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ABSTRACT

Black Carp (Mylopharyngodon piceus) has invaded the Mississippi River and is a potential threat to
native mollusks. During prior diet research, we discovered that the fluke Aspidogaster conchicola, a
mollusk parasite, occurs regularly in the gastrointestinal tract of Black Carp. The fluke remains in fish
intestines for extended periods after the fish has consumed its host. Flukes were found in 33% of the
wild Black Carp examined, and numbers ranged from 1 to 802, with no pattern evident across seasons
of fish capture. Treating the flukes as indicators of prior mollusk consumption, we adjusted the percent
occurrence of mollusks from 26.6% to 54.1%, indicating that the previously reported incidences for
bivalves (22.8 %) and gastropods (16.5%) in the diet of wild Black Carp are likely to be underestimated.
Based on percent occurrences in Black Carp, larger fish (=791 mm) had significantly higher fluke
occurrence (42.6%) and fish captured from lentic habitats had significantly greater fluke-adjusted
mollusk occurrence (87.5%). These diet-occurrence estimates, coupled with the presence of gravid A.
conchicola and evidence of their continued viability in Black Carp intestines, indicate that these fish
retain evidence of mollusk consumption for extended periods after evacuation of the gastrointestinal
tract. Consequently, Black Carp has the potential to disperse this parasite to other mollusks.

KEY WORDS: invasive carp, reservoir host, fluke parasites, mollusks, diet

INTRODUCTION

Aspidogastrean trematodes, such as the common and
widespread Aspidogaster conchicola Von Baer (Trematoda:
Aspidogastridae), are regularly encountered parasites in
freshwater unionid mussels and gastropods in the United
States (Hendrix et al. 1985; Alves et al. 2015). This group of
flukes can reside as a secondary occurrence in vertebrate
species that feed on their hosts, including fish and turtles
(Fulhage 1954; Rohde 1972, 2002). Currently, however, direct

*Corresponding Author: bpoulton@usgs.gov

infection of vertebrate hosts by eggs or larval stages is
unknown in this group of flukes. Compared with digenetic
flukes with life cycles that include intermediate hosts, this
fluke has a more ancestral life cycle (Olson et al. 2003) with
direct development that requires only one host for maturation.
Infection occurs when a mollusk ingests the egg stage during
feeding on benthic substrates (i.e., grazing by snails) or—in
unionid mussels—through their filtering apparatus (Huehner
1984). Autoinfection also has been suggested in this species,
where the entire ontogenetic development may occur within
one host individual (Williams 1942; Rohde 1973, 1994).
Nonciliated fluke larvae (aspidocidia; Huehner and Etges
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1977) hatch immediately after uptake and begin maturation,
most often residing in the pericardial cavity, renal cavity, or
viscera of the host mollusk (Huehner and Etges 1981);
however, under certain conditions, the eggs or young larvae
may become encapsulated or encysted in certain body tissues
(Pauley and Becker 1968). This fluke possesses a ventral
adhesive disk (opisthaptor) used as a holdfast, a sensory organ,
and a source for secretion of digestive enzymes (Bakker and
Diegenbach 1974; Fredricksen 1980). Adult flukes feed on the
hemolymph and epithelial cells of the host by ingestion
through the mouth (Bakker and Davids 1973; Huehner et al.
1989). Fish and other vertebrates consume infected mollusks
and act as facultative hosts for A. conchicola (i.e., reservoir
hosts), where adult flukes remain in the intestinal tract for
extended periods after tissues of the mollusk host are digested
(Rohde 1972; Evtushenko et al. 1994). The fluke A.
conchicola has been reported in the intestinal tract of several
freshwater fish species worldwide (Alves et al. 2015),
including Grass Carp (Ctenopharyngodon idella) and Black
Carp (Mylopharyngodon piceus) in Eurasia, and most recently,
in wild-caught Black Carp of the Mississippi River Basin
(Poulton et al. 2019). In Eurasia, among the parasites found in
Zebra Mussels (Dreissena spp.), A. conchicola is the only
fluke species that is also native to North America (Molloy et
al. 1997).

The Black Carp is one of four invasive species that are
commonly referred to as Asian carps; the others are Bighead
Carp (Hypophthalmichthys nobilis), Silver Carp (Hypophthal-
michthys molitrix), and Grass Carp (Kocovsky et al. 2018).
These fish are receiving increasing attention in the United
States because of their potential adverse effects on native
species and aquatic ecosystems (Chapman and Hoff 2011;
Nico and Neilson 2019; USFWS 2019). Black Carp was
imported to the Unites States in the 1970s and 1980s to control
digenetic trematodes in aquaculture by consuming their snail
hosts; the intent was to improve the quality of aquaculture-
produced food fishes (Venable et al. 2000; Ledford and Kelly
2006). Black Carp is characterized by molariform pharyngeal
teeth adapted to crush mollusk shells during feeding (Liu et al.
1990; Shelton et al. 1995; He et al. 2013). The known
molluscivorous habits of Black Carp—in combination with the
expanding geographic range of wild fish within the Mississippi
River Basin (Kroboth et al. 2019)—have led to concern that
they may threaten populations of native and imperiled unionid
mussel species in the United States (Nico et al. 2005; DeVaney
et al. 2009; Nico and Jelks 2011; Hodgins et al. 2014). Most of
the research available on Black Carp has been based on
aquaculture studies. For example, Nico et al. (2005)
summarized accounts for trematode parasites that reside in
Black Carp muscle or liver tissue and use mollusks as
intermediate hosts, but further noted the lack of information on
parasites infecting wild populations. Diet, diseases, parasites,
and ecological consequences of establishment have been
identified as key components in the ongoing assessments of
Black Carp invasion risk into the Great Lakes region (D.A.R.
Drake, Fisheries and Oceans Canada, Burlington, Ontario,
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Canada, personal communication) and Mississippi River Basin
(ACRCC 2019; USFWS 2019).

Understanding the frequency and extent of mollusk
consumption in Black Carp is important for evaluating both
diet composition and risk of invasion to native mollusks as
well as for assessing effects on invasive mollusks. Bivalves
and gastropods in the diet are most easily identified through
their shells or shell fragments, but sometimes they cannot be
identified or counted because these fish partially regurgitate
mollusk shell material or expel fragments without swallowing
them. During recent examination of wild Black Carp diets
(Poulton et al. 2019), the fluke A. conchicola was commonly
encountered in the gastrointestinal tract, even in fish that
contained no other evidence of mollusk consumption. The
ecological significance of this discovery was unknown at the
time of that publication, but we recognized the need to further
investigate the presence of these flukes in Black Carp and their
importance to freshwater mollusks. As a reservoir host, Black
Carp may share the same life stage of A. conchicola with the
primary host mollusks, but also could serve as a source of
infective organisms (Haydon et al. 2002) in addition to
providing evidence that primary hosts were consumed in the
diet some time before capture. Here, we report the specific
interpretation of fluke incidence in the gastrointestinal tract
from the original 109 wild Black Carp examined (Poulton et
al. 2019), including the treatment of flukes as indicators of
previous mollusk consumption and the potential role of Black
Carp as a vector for dispersal of A. conchicola. Specifically,
our study goals were to (1) report the abundance (infection
rate) of A. conchicola flukes in wild Black Carp and any
seasonal patterns in their numbers among fish examined, (2)
provide an alternate method in estimating percent occurrence
of mollusks in Black Carp diet based on the presence of flukes,
and (3) test the significance of fluke and mollusk occurrence
among fish of different sizes and the habitats where fish were
captured. We also review the current ecological knowledge on
A. conchicola flukes as related to freshwater mollusks,
including longevity, viability, host pathways, potential damage
to host tissues, and parasitic transmission. We also discuss the
potential role of Black Carp as a vector of this mollusk parasite
and summarize our study findings considering the risk to
mollusks within the current range of Black Carp in the
Mississippi River Basin. Our intent is to improve the
understanding of linkages between wild Black Carp and
mollusk hosts and to provide critical information for mollusk
conservation efforts in riverine systems.

FIELD-SITE DESCRIPTION

Wild Black Carp, captured year-round from the Mississippi
River Basin during 2009-2017, were acquired through
collaborative research efforts involving commercial fisherman,
federal and state agencies, and universities. They were used for
multiple research projects, including distribution monitoring,
life history, genetics, determination of origin, and age and
growth. Black Carp were captured with hoop nets (51%; the
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Figure 1. Capture locations of Black Carp (Mylopharyngodon piceus) examined in this study from the Mississippi River Basin in 2009-2017 (n = 109).

others were captured with various or unreported methods) by
commercial fishing activities in riverine and backwater
habitats. The geographic range of samples included the
Mississippi River mainstem and the Atchafalaya, Cumberland,
Mlinois, Kaskaskia, Ohio, and White River basins (Fig. 1).
Specific fish capture locations, methods, and dates are
available at https://doi.org/10.5066/P9K88CWF.

METHODS

Gastrointestinal tract samples were dissected from 109
wild-caught Black Carp and preserved in formalin for diet
analysis. Laboratory preparation methods, taxonomic identifi-

cation of contents, and taxa-specific data analysis for these
samples are detailed in the recently published diet study
(Poulton et al. 2019). Flukes removed from these samples
were stained and mounted on glass slides for species
identification via electron microscopy, based on descriptions
by Bailey and Tompkin (1971), Hathaway (1971), Halton and
Lyness (1971), and Huehner and Etges (1977). To investigate
any seasonal patterns in flukes, we compared fluke abundance
(number of flukes found in individual fish) across seasons
(astronomical winter, spring, summer, and fall). To provide
additional comparisons of mollusks and flukes present in the
gastrointestinal tract, we used frequency of occurrence based
on diet data (Poulton et al. 2019). This occurrence is defined as

Downloaded From: https://complete.bioone.org/journals/Freshwater-Mollusk-Biology-and-Conservation on 17 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



BLACK CARP AS A RESERVOIR HOST FOR A MOLLUSK PARASITE 117

1 mm
. 7 mouth
ventral
adhesive
disk )

Figure 2. The fluke Aspidogaster conchicola found in the gastrointestinal tract of Black Carp (Mylopharyngodon piceus) captured from the Mississippi River

Basin in 2009-2017. The images represent (a) dorsal view, showing gravid fluke with eggs, and (b) lateral view, showing buccal funnel (mouth) and opisthaptor

(adhesive disk). Photograph© (a) Anne Herndon, (b) Jennifer Bailey.

the relative number of fish (percentage of total examined) that
contained each specific diet group or taxa (percent incidence of
Buckland et al. 2017). This diet measurement, as used for
inventory of preserved gastrointestinal contents in this study,
is based on presence—absence data only and does not take into
account the abundance of diet items (i.e., in samples or the
environment) or the timing of feeding, ingestion, or digestion
(i.e., when items were ingested or gut evacuation rates).

For comparisons and statistical analyses, we recalculated
percent occurrence for mollusks among diet samples,
accounting for the presence of flukes as an indicator of prior
mollusk consumption (=fluke-adjusted mollusks). We accom-
plished this by using the original mollusk occurrence estimate
of 26.5% (Poulton et al. 2019) and adding percent occurrence
estimates for the following: (1) fish containing A. conchicola
flukes only and (2) fish containing flukes co-occurring with
nonmollusk diet items. To investigate whether fluke occur-
rence differed among fish size classes or capture locations, we
compared fluke classes (percent occurrence of flukes and
fluke-adjusted mollusks) across two fish sizes (above and
below the median total length, in millimeters) and two fish
capture location habitats (lotic, mainstem flowing water
habitats, including side channels and chutes; and lentic, off-
channel areas, including backwater sloughs, oxbows, or
reservoirs). Because of nonnormality of the data and bias
associated with fish capture, we used nonparametric Kruskal—
Wallis/Mann—Whitney U-tests (o« = 0.05) for these compari-
sons (Excel formatted for analysis; Microsoft, Redmond, WA,
USA). Based on this information, we reinterpreted the
contribution of mollusks to Black Carp diets and provide
discussion of implications related to the risk of Black Carp
invasion on native freshwater mollusks and the potential of A.
conchicola dispersal.

RESULTS

The fluke A. conchicola (Fig. 2) was present in 36 (33%) of
the 109 wild Black Carp examined. The abundance of flukes
within individual fish (mean = 50.1, SE = 23.1) varied widely
from 1 to 802, and seasonal means ranged from 3.4 to 122.4,
with the highest mean in fish captured during spring (Fig. 3).
All five fish with more than 100 flukes in their gastrointestinal
tract were captured during May—September, but we found no
significant differences in fluke abundances in Black Carp
across seasons (Fig. 3). This fluke was the only diet item found
in the gastrointestinal tracts of 18 fish and co-occurred with
nonmollusk diet items in 12 additional fish (Fig. 4). Only 6 of
the 36 fish containing flukes had shell remains of mollusks; the
other 30 fish were added to the calculation of percent mollusk
occurrence to account for prior ingestion of fluke-infected
mollusk prey items, resulting in an estimated mollusk
occurrence of 54.1%. Fluke percent occurrence did not differ
significantly between capture habitats (Table 1), but was
significantly higher in larger fish above the median of 791 mm
total length (42.6%, P = 0.04). Fluke-adjusted mollusk
occurrence did not differ significantly between the two Black
Carp size classes (Table 1), but was significantly higher in fish
captured from the lentic vs lotic habitats (87.5%, P = 0.005).

DISCUSSION

In general, the ecology and effects of intestinal flukes in
freshwater fish are more poorly understood than those that
infect other tissues or organs, carry human diseases, or require
intermediate hosts for development. Because of the wide-
spread distribution, more ancestral life cycle, and extensive list
of host species, A. conchicola is relatively well known among
fish trematodes, although it has no known medical importance
to humans. Black Carp was reported as a reservoir host for A.
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Figure 3. Fluke abundance by season of fish capture (mean number of
Aspidogaster conchicola per fish examined, =1 SE) for Black Carp
(Mylopharyngodon piceus) captured from the Mississippi River Basin in
2009-2017. Only the 36 fish containing flukes are included, and range in P
values for seasonal comparisons are given in parentheses (Kruskal-Wallis/
Mann—Whitney U-tests, oo = 0.05 significance level).

conchicola, resulting from consumption of infected unionid
mussels (Cristaria plicata) in the Amur River, China
(Evtushenko et al. 1994; Nico et al. 2005). According to the
aspidogastrean summary provided by Alves et al. (2015), A.
conchicola has the highest number of known host associations
among this group of flukes, with freshwater bivalves and
gastropods making up 78% of the total reported (122),
although this number may be conservative because endosym-
bionts infecting imperiled species of mollusks are often
overlooked (Brian and Aldridge 2019). Aspidogastrean flukes,
including the closely related genus Cotylogaster, are com-
monly found in the gastrointestinal tract of benthic-feeding
freshwater fishes native to the Mississippi River Basin (Alves
et al. 2015), including Blue Catfish (Ictalurus furcatus) and
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Figure 4. Percent occurrence (n = 109) of diet groups found in gastrointestinal
tracts of Black Carp (Mylopharyngodon piceus) captured from the Mississippi
River Basin in 2009-2017 (empty = no identifiable contents). Data with an
asterisk (*) shown for comparison are from Poulton et al. (2019), and flukes
(Aspidogaster conchicola) are further subdivided from data in that publication.

Freshwater Drum (Aplodinotus grunniens), that also occasion-
ally consume mollusks. Specific U.S. records of A. conchicola
in fish only included Shorthead Redhorse (Moxostoma
macrolepidotum) and Common Carp (Cyprinus carpio; Alves
et al. 2015); thus, our discovery of this fluke in wild Black
Carp represents the first U.S. report for this fish species. The
occurrence frequencies of A. conchicola across populations of
other fish species are unknown and thus not available for
comparisons. Because A. conchicola infects a wide variety of
mollusk taxa, we were unable to determine which infected
mollusk group(s) was consumed by individual fish.

The fluke A. conchicola is known to obtain a higher
infection intensity (number of flukes per host individual) than
other aspidogastrean species, with as many as 1,545 reported
in one individual mollusk (Nelson et al. 1975). Some
researchers have reported that flukes are more prevalent in
mollusk hosts during winter (Bailey and Tompkin 1971;
Halton and Lyness 1971). However, the variable infection
intensity for host mollusk taxa and individuals (Huehner and

Table 1. Statistical comparisons of occurrence (percent incidence in the diet) for flukes (Aspidogaster conchicola) and mollusks (*, adjusted for fluke presence)
based on fish size (total length [TL], median =791 mm) and capture habitat (lotic, mainstem flowing water habitats, including side channels and chutes; and lentic,
off-channel areas, including backwater sloughs, oxbows, or reservoirs) for 109 Black Carp (Mylopharyngodon piceus) from the Mississippi River Basin in 2009—

2017 (Kruskal-Wallis/Mann—Whitney U-tests, oo = 0.05 significance level).

Parameter Comparison Fluke Occurrence P Mollusk Occurrence* P
Fish size (TL; mm) At or below median (n = 55) 23.6 47.3
Vs 0.04 0.20
Above median (n = 54) 42.6 59.3
Fish capture habitat Lentic (n = 16) 18.8 87.5
Vs 0.32 0.005
Lotic (n = 93) 355 473
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Etges 1977; Huehner 1984; Carney 2015) precludes us from
relating fluke numbers in Black Carp samples to seasonality in
mollusk ingestion rates, diet abundances among prey items, or
specific mollusk taxa consumed in the diet. Therefore, we are
reporting fluke abundances in Black Carp merely as a
reference for comparison across seasons of fish capture and
for any future studies that may examine abundance of A.
conchicola in other vertebrate host species. There are no
documented reports in the literature that this fluke species
causes harm to fish, although trematodes in general are known
to feed on the mucosal layers lining the intestinal tract
(Roberts and Janovy 2000; Rohde 2005). A closely related
fluke species, Aspidogaster limacoides Diesing, that is a
common mollusk parasite in Europe is known to significantly
damage gut tissues in host fish (Rahanandeh et al. 2016), and
this observation may warrant further studies. Similarly, little is
known about whether infections of A. conchicola can
significantly reduce the fitness or viability of host mollusks
or their populations. Some have reported changes in tissue
histopathology (Michelson 1970) and variability of effects
across host species and infection sites (Bakker and Davids
1973; Danford and Joy 1984). Pauley and Becker (1968)
documented metaplasia in host tissues with high rates of fluke
infection, and Benz and Curran (1997) concluded that A.
conchicola infections would likely cause adverse effects in
host unionid mussels. Pavluchenko and Yermoshyna (2017)
also reported an increase in the cardiac index and reduced
function in ciliated membranes of the filtering apparatus in
unionids as infection rates increased. The ecological signifi-
cance of A. conchicola infection in host mollusks and the
extent to which infection might affect their populations,
imperilment status, or vulnerability as a prey item are currently
unknown. The potential of A. conchicola to adversely affect
the integrity of host tissues and mollusk fitness in combination
with our results suggests that further research on the sublethal
effects of A. conchicola infections is needed, especially
considering the widespread nature of this parasite among
freshwater mollusks.

Among the 109 Black Carp examined for diet items
(Poulton et al. 2019), the 30 fish containing flukes without
other evidence of mollusk consumption (i.e., shell fragments
or mollusk structures) likely fed upon mollusks sometime
before capture, because mollusk ingestion is the only known
pathway for A. conchicola infection in vertebrates. The time
between mollusk ingestion and fish capture is unknown and
cannot be easily approximated with our data, especially
because gut evacuation rates are poorly known for Asian carps
in general (Nico et al. 2005; Chapman and Hoff 2011). Based
on the literature, we conclude that the presence of these flukes
is a viable indicator of previous mollusk consumption in Black
Carp. Although insects were reported at a higher incidence in
diet samples (37.6%, Poulton et al. 2019), our fluke-adjusted
mollusk occurrence of 54.1% is consistent with diet accounts
for both cultured and wild fish given by Nico et al. (2005) and
the common description of Black Carp as a molluscivore. It is
likely that the previously reported percent occurrences for

gastropods (16.5%), unionid mussels (13.7%), and all bivalve
mollusks (22.8%) in the diet of wild Black Carp are lower than
actual contributions to the diet because the presence of A.
conchicola flukes was not accounted for in those estimates.
Therefore, omitting these fish from the calculation of mollusk
occurrence undervalues both the importance of these organ-
isms in the diet and the risk of Black Carp invasion to
freshwater mollusks.

Studies on the longevity, viability, and development of A.
conchicola within and outside mollusk hosts were partially
summarized by Huehner and Etges (1977). This fluke species
can survive in water or saline solution for 2-5 wk in the
laboratory (Van Cleave and Williams 1943; Rohde 1972),
indicating that these flukes can remain viable outside the host
for extended periods. However, these flukes are not motile in
their adult (sexually mature) stage, with transmission and
subsequent infection occurring through the egg, larval, or both
forms (Rohde 1972; Bakker and Davids 1973). The A.
conchicola flukes we found in Black Carp varied in size and
growth phase, as described by Huehner and Etges (1977), but
their development and maturation while residing within the
intestinal tract of host fish have not been evaluated.
Fredricksen (1980) suggested that some aspidogastrean fluke
species probably continue their growth within the vertebrate
hosts after the infected mollusks are consumed. Evtushenko et
al. (1994) noted A. conchicola remained in the intestine of
Black Carp after digestion of the host tissues, but did not
specify fluke viability or a specific period. Our data showing
16.5% of fish examined contained this fluke in the absence of
other diet items (Fig. 4) imply that the flukes remain in the
gastrointestinal tract for extended periods after mollusk
consumption, digestion of other diet items, and evacuation
of mollusk shell fragments. This also implies that these fish
may not have eaten for several hours or days before capture
and that A. conchicola can withstand the enzyme activity
associated with digestion. We recognize that commonly used
methods for reporting gastrointestinal contents in fish, such as
those outlined in Buckland et al. (2017) for qualitative
presence—absence data such as ours, often assume a prey item
has been recently consumed within the gut evacuation time
period. Although our modified approach to calculating
mollusk percent occurrence is nonstandard and beyond this
definition, the extended presence of these flukes in a reservoir
host such as Black Carp represents evidence of prior mollusk
consumption regardless of time period or gut evacuation rate.

The habitats that Black Carp currently occupy within the
invaded range of the Mississippi River Basin can be partially
inferred by capture information and determination of prey
habitats in combination with percent occurrence data for
mollusks and A. conchicola flukes. Diet information associ-
ated with feeding zones and modes of prey capture (Poulton et
al. 2019) indicate Black Carp feed on mollusks that are
sediment dwelling or attached to hard substrates, both of
which are well represented among the diet items consumed by
these fish (Poulton et al. 2019) and known mollusk species
host fish infected by A. conchicola (Alves et al. 2015). When
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fluke presence in the gastrointestinal tract is accounted for in
mollusk estimates, larger Black Carp (above the median total
length for this study of 791 mm) and those captured in lentic
environments have significantly higher occurrences (Table 1).
Furthermore, of the 18 fish containing A. conchicola flukes as
the only diet item present, all were collected in lotic
environments, indicating that these fish had spent more time
evacuating gut contents (i.e., while in hoop nets before
retrieval or during transit between feeding locations). Con-
versely, fish containing mollusks, flukes, or both and captured
in lentic habitats may have been actively feeding or had
ingested mollusks more recently, as supported by our
significantly higher adjusted mollusk occurrence estimates of
87.5% (Table 1) and the significantly greater diet taxa richness
in fish collected from these environments (Poulton et al. 2019).
However, many of the Black Carp that we examined were
acquired from commercial fishers; therefore, the bias associ-
ated with season and gear preferences of these activities
(including variation in time spent in capture gear such as hoop
nets) warrants consideration when interpreting these results.
Further investigations related to Black Carp movements and
habitat use in riverine systems are underway and are needed to
thoroughly assess the effects of Black Carp invasion on
assemblages or specific taxa of mollusks.

The ecological importance of Black Carp as a potential
carrier or transmitter of A. conchicola has not been
investigated. Literature suggests that transmission pathways
of aspidogastrean flukes among and between mollusk
populations are associated with the environmental require-
ments of host unionids (such as current velocity and substrate
factors) and that the dispersal of egg and nonciliated larval
stages of A. conchicola may be passive (Huehner 1984;
Carney 2015). These papers did not specify the mode of fluke
transmission or the role of fish carriers, but Ferguson et al.
(1999) recognized the passage of fluke eggs through the feces
of mollusk-eating turtles as a component of aspidogastrean life
cycles. Many of the flukes that we found in Black Carp were
gravid (Fig. 2), and laboratory studies have shown that eggs of
A. conchicola are immediately infective upon uptake by a
mollusk host (Huehner and Etges 1972, 1977). If viable A.
conchicola eggs or larvae pass through the digestive tract of
Black Carp during waste evacuation, these fish may be
dispersing the fluke to other feeding sites within riverine
habitats suitable for colonization of host mollusks. Consider-
ing the presence of gravid flukes and their apparent extended
longevity in the gastrointestinal tract, it seems likely that Black
Carp may play a role in the dispersal of A. conchicola, both
directly to mollusks and indirectly to other benthic dwelling
fishes that feed on mollusks. To date, there are no literature
reports that eggs or larvae of A. conchicola can infect fish
directly. Viability of A. conchicola eggs passing through the
digestive tract of fish have not been studied; thus far, dispersal
by Black Carp can only be inferred by our observance of
gravid flukes and the proximity of these fish to the mollusk
habitat where they forage.

The invasion and expansion of Black Carp in the United
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States could deplete native unionid mollusks, a group with
documented A. conchicola infections. Literature, including
recent and ongoing efforts to evaluate Black Carp invasion
risks (ACRCC 2019; USFWS 2019), has highlighted adverse
effects on native freshwater mollusks as being the primary
concern. The list of A. conchicola mollusk hosts in the United
States (Alves et al. 2015) contains approximately 61
freshwater mussels and 3 gastropods within the currently
known range of wild Black Carp in the Mississippi River
Basin (Kroboth et al. 2019), including unionids classified as
threatened (1), endangered (3), or of special concern (14)
based on Williams et al. (1993). To date, Black Carp diet
includes six taxa of unionids and two gastropod families from
this list (Poulton et al. 2019), as well as Corbicula and
Dreissena, both of which are documented A. conchicola hosts
in Europe and Canada, respectively. Additional Black Carp are
being examined for diet analysis, and we expect the number of
mollusk taxa documented in the diet of wild fish (and listed as
A. conchicola hosts by Alves et al. [2015]) to increase as they
further expand their range in the United States. Among the
eight freshwater fish hosts of aspidogastrean flukes listed by
Alves et al. (2015) that are present in the United States, four
are native species and three of them (Shorthead Redhorse,
Blue Catfish, and Freshwater Drum) occasionally feed on
mollusks. The other four are nonnative species and are known
hosts of A. conchicola: Common Carp and the three invasive
species Black Carp, Grass Carp, and Round Goby (Neogobius
melanostomus (Pallus)) that occur in the same habitats of
riverine ecosystems where mollusks are common. Kelly et al.
(2009) theorized that parasitic spillback can occur when newly
invasive hosts lead to increases in native parasites, which
ultimately may cause higher infection burdens for native hosts.
Given that the transmission of aspidogastrean flukes poten-
tially may involve multiple pathways that include both
invasive mollusk hosts (Dreissena and Corbicula) and
invasive fish hosts that are currently expanding their ranges
in the United States (Black Carp, Grass Carp, and Round
Goby), a future increase in A. conchicola fluke infections in
native unionid mussels and gastropods is theoretically
possible, especially considering the high densities that these
invasive species can attain (Graney et al. 1980; Schloesser et
al. 1996; Johnson et al. 2005; Higgins and Vander Zanden
2010; Sass et al. 2014; Sullivan 2016). These relationships
also add another dimension to the knowledge of mussel-fish
host associations as described in papers related to unionid
mussel life history (Schwalb et al. 2013) and shared parasitism
among multiple hosts (Brian and Aldridge 2019). Although A.
conchicola is widespread, Black Carp acting as a reservoir
host could enhance their density or, ultimately, increase
infection rates or occurrences within mollusk individuals or
populations.

Reservoir-host pathways are important for controlling
emerging diseases of domestic animal and wildlife populations
(Daszak et al. 2000), but many of these pathways have not been
well characterized for species that do not infect humans. Our
assessment of A. conchicola flukes present in Black Carp
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indicates that this fish species is a reservoir host that shares a
reciprocal pathway with the freshwater mollusks that it
consumes in its diet. Although the capture bias associated with
our fish and the qualitative nature of presence—absence diet data
preclude us from determining ingestion timing, feeding rates, or
specific taxa consumed, the omission of these flukes from
mollusk occurrence estimates would seriously undervalue their
importance in the diet of wild Black Carp. Our data show that A.
conchicola flukes remaining in the gastrointestinal tract provide
an indication of mollusk consumption even after the digestion
of host tissues and the fragments of their shells have been
expelled or evacuated as waste. Recently published diet data for
wild Black Carp in the United States (Poulton et al. 2019)
suggest that this species has a more opportunistic and
insectivorous diet than prior species descriptions (Nico et al.
2005) or that their application in aquaculture as a gastropod
biological control would suggest (Venable et al. 2000; Ledford
and Kelly 2006). Poulton et al. (2019) also noted the ability of
Black Carp to expel mollusk shell fragments orally after
ingestion and the resulting difficulty in identification of mollusk
taxa in diet samples. This limits our ability to determine the
potential effects of Black Carp on specific imperiled freshwater
mollusk populations without further advances in collection
methods and determination of habitats where Black Carp and
potentially threatened mollusk taxa co-occur. Not only do
mollusks provide a greater relative contribution to their diet than
was previously determined (Poulton et al. 2019) but also wild
Black Carp currently occupying the Mississippi River Basin are
carrying gravid A. conchicola flukes with them as they expand
their geographic distribution and could be a source of infections
to mollusks while they move between habitats and forage in
areas with suitable conditions for parasite transmission.
Collectively, literature and our additional interpretation of
A. conchicola flukes in Black Carp indicate that the effects of
this fish and that of fluke infections on native freshwater
mollusks warrant further study in several areas of research.
Although McElwain (2019) recently discussed the low
likelihood that eukaryotic organisms such as flukes would be
responsible for undiagnosed die-offs or other declines of
unionid mussels, the fact that parasite infection rates are poorly
known, especially for rare and imperiled mollusks, may lead to
additional research and improvements in parasite detection for
these taxa. Relatively few imperiled species are included
among the mollusk hosts infected by A. conchicola (Alves et
al. 2015), but as noted by Brian and Aldridge (2019),
endosymbionts have not been adequately surveyed in rare
taxa and dead specimens are not available for examination. We
suspect that other rare mollusks not yet reported may also be
hosts of this fluke, but development of nonlethal detection
methods may be needed to accurately assess infection rate,
occurrence, and population viability within mollusk assem-
blages. Furthermore, laboratory studies are needed to deter-
mine declines in mollusk fitness with high rates of infection
and to quantify any negative cellular, tissue-, or organ-level
effects this fluke might have on hosts. Additional knowledge
on reservoir-host pathways associated with A. conchicola

flukes, particularly the longevity and development of A.
conchicola within reservoir hosts, would also be helpful in
characterizing environmental and habitat conditions favorable
for parasitic transmission between Black Carp and mollusks.
Although Black Carp are not intentionally ingesting A.
conchicola during their foraging behavior, they may facilitate
dispersal of a parasite that readily infects the mollusks they
frequently consume in the wild.

ACKNOWLEDGMENTS

We thank Shannon Amiot, Anne Herndon, and Lauren
Mott for assistance with laboratory processing and data
preparation and the commercial fishers and biologists who
provided fish for this study. We also thank Bethany Kunz and
two anonymous reviewers for their helpful suggestions
regarding earlier versions of the article. This study was
partially funded through the Great Lakes Restoration Initiative
and the U.S. Geological Survey, Ecosystems Mission Area.
Any use of trade, firm, or product names is for descriptive
purposes only and does not imply endorsement by the U.S.
Government.

LITERATURE CITED

ACRCC (Asian Carp Regional Coordination Committee). 2019. Asian Carp
Action Plan for 2019. Available at https://www.asiancarp.us/Documents/
2019ActionPlan.pdf (accessed March 15, 2021).

Alves, P. V., F. M. Vieira, C. P. Santos, T. Scholz, and J. L. Luque. 2015. A
checklist of the Aspidogastrea (Platyhelminthes: Trematoda) of the world.
Zootaxa 3918:339-396.

Bailey, H., and S. Tompkin. 1971. Ultrastructure of the integument of
Aspidogaster conchicola. Journal of Parasitology 57:848-854.

Bakker, K., and C. Davids. 1973. Notes on the life history of Aspidogaster
conchicola Baer (Trematoda; Aspidogastridae). Journal of Helminthology
47:269-276.

Bakker, K. E., and P. C. Diegenbach. 1974. The structure of the opisthaptor of
Aspidogaster conchicola Baer, 1826 (Aspidogastridae, Trematoda).
Netherlands Journal of Zoology 24:162—-170.

Benz, G. W, and S. Curran. 1997. Results of an ongoing survey of metazoan
symbionts of freshwater mussels (Unionidae) from Kentucky Lake,
Tennessee. Pages 39—-66 in A. F. Scott, S. W. Hamilton, E. W. Chester,
and D. S. White, editors. Proceedings of the seventh symposium on the
natural history of the lower Tennessee and Cumberland river valleys.
Austin Peay University, Clarksville, Tennessee.

Brian, J. I, and D. C. Aldridge. 2019. Endosymbionts: An overlooked threat in
the conservation of freshwater mussels? Biological Conservation
237:155-165.

Buckland, A., R. Baker, N. Loneragan, and M. Sheaves. 2017. Standardizing
fish stomach content analysis: The importance of prey condition. Fisheries
Research 196:126-140.

Carney, J. P. 2015. Aspidobothrean parasites of freshwater mussels (Bivalvia:
Unionidae) from the Saskatchewan-Nelson River drainage in Manitoba,
Canada and North Dakota, United States. Comparative Parasitology 82:9—
16.

Chapman, D. C., and M. H. Hoff. 2011. Invasive Asian carps in North
America. American Fisheries Society, Symposium 74, Bethesda,
Maryland.

Danford, D. W., and J. E. Joy. 1984. Aspidogastrid (Trematoda) parasites of

Downloaded From: https://complete.bioone.org/journals/Freshwater-Mollusk-Biology-and-Conservation on 17 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



122

bivalve molluscs in Western West Virginia. Proceedings of the
Helminthological Society of Washington 51:301-304.

Daszak, P., A. A. Cunningham, and A. D. Hyatt. 2000. Wildlife ecology—
Emerging infectious diseases of wildlife: Threats to biodiversity and
human health. Science 287:443-449.

DeVaney, S. C., K. M. McNyset, J. B. Williams, A. T. Peterson, and E. O.
Wiley. 2009. A tale of four “carp”: Invasion potential and ecological
niche modeling. PLoS ONE 4:e5451.

Evtushenko, N. Y., A. S. Potokhov, and O. G. Zin’kovskii. 1994. The black
carp as a subject for acclimatization (review). Hydrobiological Journal
30:1-10.

Fredricksen, D. W. 1980. Development of Cotylogaster occidentalis
Nickerson 1902 (Trematoda: Aspidogastridae) with observations on the
growth of the ventral adhesive disk in Aspidogaster conchicola V. Baer
1827. Journal of Parasitology 66:973-984.

Fulhage, 1. 1954. The occurrence of Cotylaspis insignis Leidy (Aspidogas-
tridae) in clams and turtles of Lake Texoma. Proceedings of the Oklahoma
Academy of Science 35:67-68.

Ferguson, M. A., T. H. Cribb, and L. R. Smales. 1999. Life-cycle and biology
of Sychnocotyle kholo n. g., n.
Emydura macquarii (Pleurodira: Chelidae) from southern Queensland,
Australia. Systematic Parasitology 43:41-48.

Graney, R., D. Cherry, J. Rodgers, and J. Cairns. 1980. The influence of
thermal discharges and substrate composition on the population structure
and distribution of the Asiatic clams, Corbicula fluminea, in the New
River, Virginia. Nautilus 94:130—134.

Halton, D., and R. Lyness. 1971. Ultrastructure of the tegument and associated
structures of Aspidogaster conchicola (Trematoda; Aspidogastrea).
Journal of Parasitology 57:1198-1210.

Hathaway, R. 1971. The fine structure of the trematode Aspidogaster
conchicola von Baer, 1827. Dissertation Abstracts International
31B:7687.

Haydon, D. T., S. Cleaveland, L. H. Taylor, and M. K. Laurenson. 2002.
Identifying reservoirs of infection: A conceptual and practical challenge.
Emerging Infectious Diseases 8:1468—-1473.

He, C., W. Zhou, H. Wang, S. Shi, and H. Yao. 2013. Mechanics of
pharyngeal teeth of black carp (Mylopharyngodon piceus) crushing
mollusk shells. Advanced Engineering Materials 15:684—690.

Hendrix, S. S., M. F. Vidrine, and R. H. Hartenstine. 1985. A list of records of
freshwater aspidogastrids (Trematoda) and their hosts in North America.
Proceedings of the Helminthological Society of Washington 52:289-296.

Higgins, S. N., and M. J. Vander Zanden. 2010. What a difference a species
makes: A meta-analysis of dreissenid mussel impacts on freshwater
ecosystems. Ecological Monographs 80:179-196.

Hodgins, N. C., H. L. Schramm, and P. D. Gerard. 2014. Food consumption
and growth rates of juvenile black carp fed natural and prepared feeds.
Journal of Fish and Wildlife Management 5:35-45.

Huehner, M. K. 1984. Aspidogastrid trematodes from freshwater mussels in
Missouri with notes on the life cycle of Cotylaspis insignis. Proceedings
of the Helminthological Society of Washington 51:270-274.

Huehner, M., and F. Etges. 1972. Experimental transmission of Aspidogaster

sp. (Trematoda: Aspidogastrea) in

conchicola von Baer 1827. Journal of Parasitology 58:109.

Huehner, M., and F. Etges. 1977. The life cycle and development of
Aspidogaster conchicola in the snails, Viviparus malleatus and Gonio-
basis livescens. Journal of Parasitology 63:669—674.

Huehner, M., and F. Etges. 1981. Encapsulation of Aspidogaster conchicola
(Trematoda: Aspidogastrea) by unionid mussels. Journal of Invertebrate
Pathology 37:123-128.

Huehner, M., K. Hannan, and M. Garvin. 1989. Feeding habits and marginal
organ histochemistry of Aspidogaster conchicola (Trematoda; Aspido-
gastrea). Journal of Parasitology 75:848-852.

Johnson, T. B., M. Allen, L. D. Corkum, and V. A. Lee. 2005. Comparison of
methods needed to estimate population size of round gobies (Neogobius

POULTON ET AL.

melanostomus) in Western Lake Erie. Journal of Great Lakes Research
31:78-86.

Kelly, D. W., R. A. Paterson., C. R. Townsend, R. Poulin, and D. M.
Tompkins. 2009. Parasite spillback: A neglected concept in invasion
ecology? Ecology 90:2047-2056.

Kocovsky, P. M., D. C. Chapman, and S. Qian. 2018. “Asian carp” is
societally and scientifically problematic. Let’s replace it. Fisheries
43:311-316.

Kroboth, P. T., C. L. Cox, D. C. Chapman, and G. W. Whitledge. 2019. Black
carp in North America: A description of range, habitats, timing, and
methods of reported captures. North American Journal of Fisheries
Management 39:1046—1055.

Ledford, J. J., and Kelly, A. M. 2006. A comparison of black carp, redear
sunfish, and blue catfish as biological controls of snail populations. North
American Journal of Aquaculture 68:339-347.

Liu, H., H. Li, B. Zhai, and W. Liu. 1990. Post-larval development of the
masticating apparatus of black carp Mylopharyngodon piceus (Richard-
son). Acta Hydrobiologica Sinica 14:310-320.

McElwain, A. 2019. Are parasites and diseases contributing to the decline of
freshwater mussels (Bivalvia, Unionida)? Freshwater Mollusk Biology
and Conservation (Note) 22:85-89.

Michelson, E. H. 1970. Aspidogaster conchicola from freshwater gastropods
of the United States. Journal of Parasitology 56:709-712.

Molloy, D. P., A. Y. Karatayev, L. E. Burlakova, D. P. Kurandina, and F.
Laruelle. 1997. Natural enemies of zebra mussels: Predators, parasites,
and ecological competitors. Reviews in Fisheries Science 5:27-97.

Nelson, E. N., J. K. Richardson, and H. H. Bailey. 1975. Aspects of the
occurrence of aspidobothrid parasites (Trematoda: Aspidobothrea) in
Oklahoma naiads (Pelecypoda: Unionidae). Proceedings of the Oklahoma
Academy of Science 55:159-162.

Nico, L. G., and H. J. Jelks. 2011. The black carp in North America: An
update. Pages 89—104 in D. C. Chapman and M. H. Hoff, editors. Invasive
Asian carps in North America. American Fisheries Society, Bethesda,
Maryland.

Nico, L. G., and M. E. Neilson. 2019. Mylopharyngodon piceus (Richardson,
1846). U.S. Geological Survey, Nonindigenous Aquatic Species Data-
base, Gainesville, Florida. Available at https://nas.er.usgs.gov/queries/
FactSheet.aspx?SpeciesID=573 (accessed March 15, 2021).

Nico, L. G., J. D. Williams, and H. J. Jelks. 2005. Black carp: Biological
synopsis and risk assessment of an introduced fish. American Fisheries
Society, Special Publication 32, Bethesda, Maryland.

Olson, P. D, T. H. Cribb, V. V. Tkach, R. A. Bray, and D. T. J. Littlewood.
2003. Phylogeny and classification of the Digenea (Platyhelminthes:
Trematoda). International Journal for Parasitology 33:733-755.

Pauley, G. B., and C. D. Becker. 1968. Aspidogaster conchicola in mollusks
of the Columbia River system with comments on the hosts pathological
response. Journal of Parasitology 54:917-920.

Pavluchenko, O. V., and T. V. Yermoshyna. 2017. Parasites of unionid
molluscs (Bivalvia: Unionidae) and their effect on the body of molluscs.
Regulatory Mechanisms in Biosystems 8:482-488.

Poulton, B. C., P. T. Kroboth, A. E. George, D. C. Chapman, J. Bailey, S. E.
McMurry, and J. S. Faiman. 2019. First examination of diet items
consumed by wild-caught black carp (Mylopharyngodon piceus) in the
USA. American Midland Naturalist 182:89—108.

Rahanandeh, M., S. Alinezhad, M. Khadivinia Moghadam, and A. Hallajian.
2016. The pathological study of gastrointestinal Aspidogaster limacoides
Diesing, of the Caspian Sea kutum fish Rutilus frisii kutum (Kamenskii,
1901). International Journal of Fisheries and Aquatic Studies 4:397-399.

Roberts, L., and J. Janovy. 2000. Foundations of Parasitology, 6th ed.
McGraw Hill, New York.

Rohde, K. 1972. The Aspidogastrea, especially Multicotyle purvisi Dawes,
1941. Advances in Parasitology 10:77-151.

Rohde, K. 1973. Structure and development of Lobatostoma manteri sp. nov.

Downloaded From: https://complete.bioone.org/journals/Freshwater-Mollusk-Biology-and-Conservation on 17 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



BLACK CARP AS A RESERVOIR HOST FOR A MOLLUSK PARASITE 123

(Trematoda: Aspidogastrea) from the Great Barrier Reef, Australia.
Parasitology 66:63-83.

Rohde, K. 1994. The minor groups of parasitic Platyhelminthes. Advances in
Parasitology 33:145-234.

Rohde, K. 2002. Subclass Aspidogastrea Faust & Tang, 1936. Pages 5-14 in
D. L. Gibson, A. Jones, and R. A. Bray, editors. Volume 1. Keys to the
Trematoda. Centre for Agriculture and Bioscience International, Walling-
ford, UK.

Rohde, K. 2005. Helminth parasites. Pages 47-116 in K. Rohde, editor.
Marine Parasitology. Centre for Agriculture and Bioscience International,
Wallingford, UK.

Sass, G. G., C. Hinz, A. C. Erickson, N. N. McClelland, M. A. McClelland,
and J. M. Epifanio. 2014. Invasive bighead and silver carp effects on
zooplankton communities in the Illinois River, Illinois, USA. Journal of
Great Lakes Research 40:911-921.

Schloesser, D. W., T. F. Nalepa, and G. L. Mackie. 1996. Zebra mussel
infestation of unionid bivalves (Unionidae) in North America. American
Zoologist 36:300-310.

Schwalb, A. N., T. J. Morris, N. E. Mandrak, and K. Cottenie. 2013.
Distribution of unionid freshwater mussels depends on the distribution of
host fishes on a regional scale. Diversity and Distributions 19:446-454.

Shelton, W. L., A. Soliman, and S. Rothbard. 1995. Experimental observations
on feeding biology of black carp (Mylopharyngodon piceus). Israeli
Journal Aquaculture-Bamidgeh 47:59-67.

Sullivan, C. J. 2016. Asian carp population characteristics and dynamics in the
Mississippi River watershed. Graduate Theses and Dissertations. 16024.
Available at https://lib.dr.iastate.edu/etd/16024 (accessed March 15,
2021).

USFWS (U.S. Fish and Wildlife Service). 2019. Black Carp (Mylopharyng-
odon piceus) Ecological Risk Screening Summary, Revised 1 May 2019.
Available at https://www.fws.gov/fisheries/ans/erss/uncertainrisk/
ERSS-Mylopharyngodon-piceus-FINAL-April2019.pdf (accessed March
15, 2021).

Van Cleave, H. J., and C. O. Williams. 1943. Maintenance of a trematode,
Aspidogaster conchicola, outside the body of its natural host. Journal of
Parasitology 29:127-130.

Venable, D. L., A. P. Gaude III, and P. L. Klerks. 2000. Control of the
trematode Bolbophorus confusus in channel catfish Ictalurus punctatus
ponds using salinity manipulation and polyculture with black carp
Mylopharyngodon piceus. Journal of the World Aquaculture Society
31:158-166.

Williams, C. O. 1942. Observations on the life history and taxonomic
relationships of the trematode Aspidogaster conchicola. Journal of
Parasitology 28:467-475.

Williams, J. D., M. L. Warren, Jr., K. S. Cummins, J. L. Harris, and R. J.
Neves. 1993. Conservation status of freshwater mussels of the United
States and Canada. Fisheries 18:6-22.

Downloaded From: https://complete.bioone.org/journals/Freshwater-Mollusk-Biology-and-Conservation on 17 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



