed; 2 acanthocephalan species, 3 cestode 

species, 5 trematode species, and at least 5 nematode species. Among these, Leptorhynchoides 

thecatus, Neoechinorhynchus cylindratus, Bothriocephalus acheilognathi, Proteocephalus 

ambloplitis, Clinostomum marginatum, Pisciamphistoma stunkardi, Posthodiplostomum 

minimum, Camallanus oxycephalus, Contracaecum spiculigerum, and Spinitectus spp. were 

recovered. A cursory examination and comparison of previously published helminth lists for 

these hosts from North America is made. This survey provides a large-scale, temporally 

constrained (summers, 2011-2013) snapshot of the distribution of hosts, their endohelminths, and 

initial patterns of infection for a number of bodies of freshwater not previously appearing in the 

literature. 

KEY WORDS:  largemouth bass, Micropterus salmoides, smallmouth bass, Micropterus 

dolomieu, endohelminths, Leptorhynchoides thecatus, Neoechinorhynchus cylindratus, 

Bothriocephalus acheilognathi, Proteocephalus ambloplitis, Clinostomum marginatum, 

Pisciamphistoma stunkardi, Posthodiplostomum minimum, Camallanus oxycephalus, 

Contracaecum spiculigerum, and Spinitectus spp. 
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INTRODUCTION 

 

Largemouth bass, Micropterus salmoides, and smallmouth bass, Micropterus dolomieu, are 

common centrarchid fishes inhabiting bodies of freshwater across the U.S. These species are 

important warm-water sport fishes within much of their range, making necessary an ever more 

complete understanding of the infectious agents utilizing these fishes as hosts. A wealth of studies 

exist exploring the parasites of these hosts from 1 body of water, e.g., Holmes and Mullan (1965), 

Esch et al. (1975), Eure (1976a,b), Banks and Ashley (2000), or a few bodies of water, e.g., 

Durborow et al. (1988), but none exist that do this on a nearly countrywide scale. 

 The current survey was conducted to provide a large-scale, temporally focused view of 

the endohelminths of these hosts from numerous bodies of water across a vast portion of their 

range in the U.S. A total of 185 large- and smallmouth bass, collected during the summer mo. 

(2011-2013), from 59 bodies of freshwater (extending from the Rocky Mountains to the Atlantic 

Coast, and the U.S.-Canadian border to the Gulf Coast), were sampled. Although Hoffman (1999) 

provides a thorough list of the helminths infecting these hosts throughout the whole of North 

America, that list is now nearly 20 yr. old. No current, or historical, single studies exists 

providing infection data (prevalence, intensity, and range) for these hosts across such a large 

portion of their range. The lack of such data in the literature reinforces the importance of such 

studies for providing an expansive and temporally focused update on the status of these hosts and 

their endohelminths across the U.S. 
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MATERIALS AND METHODS 

See Luth et al. (2016a). 

 

RESULTS 

 

A total of 185 bass, 162 largemouth and 23 smallmouth, from 59 bodies of water, were 

considered in the current survey. In all, 93.5% (173/185) of hosts were infected with at least 1 

parasite species; 5 Mic. dolomieu and 7 Mic. salmoides contained no endohelminth species.  

Helminth richness ranged from 1 to 7 helminth species per host individual.  

A total of at least 15 endohelminth species was recovered from large- and smallmouth 

bass.  Two species of Acanthocephala, Leptorhynchoides thecatus (Linton, 1891) and 

Neoechinorhynchus cylindratus (Van Cleave, 1913); 3 species of Cestoda, Bothriocephalus 

acheilognathi (Yamaguti, 1934), Haplobothrium globuliformae (Cooper, 1914), and 

Proteocephalus ambloplitis (Leidy, 1887); 5 species of Trematoda, Azygia angusticauda 

(Stafford, 1904), Clinostomum marginatum (Rudolphi, 1819), Pisciamphistoma stunkardi (Holl, 

1929), Posthodiplostomum minimum (MacCallum, 1921), and Uvulifer ambloplites (Hughes, 

1927); and at least 5 species of Nematoda, Camallanus oxycephalus (Ward and Magath, 1917), 

Capillaria catenata (Van Cleave and Mueller, 1932), Contracaecum spiculigerum (Rudolphi, 

1809), Spinitectus spp., and Unknown 2. 

Acanthocephala 

Echinorhynchida: Rhadinorhynchidae 

Leptorhynchoides thecatus (Linton, 1891) Kostylew, 1924 

(Syn. Echinorhynchus thecatus Linton, 1891; Echinorhynchus oricola Linstow, 1901.) 

Prevalence, mean intensity, range, and location: 1 of 1 Mic. salmoides (100.0, 2.0 ± --, 

2) in AR (13), 1 of 1 (100.0, 30.0 ± --, 30) in AR (14), 4 of 4 (100, 11.8 ± 3.9, 2-19) in MI (105), 

1 of 1 (100.0, 3.0 ± --, 3) in TX (197), and 1 of 4 (25.0, 1.0 ± --, 1) in WY (228). 
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Site of infection:  Adults in cecae and intestines; larvae in the visceral mesenteries and 

liver.   

Type host and locality: White perch, Morone americanus, from a New York market; the 

type location from which fish hosts were recovered is unknown (Steinauer and Nickol, 2015). 

Other host reports: Adults, larvae, or both, were also recovered from rock bass, 

Ambloplites rupestris (Luth et al., 2016c) and Lepomis spp. (Luth et al., 2016a,b,c). 

Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae. 

Neoechinorhynchida: Neoechinorhynchidae 

Neoechinorhynchus cylindratus (Van Cleave, 1913) Van Cleave, 1919 

Prevalence, mean intensity, range, and location:  2 of 2 Mic. salmoides (100.0, 7.5 ± 4.5, 

3-12) in AR (10), 1 of 1 (100.0, 30.0 ± --, 30) in AR (13), 1 of 1 (100.0, 11.0 ± --, 11) in AR (14), 

3 of 4 (75.0, 8.3 ± 3.2, 3-14) in IL (43), 1 of 1 (100.0, 7.0 ± --, 7) in IL (44), 1 of 1 (100.0, 37.0 ± 

--, 37) in IL (52), 4 of 4 (100.0, 88.5 ± 9.8, 64-108) in IN (54), 5 of 5 (100.0, 16.0 ± 2.1, 11-23) in 

IN (62), 1 of 1 (100.0, 9.0 ± --, 9) in MI (101), 4 of 4 (100.0, 14.0 ± 2.7, 9-20) in MI (105), 1 of 1 

(100.0, 21.0 ± --, 21) in MO (111), 1 of 1 (100.0, 10.0 ± --, 10) in MS (119), 11 of 11 (100.0, 28.2 

± 9.0, 2-103) in NC (121), 3 of 7 (42.9, 5.0 ± 1.2, 3-7) in NC (123), 1 of 1 (100.0, 1.0 ± --, 1) in 

NC (124), 4 of 5 (80.0, 3.8 ± 0.6, 2-5) in NC (125), 1 of 1 (100.0, 16.0 ± --, 16) in NC (127), 15 

of 18 (83.3, 16.7 ± 3.1, 3-52) in NC (131), 3 of 3 (100.0, 14.7 ± 9.2, 4-33) in NC (132), 4 of 4 

(100.0, 33.5 ± 14.4, 13-75) in NC (136), 4 of 4 (100.0, 20.3 ± 6.8, 6-37) in PA (171), 8 of 8 

(100.0, 12.4 ± 2.4, 3-22) in PA (173), 1 of 1 (100.0, 13.0 ± --, 13) in SD (183), 1 of 1 (100.0, 1.0 

± --, 1) in TN (186), 1 of 1 (100.0, 63.0 ± --, 63) in TN (192), 1 of 1 (100.0, 18.0 ± --, 18) in VA 

(200), 11 of 11 (100.0, 25.2 ± 5.5, 9-69) in VA (206), 1 of 1 (100.0, 8.0 ± --, 8) in VA (208), 8 of 

8 (100.0, 24.0 ± 6.5, 1-52) in WV (212), 1 of 2 (50.0, 91.0 ± --, 91) in WV (213), 7 of 7 (100.0, 

81.4 ± 13.1, 44-120) in WV (214), 1 of 1 (100.0, 2.0 ± --, 2) in WV (215), 2 of 2 (100.0, 5.0 ± 
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3.0, 2-8) in WV (218), 1 of 1 (100.0, 64.0 ± --, 64) in WV (225), and 1 of 1 (100.0, 152.0 ± --, 

152) in WV (226). 

Site of infection: Adults in cecae and intestines; larvae in the visceral mesenteries and 

liver.   

Type host and locality: Largemouth bass, Mic. salmoides, from Pelican Lake, MN, 

U.S.A. (Van Cleave, 1919). 

Other host reports: Adults, larvae, or both, were also recovered from A. rupestris (Luth et 

al., 2016c), Pomoxis annularis (Luth et al., 2016c), and Lepomis spp. (Luth et al., 2016a,b,c). 

Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae. 

Cestoda 

Pseudophyllidea: Bothriocephalidae 

Bothriocephalus acheilognathi Yamaguti, 1934 

(Syn. Bothriocephalus gowkongensis Yeh, 1955; Bothriocephalus opsariichthydis Yamaguti, 

1934; Bothriocephalus phoxini Molnár and Murai, 1973; Pool [1987] suggests Bothriocephalus 

aegyptiacus Rysavy and Moravec, 1975 and Bothriocephalus kivuensis Baer and Fain, 1958 are 

likely also synonyms.) 

Prevalence, mean intensity, range, and location:  1 of 3 Mic. salmoides (33.3, 2.0 ± --, 2) 

in NC (132). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Grass carp, Ctenopharyngodon idella, from Ogura Lake, Japan 

(Scholz, 1997). 

Other host reports: Adults were also recovered from Lepomis (Luth et al., 2016a,b,c). 

Remarks:  Bothriocephalus acheilognathi was not encountered frequently in the 

sampling, but was recovered from hosts collected across the entire sampled range. Interestingly, 

the cestode, Pr. ambloplitis, i.e., the bass tapeworm, co-occurred with B. acheilognathi in 21/29 
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(72.4%) bodies of water from which the latter was recovered; of these, 19/21 (90.5%) were 

infected with both B. acheilognathi and Pr. ambloplitis. In all, 28/41 hosts (68.3%) from these 

ponds harboring B. acheilognathi were simultaneously infected by Pr. ambloplitis. These findings 

indicate the suitability of these common, and widely distributed centrarchid species for harboring 

the invasive/alien Asian tapeworm.  

Pseudophyllidea: Haplobothriidae 

Haplobothrium globuliformae Cooper, 1914 

Prevalence, mean intensity, range, and location:  1 of 1 Mic. salmoides (100.0, 1.0 ± --, 

1) in NC (135).  

Site of infection:  Adults in the intestines. 

Type host and locality:  Bowfin, Amia calva, possibly from Georgian Bay (Lake Huron, 

Ontario, Canada). 

Other host reports: Adults were also recovered from Lepomis macrochirus (Luth et al., 

2016a). 

Proteocephalidea: Proteocephalidae 

Proteocephalus ambloplitis (Leidy, 1887) Benedict, 1900 

(Syn. Taenia ambloplitis Leidy, 1887; Taenia micropteri Leidy, 1887.) 

Prevalence, mean intensity, range, and location:  3 of 8 Mic. dolomieu (37.5, 2.0 ± 0.6, 

1-3) in SD (181), and 1 of 7 (14.3, 2.0 ± --, 2) in SD (182); 2 of 2 Mic. salmoides (100.0, 27.0 ± 

5.0, 22-32) in AR (10), 1 of 1 (100.0, 1.0 ± --, 1) in AR (12), 1 of 1 (100.0, 46.0 ± --, 46) in AR 

(13), 1 of 1 (100.0, 2.0 ± --, 2) in AR (14), 1 of 1 (100.0, 4.0 ± --, 4) in CO (19), 2 of 2 (100.0, 6.5 

± 2.5, 4-9) in IL (34), 2 of 3 (66.7, 7.5 ± 2.5, 5-10) in IL (39), 2 of 4 (75.0, 24.5 ± 7.5, 17-32) in 

IL (43), 1 of 1 (100.0, 45.0 ± --, 45) in IL (44), 1 of 1 (100.0, 17.0 ± --, 17) in IL (52), 5 of 5 

(100.0, 23.0 ± 9.5, 2-57) in IN (62), 1 of 2 (50.0, 8.0 ± --, 8) in KS (68), 6 of 6 (100.0, 26.7 ± 7.7, 

4-45) in KS (69), 1 of 1 (100.0, 21.0 ± --, 21) in MD (96), 3 of 4 (75.0, 14.3 ± 1.8, 11-17) in MI 

(105), 1 of 1 (100.0, 17.0 ± --, 17) in MO (111), 1 of 1 (100.0, 2.0 ± --, 2) in MS (119), 4 of 7 
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(57.1, 10.3 ± 4.2, 1-21) in NC (123), 1 of 1 (100.0, 9.0 ± --, 9) in NC (124), 4 of 5 (80.0, 5.3 ± 

2.4, 2-12) in NC (125), 1 of 1 (100.0, 3.0 ± --, 1) in NC (127), 18 of 18 (100.0, 27.6 ± 4.1, 4-55) 

in NC (131), 3 of 3 (100.0, 159.3 ± 34.3, 4-55) in NC (132), 1 of 1 (100.0, 11.0 ± --, 11) in NC 

(135), 1 of 4 (25.0, 4.0 ± --, 4) in NC (136), 2 of 3 (66.7, 1.0 ± 0.0, 1) in ND (139), 2 of 2 (100.0, 

15.0 ± 0.0, 15) in NE (142), 1 of 1 (100.0, 18.0 ± --, 18) in OH (148), 4 of 4 (100.0, 2.8 ± 0.5, 2-

4) in PA (171), 8 of 8 (100.0, 4.4. ± 1.3., 1-11) in PA (173), 1 of 1 (100.0, 3.0 ± --, 3) in SD 

(183), 1 of 1 (100.0, 6.0 ± --, 6) in SD (184), 1 of 1 (100.0, 15.0 ± --, 15) in TN (186), 1 of 1 

(100.0, 44.0 ± --, 44) in TX (197), 1 of 1 (100.0, 13.0 ± --, 13) in VA (208), 5 of 8 (62.5, 4.2 ± 

1.9, 1-11) in WV (212), 1 of 1 (100.0, 5.0 ± --, 5) in WV (215), 1 of 1 (100.0, 4.0 ± --, 4) in WV 

(220), 1 of 1 (100.0, 8.0 ± --, 8) in WV (223), and 1 of 1 (100.0, 11.0 ± --, 11) in WV (225). 

Site of infection:  Adults in the intestines; larvae (plerocercoids) in the visceral 

mesenteries, liver, and gonads. 

Type host and locality:  Largemouth bass, Mic. salmoides (= nigracans), from Lake 

George, New York, U.S.A. (Hunter, 1928). 

Other host reports: Adults, larvae, or both, were also recovered from A. rupestris (Luth et 

al., 2016c), Pomoxis spp. (Luth et al., 2016c), and Lepomis spp. (Luth et al., 2016a,b,c). 

Remarks:  Adults were only recovered from Mic. salmoides from Bass Lake, Ohio, 

U.S.A. 

Trematoda 

Digenea: Azygiidae 

Azygia angusticauda (Stafford, 1904) Manter, 1926 

(Syn. Mimodistomum angusticaudum Stafford, 1904; Azygia loossi Marshall and Gilbert, 1905; 

Ptychogonimus fontanus (Lyster, 1939) Gibson, 1996.) 

Prevalence, mean intensity, range, and location:  2 of 4 Mic. salmoides (50.0, 2.5 ± 1.5, 

1-4) in MI (105). 

Site of infection:  Adults in the intestines. 
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Type host and locality:  Burbot, Lota maculosa (= Lota lota), and walleye, Stizostedion 

vitreum (= Sander vitreus), as Mim. angusticaudum from markets in Montreal, Canada (Stafford, 

1904). 

Other host reports: Adults were also recovered from A. rupestris (Luth et al., 2016c) and 

Lepomis spp. (Luth et al., 2016a,c). 

Digenea: Plagiorchiida: Clinostomidae 

Clinostomum marginatum Rudolphi, 1819 

(Syn. Clinostomum complanatum Rudolphi, 1819.) 

Prevalence, mean intensity, range, and location:  1 of 3 Mic. salmoides (33.3) in IL (39), 

1 of 1 (14.3) in TN (192), and 1 of 4 (25.0) in WY (228). 

Site of infection:  Larvae (metacercariae) were encysted in the fins, subcutaneously and, 

more rarely, in the musculature of hosts. 

Type host and locality:  N/A. 

Other host reports: Larvae were also recovered from Lepomis spp. (Luth et al., 2016a,b). 

Remarks:  Only presence/absence data were collected for Cl. marginatum in this study. 

There is debate on the validity of Cl. marginatum as being distinct from Cl. complanatum with 

Braun (1901) distinguishing the 2 based on geographic distribution, i.e., Cl. marginatum being 

the “American type” and Cl. complanatum being the “European type”. Caffara et al. (2011) 

showed morphological and molecular support for this distinction as well. Thus, “yellow grub” is 

here assigned to Cl. marginatum. 

Digenea: Paramphistomatidae 

Pisciamphistoma stunkardi Holl, 1929 

(Syn. Paramphistomum stunkardi.) 

Prevalence, mean intensity, range, and location:   1 of 1 Mic. salmoides (100.0, 1.0 ± --, 

1) in MO (111), 1 of 7 (14.3, 1.0 ± --, 1) in NC (123), 6 of 18 (33.3, 2.2 ± 0.4, 1-3) in NC (131), 

and 2 of 3 (66.7, 2.5 ± 1.5, 1-4) in NC (132). 
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Site of infection:  Adults in the intestines. 

Type host and locality:  Pumpkinseed, Eupomotis (=Lepomis) gibbosus, and warmouth 

bass, Chaenobryttus (=Lepomis) gulosus, from the Eno River, near Durham, North Carolina, 

U.S.A. (Holl, 1929). 

Other host reports: Adults were also recovered from Lepomis spp. (Luth et al., 

2016a,b,c). 

Digenea: Strigeidida: Diplostomidae 

Posthodiplostomum minimum (MacCallum, 1921) Dubois, 1936 

(Syn. possibly Diplostomum cuticola [Cooper, 1915] according to Hunter and Hunter [1940]; 

Diplostomum vancleavei [Agersborg, 1926]; Neascus vancleavei [Hughes, 1928]; Diplostomum 

minimum MacCallum [Hunter and Hunter, 1940].) 

Prevalence, mean intensity, range, and location:  2 of 8 Mic. dolomieu (75.0, 2.0 ± --, 1-

3) in SD (181), 2 of 7 (28.6.0, 21.0 ± 11.0, 10-32) in SD (182), and 4 of 4 (100.0, 149.3 ± 21.0, 

103-200) in WY (229); 2 of 2 Mic. salmoides (100.0, 4.5 ± 3.5, 1-8) in AR (10), 1 of 1 (100.0, 1.0 

± --, 1) in AR (12), 1 of 1 (100.0, 3.0 ± --, 3) in AR (13), 1 of 1 (100.0, 6.0 ± --, 6) in AR (14), 1 

of 1 (100.0, 1.0 ± --, 1) in AR (16), 1 of 1 (100.0, 200.0 ± --, 200) in CO (19), 1 of 2 (50.0, 4.0 ± -

-, 4) in IL (34), 3 of 3 (100.0, 70.7 ± 21.3, 28-92) in IL (39), 4 of 4 (100.0, 101.3 ± 36.4, 45-200) 

in IL (43), 1 of 1 (100.0, 40.0 ± --, 40) in IL (44), 1 of 1 (100.0, 200.0 ± --, 200) in IL (52), 4 of 4 

(100.0, 77.0 ± 17.2, 56-128) in IN (54), 5 of 5 (100.0, 65.0 ± 8.5, 34-80) in IN (62), 1 of 1 (100.0, 

75.0 ± --, 75) in MI (101), 2 of 4 (50.0, 2.0 ± 0.0, 2) in MI (105), 1 of 1 (100.0, 200.0 ± --, 200) in 

MO (111), 11 of 11 (100.0, 43.3 ± 12.2, 5-154) in NC (121), 4 of 7 (57.1, 17.5 ± 13.2, 1-57) in 

NC (123), 1 of 1 (100.0, 16.0 ± --, 16) in NC (124), 5 of 5 (100.0, 2.4 ± 0.4, 2-4) in NC (125), 1 

of 1 (100.0, 52.0 ± --, 52) in NC (127), 17 of 18 (94.4, 22.3 ± 4.8, 2-80) in NC (131), 3 of 3 

(100.0, 26.0 ± 15.0, 1-53) in NC (132), 1 of 1 (100.0, 3.0 ± --, 3) in (135), 4 of 4 (100.0, 10.0 ± 

6.4, 1-29) in NC (136), 1 of 3 (33.3, 1.0 ± --, 1) in ND (139), 4 of 4 (100.0, 36.8 ± 21.2, 12-100) 

in PA (171), 8 of 8 (100.0, 82.5 ± 15.5, 20-137) in PA (173), 1 of 1 (100.0, 5.0 ± --, 5) in PA 
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(174), 1 of 1 (100.0, 31.0 ± --, 31) in SD (183), 1 of 1 (100.0, 7.0 ± --, 7) in SD (184), 2 of 2 

(100.0, 16.0 ± 10.0, 6-26) in SD (185), 1 of 1 (100.0, 188.0 ± --, 188) in TN (186), 1 of 1 (100.0, 

41.0 ± --, 41) in TN (192), 1 of 1 (100.0, 8.0 ± --, 8) in TX (197), 2 of 11 (18.2, 1.0 ± 0.0, 1) in 

VA (206), 1 of 1 (100.0, 5.0 ± --, 5) in VA (208), 8 of 8 (100.0, 40.3 ± 13.8, 2-114) in WV (212), 

1 of 2 (50.0, 96.0 ± --, 96) in WV (213), 7 of 7 (100.0, 15.3 ± 3.9, 2-32) in WV (214), 1 of 1 

(100.0, 59.0 ± --, 59) in WV (215), 1 of 1 (100.0, 2.0 ± --, 2) in WV (223), 1 of 1 (100.0, 70.0 ± --

, 70) in WV (225), and 1of 4 (25.0, 1.0 ± --, 1) in WY (228). 

Site of infection:  Larvae (metacercariae) encysted in numerous tissues, e.g., liver, 

gonads, heart, visceral mesenteries, and throughout the abdominal cavities of hosts.   

Type host and locality:  Metacercaria: Hunter and Hunter (1940) suggest that the type 

host for N. vancleavei is the bluntnose minnow, Hyborhynchus notatus, from Urbana, Illinois, 

U.S.A.; these authors also suggest that what Cooper (1915) called D. cuticola may be Pos. 

minimum from the minnow, Notropis atherinoides, the red-fin minnow, Notropis cornutus, and 

pumpkinseed, L. gibbosus from Go-Home Bay, Ontario, Canada, and the creek chub, Semotilus 

atromaculatus, from Toronto, Canada. Hunter and Hunter (1940) suggest earlier accounts of Pos. 

minimum exist, but do not provide specific references to verify type host and locality from these 

resources. Adult: Great blue heron, Ardea herodias, from Zoological Park, New York, U.S.A. 

(MacCallum, 1921). 

Other host reports:  Larvae were also recovered from A. rupestris (Luth et al., 2016c), 

Pomoxis spp. (Luth et al., 2016c), and Lepomis spp. (Luth et al., 2016a,b,c). 

Remarks:  According to Hoffman (1958, 1999), and numerous other authorities, e.g., 

Allison and McGraw (1967), Aliff et al. (1977), Pos. minimum is actually a complex of 2, or 

more, subspecies, i.e., Posthodiplostomum minimum centrarchi infecting centrarchid fish and 

Posthodiplostomum minimum minimum infecting cyprinid fish. Infection intensities of Pos. 

minimum (likely Pos. m. centrarchi) in the current survey ranged greatly from 1 host to another, 

from a single metacercaria in some, to greater than 600 metacercariae in others. 
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Digenea: Strigeidida: Diplostomatidae 

Uvulifer ambloplites (Hughes, 1927) Dubois, 1938 

(Syn. Neascus wardi; Uvulifer claviformis; Uvulifer magnibursiger Dubois, 1968.) 

Prevalence, mean intensity, range, and location:  1 of 1 Mic. salmoides (100.0) in SD 

(183). 

Site of infection:  Larvae (metacercariae) in the fins, subcutaneous flesh and, more rarely, 

deeper musculature of hosts. 

Type host and locality:  Rock bass, A. rupestris, from Douglas Lake, Michigan, U.S.A. 

(Hughes, 1927). 

Other host reports:  Larvae were also recovered from Lepomis spp. (Luth et al., 

2016a,b,c). 

Remarks:  Only presence/absence data were collected for U. ambloplites in this study. 

Nematoda 

Spirurida: Camallanoidea: Camallanidae 

Camallanus oxycephalus Ward and Magath, 1916 

Prevalence, mean intensity, range, and location:  2 of 8 Mic. dolomieu (25.0, 1.0 ± 0.0, 

1) in SD (181), 2 of 7 (28.6, 2.0 ± 1.0, 1) in SD (182), and 1 of 4 (25.0, 1.0 ± --, 1) in WY (229); 

1 of 2 Mic. salmoides (50.0, 5.0 ± --, 5) in AR (10), 1 of 1 (100.0, 3.0 ± --, 3) in AR (13), 1 of 1 

(100.0, 13.0 ± --, 13) in AR (14), 1 of 1 (25.0, 1.0 ± --, 1) in IN (54), 1 of 1 (100.0, 2.0 ± --, 2) in 

MS (119), 2 of 11 (18.2, 2.0 ± 1.0, 1-3) in NC (121), 2 of 7 (28.6, 1.5 ± 0.5, 1-2) in NC (123), 2 

of 5 (40.0, 1.0 ± 0.0, 1) in NC (125), 4 of 4 (100.0, 8.3 ± 1.4, 5-11) in NC (136), 2 of 3 (66.7, 3.5 

± 1.5, 2-5) in ND (139), 5 of 8 (62.5, 4.4 ± 2.0, 1-12) in PA (173), 1 of 1 (100.0, 8.0 ± --, 8) in SD 

(183), 1 of 1 (100.0, 2.0 ± --, 2) in TN (192), and 1 of 1 (100.0, 2.0 ± --, 2) in VA (208). 

Site of infection:  Adults (and potentially juveniles) in the intestines of hosts. 

Type host and locality:  White bass, Morone chrysops, and black crappie, Pomoxis 

nigromaculatus from Fairport, Iowa, U.S.A. (Ward and Magath, 1916). 
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Other host reports:  Camallanus oxycephalus was also recovered from A. rupestris (Luth 

et al., 2016c), Pomoxis (Luth et al., 2016c), and Lepomis spp. (Luth et al., 2016a,b,c). 

Remarks:  In the majority of cases, worms were found in the posterior portion of the host 

intestine, with the worms’ anterior end attached to the intestinal lining, and their posterior end 

extending out of the host through the anus. Most worms appeared to be adults, based on location 

in the GI tract and size (qualitative assessment; no measurements were obtained); however, some 

shorter forms of these worms (likely juveniles) were encountered on occasion. 

Adenophorea: Trichinelloidea 

Capillaria catenata Van Cleave and Mueller, 1932 

(Syn. Echinocoleus catenata [Van Cleave and Mueller, 1932] López-Neyra, 1947; Thomnix 

catenata [Van Cleave and Mueller, 1932] Skrjabin and Schikhobalova, 1954.) 

Prevalence, mean intensity, range, and location:  3 of 3 Mic. salmoides (100.0, 11.7 ± 

0.9, 10-13) in ND (139). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Pumpkinseed, L. gibbosus, from Oneida Lake, New York, U.S.A. 

(Bell and Beverley-Burton, 1981). 

Other host reports:  Capillaria catenata was also recovered from Lepomis spp. (Luth et 

al., 2016a,b,c). 

Ascaridida: Anisakidae 

Contracaecum spiculigerum (Rudolphi, 1809) 

(Syn. Ascaris spiculigera, Ascaris variegata, Ascaris mergorum, Ascaris colyborum, Ascaris 

siluri, Contracaecum siluri, Contracaecum trukestanicum, Contracaecum umiu Yamaguti, 1941, 

and Contracaecum himeu Yamaguti, 1941 [McDonald, 1969].) 

Prevalence, mean intensity, range, and location:  5 of 8 Mic. dolomieu (62.5) in SD 

(181), 5 of 7 (71.4) in SD (182); 1 of 1 Mic. salmoides (100.0) in AR (14), 1 of 1 (100.0) in CO 

(19), 3 of 4 (75.0) in IL (43), 1 of 1 (100.0) in IL (52), 1 of 1 (100.0) in MD (96), 1 of 11 (9.1) in 
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NC (121), 1 of 1 (100.0) in NC (127), 1 of 1 (100.0) in NC (135), 2 of 8 (25.0) in PA (173), 2 of 

2 (100.0) in SD (185), 1 of 1 (100.0) in VA (200), 1 of 1 (100.0) in VA (208), 6 of 8 (75.0) in 

WV (212), 1 of 2 (50.0) in WV (213), 7 of 7 (100.0) in WV (214), and 2 of 4 (50.0) in WY (228). 

Site of infection:  Larvae (juveniles) in the subcutaneous musculature and, more rarely, 

inside the body cavity in the mesenteries surrounding the intestines. 

Type host and locality:  N/A. 

Other host reports:  Contracaecum spiculigerum was also recovered from Lepomis spp. 

(Luth et al., 2016a,b,c). 

Remarks:  Only presence/absence data were collected for Con. spiculigerum in this study. 

Spirurida: Habronematoidea: Cystidicolidae 

Spinitectus spp.  

(Spinitectus carolini Holl, 1928; Spinitectus gracilis Ward and Magath, 1917; and/or 

Spinitectus micracanthus Christian, 1972) 

Prevalence, mean intensity, range, and location:  1 of 8 Mic. dolomieu (12.5, 1.0 ± --, 1) 

in SD (181), and 1 of 7 (14.3, 1.0 ± --, 1) in SD (182); 2 of 2 Mic. salmoides (100.0, 12.0 ± 5.0, 7-

17) in AR (10), 1 of 1 (100.0, 1.0 ± --, 1) in AR (13), 2 of 2 (100.0, 1.0 ± 0.0, 1) in IL (34), 2 of 3 

(66.7, 3.5 ± 1.5, 2-5) in IL (39), 2 of 4 (50.0, 1.5 ± 0.5, 1-2) in IL (43), 1 of 1 (100.0, 40.0 ± --, 

40) in IL (44), 1 of 5 (20.0, 1.0 ± --, 1) in IN (62), 2 of 4 (50.0, 2.5 ± 0.5, 2-3) in MI (105), 1 of 1 

(100.0, 10.0 ± --, 10) in MO (111), 1 of 1 (100.0, 15.0 ± --, 15) in MS (119), 2 of 5 (60.0, 11.5 ± 

8.5, 3-20) in NC (125), 2 of 18 (11.1, 1.0 ± 0.0, 1) in NC (131), 1 of 3 (33.3, 2.0 ± --, 2) in NC 

(132), 1 of 4 (25.0, 1.0 ± --, 1) in NC (136), 1 of 5 (20.0, 1.0 ± --, 1) in ND (139), 1 of 8 (12.5, 1.0 

± --, 1) in PA (173), 1 of 1 (100.0, 8.0 ± --, 8) in TN (192), 2 of 8 (25.0, 1.5 ± 0.5, 1-2) in WV 

(212), 1 of 2 (50.0, 1.0 ± --, 1) in WV (213), and 3 of 7 (42.9, 3.0 ± 1.5, 1-6) in WV (214). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Spinitectus carolini: pumpkinseed, L. gibbosus, and warmouth, 

Ch. (=L.) gulosus, near Durham, North Carolina, U.S.A.; S. gracilis: Holl (1928) states that S. 
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gracilis was recovered from “fresh-water fishes” collected near Fairport, Iowa, U.S.A. by Ward 

and Magath (1916); S. micracanthus: bluegill sunfish, L. macrochirus, from a pond in Ohio 

[Christian, 1972].) 

Other host reports:  These nematodes were also recovered from A. rupestris (Luth et al., 

2016c), Pom. nigromaculatus (Luth et al., 2016c), and Lepomis spp. (Luth et al., 2016a,b,c). 

Remarks:  All 3 of the commonly encountered Spinitectus spp. infecting centrarchids, 

i.e., S. carolini, S. gracilis, and S. micracanthus, were encountered in the current survey, but were 

grouped here (see the Materials and Methods in Luth et al. [2016a]). 

Unknown Nematode 2 

Prevalence, mean intensity, range, and location:  1 of 4 Mic. dolomieu (25.0) in ND 

(140); 1 of 1 Mic. salmoides (100.0) in AR (13), 1 of 1 (100.0) in IL (52), 3 of 4 (75.0) in NC 

(136), 1 of 1 (25.0) in WV (226), and 1 of 4 (25.0) in WY (228). 

Site of infection:  Larvae encysted in visceral mesenteries in the abdominal cavities of 

hosts. 

Type host and locality:  N/A. 

Other host reports:  Unknown Nematode 2 was also recovered from Lepomis spp. (Luth 

et al., 2016a,b,c). 

Remarks:  These nematodes were quite small and were found encysted in the visceral mesenteries 

in cysts containing numerous, typically from 1 – 10, and rarely as many as 40 (or more), larvae in 

a single cyst. Due to the abundance of these nematodes within these cysts, the worms in only a 

few were quantified, and only presence/absence data are presented in this survey. 
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DISCUSSION 

  

A total of 15 different endohelminths was recovered in the current study, representing at least 14 

genera, and at least 15 different species. Specifically, 2 acanthocephalan species/genera, 3 cestode 

species/genera, 5 trematode species/genera, and at least 5 nematode species/genera were 

observed. As a point of comparison, Hoffman (1999) reported 7 acanthocephalan genera, 11 

cestode genera, 24 trematode genera, and 13 nematode genera from largemouth bass, and 6 

acanthocephalan genera, 4 cestode genera, 29 trematode genera, and 11 nematode genera from 

smallmouth bass from all of North America. None of the endohelminths encountered in the 

current survey were observed exclusively in smallmouth bass; however, a number of 

endohelminths recovered from largemouth bass, were not observed in smallmouth bass.  

A smaller proportion of reported genera were recovered in these hosts than in bluegills 

(Luth et al., 2016a) or green sunfish (Luth et al., 2016b) from across the same portion of the U.S.; 

however, there are a number of potential explanations for this finding. First, the bass sample size 

in the current survey (N = 185) was smaller than that of either bluegills (N = 1,377) or green 

sunfish (N = 423) in the previous surveys (Luth et al., 2016a and 2016b, respectively). Indeed, 

Luth et al. (2016d) provides evidence for high levels of endohelminth diversity in largemouth 

bass, meaning a larger sample size may be required to recover the majority of endohelminths 

infecting these hosts. Second, the helminths of green sunfish have not been explored to nearly the 

extent as those of bluegills or the basses. The relative lack of literature on the helminths of green 

sunfish may artificially deflate the number of endohelminths infecting these hosts as reported in 

sources like Hoffman (1999).  

 The present survey admittedly offers only a snapshot of the distribution of these hosts, 

their parasites, and the patterns of infection by these endohelminths within these hosts, across a 

large portion of the U.S. Even so, a wealth of preliminary data are now available, thus expanding 

our knowledge of these hosts and their endohelminths to numerous bodies of water not previously 
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appearing in parasitological literature. Undoubtedly, these data provide a foundation on which 

might be built future, more in-depth, large-scale considerations of the patterns of infection by 

endohelminths in these hosts. 
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ABSTRACT 

 

There is great heterogeneity in the extent to which the endohelminth communities of the 

fishes in Centrarchidae have been explored. For a handful of the species in this family, e.g., 

bluegills (Lepomis macrochirus), green sunfish (Lepomis cyanellus), and largemouth bass 

(Micropterus salmoides), a rather extensive amount of information exists. Relatively little is 

known about the endohelminths of many of the other fishes in this family, e.g., redbreast sunfish 

(Lepomis auritus), pumpkinseed sunfish (Lepomis gibbosus), longear sunfish (Lepomis 

megalotis), redear sunfish (Lepomis microlophus), black and white crappie (Pomoxis 

nigromaculatus and Pomoxis annularis, respectively), and rock bass (Ambloplites rupestris). In 

the present survey, at least 22 endohelminth species were observed from 363 hosts of mixed 

species from 109 bodies of freshwater, distributed across a large portion of the U.S. Four 

acanthocephalan species, 2 cestode species, at least 9 trematode species, and at least 7 trematode 

species were encountered. Included among these were Leptorhynchoides thecatus, 

Neoechinorhynchus cylindratus, Pomphorhynchus bulbocolli, Bothriocephalus acheilognathi, 

Proteocephalus ambloplitis, Azygia angusticauda, Pisciamphistoma stunkardi, 

Posthodiplostomum minimum, Camallanus oxycephalus, Contracaecum spiculigerum, and 

Spinitectus spp., as well as other. This survey provides a unique and current snapshot of the 

distribution of a number of hosts, their endohelminths, and the host- and lake-specific infection 

patterns on a large, temporally constrained (summers; 2011-2013) scale.  

KEY WORDS:  endohelminths, large-scale, redbreast sunfish, Lepomis auritus, pumpkinseed 

sunfish, Lepomis gibbosus, longear sunfish, Lepomis megalotis, redear sunfish, Lepomis 

microlophus, lepomid hybrids, black crappie, Pomoxis nigromaculatus, white crappie, Pomoxis 

annularis, rock bass, Ambloplites rupestris, Leptorhynchoides thecatus, Neoechinorhynchus 

cylindratus, Pomphorhynchus bulbocolli, Bothriocephalus acheilognathi, Proteocephalus 
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ambloplitis, Azygia angusticauda, Pisciamphistoma stunkardi, Posthodiplostomum minimum, 

Camallanus oxycephalus, Contracaecum spiculigerum, and Spinitectus spp. 
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INTRODUCTION 

 

Centrarchid fishes are common inhabitants of bodies of freshwater across the U.S. Their 

ubiquitous distributions in this region of the world provides a unique opportunity to study the 

endohelminths infecting these fishes. The parasite loads of some of the fishes in this family, e.g., 

bluegills (Lepomis macrochirus) (Fisher and Kelso, 1990; Wilson and Camp, 2003; Fellis and 

Esch, 2004; Fellis and Esch, 2005; Luth et al., 2016a,d), green sunfish (Lepomis cyanellus) (Fellis 

and Esch, 2004; Luth et al., 2016b,d), largemouth bass (Micropterus salmoides) (Eure, 1976a,b; 

Fisher and Kelso, 1990; Luth et al., 2016c,d), have been explored more thoroughly than others. 

 The current survey provides prevalence, intensity, and range data for at least 22 different 

endohelminth species recovered from a number of the fishes in this family for which generally 

less helminthological data are available. Among the host species considered here are redbreast 

sunfish, Lepomis auritus; pumpkinseed sunfish (Lepomis gibbosus), longear sunfish (Lepomis 

megalotis), redear sunfish (Lepomis microlophus), a number of lepomid hybrids, black and white 

crappie (Pomoxis nigromaculatus and Pomoxis annularis, respectively), and a small number of 

rock bass (Ambloplites rupestris). Although several studies exist addressing the helminths of 

these hosts from 1 or a few bodies of water (see Hoffman, 1999), the current survey provides a 

first-look at the distribution of these hosts, their endohelminths, and the lake- and host-specific 

endohelminth infection patterns of these helminths, on a nearly countrywide, temporally 

constrained (summers, 2011-2013) scale. 
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MATERIALS AND METHODS 

See Luth et al. (2016a). 

 

RESULTS 

 

A total of 363 fishes from 3 genera in Centrarchidae were necropsied, comprising 14 

different species or hybrids, from 109 bodies of water. The sample consisted of 7 species of 

“sunfish,” L. auritus (N = 40), L. gibbosus (N = 43), Lepomis gulosus (N = 10), Lepomis humilis 

(N = 11), Lepomis marginatus (N = 4), L. megalotis (N = 127), L. microlophus (N = 68), 4 

Lepomis spp. hybrids, L. cyanellus x L. gibbosus (N = 2), L. cyanellus x L. macrochirus (N = 20), 

L. cyanellus x L. microlophus (N = 1), and L. gibbosus x L. macrochirus (N = 1), 2 species of 

crappie, Pom. annularis (N = 7) and Pom. nigromaculatus (N = 18), and rock bass, A. rupestris 

(N = 11).  In all, 93.7% (340/363) of hosts were infected with at least 1 parasite species.  A total 

of 6.3% (8/127) L. megalotis, 42.9% (3/7) Pom. annularis, and 66.7% (12/18) Pom. 

nigromaculatus were not infected. Remaining hosts contained from 1 to 8 different endohelminth 

species per host individual.  

 A total of at least 22 endohelminth species was recovered from these hosts: 4 species of 

Acanthocephala, Leptorhynchoides thecatus (Linton, 1891), Neoechinorhynchus cylindratus (Van 

Cleave, 1913), Pilum pilum (Williams, 1976), and Pomphorhynchus bulbocolli (Van Cleave, 

1919); 2 species of Cestoda, Bothriocephalus acheilognathi (Yamaguti, 1934) and 

Proteocephalus ambloplitis (Leidy, 1887); at least 9 species of Trematoda, Azygia angusticauda 

(Stafford, 1904), Caecincola parvulus (Marshall and Gilbert, 1905), Crepidostomum spp., 

Cryptogonimus chili (Osborn, 1930), Homalometron armatum (MacCallum, 1895), 

Pisciamphistoma stunkardi (Holl, 1929), Posthodiplostomum minimum (MacCallum, 1921), 

Proterometra macrostoma (Horsfall, 1934), and Uvulifer ambloplites (Hughes, 1927); and at least 

7 species of Nematoda, Camallanus oxycephalus (Ward and Magath, 1917), Capillaria catenata 
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(Van Cleave and Mueller, 1932), Contracaecum spiculigerum (Rudolphi, 1809), 

Hysterothylacium brachyurum (Ward and Magath, 1917), Spinitectus spp., Unknown 1, and 

Unknown 2. 

Acanthocephala 

Echinorhynchida: Rhadinorhynchidae 

Leptorhynchoides thecatus (Linton, 1891) Kostylew, 1924 

(Syn. Echinorhynchus thecatus Linton, 1891; Echinorhynchus oricola Linstow, 1901.) 

Prevalence, mean intensity, range, and location:  1 of 1 A. rupestris (100.0, 7.0 ± --, 7) in 

MN (109), and 3 of 3 (100.0, 8.7 ± 3.8, 3-16) in WI (211); 1 of 3 L. gibbosus (33.3, 4.0 ± --, 4) in 

OH (157), and 1 of 2 (50.0, 1.0 ± --, 1) in WI (211); 1 of 1 L. humilis (100.0, 18.0 ± --, 18) in LA 

(86), 3 of 3 (100.0, 7.7 ± 2.3, 3-10) in MN (109), and 1 of 1 (100.0, 3.0 ± --, 3) in MN (110); 1 of 

5 L. megalotis (20.0, 1.0 ± --, 1) in AR (13), 2 of 4 (50.0, 1.0 ± 0.0, 1) in AR (14), 7 of 7 (100.0, 

45.9 ± 15.9, 17-133) in AR (15), 4 of 5 (80.0, 2.0 ± 0.4, 1-3) in IN (61), 4 of 4 (100.0, 3.0 ± 1.1, 

1-6) in LA (85), 2 of 3 (66.7, 2.0 ± 0.0, 2) in LA (86), 1 of 1 (100.0, 62.0 ± --, 62) in LA (88), and 

3 of 7 (42.9, 2.33 ± 0.9, 1-4) in OH (148); 1 of 1 L. microlophus (100.0, 1.0 ± --, 1) in LA (82), 7 

of 7 (100.0, 37.0 ± 11.6, 12-84) in LA (88), 1 of 1 (100.0, 8.0 ± --, 8) in MD (89), 6 of 6 (100.0, 

6.2 ± 3.4, 1-23) in MN (109), and 1 of 1 (100.0, 2.0 ± --, 2) in MN (110); and 4 of 4 Hybrid (L. 

cyanellus x L. macrochirus) (100.0, 22.8 ± 4.1, 13-32) in MN (106), and 1 of 1 (100.0, 4.0 ± --, 4) 

in MO (113). 

Site of infection:  Adults in cecae and intestines; larvae in the visceral mesenteries and 

liver.   

Type host and locality: White perch, Morone americanus, from a New York market; the 

type location from which fish hosts were recovered is unknown (Steinauer and Nickol, 2015). 

Other host reports: Adults, larvae, or both, were also recovered from largemouth bass, 

Mic. salmoides (Luth et al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 
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Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae. 

Neoechinorhynchida: Neoechinorhynchidae 

Neoechinorhynchus cylindratus (Van Cleave, 1913) Van Cleave, 1919 

Prevalence, mean intensity, range, and location:  1 of 1 A. rupestris (100.0, 2.0 ± --, 2) in 

MN (109) and 1 of 3 (33.3, 1.0 ± --, 1) in WI (211); 1 of 2 L. auritus (50.0, 1.0 ± --, 1) in GA 

(23), 4 of 4 (100.0, 5.0 ± 1.1, 2-7) in NC (136), and 2 of 3 (66.7, 2.0 ± 1.0, 1-3) in NC (137); 1 of 

2 L. gibbosus (50.0, 12.0 ± --, 12) in WI (211); 1 of 1 L. gulosus (100.0, 3.0 ± --, 3) in IN (60), 2 

of 3 (66.7, 2.5 ± 0.5, 2-3) in IN (64), and 1 of 1 (100.0, 2.0 ± --, 2) in KY (76); 2 of 3 L. humilis 

(66.7, 1.0 ± 0.0, 1) in MN (109), 1 of 2 (50.0, 1.0 ± --, 1) in MS (118), and 1 of 2 (50.0, 1.0 ± --, 

1) in OK (164); 1 of 2 L. marginatus (50.0, 2.0 ± --, 2) in AL (3); 2 of 5 L. megalotis (40.0, 2.5 ± 

1.5, 1-4) in AR (13), 2 of 4 (50.0, 7.5 ± 0.5, 7-8) in AR (14), 1 of 7 (14.3, 2.0 ± --, 2) in AR (15), 

1 of 5 (20.0, 1.0 ± --, 1) in IN (61), 2 of 4 (50.0, 1.0 ± 0.0, 1) in LA (85), 2 of 4 (50.0, 2.5 ± 1.5, 

1-4) in MO (112), and 1 of 7 (14.3, 1.0 ± --, 1) in PA (169); 1 of 1 L. microlophus (100.0, 8.0 ± --

, 8) in IA (29), 1 of 1 (100.0, 13.0 ± --, 13) in KY (70), 1 of 3 (33.3, 1.0 ± --, 1) in KY (77), 6 of 7 

(85.7, 5.0 ± 1.4, 2-11) in LA (88), 1 of 1 (100.0, 13.0 ± --, 13) in MN (108), 4 of 6 (66.7, 4.5 ± 

1.7, 1-9) in MN (109), 1 of 1 (100.0, 1.0 ± --, 1) in NC (138), 1 of 1 (100.0, 3.0 ± --, 3) in OH 

(150), 1 of 1 (100.0, 6.0 ± --, 6) in SC (175), 2 of 2 (100.0, 9.0 ± 7.0, 2-16) in TN (192), and 1 of 

3 (33.3, 9.0 ± --, 9) in WV (217); 1 of 1 Hybrid (L. cyanellus x L. macrochirus) (100.0, 1.0 ± --, 

1) in IN (60), 2 of 4 (50.0, 2.0 ± 1.0, 1-3) in MN (106), 1 of 1 (100.0, 2.0 ± --, 2) in MO (113), 

and 1 of 1 (100.0, 1.0 ± --, 1) in SC (175); and 1 of 1 Pom. annularis (100.0, 6.0 ± --, 6) in WV 

(223). 

Site of infection: Adults in cecae and intestine of A. rupestris and Lepomis spp.; larvae in 

the visceral mesenteries and liver of Lepomis spp. and Pom. annularis.   

Type host and locality: Largemouth bass, Mic. salmoides, from Pelican Lake, MN, 

U.S.A. (Van Cleave, 1919). 
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Other host reports: Adults, larvae, or both, were also recovered from Mic. salmoides 

(Luth et al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  Abundance data for adults and larvae were combined in this survey, so 

intensity values reflect counts of combined adults and larvae. 

Echinorhynchida: Echinorhynchidae 

Pilum pilum Williams, 1976 

Prevalence, mean intensity, range, and location:  6 of 8 L. megalotis infected (75, 3.2 ± 

1.1, 1-7) at OK (167). 

Site of infection:  Adults in the intestines. 

Type host and locality: Warmouth, L. gulosus collected from an unnamed tributary of the 

Chattahoochee River near Huguley, Alabama, U.S.A. (Williams, 1976). 

Remarks: Pilum pilum was found exclusively in longear sunfish, from a single body of 

water (Webbers Falls Lake) in Muskogee County, Oklahoma. 

Echinorhynchida: Pomphorhynchidae 

Pomphorhynchus bulbocolli (Linkins) Van Cleave, 1919 

Prevalence, mean intensity, range, and location:  3 of 3 L. humilis (100.0, 2.0 ± 0.6, 1-3) 

in MN (109); 1 of 2 L. megalotis (50.0, 10.0 ± --, 10) in AR (11); 1 of 6 L. microlophus (16.7, 4.0 

± --, 4) in MN (109); 1 of 1 Hybrid (L. cyanellus x L. gibbosus) (100.0, 2.0 ± --, 2) in MI (102). 

Site of infection:  Adults in intestines. 

Type host and locality:  Black carp, Ictiobus urus, smallmouth buffalo, Ictiobus bubalus, 

European carp, Cyprinus carpio, brown bullhead, Ameiurus nebulostis, black bullhead, Ameiurus 

melas, black crappie, Pom. nigromaculatus, and white crappie, Pom. annularis; type locality not 

specified (Van Cleave, 1919). 

Other host reports: Adults were also recovered from L. macrochirus (Luth et al., 2016c). 

Cestoda 

Pseudophyllidea: Bothriocephalidae 
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Bothriocephalus acheilognathi Yamaguti, 1934 

(Syn. Bothriocephalus gowkongensis Yeh, 1955; Bothriocephalus opsariichthydis Yamaguti, 

1934; Bothriocephalus phoxini Molnár and Murai, 1973; Pool [1987] suggests Bothriocephalus 

aegyptiacus Rysavy and Moravec, 1975 and Bothriocephalus kivuensis Baer and Fain, 1958 are 

likely also synonyms.) 

Prevalence, mean intensity, range, and location:  1 of 1 L. humilis (100.0, 1.0 ± --, 1) in 

MN (110); 1 of 4 L. gibbosus (25.0, 1.0 ± --, 1) in PA (172); 1 of 2 L. microlophus (50.0, 3.0 ± --, 

3) in MD (95); 3 of 10 Hybrid (L. cyanellus x L. macrochirus) (30.0, 6.3 ± 5.3, 1-17) in WV 

(216); and 1 of 1 Hybrid (L. cyanellus x L. microlophus) (100.0, 4.0 ± --, 4) in WV (216). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Grass carp, Ctenopharyngodon idella, from Ogura Lake, Japan 

(Scholz, 1997). 

Other host reports: Adults were also recovered from Mic. salmoides (Luth et al., 2016c), 

and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  Bothriocephalus acheilognathi was not encountered frequently in the 

sampling, but was recovered from hosts collected across the entire sampled range. Interestingly, 

the cestode, Pr. ambloplitis, i.e., the bass tapeworm, co-occurred with B. acheilognathi in 21/29 

(72.4%) bodies of water from which the latter was recovered; of these, 19/21 (90.5%) were 

infected with both B. acheilognathi and Pr. ambloplitis. In all, 28/41 hosts (68.3%) from these 

ponds harboring B. acheilognathi were simultaneously infected by Pr. ambloplitis. These findings 

indicate the suitability of these common, and widely distributed centrarchid species for harboring 

the invasive/alien Asian tapeworm.  

Proteocephalidea: Proteocephalidae 

Proteocephalus ambloplitis (Leidy, 1887) Benedict, 1900 

(Syn. Taenia ambloplitis Leidy, 1887; Taenia micropteri Leidy, 1887.) 
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Prevalence, mean intensity, range, and location:  1 of 2 A. rupestris (50.0, 6.0 ± --, 6) in 

SD (184), and 3 of 3 (100.0, 7.7 ± 4.2, 3-16) in WI (211); 1 of 2 L. auritus (50.0, 2.0 ± --, 2) in 

GA (23), 6 of 11 (54.5, 2.8 ± 0.7, 2-6) in NC (125), 1 of 1 (100.0, 5.0 ± --, 5) in NC (126), and 2 

of 3 (66.7, 4.0 ± 0.0, 4) in NC (135); 3 of 3 L. gibbosus (100.0, 8.7 ± 4.8, 2-18) in MD (96), 1 of 

1 (100.0, 1.0 ± --, 1) in MI (102), 2 of 3 (66.7, 1.0 ± 0.0, 1) in OH (157), 1 of 1 (100.0, 6.0 ± --, 6) 

in PA (171), 1 of 1 (100.0, 1.0 ± --, 1) in PA (173), and 1 of 2 (50.0, 1.0 ± --, 1) in WI (211); 1 of 

1 L. gulosus (100.0, 2.0 ± --, 2) in IN (60), 1 of 2 (50.0, 5.0 ± --, 5) in IN (63), 3 of 3 (100.0, 5.3 ± 

0.9, 4-7) in IN (64), 1 of 1 (100.0, 4.0 ± --, 4) in IN (66), and 1 of 1 (100.0, 1.0 ± --, 1) in NC 

(134); 1 of 1 L. humilis (100.0, 1.0 ± --, 1) in LA (86), and 2 of 2 (100.0, 1.0 ± 0.0, 1) in OK 

(164); 1 of 1 L. megalotis (100.0, 9.0 ± --, 9) in AR (9) , 2 of 5 (40.0, 2.0 ± 1.0, 1-3) in AR (13), 2 

of 4 (50.0, 1.5 ± 0.5, 1-2) in AR (14), 2 of 7 (28.6, 1.5 ± 0.5, 1-2) in AR (15), 1 of 2 (50.0, 1.0 ± -

-, 1) in IL (48), 3 of 4 (75.0, 1.0 ± 0.0, 1) in KY (73), 1 of 5 (20.0, 1.0 ± --, 1) in KY (74), 1 of 1 

(100.0, 3.0 ± --, 3) in KY (75), 1 of 3 (33.3, 1.0 ± --, 1) in LA (86), 1 of 4 (25.0, 1.0 ± --, 1) in 

MO (112), 1 of 2 (50.0, 4.0 ± --, 4) in MO (114), 7 of 7 (100.0, 20.9 ± 8.8, 6-71) in OH (148), and 

2 of 3 (66.7, 3.0 ± 1.0, 2-4) in OK (166); 1 of 2 L. microlophus (50.0, 1.0 ± --, 1) in IL (45), 2 of 

6 (33.3, 1.0 ± 0.0, 1) in IN (63), 1 of 3 (33.3, 2.0 ± --, 2) in KY (77), 1 of 5 (20.0, 3.0 ± --, 3) in 

KY (79), 1 of 1 (100.0, 1.0 ± --, 1) in MD (89), 2 of 2 (100.0, 3.5 ± 1.5, 2-5) in MD (95), 1 of 6 

(16.7, 1.0 ± --, 1) in MN (109), 1 of 2 (50.0, 1.0 ± --, 1) in NC (134), and 1 of 3 (33.3, 3.0 ± --, 3) 

in WV (217); 1 of 1 Hybrid (L. cyanellus x L. gibbosus) (100.0, 3.0 ± --, 3) in MI (102), and 1 of 

1 (100.0, 8.0 ± --, 8) in OH (159); 1 of 1 Hybrid (L. cyanellus x L. macrochirus) (100.0, 1.0 ± --, 

1) in IN (57), 1 of 1 (100.0, 4.0 ± --, 4) in IN (60), 1 of 1 (100.0, 5.0 ± --, 5) in KS (68), 1 of 1 

(100.0, 2.0 ± --, 2) in MO (113), and 9 of 10 (90.0, 5.9 ± 0.8, 3-10) in WV (216); 1 of 1 Hybrid 

(L. cyanellus x L. microlophus) (100.0, 5.0 ± --, 5) in WV (216); 1 of 1 Pom. annularis (100.0, 

1.0 ± --, 1) in PA (171), and 1 of 1 (100.0, 2.0 ± --, 2) in WV (223); and 1 of 7 P. nigromaculatus 

(14.3, 1.0 ± --, 1) in WY (231). 

Site of infection:  Larvae (plerocercoids) in the visceral mesenteries, liver, and gonads. 
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Type host and locality:  Largemouth bass, Mic. salmoides (= nigracans), from Lake 

George, New York, U.S.A. (Hunter, 1928). 

Other host reports: Adults, larvae, or both, were also recovered from Micropterus spp. 

(Luth et al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  Adults were only recovered from Mic. salmoides from Bass Lake, Ohio, 

U.S.A. 

Trematoda 

Digenea: Azygiidae 

Azygia angusticauda (Stafford, 1904) Manter, 1926 

(Syn. Mimodistomum angusticaudum Stafford, 1904; Azygia loossi Marshall and Gilbert, 1905; 

Ptychogonimus fontanus (Lyster, 1939) Gibson, 1996.) 

Prevalence, mean intensity, range, and location:  1 of 3 A. rupestris (33.3, 3.0 ± 0.0, 3) in 

WI (211); 1 of 1 L. humilis (100.0, 1.0 ± --, 1) in MN (110); and 4 of 6 L. microlophus (66.7, 3.0 

± 2.0, 1 – 9) in MN (109). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Burbot, Lota maculosa (= Lota lota), and walleye, Stizostedion 

vitreum (= Sander vitreus), as Mim. angusticaudum from markets in Montreal, Canada (Stafford, 

1904). 

Other host reports: Adults were also recovered from Mic. salmoides (Luth et al., 2016c) 

and L. macrochirus (Luth et al., 2016a). 

Digenea: Cryptogonimidae 

Caecincola parvulus Marshall and Gilbert, 1905 

Prevalence, mean intensity, range, and location: 2 of 3 A. rupestris (66.7, 1.0 ± 0.0, 1) in 

WI (211). 

Site of infection:  Adults in the stomach and cecae. 
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Type host and locality:  Largemouth, Mic. salmoides from Lakes Mendota, Monona, 

Wingra, and Round Lake, Wisconsin, U.S.A. (Marshall and Gilbert, 1905). 

Other host reports: Adults were also recovered from other species of Lepomis (Luth et 

al., 2016a,b). 

Digenea: Allocreadidae 

Crepidostomum spp.  

(Crepidostomum cooperi Hopkins, 1931 and/or Crepidostomum cornutum (Osborn, 1903) 

Stafford, 1904) 

(Syn. of Cr. cooperi: Crepidostomum amblopitis, Crepidostomum fausti, and Crepidostomum 

solidum according to Hoffman [1999]; Crepidostomum laureatum according to Hopkins [1931].) 

Prevalence, mean intensity, range, and location:  1 of 2 L. auritus (50.0, 1.0 ± --, 1) in 

GA (23); 1 of 3 L. gibbosus in (33.3, 1.0 ± --, 1) MI (101); 1 of 1 L. megalotis (100.0, 14.0 ± --, 

14) in AR (9), 3 of 5 (60.0, 9.7 ± 7.7, 1 – 25) in AR (13), 2 of 4 (50.0, 2.5 ± 1.5, 1 – 4) in AR 

(14), 5 of 7 (71.4, 8.8 ± 4.9, 1 – 28) in AR (15), 1 of 4 (25.0, 2.0 ± --, 2) in LA (85), 1 of 4 (25.0, 

1.0 ± --, 1) in MO (112), 1 of 1 (100.0, 2.0 ± --, 2) in MS (120), 1 of 3 (33.3, 2.0 ± --, 2) in TN 

(193); 1 of 2 Hybrid (L. cyanellus x L. macrochirus) (50.0, 13.0 ± --, 13) in IL (53). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Crepidostomum cooperi: yellow perch, Perca flavescens, 

pumpkinseed, L. gibbosus, Johnny darter, Boleosoma (=Etheostoma) nigrum, and the Iowa darter, 

Etheostoma iowae (= exile), from Go-Home Bay, Ontario, Canada (Cooper, 1915); Cr. cornutum: 

Henderson (1938) suggests various centrarchids as the type hosts from Lake Chautauqua, New 

York, U.S.A. (Osborn, 1903a). 

Other host reports: Adults were also recovered from other species of Lepomis (Luth et 

al., 2016a,b). 

Remarks:  Crepidostomum cooperi and Cr. cornutum were not enumerated separately in 

the current survey; however, it is believed that both of these species were recovered in hosts 
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necropsied in the present study. This conclusion is based on qualitative/superficial assessment of 

size dimorphism of the adults observed in the current sampling. 

Digenea: Cryptogonimidae 

Cryptogonimus chili Osborn, 1903 

Prevalence, mean intensity, range, and location:  1 of 1 A. rupestris (100.0, 60.0 ± --, 60) 

in MN (109); and 1 of 7 L. megalotis (14.3, 7.0 ± --, 7) in AR (15). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Smallmouth bass, Micropterus dolomieu, and other fishes from 

Lake Chautauqua, New York, U.S.A. and St. Mary’s River, Michigan, U.S.A. (Osborn, 1903b). 

Other host reports: Adults were also recovered from L. macrochirus (Luth et al., 2016a). 

Digenea: Homalometridae 

Homalometron armatum (MacCallum, 1895) Manter, 1947 

(Syn. Distomum isoporum var. armatum MacCallum, 1895.) 

Prevalence, mean intensity, range, and location:  1 of 2 L. megalotis (50.0, 3.0 ± --, 3) in 

AR (11), and 1 of 1 (100.0, 3.0 ± --, 3) in LA (88); and 2 of 7 L. microlophus (28.6, 3.0 ± 1.0, 2-

4) in LA (88). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Freshwater drum, Aplodinotus grunniens, pumpkinseed, L. 

gibbosus, and a third host species, Accepenser rubicundus (for which no common name can be 

found) from Lake Erie and the Grand River in Ontario, Canada. 

Remarks:  Given the degree of morphological overlap among species of Homalometron 

reported from the southern U.S.A., e.g., Ho. armatum, Homalometron currani, and 

Homalometron microlophi, per Barger and Wellenstein (2015), it is possible that the Ho. 

armatum collected from L. microlophus in this survey may be Ho. microlophi. Gross 

morphology, site of infection, and host species were used to identify parasites in this survey and 

without morphometric measurements, it is impossible to determine whether 1 or another, or both, 
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of these congeners were recovered. This helminth was recovered exclusively from Lepomis spp. 

in the current survey. 

Digenea: Paramphistomatidae 

Pisciamphistoma stunkardi Holl, 1929 

(Syn. Paramphistomum stunkardi.) 

Prevalence, mean intensity, range, and location:  1 of 3 L. auritus (33.3, 1.0 ± --, 1) in 

NC (137), 1 of 1 (100.0, 1.0 ± --, 1) in OH (148), and 1 of 9 (11.1, 2.0 ± --, 2) in SC (176); 2 of 3 

L. gulosus (66.7, 1.0 ± 0.0, 1) in IN (64), and 1 of 1 (100.0, 1.0 ± --, 1) in IN (65); and 1 of 5 L. 

megalotis (20.0, 1.0 ± --, 1) in AR (10), 1 of 5 (20.0, 1.0 ± --, 1) in IN (61), 1 of 2 (20.0, 1.0 ± --, 

1) in KY (74), 1 of 3 (33.3, 1.0 ± --, 1) in LA (86), and 2 of 5 (40.0, 1.5 ± 0.5, 1-2) in OH (161). 

Site of infection:  Adults in the intestines. 

Type host and locality:  Pumpkinseed, Eupomotis (=L.) gibbosus, and warmouth bass, 

Chaenobryttus (= L.) gulosus, from the Eno River, near Durham, North Carolina, U.S.A. (Holl, 

1929). 

Other host reports: Adults were also recovered from Mic. salmoides (Luth et al., 2016c) 

and other species of Lepomis (Luth et al., 2016a,b). 

Digenea: Strigeidida: Diplostomidae 

Posthodiplostomum minimum (MacCallum, 1921) Dubois, 1936 

(Syn. possibly Diplostomum cuticola [Cooper, 1915] according to Hunter and Hunter [1940]; 

Diplostomum vancleavei [Agersborg, 1926]; Neascus vancleavei [Hughes, 1928]; Diplostomum 

minimum MacCallum [Hunter and Hunter, 1940].) 

Prevalence, mean intensity, range, and location:  1 of 1 A. rupestris (100.0, 15.0 ± --, 15) 

in IL (39), 1 of 1 (100.0, 4.0 ± --, 4) in MN (109), 2 of 2 (100.0, 13.5 ± 3.5, 10-17) in SD (184), 4 

of 4 (100.0, 13.3 ± 4.7, 6-27) in SD (185), 2 of 3 (66.7, 17.0 ± 11.0, 6-28) in WI (211); 1 of 1 L. 

auritus (100.0, 5.0 ± --, 5) in NC (122), 11 of 11 (100.0, 21.7 ± 5.1, 1-61) in NC (125), 1 of 1 

(100.0, 21.0 ± --, 21) in NC (126), 1 of 3 (33.3, 2.0 ± --, 2) in NC (127), 3 of 3 (100.0, 11.0 ± 1.5, 
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9-14) in NC (135), 3 of 4 (25.0, 17.3 ± 7.3, 4-29) in NC (136), 3 of 3 (100.0, 16.3 ± 6.9, 4-28) in 

NC (137), 9 of 9 (100.0, 3.9 ± 0.9, 1-10) in SC (176), 1 of 1 (100.0, 163.0 ± --, 163) in SC (178), 

1 of 1 (100.0, 10.0 ± --, 10) in TN (194); 3 of 3 L. gibbosus (100.0, 23.6 ± 8.8, 12-41) in MD 

(96), 3 of 3 (100.0, 120.0 ± 0.0, 120) in MI (101), 1 of 1 (100.0, 32.0 ± --, 32) in MI (102), 2 of 2 

(100.0, 68.0 ± 1.0, 67-69) in NC (126), 1 of 1 (100.0, 7.0 ± --, 7) in NC (134), 3 of 3 (100.0, 43.0 

± 21.7, 7-82) in OH (149), 3 of 3 (100.0, 27.7 ± 10.3, 15-48) in OH (155), 3 of 3 (100.0, 74.3 ± 

5.2, 64-81) in OH (157), 9 of 9 (100.0, 11.3 ± 2.3, 2-25) in OH (158), 1 of 1 (100.0, 34.0 ± --, 34) 

in PA (171), 4 of 4 (100.0, 65.0 ± 16.1, 27-105) in PA (172), 1 of 1 (100.0, 40.0 ± --, 40) in PA 

(173), 2 of 2 (100.0, 20.0 ± 13.5, 7-34) in WI (211), 6 of 7 (85.7, 19.3 ± 9.1, 3-61) in WV (218); 

1 of 1 L. gulosus (100.0, 14.0 ± --, 14) in IN (60), 2 of 2 (100.0, 11.0 ± 3.0, 8-14) in IN (63), 3 of 

3 (100.0, 18.3 ± 13.4, 3-45) in IN (64), 1 of 1 (100.0, 12.0 ± --, 12) in IN (65), 1 of 1 (100.0, 2.0 ± 

--, 2) in IN (66), 1 of 1 (100.0, 20.0 ± --, 20) in NC (134); 1 of 1 L. humilis (100.0, 4.0 ± --, 4) in 

LA (86), 3 of 3 (100.0, 13.7 ± 6.6, 3-25) in MN (109), 1 of 1 (100.0, 37.0 ± --, 37) in MN (110), 1 

of 2 (50.0, 4.0 ± --, 4) in MS (118), 1 of 1 (100.0, 37.0 ± --, 37) in NC (122), 2 of 2 (100.0, 11.0 ± 

3.0, 8-14) in OK (164), 1 of 1 (100.0, 6.0 ± --, 6) in OK (165); 1 of 2 L. marginatus (50.0, 17.0 ± 

--, 17) in AL (3), and 2 of 2 (100.0, 26.5 ± 5.5, 21-32) in AL (4); 1 of 1 L. megalotis (100.0, 3.0 ± 

--, 3) in AR (9), 2 of 5 (40.0, 1.5 ± 0.5, 1-2) in AR (10), 1 of 2 (100.0, 3.0 ± --, 3) in AR (11), 4 of 

4 (100.0, 9.8 ± 6.8, 1-30) in AR (12), 3 of 4 (75.0, 1.7 ± 0.3, 1-2) in AR (14), 1 of 7 (14.3, 1.0 ± --

, 1) in AR (15), 3 of 6 (50.0, 15.0 ± 10.3, 1-35) in AR (16), 1 of 1 (100.0, 4.0 ± --, 4) in IL (39), 1 

of 3 (33.3, 3.0 ± --, 3) in IL (44), 2 of 2 (100.0, 4.5 ± 2.5, 2-7) in IL (48), 1 of 1 (100.0, 1.0 ± --, 

1) in IL (51), 4 of 5 (80.0, 17.0 ± 9.4, 6-45) in IN (61), 3 of 3 (100.0, 8.0 ± 6.0, 2-20) in IN (66), 2 

of 4 (50.0, 2.5 ± 0.5, 2-3) in KY (73), 3 of 5 (60.0, 5.3 ± 2.8, 2-11) in KY (74), 1 of 1 (100.0, 4.0 

± --, 4) in KY (75), 1 of 2 (50.0, 2.0 ± --, 2) in KY (80), 4 of 4 (100.0, 5.0 ± 3.9, 1-17) in KY 

(81), 4 of 4 (50.0, 113.0 ± 31.6, 57-193) in LA (85), 2 of 3 (66.7, 1.0 ± 0.0, 1) in LA (86), 1 of 1 

(100.0, 4.0 ± --, 4) in LA (87), 1 of 1 (100.0, 175.0 ± --, 175) in LA (88), 1 of 4 (25.0, 2.0 ± --, 2) 

in MO (112), 2 of 2 (100.0, 7.0 ± --, 7) in MO (114), 1 of 1 (100.0, 5.0 ± --, 5) in MS (118), 1 of 1 
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(100.0, 3.0 ± --, 3) in MS (120), 1 of 1 (100.0, 18.0 ± --, 18) in NC (127), 3 of 7 (42.9, 3.7 ± 1.3, 

3-5) in OH (148), 1 of 5 (20.0, 1.0 ± --, 1) in OH (161), 2 of 2 (100.0, 20.0 ± 17.0, 3-37) in OK 

(163), 6 of 6 (100.0, 18.2 ± 4.5, 2-35) in OK (164), 3 of 3 (100.0, 27.0 ± 13.9, 2-50) in OK (166), 

7 of 8 (87.5, 2.9 ± 0.6, 1-5) in OK (167), 1of 1 (100.0, 136.0 ± --, 136) in OK (168), 1 of 2 (50.0, 

17.0 ± --, 17) in TN (190), 1 of 3 (33.3, 6.0 ± --, 6) in TN (193), 2 of 2 (100.0, 10.5 ± 3.5, 7-14) in 

TX (197); 1 of 1 L. microlophus (100.0, 3.0 ± --, 3) in IA (29), 2 of 2 (100.0, 5.0 ± 1.0, 4-6) in IL 

(45), 1 of 1 (100.0, 77.0 ± --, 77) in IL (49), 6 of 6 (100.0, 51.2 ± 30.1, 9-200) in IN (60), 6 of 6 

(100.0, 12.2 ± 5.0, 1-34) in IN (63), 2 of 2 (100.0, 4.5 ± 3.5, 1-8) in IN (65), 1 of 1 (100.0, 17.0 ± 

--, 17) in KY (70), 3 of 3 (100.0, 10.3 ± 0.7, 9-11) in KY (77), 5 of 5 (100.0, 44.8 ± 34.3, 5-182) 

in KY (79), 1 of 1 (100.0, 2.0 ± --, 2) in LA (82), 1 of 1 (100.0, 18.0 ± --, 18) in LA (87), 4 of 7 

(57.1, 3.3 ± 1.1, 1-6) in LA (88), 1 of 1 (100.0, 16.0 ± --, 16) in MD (89), 1 of 2 (50.0, 6.0 ± --, 6) 

in MD (95), 1 of 1 (100.0, 200.0 ± --, 200) in MN (108), 6 of 6 (100.0, 30.5 ± 10.7, 11-73) in MN 

(109), 1 of 1 (100.0, 44.0 ± --, 44) in MN (110), 1 of 1 (100.0, 7.0 ± --, 7) in NC (121), 2 of 2 

(100.0, 3.5 ± 1.5, 2-5) in NC (127), 2 of 2 (100.0, 10.0 ± 2.0, 8-12) in NC (134), 1 of 1 (100.0, 

115.0 ± --, 115) in NC (138), 1 of 1 (100.0, 2.0 ± --, 2) in OH (150), 1 of 1 (100.0, 14.0 ± --, 14) 

in OH (152), 1 of 1 (100.0, 121.0 ± --, 121) in OH (156), 2 of 2 (100.0, 72.5 ± 12.5, 60-85) in OH 

(157), 1 of 1 (100.0, 29.0 ± --, 29) in SC (177), 1 of 1 (100.0, 108.0 ± --, 108) in TN (191), 1 of 1 

(100.0, 61.0 ± --, 61) in WV (212), 2 of 3 (66.7, 4.5 ± 3.5, 1-8) in WV (217); 1 of 1 Hybrid (L. 

cyanellus x L. gibbosus) (100.0, 15.0 ± --, 15) in MI (102); 2 of 2 Hybrid (L. cyanellus x L. 

macrochirus) (100.0, 108.0 ± 37.0, 71-145) in IL (53), 1 of 1 (100.0, 2.0 ± --, 2) in IN (57), 1 of 1 

(100.0, 8.0 ± --, 8) in IN (60), 4 of 4 (100.0, 128.3 ± 24.0, 99-200) in MN (106), 1 of 1 (100.0, 8.0 

± --, 8) in MO (113), 1 of 1 (100.0, 6.0 ± --, 6) in SC (175), and 9 of 9 (100.0, 6.1 ± 1.5, 1-14) in 

WV (216); 1 of 1 Hybrid (L. cyanellus x L. microlophus) (100.0, 2.0 ± --, 2) in WV (216); 1 of 1 

Hybrid (L. gibbosus x L. macrochirus) (100.0, 1.0 ± --, 1) in IN (57); 1 of 1 Pom. annularis 

(100.0, 1.0 ± --, 1) in IL (39), 1 of 1 (100.0, 18.0 ± --, 18) in NC (121), 1 of 1 (100.0, 1.0 ± --, 1-
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2) in WV (223); 1 of 1 Pom. nigromaculatus (100.0, 2.0 ± --, 2) in NC (136), 2 of 3 (66.7, 1.5 ± 

0.5, 1-2) in WV (225). 

Site of infection:  Larvae (metacercariae) encysted in numerous tissues, e.g., liver, 

gonads, heart, visceral mesenteries, and throughout the abdominal cavities of hosts.   

Type host and locality:  Metacercaria: Hunter and Hunter (1940) suggest that the type 

host for N. vancleavei is the bluntnose minnow, Hyborhynchus notatus, from Urbana, Illinois, 

U.S.A.; these authors also suggest that what Cooper (1915) called D. cuticola may be Pos. 

minimum from the minnow, Notropis atherinoides, the red-fin minnow, Notropis cornutus, and 

pumpkinseed, L. gibbosus from Go-Home Bay, Ontario, Canada, and the creek chub, Semotilus 

atromaculatus, from Toronto, Canada. Hunter and Hunter (1940) suggest earlier accounts of Pos. 

minimum exist, but do not provide specific references to verify type host and locality from these 

resources. Adult: Great blue heron, Ardea herodias, from Zoological Park, New York, U.S.A. 

(MacCallum, 1921). 

Other host reports:  Larvae were also recovered from Micropterus spp. (Luth et al., 

2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  According to Hoffman (1958, 1999), and numerous other authorities, e.g., 

Allison and McGraw (1967), Aliff et al. (1977), Pos. minimum is actually a complex of 2, or 

more, subspecies, i.e., Posthodiplostomum minimum centrarchi infecting centrarchid fish and 

Posthodiplostomum minimum minimum infecting cyprinid fish. Infection intensities of Pos. 

minimum (likely Pos. m. centrarchi) in the current survey ranged greatly from 1 host to another, 

from a single metacercaria in some, to greater than 600 metacercariae in others. 

Digenea: Azygiidae 

Proterometra macrostoma Horsfall, 1934 

Prevalence, mean intensity, range, and location:  2 of 5 L. megalotis (40.0, 1.0 ± 0.0, 1) 

in AR (11); and 1 of 6 L. microlophus (16.7, 1.0 ± --, 1) in AR (11). 

Site of infection:  Adults in the intestines. 
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Type host and locality:  Horsfall (1933) recovered Proter. (= Neascus) macrostoma from 

numerous centrarchid genera, e.g., Ambloplites, Lepomis, Micropterus, and Pomoxis, but type 

locality was not specified. 

Other host reports:  Adults were also recovered from L. macrochirus (Luth et al., 2016a). 

Digenea: Strigeidida: Diplostomatidae 

Uvulifer ambloplites (Hughes, 1927) Dubois, 1938 

(Syn. Neascus wardi; Uvulifer claviformis; Uvulifer magnibursiger Dubois, 1968.) 

Prevalence, mean intensity, range, and location:  1 of 1 L. humilis (100.0) in MN (110), 

and 1 of 2 (50.0) in OK (164); 1 of 5 L. megalotis (20.0) in AR (13); 1 of 1 L. microlophus 

(100.0) in LA (82), and 1 of 1 (100.0) in MN (110); and 4 of 4 Hybrid (L. cyanellus x L. 

macrochirus) (100.0) in MN (106). 

Site of infection:  Larvae (metacercariae) in the fins, subcutaneous flesh and, more rarely, 

deeper musculature of hosts. 

Type host and locality:  Rock bass, A. rupestris, from Douglas Lake, Michigan, U.S.A. 

(Hughes, 1927). 

Other host reports:  Larvae were also recovered from Mic. salmoides (Luth et al., 2016c) 

and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  Only presence/absence data were collected for U. ambloplites in the present 

survey. 

Nematoda 

Spirurida: Camallanoidea: Camallanidae 

Camallanus oxycephalus Ward and Magath, 1916 

Prevalence, mean intensity, range, and location:  2 of 3 A. rupestris (66.7, 1.5 ± 0.5, 1-2) 

in WI (211); 2 of 2 L. auritus (100.0, 1.5 ± 0.5, 1-2) in GA (23), 2 of 4 (50.0, 4.0 ± 1.0, 3-5) in 

NC (136), and 1 of 9 (11.1, 1.0 ± --, 1) in SC (176); 3 of 3 L. gibbosus (100.0, 12.3 ± 3.5, 7-19) in 

MI (101), 1 of 1 (100.0, 1.0 ± --, 1) in MI (102), 1 of 3 (33.3, 1.0 ± --, 1) in OH (157), 2 of 4 
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(50.0, 1.0 ± 0.0, 1) in PA (172), and 1 of 1 (100.0, 5.0 ± --, 5) in PA (173); 1 of 2 L. gulosus 

(50.0, 2.0 ± 0.0, 2) in IN (63), and 1 of 3 (33.3, 3.0 ± --, 3) in IN (64); 1 of 1 L. humilis (100.0, 

1.0 ± --, 1) in LA (86), and 1 of 1 (100.0, 1.0 ± --, 1) in OK (165); 1 of 2 L. marginatus (50.0, 1.0 

± --, 1) in AL (4); 3 of 4 L. megalotis (75.0, 1.3 ± 0.3, 1-2) in AR (12), 1 of 5 (20.0, 2.0 ± --, 2) in 

AR (13), 1 of 4 (25.0, 1.0 ± --, 1) in AR (14), 1 of 6 (16.7, 1.0 ± --, 1) in AR (16), 1 of 3 (33.3, 

1.0 ± --, 1) in IL (44), 1 of 5 (20.0, 1.0 ± --, 1) in IN (61), 2 of 5 (40.0, 1.0 ± 0.0, 1) in KY (74), 1 

of 3 (33.3, 1.0 ± --, 1) in LA (86), 1 of 1 (100.0, 3.0 ± --, 3) in LA (88), 1 of 1 (100.0, 7.0 ± --, 7) 

in MS (120), 3 of 5 (60.0, 2.7 ± 0.3, 2-3) in OH (161), 1 of 2 (50.0, 1.0 ± 0.0, 1) in OK (163), and 

1 of 3 (33.3, 3.0 ± --, 3) in TN (193); 1 of 1 L. microlophus (100.0, 1.0 ± --, 1) in IA (29), 1 of 1 

(100.0, 1.0 ± --, 1) in IL (49), 2 of 6 (33.3, 2.0 ± 1.0, 1-3) in IN (60), 3 of 6 (50.0, 1.7 ± 0.7, 1-3) 

in IN (63), 1 of 3 (33.3, 1.0 ± --, 1) in KY (77), 1 of 5 (20.0, 1.0 ± --, 1) in KY (79), 1 of 1 (100.0, 

2.0 ± 0.0, 2) in NC (138), 2 of 2 (100.0, 1.0 ± 0.0, 1) in OH (157), 1 of 2 (50.0, 8.0 ± --, 8) in TN 

(192), and 2 of 3 (66.7, 1.0 ± 0.0, 1) in WV (217); 1 of 1 Hybrid (L. cyanellus x L. gibbosus) 

(100.0, 3.0 ± --, 3) in MI (102); 1 of 1 Hybrid (L. cyanellus x L. macrochirus) (100.0, 1.0 ± --, 1) 

in SC (175); 1 of 1 Pom. annularis (100.0, 1.0 ± ---, 1) in NC (121), and 1 of 1 (100.0, 4.0 ± --, 4) 

in WV (223); 1 of 1 Pom. nigromaculatus (100.0, 2.0 ± 0.0, 2) in NC (121), 1 of 1 (100.0, 5.0 ± 

0.0, 5) in NC (136), and 1 of 3 (33.3, 1.0 ± --, 1) in SD (184). 

Site of infection:  Adults (and potentially juveniles) in the intestines of hosts. 

Type host and locality:  White bass, Morone chrysops, and black crappie, Pom. 

nigromaculatus from Fairport, Iowa, U.S.A. (Ward and Magath, 1916). 

Other host reports:  Camallanus oxycephalus was also recovered from Micropterus spp. 

(Luth et al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  In the majority of cases, worms were found in the posterior portion of the host 

intestine, with the worms’ anterior end attached to the intestinal lining, and their posterior end 

extending out of the host through the anus. Most worms appeared to be adults, based on location 
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in the GI tract and size (qualitative assessment; no measurements were obtained); however, some 

shorter forms of these worms (likely juveniles) were encountered on occasion. 

Adenophorea: Trichinelloidea 

Capillaria catenata Van Cleave and Mueller, 1932 

(Syn. Echinocoleus catenata [Van Cleave and Mueller, 1932] López-Neyra, 1947; Thomnix 

catenata [Van Cleave and Mueller, 1932] Skrjabin and Schikhobalova, 1954.) 

Prevalence, mean intensity, range, and location:  2 of 9 L. auritus (22.2, 1.0 ± 0.0, 1) in 

SC (176); 1 of 1 L. humilis (100.0, 2.0 ± --, 2) in MN (110); 1 of 3 L. megalotis (33.3, 2.0 ± --, 2) 

in LA (86); 1 of 1 L. microlophus (100.0, 4.0 ± --, 4) in LA (82); and 1 of 1 Hybrid (L. cyanellus 

x L. macrochirus) (100.0, 2.0 ± --, 2) in SC (175). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Pumpkinseed, L. gibbosus, from Oneida Lake, New York, U.S.A. 

(Bell and Beverley-Burton, 1981). 

Other host reports:  Capillaria catenata was also recovered from Mic. salmoides (Luth et 

al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Ascaridida: Anisakidae 

Contracaecum spiculigerum (Rudolphi, 1809) 

(Syn. Ascaris spiculigera, Ascaris variegata, Ascaris mergorum, Ascaris colyborum, Ascaris 

siluri, Contracaecum siluri, Contracaecum trukestanicum, Contracaecum umiu Yamaguti, 1941, 

and Contracaecum himeu Yamaguti, 1941 [McDonald, 1969].) 

Prevalence, mean intensity, range, and location:  2 of 2 L. auritus (100.0) in GA (23); 1 

of 3 L. gibbosus (33.3) in MI (101); 1 of 3 L. humilis (33.3) in MN (109), 1 of 1 (100.0) in MN 

(110), and 1 of 2 (50.0) in OK (164); 1 of 5 L. megalotis (20.0) in OH (161), 1 of 2 (50.0) in OK 

(163), 1 of 6 (16.7) in OK (164), and 1 of 3 (33.3) in OK (166); 1 of 5 L. microlophus (20.0) in 

KY (79), 1 of 1 (100.0) in MN (108), 5 of 6 (83.3) in MN (109), and 1 of 1 (100.0) in MN (110); 
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and 1 of 2 Hybrid (L. cyanellus x L. macrochirus) (50.0) in IL (53), 1 of 1 (100.0) in IN (60), and 

2 of 4 (50.0) in MN (106). 

Site of infection:  Larvae (juveniles) in the subcutaneous musculature and, more rarely, 

inside the body cavity in the mesenteries surrounding the intestines. 

Type host and locality:  N/A. 

Other host reports:  Contracaecum spiculigerum was also recovered from Micropterus 

spp. (Luth et al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  Only presence/absence data were collected for Co. spiculigerum in this study. 

Ascaridida: Anisakidae 

Hysterothylacium brachyurum Ward and Magath, 1917 

(Syn. Contracaecum brachyurum Van Cleave and Mueller, 1934; Thynnascaris brachyurum 

Margolis and Arthur, 1979.) 

Prevalence, mean intensity, range, and location:  1 of 1 L. humilis (100.0, 1.0 ± 0.0, 1) in 

MN (110); and 1 of 6 L. microlophus (16.7, 3.0 ± 0.0, 3) in MN (109). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Smallmouth bass, Mic. dolomieu, from Lake St. Claire, 

Michigan, U.S.A. (Gopar-Merino et al., 2005). 

Other host reports:  Hysterothylacium brachyurum was also recovered from L. 

macrochirus (Luth et al., 2016a). 

Spirurida: Habronematoidea: Cystidicolidae 

Spinitectus spp.  

(Spinitectus carolini Holl, 1928; Spinitectus gracilis Ward and Magath, 1917; and/or 

Spinitectus micracanthus Christian, 1972) 

Prevalence, mean intensity, range, and location:  2 of 3 A. rupestris (66.7, 4.0 ± 3.0, 1-7) 

in WI (211); 1 of 2 L. auritus (50.0, 1.0 ± --, 1) in GA (23), 2 of 3 (66.7, 5.0 ± 1.5, 4-7) in NC 

(127), 1 of 3 (33.3, 1.0 ± --, 1) in NC (135), 2 of 4 (50.0, 4.0 ± 3.0, 1-7) in NC (136), 3 of 3 
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(100.0, 33.3 ± 3.4, 29-40) in NC (137), 9 of 9 (100.0, 21.3 ± 4.8, 4-40) in SC (176), and 1 of 1 

(100.0, 1.0 ± --, 1) in SC (178); 2 of 3 L. humilis (66.7, 1.5 ± 0.5, 1-2) in MN (109), and 1 of 1 

(100.0, 1.0 ± --, 1) in OK (165); 2 of 3 L. gibbosus (66.7, 5.0 ± 1.0, 4-6) in MI (101), 1 of 3 (33.3, 

1.0 ± --, 1) in OH (149), 2 of 3 (66.7, 5.0 ± 2.0, 3-7) in OH (157), 1 of 4 (25.0, 2.0 ± 0.0, 2) in PA 

(172), 1 of 1 (100.0, 12.0 ± --, 12) in PA (173), 1 of 2 (50.0, 1.0 ± --, 1) in WI (211), and 2 of 7 

(28.6, 1.5 ± 0.5, 1-2) in WV (218); 1 of 2 L. gulosus (50.0, 2.0 ± --, 2) in IN (63), 1 of 3 (33.3, 1.0 

± --, 1) in IN (64), 1 of 1 (100.0, 22.0 ± --, 22) in IN (66), and 1 of 1 (100.0, 2.0 ± --, 2) in NC 

(134); 2 of 2 L. marginatus (100.0, 5.0 ± 1.0, 4-6) in AL (3), and 2 of 2 (100.0, 13.5 ± 12.5, 1-26) 

in AL (4); 1 of 1 L. megalotis (100.0, 6.0 ± --, 6) in AR (9), 4 of 5 (80.0, 6.5 ± 4.3, 1-19) in AR 

(10), 2 of 2 (100.0, 20.5 ± 19.5, 1-40) in AR (11), 2 of 4 (50.0, 1.0 ± 0.0, 1) in AR (12), 5 of 5 

(100.0, 5.2 ± 2.6, 1-15) in AR (13), 4 of 4 (100.0, 2.3 ± 0.8, 1-4) in AR (14), 6 of 7 (85.7, 9.3 ± 

4.2, 3-30) in AR (15), 5 of 6 (83.3, 6.2 ± 3.8, 1-21) in AR (16), 1 of 3 (33.3, 5.0 ± --, 5) in IL 

(44), 2 of 2 (100.0, 7.0 ± 4.0, 3-11) in IL (47), 1 of 5 (20.0, 1.0 ± --, 1) in IN (61), 3 of 3 (100.0, 

33.3 ± 4.8, 24-40) in IN (66), 3 of 4 (75.0, 2.7 ± 0.9, 1-4) in KY (73), 2 of 5 (40.0, 24.0 ± 7.0, 17-

31) in KY (74), 1 of 2 (50.0, 10.0 ± --, 10) in KY (80), 1 of 3 (33.3, 1.0 ± --, 1) in LA (86), 1 of 2 

(50.0, 3.0 ± --, 3) in MO (114), 1 of 1 (100.0, 2.0 ± --, 2) in MS (118), 1 of 1 (100.0, 2.0 ± --, 2) 

in MS (120), 1 of 1 (100.0, 8.0 ± --, 8) in NC (127), 3 of 7 (42.9, 1.3 ± 0.3, 1-2) in OH (148), 2 of 

5 (40.0, 2.5 ± 1.5, 1-4) in OH (161), 2 of 2 (100.0, 23.0 ± 15.0, 8-38) in OK (163), 2 of 3 (66.7, 

6.5 ± 4.5, 2-11) in OK (166), 1 of 8 (12.5, 3.0 ± 0.0, 3) in OK (167), 2 of 2 (100.0, 1.5 ± 0.5, 1-2) 

in TN (190), 3 of 3 (100.0, 16.3 ± 5.2, 6-22) in TN (193), and 1 of 1 (100.0, 4.0 ± --, 4) in TN 

(195); 1 of L. microlophus (0.0, 1.0 ± --, 1) in IL (45), 1 of 1 (100.0, 20.0 ± --, 20) in IL (49), 1 of 

6 (16.7, 1.0 ± --, 1) in IN (63), 1 of 3 (33.3, 10.0 ± --, 10) in KY (77), 1 of 5 (20.0, 1.0 ± --, 1) in 

KY (79), 1 of 1 (100.0, 1.0 ± --, 1) in LA (87), 1 of 6 (16.7, 1.0 ± --, 1) in MN (109), 1 of 2 (50.0, 

1.0 ± --, 1) in NC (134), 1 of 1 (100.0, 24.0 ± --, 24) in NC (138), 1 of 1 (100.0, 13.0 ± --, 13) in 

OH (150), 1 of 1 (100.0, 1.0 ± --, 1) in OH (152), 1 of 1 (100.0, 2.0 ± --, 2) in OH (156), 1 of 2 

(50.0, 4.0 ± --, 4) in OH (157), 1 of 1 (100.0, 15.0 ± --, 15) in SC (175), 1 of 1 (100.0, 2.0 ± --, 2) 
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in TN (191), 1 of 2 (50.0, 3.0 ± --, 3) in TN (192), and 2 of 3 (66.7, 17.0 ± --, 17) in WV (217); 1 

of 1 Hybrid (L. cyanellus x L. gibbosus) (100.0, 12.0 ± --, 12) in OH (159); 1 of 2 Hybrid (L. 

cyanellus x L. macrochirus) (50.0, 4.0 ± --, 4) in IL (53), 1 of 1 (100.0, 2.0 ± --, 2) in IN (60), 2 

of 4 (50.0, 3.5 ± 0.5, 3-4) in MN (106), and 4 of 9 (40.0, 1.8 ± 0.8, 1-4) in WV (216); and 1 of 3 

Pom. nigromaculatus (33.3, 1.0 ± --, 1) in WV (225). 

Site of infection:  Intestines of hosts. 

Type host and locality:  Spinitectus carolini: pumpkinseed, L. gibbosus, and warmouth, 

Ch. (=L.) gulosus, near Durham, North Carolina, U.S.A.; S. gracilis: Holl (1928) states that S. 

gracilis was recovered from “fresh-water fishes” collected near Fairport, Iowa, U.S.A. by Ward 

and Magath (1916); S. micracanthus: bluegill sunfish, L. macrochirus, from a pond in Ohio 

[Christian, 1972].) 

Other host reports:  These nematodes were also recovered from Micropterus spp. (Luth 

et al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  All 3 of the commonly encountered Spinitectus spp. infecting centrarchids, 

i.e., S. carolini, S. gracilis, and S. micracanthus, were encountered in the current survey, but were 

grouped here (see the Materials and Methods in Luth et al. [2016a]). 

Unknown Nematode 1 

Prevalence, mean intensity, range, and location:  2 of 9 L. auritus (22.2, 1.0 ± 0.0, 1) in 

SC (176); 1 of 3 L. megalotis (33.3, 2.0 ± --, 2) in LA (86); 1 of 1 L. microlophus (100.0, 4.0 ± --, 

4) in LA (82); and 1 of 1 Hybrid (L. cyanellus x L. macrochirus) (100.0, 2.0 ± --, 2) in SC (175). 

Site of infection:  Stomach and intestines of hosts. 

Type host and locality:  N/A. 

Other host reports:  Unknown Nematode 1 was also recovered from other species of 

Lepomis (Luth et al., 2016a,b). 
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Remarks:  These nematodes were long and slender and always located in the stomachs, 

intestines, or both, of hosts. Although clearly distinct from the other nematode species 

encountered in the current study, the identity of these nematodes remains undetermined. 

Unknown Nematode 2 

Prevalence, mean intensity, range, and location:  1 of 2 L. auritus (50.0) in GA (23), 2 of 

4 (50.0) in NC (136), and 1 of 9 (11.1) in SC (176); 1 of 1 L. gulosus (100.0) in IN (60), and 1 of 

2 (50.0) in IN (63); 1 of 6 L. megalotis (16.7) in AR (16), 2 of 4 (50.0) in LA (85), 1 of 3 (33.3) in 

LA (86), 1 of 1 (100.0) in LA (87), 2 of 2 (100.0) in TN (190), and 2 of 2 (100.0) in WV (223); 3 

of 6 L. microlophus (50.0) in IN (63), 1 of 5 (20.0) in KY (79), 1 of 1 (100.0) in LA (84), 1 of 7 

(14.3) in LA (88), and 2 of 2 (100.0) in TN (192); and 1 of 4 Hybrid (L. cyanellus x L. 

macrochirus) (25.0) in MN (106), and 1 of 1 (100.0) in SC (175). 

Site of infection:  Larvae encysted in visceral mesenteries in the abdominal cavities of 

hosts. 

Type host and locality:  N/A. 

Other host reports:  Unknown Nematode 2 was also recovered from Micropterus spp. 

(Luth et al., 2016c) and other species of Lepomis (Luth et al., 2016a,b). 

Remarks:  These nematodes were quite small and were found encysted in the visceral mesenteries 

in cysts containing numerous, typically from 1 – 10, and rarely as many as 40 (or more), larvae in 

a single cyst. Due to the abundance of these nematodes within these cysts, the worms in only a 

few were quantified, and only presence/absence data are presented in this survey. 
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DISCUSSION 

 

Although the current survey offers only a snapshot of the helminths infecting a variety of 

centrarchid hosts across the U.S., it indicates a large degree of overlap between many of the 

endohelminths infecting these confamilial hosts. Additionally, it provides evidence that many of 

the endohelminths infecting these hosts are widely distributed across the U.S., likely due to the 

generality they show with regard to the host species they infect.   

There are a few species of endohelminths infecting a single host species, e.g., Pilum 

Pilum from longear sunfish, or which are found only in a particular region of the U.S., e.g., 

Azygia angusticauda in the north central, Ho. armatum and Unknown Nematode 1 in the south, 

and Hy. brachyurum in Minnesota, U.S.A. (a pattern which was also observed in bluegills [Luth 

et al, 2016a]). The current survey admittedly cannot explore the causes of such patterns, but 

future studies could target these hosts or bodies of water to determine why, and to what extent, 

such patterns are observed/maintained. 
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CHAPTER V 

 

 

DISCUSSION 

 

 

 This series of studies provides a valuable look at many aspects of the internal helminth 

communities of centrarchid fishes found across the US.  First, this work suggests that no 

molecular structuring, on the basis of geography, host species, or host tissue, was observed in the 

bass tapeworm, Proteocephalus ambloplitis.  It is proposed that seasonal first intermediate host 

presence/absence, water temperature, hormonal levels in hosts, or a combination of these factors, 

may explain the seasonal, regional distribution of adults of this tapeworm in the GI tracts of 

definitive hosts. 

 In a comparison of infection patterns between the most commonly encountered 

centrarchid hosts in these studies, i.e., bluegill sunfish, green sunfish, and largemouth bass, on a 

nearly countywide scale, bluegill sunfish possessed the richest endohelminth fauna at the level of 

the population.  Largemouth bass possessed the richest per individual helminth richness for total 

endohelminths (ST) and allogenic endohelminths (SAL), and tied with bluegill sunfish for the 

richest autogenic endohelminth (SAU) communities.  Population-level comparisons of various 

endohelminth species were made between these host species as well, and as might be expected for 

hosts characterized by variable behavioral characteristics, there were significant differences 

observed for some helminth species, but not for others.  These patterns were attributed, at least in 

part, to differential feeding and habitat preferences observed between these host species. 

 The ordination of the internal helminth communities in bluegill sunfish evidenced no 

clear patterns in these hosts across the US.  Furthermore, environmental factors and host traits 

appeared to have very little impact on the observed structuring of these communities in bluegill 
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sunfish.  Distance decay of internal helminth community similarity analysis evidenced differential 

results at the countrywide versus the freshwater ecoregion levels. Specifically, internal helminth 

community similarity decayed significantly at the countrywide scale, while at the level of 

freshwater ecoregions, a significant relationship was only observed in 2 of 18 of these units.  

Average internal helminth richness (SAVG) was significantly related to decreasing latitude and 

increasing longitude at the countrywide level, and although SAVG differed significantly between 

ecoregions, these differences were likely due to a small number of ecoregions (4/16) with 

particularly high, or low, SAVG values; remaining ecoregions (12 of 16) were characterized by 

SAVG values of ~3.5 – 4.5.  These results suggest that bluegill sunfish are infected by a core of 

common helminths, but small, gradual changes in local parasite communities, i.e., 

presence/absence of rare endohelminth species, may be amplified at larger scales, and mitigated 

at regional scales.  Clearly, assessment of endohelminth infection patterns requires that patterns 

be considered at multiple spatial scales, as patterns may change as spatial scale changes. 

 Finally, the surveys of 18 centrarchid species, or hybrids, evidenced that the majority of 

endohelminths encountered in the study were generalists, infecting a combination of the various 

different host species sampled here.  Also verified in these surveys is the presence of certain 

endohelminth species in a single, or few, specific host species.  Furthermore, the surveys provide 

a large-scale, temporally restricted (and current) snapshot of the distributions of many of the most 

common, as well as a number of rarer, endohelminths of this family of hosts, thus providing an 

up-to-date account of the either regional or cosmopolitan distributions of these various helminth 

species. 
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APPENDIX A 

 

 

SUPPLEMENTAL MATERIALS FOR CHAPTER II 
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Figure A-1.  Maximum likelihood (ML) trees for the 16S locus (a) using gaps as informative, and 

(b) ignoring gaps as uninformative.  Coded names correspond to those found in Table A-I. 
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Figure A-2.  Haplotype network depicting interrelationships in 16S sequences using the maximum spanning network method. 

 

 

 

  



 

 

189 
 

Figure A-3.  Map of distributions of 16S haplotypes across the United States. 
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Figure A-4.  Maximum likelihood (ML) tree using sequence data for the ITS2 locus.  Coded 

names correspond to those found in Table A-I. 
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Figure A-5.  Haplotype networks depicting interrelationships in ITS2 sequences using the (a) 

median joining and (b) tight span walker methods.  Coded names correspond to those found in 

Table A-I. 
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Table A-I.  Names of taxa found in Fig. II-2 with corresponding GenBank accession numbers, 

and the host species, developmental stage, date of host collection, and the coordinates (in decimal 

degrees [DDS]) of each body of water from which worms were taken.  Abbreviations in taxon 

names correspond to common name of host species, location of infection in host, state of host 

capture, body of water of host capture, unique ID for each worm in parentheses.  Abbreviation 

codes in “Taxon” column: A = amia, BG = bluegill sunfish, GR = green sunfish, HYB = hybrid 

pumpkinseed x green sunfish, LRG = largemouth bass, LNG = longear sunfish, OS = orange 

spotted sunfish, PKSD = pumpkinseed sunfish, RB = rock bass, RC = redtail catfish, RDB = 

redbreast sunfish, and RE = redear sunfish; I = small intestine, M = mesenteries, G = gonads, and 

S = stomach; CO = Colorado, GA = Georgia, IN = Indiana, LA = Louisiana, MD = Maryland, MI 

= Michigan, MS = Mississippi, NC = North Carolina, ND = North Dakota, NM = New Mexico, 

OH = Ohio, PA = Pennsylvania, SC = South Carolina, TN = Tennessee, and WI = Wisconsin.  

Stage refers to the parasite developmental stage from which DNA was isolated; P = plerocercoid, 

A = adult.  Date refers to the date in which the host was collected, not the date when DNA was 

extracted.  Geographic positioning system (GPS) coordinates are given (for each body of water) 

as latitude then longitude, in decimal degrees. 

 
(table begins on following page) 
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Table A-I.  Continued. 
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Table A-I.  Continued. 
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Table A-I.  Continued. 
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Table A-I.  Continued. 
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Table A-I.  Continued.  
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Table A-I.  Continued. 
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Table A-I.  Continued. 
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APPENDIX B 

 

 

SUPPLEMENTAL MATERIALS FOR CHAPTER III 
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Table B-I.  Prevalence (%) and intensity (number of worms per infected host) of each 

endohelminth species by host species.  Error estimates for prevalence values are reported as 95% 

confidence intervals (CI), and error associated with intensity values is reported as standard error 

(SE).  A complete description of the statistical methods employed for comparisons between hosts 

can be found in the methods section. Prevalence values that differ significantly between host 

species are denoted with a, b, or c superscripts; intensity values that differ significantly between 

host species are denoted with x, y, or z superscripts.  Shared superscripts signify no significant 

difference, whereas different superscripts signify significant differences.  AU = autogenic 

helminths; AL = allogenic helminths. 

(table begins on following page) 
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Table B-I.  Continued. 
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Table B-I.  Continued. 
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Table B-II.  P-values resulting from permutational ANOVA (10,000 iterations) and Holm-Bonferroni corrected pair-wise permutational t-Tests 

(1,000 iterations) for comparisons of host mass, standard length, age, ST, SAL, and SAU.  Statistically significant P-values are bolded. 
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  Table B-III.  Test statistics and Holm-Bonferroni adjusted P-values for the comparison of endohelminth prevalence values between host species. 
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Table B-IV.  P-values resulting from permutational ANOVA (10,000 iterations) and Holm-Bonferroni corrected pair-wise permutational t-Tests 

(1,000 iterations) for comparisons of helminth intensities between host species.  In cases where only 2 host species were infected, P-values are the 

result of a single pair-wise permutation t-Test (10,000 iterations).  Statistically significant P-values are bolded.  The P-value marked with an (*) 

shows incongruent permutational ANOVA and t-Test results, where the ANOVA showed significant differences overall, but no pair-wise 

differences were significant. 
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APPENDIX C 

 

 

SUPPLEMENTAL MATERIALS FOR CHAPTER IV 
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Figure C-1. Map of bodies of water considered in the current study.  See Table C-I below for 

water body names, coordinates, county, and date of sampling. 
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Figure C-2.  Histogram of endohelminth richness among the 2,353 fishes necropsied in the  

current study. 
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Figure C-3.  Histogram of endohelminth richness among the 1,377 bluegills necropsied in the 

current study. 
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Figure C-4. Histogram of endohelminth richness among the 423 green sunfish necropsied in the 

current study. 
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Figure C-5. Histogram of endohelminth richness among 185 large and smallmouth bass 

(combined) necropsied in the current study. 
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Figure C-6. Histogram of endohelminth richness among 363 mixed-species centrarchids 

necropsied in the current study. 
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Table C-I.  Water body name (ID code), coordinates (in degree, minute, second [DMS] format),  

state, county, and date of sampling for all bodies of water surveyed.  Some bodies of water were 

sampled more than once and dates of subsequent sampling are provided.  Unless otherwise 

specified, the site of sampling was the same on subsequent visits to the same body water; for 

bodies of water where sampling sites differed between collections, GPS coordinates are provided 

for each sampling.  A (†) denotes bodies of water sampled in 2011 and 2012, a (‡) denotes bodies 

of water sampled in 2011 and 2013, and an (*) denotes bodies of water sampled 2012 and 2013.  

Multiple sites at the same body of water were sampled on the same date on rare occasions; the 

coordinates of both sites are provided. The number in parentheses refers to the map in Figure D-1. 

 

Body of Water (ID) Coordinates (DMS) State County Date 

H. Neely Henry Lake (7) 33°47'07"N, 86°03'57"W AL St Clair  8/7/13 
Lake Jordan (2) 32°38'14"N, 86°17'52"W AL Elmore  8/6/13 
Lake Martin (3) 32°44'37"N, 85°57'41"W AL Elmore  8/6/13 
Lake Weiss (8) 34°09'43"N, 85°45'44"W AL Cherokee  8/7/13 
Logan-Martin Lake (6) 33°31'48"N, 86°11'11"W AL Talladega  8/7/13 
Tuscaloosa Lake (1) 33°17'28"N, 87°31'10"W AL Tuscaloosa  8/6/13 
Wedowee Lake (5) 33°18'32"N, 85°34'44"W AL Chambers  8/7/13 
West Point Lake (4) 33°01'16"N, 85°10'37"W AL Chambers  8/7/13 
Lake Conway (12) 35°00'20"N, 92°22'51"W AR Faulkner  8/2/13 
Lake Dardanelle (11) 35°17'07"N, 93°12'18"W AR Pope  8/2/13 
Lake Fort Smith (9) 35°41'36"N, 94°07'14"W AR Crawford  8/2/13 
Lake Hamilton (15) 34°28'54"N, 93°07'57"W AR Garland  8/3/13 
Lake Maumelle (13) 34°51'54"N, 92°33'57"W AR Pulaski  8/2/13 
Lake Ouachita (14) 34°37'10"N, 93°10'45"W AR Garland  8/3/13 
Ozark City Lake (10) 35°31'56"N, 93°50'43"W AR Franklin  8/2/13 
White Oak Lake (16) 33°41'26"N, 93°06'39"W AR Nevada  8/3/13 
Carter Lake (18) 40°21'02"N, 105°13'17"W CO Larimer  7/25/13 
Horseshoe Lake (20) 37°36'51"N, 104°50'41"W CO Huerfano  7/27/13 
Horsetooth Reservoir (17) 40°30'47"N, 105°09'18"W CO Larimer  7/25/13 
Pueblo Lake (19) 38°15'13"N, 104°44'21"W CO Pueblo  7/27/13 
Allatoona Lake (21) 34°07'20"N, 84°36'55"W GA Cherokee  8/7/13 
J. Strom Thurmond L. (25) 33°40'01"N, 82°23'01"W GA Columbia  8/8/13 
Jackson Lake (23) 33°19'08"N, 83°50'35"W GA Butts  8/8/13 
Lake Oconee (24) 33°31'16"N, 83°16'29"W GA Greene  8/8/13 
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Table C-I.  Continued. 

Body of Water (ID) Coordinates (DMS) State County Date 

Lake Sidney Lanier (22) 34°09'58"N, 83°59'35"W GA Hall 8/8/13 
Richard B. Russell L. (26) 33°59'36"N, 82°35'35"W GA Elbert 8/9/13 
Don Williams Lake (31) 42°07'12"N, 94°01'02"W IA Boone 7/16/13 
Lake Ahquabi (29) 41°17'29"N, 93°35'25"W IA Warren 7/16/13 
Lake Okoboji (33) 43°24'57"N, 95°09'52"W IA Dickinson 7/17/13 
Little Clear Lake (32) 42°43'57"N, 94°54'27"W IA Pocahontas 7/16/13 
Little River Lake (27) 40°45'06"N, 93°46'23"W IA Decatur 7/15/13 
Rathbun Lake (28) 40°51'54"N, 92°55'34"W IA Appanoose 7/15/13 
Saylorville Reservoir (30) 41°44'52"N, 93°42'30"W IA Polk 7/16/13 
Boston Pond (45) 38°43'40"N, 88°46'57"W IL Marion 6/26/12 
Carbondale Reservoir* (47) 37°41'58"N, 89°13'45"W IL Jackson 8/16/12 
 37°41'58"N, 89°13'45"W IL Jackson 7/13/13 
Cedar Lake (50) 37°39'58"N, 89°16'18"W IL Jackson 8/16/12 
Coles Co. Mem. Airport P. (41) 39°28'14"N, 88°16'26"W IL Coles 6/25/12 
Crab Orchard Lake (51) 37°44'12"N, 89°07'31"W IL Williamson  7/12/13 
Dutchman Lake (48) 37°29'25"N, 88°54'47"W IL Johnson  8/16/12 
East Fork Lake (44) 38°45'29"N, 88°02'18"W IL Richland  6/26/12 
EIU Campus Pond (40) 39°28'46"N, 88°10'45"W IL Coles  6/25/12 
Evergreen Lake (38) 40°38'52"N, 89°02'13"W IL McLean  6/24/12 
Forbes Lake (42) 38°43'37"N, 88°46'23"W IL Marion  6/25/12 
Glen Jones Lake* (46) 37°41'30"N, 88°22'58"W IL Saline  8/15/12 
 37°41'30"N, 88°22'58"W IL Saline  7/12/13 
Kaufman Lake (35) 40°06'50"N, 88°17'26"W IL Champaign  6/24/12 
Lake Bloomington (34) 40°39'30"N, 88°55'58"W IL McLean  6/24/12 
Lake Charleston (39) 39°27'35"N, 88°08'50"W IL Coles  6/25/12 
Lake Clinton (37) 40°11'00"N, 88°45'08"W IL DeWitt  6/24/12 
Lake Of The Woods (36) 40°11'59"N, 88°22'53"W IL Champaign  6/24/12 
Lake Paradise (43) 39°25'20"N, 88°25'37"W IL Coles  6/25/12 
Lost Lake (49) 38°01'33"N, 89°24'07"W IL Livingston  8/16/12 
Norris Pond (53) 40°37'41"N, 90°03'06"W IL Fulton  12/28/13 
Subdivision Retention Pond (52) 41°40'20"N, 87°55'53"W IL Cook  12/26/13 
Bards Pond (56) 41°35'12"N, 86°53'36"W IN LaPorte  6/23/12 
Bischoff Reservoir (64) 39°16'34"N, 85°11'40"W IN Ripley  6/27/12 
Columbian Park Pond (58) 40°24'54"N, 86°52'12"W IN Tippecanoe  6/23/12 
Dogwood Lake* (60) 38°32'22"N, 87°03'21"W IN Montgomery  6/26/12 
 38°32'22"N, 87°03'21"W IN Montgomery  7/12/13 
Dr. Hilton's Pond (54) 40°29'46"N, 86°52'58"W IN Tippecanoe  6/23/12 
Fairfield Lakes 2 (55) 40°23'36"N, 86°45'43"W IN Tippecanoe  6/23/12 
Horseshoe Pond (65) 38°33'57"N, 87°03'06"W IN Montgomery  6/27/12 
Indiana University Pond (62) 39°11'21"N, 86°30'09"W IN Monroe  6/27/12 
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Table C-I. Continued. 

Body of Water (ID) Coordinates (DMS) State County Date 

Lake Monroe (66) 39°04'02"N, 86°27'14"W IN Monroe 6/27/12 
Mirror Lake* (61) 38°40'05"N, 87°30'44"W IN Knox 6/26/12 
 38°40'05"N, 87°30'44"W IN Knox 7/12/13 
Munger Lake (57) 40°25'49"N, 86°50'60"W IN Tippecanoe 6/23/12 
Todd Lake (63) 38°58'10"N, 87°14'21"W IN Greene 6/27/12 
Wabash College Pond (59) 40°09'43"N, 86°54'23"W IN Montgomery 6/24/12 
Big Pond (68) 38°58'57"N, 95°22'35"W KS Douglas 7/16/11 
Potter Lake (67) 38°57'37"N, 95°14'57"W KS Nemaha 7/15/11 
Small Pond (69) 38°59'02"N, 95°22'28"W KS Douglas 7/16/11 
Basil Griffin Lake (76) 36°55'04"N, 86°26'19"W KY Breckinridge 8/15/12 
Cap Mauzy Lake (77) 37°37'21"N, 87°51'15"W KY Union 8/15/12 
Dewey Lake* (70) 37°43'36"N, 82°44'34"W KY Floyd 8/14/12 
 37°43'36"N, 82°44'34"W KY Floyd 7/11/13 
Duncan Road Lake (78) 36°53'40"N, 88°05'59"W KY Trigg 8/17/12 
Hematite Lake (79) 36°53'43"N, 88°02'53"W KY Trigg 8/17/12 
Kentucky Lake (80) 36°46'16"N, 88°06'46"W KY Trigg 8/17/12 
Lake Barkley (81) 36°47'33"N, 87°57'53"W KY Trigg 8/17/12 
Mill Creek Lake* (73) 37°46'00"N, 83°40'23"W KY Powell 8/14/12 
 37°46'00"N, 83°40'23"W KY Powell 7/11/13 
Nolin Lake (71) 37°20'47"N, 86°07'27"W KY Grayson 8/14/12 
Rough River Res. (75) 37°36'08"N, 86°30'29"W KY Breckinridge 8/15/12 
Shanty Hollow Lake (72) 37°08'42"N, 86°23'04"W KY Warren 8/14/12 
Taylorsville Lake* (74) 38°01'33"N, 85°16'24"W KY Spencer 8/14/12 
 38°01'33"N, 85°16'24"W KY Spencer 7/11/13 
Bruin Lake (88) 31°57'29"N, 91°12'12"W LA Tensas 8/5/13 
Caney Creek Lake (84) 32°13'35"N, 92°29'20"W LA Jackson 8/4/13 
Cheniere Lake (85) 32°28'38"N, 92°12'01"W LA Ouachita 8/4/13 
Corney Lake (82) 32°54'36"N, 92°44'01"W LA Claiborne 8/3/13 
Lake Claiborne (83) 32°43'57"N, 92°55'05"W LA Claiborne 8/4/13 
Saline Lake (86) 31°20'28"N, 92°05'48"W LA Rappides 8/4/13 
Turkey Creek Lake (87) 31°55'04"N, 91°45'35"W LA Franklin 8/4/13 
Beaver Pond (93) 39°36'17"N, 78°00'20"W MD Frederick 6/8/12 
Big Pool (89) 39°36'25"N, 78°00'26"W MD Frederick 6/8/12 
Blairs Valley Lake (90) 39°58'02"N, 77°56'28"W MD Washington 6/8/12 
Cattail Pond (94) 39°03'32"N, 76°44'18"W MD Prince Georges 6/9/12 
Fields Pond (96) 39°35'47"N, 76°50'30"W MD Carroll 6/9/12 
Fletchertown Road P. (92) 38°59'27"N, 76°47'29"W MD Prince Georges 6/8/12 
Governors Bridge P. (95) 38°56'33"N, 76°41'46"W MD Prince Georges 6/9/12 
North Carroll Pond (98) 39°38'32"N, 76°52'09"W MD Prince Georges 6/8/12 
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Table C-I. Continued. 

Body of Water (ID) Coordinates (DMS) State County Date 

Old Annapolis Road P. (91) 38°58'14"N, 76°45'25"W MD Prince Georges  6/8/12 
Pretty Boy Reservoir (100) 39°38'51"N, 76°45'21"W MD Baltimore  6/10/12 
Rieves Pond (99) 39°04'05"N, 76°46'59"W MD Prince Georges  6/9/12 
Woodward Pond (97) 38°57'42"N, 76°44'58"W MD Prince Georges  6/8/2016 
Ford Lake (104) 42°12'22"N, 83°33'31"W MI Washtenaw  6/22/12 
Gull Lake (105) 42°24'21"N, 85°24'19"W MI Kalamazoo  6/23/12 
Losee Lake (103) 42°24'34"N, 83°57'32"W MI Washtenaw  6/22/12 
Three Lakes (102) 42°21'02"N, 85°25'48"W MI Kalamazoo  6/22/12 
Wintergreen Lake (101) 42°23'58"N, 85°22'58"W MI Kalamazoo  6/22/12 
Crystal Lake (109) 46°37'12"N, 95°57'56"W MN Otter Tail  7/18/13 
Lake Carlos (108) 45°57'44"N, 95°21'13"W MN Douglas  7/17/13 
Lake Franklin (110) 46°39'11"N, 95°57'43"W MN Otter Tail  7/18/13 
Lake Minnewaska (107) 45°38'26"N, 95°23'16"W MN Pope  7/17/13 
Point Lake (106) 45°11'42"N, 95°00'29"W MN Kandiyohi  7/17/13 
Council Bluff Lake (111) 37°43'51"N, 90°55'48"W MO Iron  7/13/13 
Harry S. Truman Res. (114) 38°16'56"N, 93°25'41"W MO Benton  7/14/13 
Indian Lake (112) 38°04'45"N, 91°26'41"W MO Crawford  7/13/13 
Little Prairie Lake (113) 37°59'51"N, 91°41'30"W MO Phelps  7/13/13 
Longview Lake (115) 38°54'05"N, 94°28'03"W MO Jackson  7/14/13 
Montrose Lake (117) 38°18'30"N, 93°57'10"W MO Henry  7/14/13 
Smithville Lake (116) 39°23'30"N, 94°33'14"W MO Clay  7/14/13 
Lake Okatibbee (120) 32°29'54"N, 88°48'15"W MS Lauderdale  8/5/13 
Ross R. Barnett Res. (118) 32°31'11"N, 89°58'20"W MS Madison  8/5/13 
 32°30'20"N, 89°55'47"W MS Rankin  8/5/13 
 32°23'26"N, 90°02'23"W MS Rankin  8/5/13 
Shadow Lake (119) 32°19'13"N, 89°40'46"W MS Scott  8/5/13 
Belews Lake (127) 36°14'29"N, 80°03'51"W NC Forsyth  7/27/11 
 36°17'60"N, 80°03'12"W NC Forsyth  7/27/11 
 36°13'34"N, 80°02'35"W NC Forsyth  8/5/11 
Boy Scout Pond (130) 36°16'24"N, 80°06'21"W NC Forsyth  8/5/11 
Coon Lake† (131) 35°59'50"N, 80°24'31"W NC Forsyth  10/24/11 
 35°59'50"N, 80°24'31"W NC Forsyth  5/22/12 
 35°59'50"N, 80°24'31"W NC Forsyth  6/19/12 
Eures Pond (121) 36°01'15"N, 80°04'57"W NC Forsyth  7/5/11 
Graylyn Pond (128) 36°07'03"N, 80°17'03"W NC Forsyth  7/30/11 
High Point Lake (122) 35°59'54"N, 79°56'42"W NC Guilford  7/5/11 
High Rock Lake (123) 35°39'06"N, 80°18'07"W NC Davidson  7/21/11 
Lake Junaluska (136) 35°31'08"N, 82°58'35"W NC Haywood  8/20/12 
Lake Norman (138) 35°27'50"N, 80°54'03"W NC Mecklenburg  8/10/13 
Lake Reidsville (135) 36°17'32"N, 79°40'52"W NC Rockingham  6/6/12 
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Table C-I. Continued. 

Body of Water (ID) Coordinates (DMS) State County Date 

Lake Thom-a-lex (124) 35°53'24"N, 80°11'22"W NC Davidson  7/21/11 
Lexington City Lake‡ (125) 35°51'41"N, 80°12'52"W NC Davidson  7/21/11 
 35°51'30"N, 80°12'53"W NC Davidson  7/21/11 
 35°51'41"N, 80°12'52"W NC Davidson  8/10/13 
Mallard Lake (134) 36°00'03"N, 80°24'07"W NC Forsyth  5/29/12 
Mountain Island Lake (137) 35°21'12"N, 80°58'23"W NC Gaston  8/10/13 
Oak Hollow Lake (133) 36°00'58"N, 80°00'08"W NC Guilford  7/5/11 
SECCA Pond (129) 36°07'09"N, 80°17'25"W NC Forsyth  8/3/11 
Skilpot Lake (132) 35°59'50"N, 80°24'51"W NC Forsyth  10/22/11 
Winston Lake (126) 36°06'60"N, 80°12'13"W NC Forsyth  7/4/11 
Crown Butte (139) 46°52'12"N, 101°05'35"W ND Morton  7/19/13 
Lake Tschida (140) 46°36'02"N, 101°48'53"W ND Grant  7/19/13 
McDowell Lake (141) 46°49'37"N, 100°38'22"W ND Burleigh  7/19/13 
Little Nemaha River (144) 40°19'25"N, 95°40'36"W NE Nemaha  7/17/11 
Optimist Lake (143) 40°23'57"N, 95°50'11"W NE Nemaha  7/17/11 
Verdon State Rec. Area (142) 40°08'47"N, 95°43'28"W NE Richardson  7/17/11 
Conchas Lake (146) 35°25'21"N, 104°11'41"W NM San Miguel  7/28/13 
Sumner  Lake (145) 34°36'59"N, 104°22'38"W NM DeBaca  7/28/13 
Ute Lake (147) 35°21'20"N, 103°27'26"W NM Quay  7/29/13 
Alder Pond (158) 41°04'46"N, 81°27'23"W OH Summit  6/21/12 
Bass Lake (148) 40°57'57"N, 81°43'44"W OH Wayne  7/2/11 
Caesar Creek Res. (161) 39°29'20"N, 84°02'54"W OH Warren  6/28/12 
Clendening Lake (153) 40°14'38"N, 81°13'21"W OH Allen  6/20/12 
Findlay Reservoir 1 (159) 41°00'33"N, 83°33'58"W OH Hancock  6/21/12 
Firestone Reservoir (155) 41°00'34"N, 81°30'46"W OH Summit  6/20/12 
Mogadore Reservoir (157) 41°03'55"N, 81°22'20"W OH Summit  6/21/12 
Munroe Falls Lake 2 (156) 41°07'57"N, 81°24'58"W OH Summit  6/21/12 
Muskingum College P. (150) 39°59'54"N, 81°44'11"W OH Muskingum  6/19/12 
New Concord Vil. Res. (152) 40°00'28"N, 81°45'13"W OH Muskingum  6/19/12 
Piedmont Lake (154) 40°09'55"N, 81°11'29"W OH Harrison  6/20/12 
Roosevelt Pond (162) 38°43'43"N, 83°10'41"W OH Scioto  6/28/12 
Shank Lake (160) 41°01'14"N, 83°41'14"W OH Hancock  6/22/12 
Silver Lake† (149) 41°09'19"N, 81°27'37"W OH Summit  6/30/11 
Sturtevant Lake (151) 40°00'22"N, 81°44'25"W OH Muskingum  6/19/12 
Chickasha Lake (164) 35°07'58"N, 98°07'39"W OK Caddo  7/31/13 
Foss Lake (163) 35°32'10"N, 99°11'39"W OK Custer  7/30/13 
Lake Eufaula (166) 35°19'43"N, 95°32'13"W OK Mcintosh  7/31/13 
Robert S. Kerr Res. (168) 35°18'55"N, 94°49'11"W OK Haskell  8/1/13 
Stanley Draper Lake (165) 35°20'57"N, 97°20'21"W OK Cleveland  7/31/13 
Webbers Falls Lake (167) 35°30'46"N, 95°07'37"W OK Muskogee  8/1/13 
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Table C-I. Continued. 

Body of Water (ID) Coordinates (DMS) State County Date 

Murphys Bottom Pond (173) 40°41'35"N, 79°38'14"W PA Armstrong  6/11/12 
Pinchot L./Conewago L. (172) 40°04'09"N, 76°54'29"W PA York  6/10/12 
Raystown Lake (169) 40°19'05"N, 78°10'34"W PA Huntingdon  6/10/12 
Sheppard-Meyers Res. (170) 39°43'56"N, 76°57'19"W PA York  6/10/12 
Wingfield Pines (P. 2) (174) 40°20'15"N, 80°06'42"W PA Allegheny  6/11/12 
Wingfield Pines (P. 3) (171) 40°20'10"N, 80°06'46"W PA Allegheny  6/11/12 
Chester Lake (179) 34°40'44"N, 81°14'34"W SC Chester  8/9/13 
Lake Greenwood (175) 34°10'28"N, 81°55'14"W SC Greenwood  8/9/13 
Lake Murray (176) 34°03'55"N, 81°13'23"W SC Lexington  8/9/13 
Lake Wylie (180) 35°01'32"N, 81°02'39"W SC York  8/10/13 
Monticello Reservoir (177) 34°19'39"N, 81°17'09"W SC Fairfield  8/9/13 
Wateree Lake (178) 34°20'08"N, 80°42'25"W SC Kershaw  8/9/13 
He Dog Lake (183) 43°17'21"N, 101°03'45"W SD Todd  7/21/13 
Lake Francis Case (182) 43°08'40"N, 98°44'09"W SD Charles Mix  7/21/13 
 43°49'49"N, 99°20'22"W SD Lyman  7/21/13 
Lake Oahe (181) 44°33'27"N, 100°28'36"W SD Sully  7/20/13 
Pactola Reservoir (185) 44°03'39"N, 103°29'54"W SD Pennington  7/22/13 
Sheridan Lake (184) 43°58'04"N, 103°29'05"W SD Pennington  7/22/13 
Casper Lake (188) 35°22'08"N, 89°50'18"W TN Shelby  8/18/12 
Cheston Lake (192) 35°12'38"N, 85°55'47"W TN Franklin  8/19/12 
Chickamauga Lake (194) 35°09'39"N, 85°07'19"W TN Hamilton  8/20/12 
Couchville Lake (189) 36°05'41"N, 86°32'36"W TN Rutheford  8/19/12 
Dogwood Lake (193) 35°42'28"N, 88°14'16"W TN Henderson  8/19/12 
Douglas Lake (196) 35°57'35"N, 83°32'01"W TN Jefferson  8/20/12 
Lake Woodhaven (190) 36°04'52"N, 87°17'10"W TN Dickson  8/19/12 
Melton Hill Reservoir (195) 35°52'58"N, 84°17'48"W TN Loudon  8/20/12 
Pinoak Lake (191) 35°41'23"N, 88°17'30"W TN Henderson  8/19/12 
Poplar Tree Lake (187) 35°18'15"N, 90°03'41"W TN Shelby  8/18/12 
Reelfoot Watershed L. (186) 36°22'56"N, 89°20'30"W TN Obion  8/18/12 
Medipark North Lake (198) 35°12'10"N, 101°54'54"W TX Potter  7/30/13 
Southeast Lake (197) 35°09'37"N, 101°48'25"W TX Randall  7/30/13 
Bark Camp Lake (207) 36°52'01"N, 82°31'20"W VA Wise  8/13/12 
Duck Pond (204) 37°13'30"N, 80°25'47"W VA Montgomery  6/13/12 
Frenchs Pond (206) 37°10'40"N, 81°28'12"W VA Tazewell  6/29/12 
Heritage Park Lake (203) 37°14'18"N, 80°27'32"W VA Montgomery  6/13/12 
Hungry Mother Lake* (208) 36°52'21"N, 81°30'49"W VA Smyth  8/13/12 
 36°52'21"N, 81°30'49"W VA Smyth  7/10/13 
Lake Anna (201) 38°03'13"N, 77°45'39"W VA Louisa  6/7/12 
Pandapas Lake (202) 37°16'52"N, 80°28'10"W VA Montgomery  6/13/12 
Pound Lake (210) 37°07'23"N, 82°38'08"W VA Wise  8/13/12 
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Table C-I. Continued. 

Body of Water (ID) Coordinates (DMS) State County Date 

Renees Pond (205) 36°35'47"N, 80°55'45"W VA Carroll  6/14/12 
Shields Lake (200) 37°32'23"N, 77°28'31"W VA Richmond  6/6/12 
South Holston Lake (209) 36°38'07"N, 81°57'38"W VA Washington  8/13/12 
Swan Lake (199) 37°32'34"N, 77°28'23"W VA Richmond  6/6/12 
Grindstone Lake (211) 45°56'15"N, 91°24'55"W WI Sawyer  9/7/12 
Avian Way Pond (226) 37°24'16"N, 81°03'25"W WV Mercer  6/29/12 
Bass Experimental P. (215) 39°21'13"N, 77°56'06"W WV Jefferson  11/17/11 

Beech Fork Lake* (223) 38°18'12"N, 82°24'50"W WV Wayne  6/28/12 
 38°18'12"N, 82°24'50"W WV Wayne  7/10/13 
Cheat Lake (218) 39°40'43"N, 79°51'33"W WV Monongalia  6/12/12 
Lambert Pond (225) 37°23'44"N, 81°04'03"W WV Mercer  6/29/12 
Liner Lake (214) 39°21'04"N, 77°55'38"W WV Jefferson  11/17/11 
Natural Lake (213) 39°21'01"N, 77°55'32"W WV Jefferson  11/17/11 
Plum Orchard Lake* (222) 37°56'38"N, 81°12'36"W WV Fayette  6/13/12 
 37°56'38"N, 81°12'36"W WV Fayette  7/10/13 
Pond 14 (216) 39°21'16"N, 77°56'04"W WV Jefferson  6/7/12 
Poor House Pond (217) 39°27'40"N, 78°02'19"W WV Berkeley  6/8/12 
R.D. Bailey Lake (224) 37°36'06"N, 81°49'11"W WV Mingo  6/28/12 
Ridenour Lake (220) 38°24'57"N, 81°49'45"W WV Kanawha  6/13/12 
Rocky Lake (212) 39°20'59"N, 77°55'41"W WV Jefferson  11/17/11 
Stonecoal Lake (219) 38°58'39"N, 80°22'46"W WV Lewis  6/12/12 
Wine Cellars Lake (221) 38°22'58"N, 81°43'58"W WV Kanawha  6/13/12 
Glendo Reservoir (230) 42°29'47"N, 104°57'50"W WY Platte  7/23/13 
Keyhole Reservoir (227) 44°21'43"N, 104°45'43"W WY Crook  7/22/13 
LAK Reservoir (229) 43°49'28"N, 104°06'22"W WY Weston  7/23/13 
Blk. Hills Power Res. (228) 43°58'23"N, 104°24'30"W WY Weston  7/23/13 

Sloans Lake (231) 41°09'19"N, 104°49'40"W WY Laramie  7/24/13 
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Table C-II. State abbreviations used in the text and in Table C-I. 

State (Abbreviation) State (Abbreviation) 

Alabama (AL) Nebraska (NE) 
Arkansas (AR) New Mexico (NM) 
Colorado (CO) North Carolina (NC) 
Georgia (GA) North Dakota (ND) 
Illinois (IL) Ohio (OH) 
Indiana (IN) Oklahoma (OK) 
Iowa (IA) Pennsylvania (PA) 
Kansas (KS) South Carolina (SC) 
Kentucky (KY) South Dakota (SD) 
Louisiana (LA) Tennessee (TN) 
Maryland (MD) Texas (TX) 
Michigan (MI) Virginia (VA) 
Minnesota (MN) West Virginia (WV) 
Mississippi (MS) Wisconsin (WI) 
Missouri (MO) Wyoming (WY) 
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APPENDIX D 

 

 

STUDY SITES/SAMPLING MAPS 

  



 

 

224 
 

Figure D-1.  Bodies of water sampled (a) for the first time between 2011 – 2013, and (b) 

resampled between 2012 – 2103. 
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Figure D-2.  Bodies of water in (a) Alabama, Georgia, and Mississippi and (b) Arkansas from 

which at least 1 host was recovered. 
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Figure D-3.  Bodies of water in (a) Colorado and Wyoming and (b) Iowa and Minnesota from 

which at least 1 host was recovered. 
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Figure D-4.  Bodies of water in Illinois from which at least 1 host was recovered. 
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Figure D-5.  Bodies of water in Indiana from which at least 1 host was recovered. 
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Figure D-6.  Bodies of water in (a) Kansas and (b) Kentucky and Tennessee from which at least 1 

host was recovered. 
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Figure D-7.  Bodies of water in (a) Louisiana and (b) Maryland and Pennsylvania from which at 

least 1 host was recovered. 
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Figure D-8.  Bodies of water in (a) Michigan and (b) Missouri from which at least 1 host was 

recovered. 

  



 

 

233 
 

Figure D-9.  Bodies of water in Nebraska, North Dakota, and South Dakota from which at least 1 

host was recovered. 
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Figure D-10.  Bodies of water in North Carolina and South Carolina from which at least 1 host was recovered. 
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Figure D-11.  Bodies of water in (a) New Mexico and (b) Oklahoma from which at least 1 host 

was recovered. 
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Figure D-12.  Bodies of water in Ohio and from which at least 1 host was recovered. 
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Figure D-13.  Bodies of water in Virginia from which at least 1 host was recovered. 
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Figure D-14.  Bodies of water in West Virginia from which at least 1 host was recovered. 
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Figure D-15.  Bodies of water in Wisconsin from which at least 1 host was recovered. 
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HOST DISTRIBUTION MAPS 
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Figure E-1.  Distribution of rock bass (Ambloplites rupestris) sampled across the US from 2011 – 

2013.  The size of the circle corresponds to the number of hosts of this particular species collected 

from each body of water.  Empty circles represent bodies of water where no hosts of this 

particular species were recovered. 
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Figure E-2.  Distribution of redbreast sunfish (Lepomis auritus) sampled across the US from 2011 

– 2013.  The size of the circle corresponds to the number of hosts of this particular species 

collected from each body of water.  Empty circles represent bodies of water where no hosts of 

this particular species were recovered. 
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Figure E-3.  Distribution of green sunfish (Lepomis cyanellus) sampled across the U.S. from 2011 

– 2013.  The size of the circle corresponds to the number of hosts of this particular species 

collected from each body of water.  Empty circles represent bodies of water where no hosts of 

this particular species were recovered. 
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Figure E-4.  Distribution of pumpkinseed sunfish (Lepomis gibbosus) sampled across the U.S. 

from 2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular 

species collected from each body of water.  Empty circles represent bodies of water where no 

hosts of this particular species were recovered. 
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Figure E-5.  Distribution of warmouth (Lepomis gulosus) sampled across the U.S. from 2011 – 

2013.  The size of the circle corresponds to the number of hosts of this particular species collected 

from each body of water.  Empty circles represent bodies of water where no hosts of this 

particular species were recovered. 
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Figure E-6.  Distribution of orange-spotted sunfish (Lepomis humilis) sampled across the U.S. 

from 2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular 

species collected from each body of water.  Empty circles represent bodies of water where no 

hosts of this particular species were recovered. 
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Figure E-7.  Distribution of bluegill sunfish (Lepomis macrochirus) sampled across the U.S. from 

2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular species 

collected from each body of water.  Empty circles represent bodies of water where no hosts of 

this particular species were recovered. 
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Figure E-8.  Magnified view of the presence or absence of bluegills in bodies of water sampled in (a) North Carolina, (b) Maryland, and parts of 

Pennsylvania and West Virginia, and (c) Illinois and Indiana. 
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Figure E-9.  Distribution of dollar sunfish (Lepomis marginatus) sampled across the U.S. from 

2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular species 

collected from each body of water.  Empty circles represent bodies of water where no hosts of 

this particular species were recovered. 
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Figure E-10.  Distribution of longear sunfish (Lepomis megalotis) sampled across the U.S. from 

2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular species 

collected from each body of water.  Empty circles represent bodies of water where no hosts of 

this particular species were recovered. 
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Figure E-11.  Distribution of redear sunfish (Lepomis microlophus) sampled across the U.S. from 

2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular species 

collected from each body of water.  Empty circles represent bodies of water where no hosts of 

this particular species were recovered. 
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Figure E-12.  Distribution of smallmouth bass (Micropterus dolomieu) sampled across the U.S. 

from 2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular 

species collected from each body of water.  Empty circles represent bodies of water where no 

hosts of this particular species were recovered. 
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Figure E-13.  Distribution of largemouth bass (Micropterus salmoides) sampled across the U.S. 

from 2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular 

species collected from each body of water.  Empty circles represent bodies of water where no 

hosts of this particular species were recovered. 
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Figure E-14.  Distribution of white crappie (Pomoxis annularis) sampled across the U.S. from 

2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular species 

collected from each body of water.  Empty circles represent bodies of water where no hosts of 

this particular species were recovered. 
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Figure E-15.  Distribution of black crappie (Pomoxis nigromaculatus) sampled across the U.S. 

from 2011 – 2013.  The size of the circle corresponds to the number of hosts of this particular 

species collected from each body of water.  Empty circles represent bodies of water where no 

hosts of this particular species were recovered. 

  



 

269 
 

  



 

270 
 

Figure E-16.  Locations from which bluegill sunfish, green sunfish, bluegill–green sunfish 

hybrids, or combinations of these species were recovered. 
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Figure E-17.  Locations from which bluegills, pumpkinseed sunfish, bluegill–pumpkinseed 

sunfish hybrids, or combinations of these species were recovered. 
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Figure E-18.  Locations from which green sunfish, pumpkinseed sunfish, green–pumpkinseed 

sunfish hybrids, or combinations of these species were recovered. 
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APPENDIX F 

 

 

PARASITE DISTRIBUTION MAPS 
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Figure F-1.  Distribution of the acanthocephalan, Leptorhynchoides thecatus, collected from all 

host species across the sampled area of the United States. 

  



 

278 
 

  



 

279 
 

Figure F-2.  Distribution of the acanthocephalan, Neoechinorhynchus cylindratus, collected from 

all host species across the sampled area of the United States. 
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Figure F-3.  Distribution of the acanthocephalan, Pilum pilum, collected from all host species 

across the sampled area of the United States. 
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Figure F-4.  Distribution of the acanthocephalan, Pomphorhynchus bulbocolli, collected from all 

host species across the sampled area of the United States. 
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Figure F-5.  Distribution of the cestode, Bothriocephalus acheilognathi, collected from all host 

species across the sampled area of the United States. 
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Figure F-6.  Distribution of the cestode, Haplobothrium globuliformae, collected from all host 

species across the sampled area of the United States. 
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Figure F-7.  Distribution of the cestode, Proteocephalus ambloplitis, collected from all host 

species across the sampled area of the United States. 
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Figure F-8.  Distribution of the cestode, Triaenophorus nodulosus, collected from all host species 

across the sampled area of the United States. 
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Figure F-9.  Distribution of the nematode, Camallanus oxycephalus, collected from all host 

species across the sampled area of the United States. 
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Figure F-10.  Distribution of the nematode, Capillaria catenata, collected from all host species 

across the sampled area of the United States. 
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Figure F-11.  Distribution of the nematode, Contracaecum spiculigerum, collected from all host 

species across the sampled area of the United States. 

  



 

298 
 

  



 

299 
 

Figure F-12.  Distribution of the nematode, Dichelyne cotylophora, collected from all host species 

across the sampled area of the United States. 
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Figure F-13.  Distribution of the nematode, Eustrongyloides tubifex, collected from all host 

species across the sampled area of the United States. 

  



 

302 
 

  



 

303 
 

Figure F-14.  Distribution of the nematode, Hysterothylacium brachyurum, collected from all host 

species across the sampled area of the United States. 
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Figure F-15.  Distribution of the nematode, Spinitectus spp., collected from all host species across 

the sampled area of the United States.  The Spinitectus species encountered in the current study 

include S. carolini, S. gracilis, and S. micracanthus.  “Presence” on this map may represent the 

presence of any of these species singularly, or a complex of 2, or all 3, of these species of 

nematodes in the same location. 
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Figure F-16.  Distribution of an unidentified nematode, Unknown Nematode 1, collected from all 

host species across the sampled area of the United States.  This particular nematode was often 

found in the stomach or small intestines of infected hosts. 
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Figure F-17.  Distribution of an unidentified nematode, Unknown Nematode 2, collected from all 

host species across the sampled area of the United States.  These nematodes were quite small, 

found in cysts containing anywhere from 1 – 100(+) nematodes, and located in the mesenteries of 

organs in the abdominal cavities of hosts. 
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Figure F-18.  Distribution of the trematode, Azygia angusticauda, collected from all host species 

across the sampled area of the United States. 
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Figure F-19.  Distribution of the trematode, Caecincola parvulus, collected from all host species 

across the sampled area of the United States. 
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Figure F-20.  Distribution of the trematode, Clinostomum marginatum, collected from all host 

species across the sampled area of the United States. 
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Figure F-21.  Distribution of the trematode, Crepidostomum spp., collected from all host species 

across the sampled area of the United States.  The Crepidostomum species encountered in the 

current study include C. cooperi and C. cornutum.  “Presence” on this map may denote the 

presence of each of these species singularly, or could represent a complex of both of these species 

at the same site. 
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Figure F-22.  Distribution of the trematode, Cryptogonimus chili, collected from all host species 

across the sampled area of the United States. 
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Figure F-23.  Distribution of the trematode, Homalometron armatum, collected from all host 

species across the sampled area of the United States. 
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Figure F-24.  Distribution of the trematode, Pisciamphistoma stunkardi, collected from all host 

species across the sampled area of the United States. 
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Figure F-25.  Distribution of the trematode, Posthodiplostomum minimum, collected from all host 

species across the sampled area of the United States. 
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Figure F-26.  Distribution of the trematode, Proterometra macrostoma, collected from all host 

species across the sampled area of the United States. 
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Figure F-27.  Distribution of the trematode, Uvulifer ambloplites, collected from all host species 

across the sampled area of the United States. 
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Luth, K. E., M. R. Zimmermann, J. Rodriquez, L. E. Camp, and G. W. Esch. 2009. Population  

and infection dynamics of Daubaylia potomaca (Nematoda:  Cephalobidae). American  
Society of Parasitologists, Knoxville, Tennessee. 

 
Luth, K. E. 2009. Determining which preservative or fixative best maintains the structural  

integrity of a nematode.  Perspectives in Biology Symposium, Wake Forest University,  
Winston-Salem, North Carolina. 

 
Luth, K. E. and E. J. Wetzel. 2008. Population dynamics of Crepidostomum cornutum  

(Trematoda:  Allocreadiidae) in its crayfish second intermediate host.  First Peruvian  
Congress of Helminthology and Associated Invertebrates, Universidad de Ricardo Palma,  
Lima, Perú and Perspectives in Biology Symposium, Wake Forest University, Winston- 
Salem, North Carolina. 

 
Luth, K. E. and E. J. Wetzel. 2008. Crepidostomum cornutum:  the life and times of a local  

Montgomery County parasite.  Celebration of Student Research, Wabash College,  
Crawfordsville, Indiana. 

 
PROFESSIONAL SOCIETIES: 

- American Society of Parasitologists 

- Southeastern Society of Parasitologists 

- Annual Midwestern Conference of Parasitologists 
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SCHOLASTIC AND PROFESSIONAL EXPERIENCE: 

TEACHING: 

Teaching Assistant, Wake Forest University (2008-2016) 
- Biology and the Human Condition Lab (4 semesters) 
- Ecology and Evolution Lab (4 semesters) 
- Cell Biology Lab (3 semesters) 
- Parasitology Lab (2 semesters) 
- Biological Principles Lab (1 semester) 
- Ecology Lab (1 semester) 
- Molecular Methods Lab (1 semester) 
- Statistics (1 semester) 

 
Guest Lecturer, Wake Forest University (2009-2016) 

- Cell Biology (Spring 2014) 
- Parasitology (Spring 2012; Spring 2016) 
- Ecology (Fall 2011) 
- Biology and the Human Condition (Summer 2009, Fall 2011, Fall 

2013) 
 
Guest Lecturer, Wabash College 

- Parasitology  (Fall 2012) 
 

TUTORING: 

 
Tutor, Wake Forest University (2010 – 2016) 

- Comparative Physiology, Wake Forest University (6 semesters) 
- Biological Principles (4 semesters) 
- Human Physiology (4 semester) 
- Biology and the Human Condition (3 semesters) 
- Ecology and Evolution (2 semesters) 
- Entrepreneurship and Social Enterprise (2 semesters) 
- Epidemiology (2 semesters) 
- Everyday Chemistry (2 semesters) 
- Human Anatomy (2 semesters) 
- Biomechanics (1 semester) 
- Environmental Law and Policy (1 semester) 
- Environmental Issues (1 semester) 
- Health Psychology (1 semester) 
- Microbiology (1 semester) 
- Statistics (1 semester) 

 
Tutor, Salem College 

- Biological Principles (1 semester) 
   

Tutor, High School AP Biology, Winston Salem, NC (3 semesters) 
   

Tutor, High School AP Chemistry, Winston Salem, NC (3 semesters) 
 
Tutor, High School AP Environmental Science, Winston Salem, NC (1 semester) 
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Guest Lecturer, Meadowlark Elementary School, Forsyth Co., NC 
- 4th grade (2016) 

 
Guest Lecturer, Brunson Elementary School, Forsyth Co., NC  

- 3rd and 5th grades (2014) 
 
Guest Lecturer, Northwest Elementary School, Davidson Co., NC 

- 5th grade (2012, 2013) 
   

VOLUNTEERING: 

 
Meadowlark Elementary (2016) 

- guest lecturer 
 
Brunson Elementary (2013 – present) 

- guest lecturer 
- science-curriculum/activity consultant 
- “class scientist” for Miss Jessie Spaciel’s 3rd and 5th grade classes 

 
Northwest Elementary (2012 – present) 

- guest lecturer 
- “class scientist” for Miss Amy Burgesser’s 5th grade class 

  
Big Brothers Big Sisters – Winston Salem, NC chapter (2011 – present) 

- Big Brother (2011 – present) 
- Co-Vice Chairman of the Bigs’ Council (elected 2014) 
- Chair of the Advocacy Committee (elected 2014) 
- Voted Winston Salem, NC “Most Active Match” with my Little 

(2014) 
- Voted Winston Salem, NC “Community-Based Match Big Brother 

of the Year” (2015) 
- Voted Winston Salem, NC “Community Partner of the Year” (2016) 

for involvement on the Bigs’ Council 
  

Boys and Girls Club (2010 – present) 
- Garden Club 

  
Crazy Running Youth Running Club (2012 – present) 

- Head Coach, Sherwood Forest Elementary (2013 – present) 
- Assistant Coach, Summer/Winter Running Camp, Hanes Park (2012) 

 
Science Olympiad Competition (2012 – present) 

- Exam writer, Forestry, Middle and High School levels, Atkins HS 
(2013) 

- Judge, Middle and High School levels, Atkins High School (2012 – 
present) 

 
Creciendo Juntos (2015) 

- Volunteered working with children in Pamplona Alta, Lima, Perú 
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Campaña de Salud (2015) 
- Volunteer with Wabash College’s Global Health Initiative Program: 

Helped provide free healthcare services to people living in and 
around Ayaviri, Perú 

 
Campaña de Salud (2014) 

- Volunteer with Dr. Eric Wetzel’s (Wabash College) Global Health 
Initiatives course:  we helped provide free health services to people 
living in and around Tingo María, Huánuco, and Lima (Pamplona 
Alta), Perú 

 


