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ABSTRACT

Freshwater mussels (Mollusca: Bivalvia: Unionida)
consist of 843 species in six families, but many are
imperiled. Significant causes of mussel declines include
contaminants and loss of substrate. Potentially, etiological
agents are also contributing factors, but parasites and
pathogens of freshwater mussels are understudied relative
to those affecting marine bivalves. Published accounts of
viral pathogens have been reported exclusively from
Hyriopsis cumingii (Unionidae) in China. There are
limited records of possible bacterial and fungal pathogens
from unionids in the USA and Finland. Parasitic and
commensal organisms generally include ciliates (Cilioph-
ora), trematodes (Platyhelminthes: Aspidogastrea and
Digenea), roundworms (Nematoda), moss animals (Ecto-
procta, Entoprocta), oligochaetes and leeches (Annelida:
Sedentaria: Clitellata), mites (Arthropoda: Acari), cope-
pods (Arthropoda: Copepoda), insects (Arthropoda:
Insecta), and fish eggs (Chordata: Actinopterygii). Para-
sites injure the host through attachment or feeding or
when they invade host tissue to complete their life cycles
(e.g., digeneans). Commensals are small organisms living
in or on mussels that may use the mantle cavity or shell as
a refuge or substrate, and commensals also may feed on
particulates that have been gathered by their molluscan
host. Typically, however, the relationship between the two
parties is subject to speculation (e.g., leeches). We are in
the midst of a biodiversity crisis, and this minireview
highlights the relationships among these organisms and
the need to understand the health of wild and captive
mussels.
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Freshwater mussels are a globally distributed group of

about 843 species in six families (Graf and Cummings 2007;

Williams et al. 2017). Approximately 29 species have gone

extinct in the USA as a result of human activities and many

other mussel species have declining populations (Haag 2012).

These declines are thought to result primarily from human

activities that fall into one of four general categories. The first

includes activities (such as dam construction) that change the

physical habitat of rivers and lakes. The second includes

activities that contaminate the benthos with chemical and

physical waste from industrial and municipal sources (e.g.,

Hornbach 2001; Grabarkiewicz and Davis 2008). The third

category is the extensive harvesting of mussels for the button

and pearl industries, which has contributed to declines in some

species, especially in the USA (Haag 2012). The fourth

category is the introduction of nonnative aquatic molluscs,

such as the zebra mussel (Dreissena polymorpha) or Asian

clam (Corbicula fluminea), which compete with native

mussels for food and available substrate or which foul waters,

harming indigenous species (Cummings and Graf 2010).

Additionally, nonnative molluscs potentially can introduce

nonnative etiological agents that might negatively affect native

molluscs (Prenter et al. 2004). Although we lack data on the

presence of nonnative etiological agents in freshwater mussels,

Perkinsus marinus and Haplosporidium nelsoni are good

examples of introduced pathogens that have affected signif-

icantly the USA marine shellfish industry (Burreson and Ford

2004; Villalba et al. 2004). Because of declining populations

and mass mortality events known as ‘‘die-offs’’ and ‘‘mussel

kills,’’ the health of wild and hatchery-reared mussels is a

growing concern (Neves 1987; Fleming et al. 1995; Lydeard et

al. 2004).

In an effort to shed light on the possibility of etiological

agents as causative factors of mussel declines, Grizzle and

Brunner (2009) reviewed the literature regarding parasites and

infectious diseases reported from freshwater bivalves. Most of

the cited literature are observations of single-celled eukaryotic

organisms and metazoans that may engage in either a

commensal or parasitic relationship with unionids or margar-

itiferids in North America and Europe. The other four families

in Unionida are underrepresented in the parasite and disease

85



literature. Additionally, there appears to be almost no peer-

reviewed literature on viral, bacterial, or fungal infections in

freshwater mussels. A few exceptions include reports of RNA

and DNA viruses infecting the digestive system of Hyriopsis
cumingii in China (Grizzle and Brunner 2009; Lei et al. 2011).

In 1931 mussel propagation personnel reported ‘‘adult mussels

became sterile through bacterial attacks on larval mussels’’
(Pritchard 2001). Intracellular microorganisms have been

observed in histological sections of the digestive gland of

Elliptio complanata in the USA, but it was unclear if they

were prokaryotic or eukaryotic (see Fig. 5 in Chittick et al.

2001). Fungal hyphae were observed in the marsupia of Unio
pictorum, U. tumidus (Pekkarinen 1993a), and Pseudoano-
donta complanata in Finland (Pekkarinen 1993b). These latter

three studies or observations appear to have been overlooked

by Grizzle and Brunner (2009). It is possible that some

parasite or disease records may be missed because they appear

in literature in which characterizing parasites or diseases was

not the primary objective, such as reports on surveys that detail

population or community structure. Pekkarinen (1993a)

reported fungi and ciliates in the marsupium associated with

degenerating glochidia, but it was unclear if the fungi were

pathogenic or saprophytic. Overall, parasitic or commensal

organisms have been reported primarily in wild mussels; there

is little information about disease problems that may occur in a

hatchery.

Ciliates (Ciliophora), trematodes (Platyhelminthes: Aspi-

dogastrea, and Digenea), moss animals (Ectoprocta, Ento-

procta), roundworms (Nematoda), oligochaetes and leeches

(Annelida: Sedentaria: Clitellata), mites (Arthropoda: Acari),

copepods (Arthropoda: Crustacea: Copepoda), insects (Ar-

thropoda: Insecta), and fish eggs (Chordata: Actinopterygii)

are associated with the soft tissues or shells of freshwater

mussels (Grizzle and Brunner 2009; Wisniewski et al. 2013).

Aspidogastreans, digeneans, nematodes, mites, insect larvae,

and fish eggs either infect mussels or have been reported as

injurious agents. Interestingly, the eggs of both mites

(Najadicola ingens) and fishes (Rhodeus sericeus) sometimes

may obstruct the water tubes of a marsupium and prevent or

hinder the development of glochidia (Stadnichenko and

Stadnichenko 1980; McElwain et al. 2016 and references

therein). Ciliates, oligochaetes, leeches, insect larvae, and

copepods have been found in the mantle cavity of mussels, but

the relationship between these organisms and their hosts is

poorly understood. Perhaps their presence was not associated

with tissue damage or perhaps the authors did not provide

many supporting details concerning injuries. For example, the

larvae of several midge species (Chironomidae) have been

found in the mantle cavity of unionids (Roback et al. 1979).

Some species, such as Baeoctenus bicolor, appear to injure gill

and mantle tissue, whereas others, such as Orthocladius
dorenus, do not (Gordon et al. 1978; Roback et al. 1979).

Other noteworthy examples include the observations of Antipa

and Small (1971). Transmission electron microscopy revealed

the remnants of unionid gill cells in the food vacuoles of

Conchopthirius curtu, but there was no evidence of tissue

damage associated with attached ciliates. Curiously, Coker et

al. (1921) reported Chaetogaster limnaei feeding on mussel

parasites but provided no other supporting details. Overall, few

studies have used light or electron microscopy to document the

pathological changes to tissues associated with pathogens,

parasites, or commensals.

Since the publication of the work of Grizzle and Brunner in

2009, a few noteworthy studies have been published regarding

parasites in freshwater mussels. Levine et al. (2009) reported

Gomphus militarus (Arthropoda, Insecta, Odonata) as poten-

tially feeding on the gills of Popenaias popeii (Unionidae), a

critically endangered species restricted to two populations in

the Rio Grande basin (Carman 2007). Some mussels were

missing the entire outer gills or all four gills. It is unclear how

often odonates occur in the mantle cavity of mussels, as there

appears to be no other literature on this topic (Grizzle and

Brunner 2009). Lopes et al. (2011) found third-stage larvae of

Hysterothylacium sp. (Nematoda, Anisakidae) in the pericar-

dial cavity of Diplodon suavidicus (Hyriidae) in Brazil and

presented photographs of nematodes coiled in the pericardial

cavity. In the early 20th century, Ascaris sp. or Ascaris-like

worms were reported in the digestive tract of unspecified

unionids in the USA, but there were no accompanying species

descriptions, no information about pathology, and no indica-

tion that any specimens were deposited in a museum (Clark

and Wilson 1912; Wilson and Clark 1912; Coker et al. 1921).

McElwain et al. (2016) described histopathological changes

associated with the eggs and larvae of Unionicola sp. from

Strophitus connasaugaensis and provided a literature review

regarding pathologies associated with Unionicola spp. in

unionids. Similarly, Abdel-Gaber et al. (2018) described

injuries to the tissues of Coelatura aegyptiaca (Unionidae),

Mutela rostrata, and Chambardia rubens (Mutelidae) associ-

ated with eggs and larvae of Unionicola tetrafurcatus. Müller

et al. (2015) described histopathological changes to the gonad

and hepatopancreas associated with Rhipidocotyle campanula
and Phyllodistomum sp. Few studies have demonstrated tissue

damage associated with digeneans in unionids.

Parasite-induced pearl formation, shell deformities, and

neoplasms received little or no treatment by Grizzle and

Brunner (2009). Mussels may form pearls in response to

digeneans (Clark and Wilson 1912; Wilson and Clark 1912;

Gentner and Hopkins 1966; Hopkins 1934), mites (Dallas

1858; Baker 1928; Edwards and Vidrine 2013), and midge

larvae (Forsyth and McCallum 1978; Pekkarinen 1993a), and

pearls may occur in various soft tissues, especially the mantle.

Interestingly, some small organisms can become embedded in

the nacre or may otherwise cause an increased localized

deposition of nacre, and such protuberances are referred to as

blister pearls (Jameson 1902). Shell deformities of freshwater

mussels include protuberances, infoldings, and misshapen

shells. Some anomalies are thought to be the result of an injury

to the mantle that disrupts the normal process of shell

formation, such as a small animal traveling between the shell

and mantle. Some deformities may be the result of damage to

the shell that is later repaired (Beedham 1971; Forsyth and
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McCallum 1978; Roper and Hickey 1994; Parmalee and

Bogan 1998; Strayer 2008). There are also reports of shell

erosion as a result of friction or a low pH (Kat 1982; Roper

and Hickey 1994; Parmalee and Bogan 1998; Nedeau 2008;

Haag 2012). However, some shell deformities are more

difficult to explain (Pekkarinen 1993a; Strayer 2008).

Pekkarinen (1993a) reported a pustular disease affecting the

posterior portion of the periostracum and nacre of Anodonta
anatina, Unio pictorum, and U. tumidus in the Vantaa River,

Finland. The author speculated that some of the pustules may

have formed in response to chironomid larvae, but it is unclear

how these invaders might cause protuberances of the

periostracum. Pustules commonly occurred among A. anatina
and were occasionally observed among U. pictorum and U.
tumidus. Strayer (2008) reported a widespread shell deformity

affecting E. complanata, Alasmidonta undulata, Pyganodon
cataracta, Lasmigona costata, and L. compressa in streams in

New York’s Hudson River valley and Southern Tier regions.

Affected mussels displayed a truncated posterior shell margin

(the exposed portion of a mussel shell when the animal is

normally buried), but the causative agent/mechanism behind

this aberration remains indeterminate. Possible agents/mech-

anisms include: (1) the exposed portion of the shell was worn

down, (2) the shell formation process was corrupted by a

chemical contaminant or a pathogen that damaged the mantle,

or (3) the mussels were irritated by a chemical contaminant

that caused the mantle to periodically retract. Strayer (2008)

estimated the prevalence of the deformity to be .10% at some

sites. Several authors have reported tumors arising from tissues

in the mantle cavity, mostly among Anodonta spp. Williams

(1890) reported an adenomyoma from the mantle of A. cygnea.

Collinge (1891) reported a tumor arising from the mantle–gill

junction in A. cygnea. The tumor seemed to impair nacrezation

since the affected animal lacked nacre in the posterior portion

of the shell. Butros (1948) reported a connective tissue tumor

from the labial palp of A. imblicata. Pauley (1967a, 1967b)

observed adenomas from the foot of A. californiensis.

Pekkarinen (1993b) described hyperplastic lesions that grossly

resembled tumors in the marsupial gill. Overall, the literature

indicates that neoplasms may occur in ,1% of mussels in a

given population.

Some metazoans may damage somatic tissues or more

directly impair fecundity by infecting the gonad or by

obstructing the marsupial water tubes, but these appear to be

isolated or rare events (Pauley and Becker 1968; Gordon et al.

1978; Huehner and Etges 1981; Grizzle and Brunner 2009;

Levine et al. 2009; Müller et al. 2015; McElwain et al. 2016).

Parasites typically exhibit an aggregated distribution among

hosts; most hosts are infected with a small number of parasites,

whereas only a small number of hosts in a given population are

colonized by large numbers of parasites (Poulin 2011).

Therefore, it seems unlikely that metazoan parasites would

be responsible for widespread declines. Furthermore, the

literature does not provide a clear indication as to the cause of

die-offs and or mussel kills. It seems more likely that a

microbial pathogen, rather than a metazoan parasite, would be

a causative agent of, or a contributing factor to, a mussel kill or

die-off, but there is little evidence of this in the published

literature aside from viral diseases affecting H. cumingii in

China (Grizzle and Brunner 2009). Furthermore, our under-

standing of mussel health is limited because the primary

literature contains few documented examples of microscopy

used to characterize the gross and histopathological changes to

tissues associated with parasites, commensals, or diseases.

To unravel the potential causes of mussel kills or die-offs, I

recommend that gross anatomical and histological character-

istics of normal and infected or diseased mussels be compared

and photographed during health assessments. To this end,

investigators should consult Löw et al. (2016) for a detailed

description of the periostracum and nacre of a normal shell and

the gross external and internal anatomy of healthy soft tissues.

Gross pathology studies visually documented the following:

insects (Beedham 1971; Forsyth and McCallum 1978; Levine

et al. 2009), mites (Humes and Jamnback 1950; McElwain et

al. 2016), tumors (Butros 1948; Pauley 1967b), and die-offs

(Pauley 1968; Neves 1987). Images of aberrant shells have

been published in Beecher (1883), Baker (1901), Williams

(1969), Forsyth and McCallum (1978), Kat (1982), Pekkar-

inen (1993a), Roper and Hickey (1994), Parmalee and Bogan

(1998), Nedeau (2008), Strayer (2008), Haag (2012), and

Edwards and Vidrine (2013). Regarding histology, McElwain

and Bullard (2014) is a comparative and comprehensive

histological atlas for Unionidae. Correspondingly, several

studies have included images of histopathological changes to

tissues associated with pathogens, parasites, commensals,

tumors, and die-offs. These are as follows: viruses (Zhiguo et

al. 1986; Jianzhong et al. 1995; Lei et al. 2011), intracellular

microorganisms (Chittick et al. 2001), aspidogasters (Pauley

and Becker 1968; Bakker and Davids 1973; Fredericksen

1972; Huehner and Etges 1981; Huehner et al. 1989; Rosen et

al. 2016), digeneans (Kniskern 1952; Chittick et al. 2001;

Müller et al. 2015), insects (Beedham 1971), mites (Mitchell

1955; Baker 1976; McElwain et al. 2016; Abdel-Gaber 2018),

fish eggs (Stadnichenko and Stadnichenko 1980), tumors

(Butros 1948; Pauley 1967a; Pauley 1967b; Pekkarinen

1993b), and die-offs (Pauley 1968).
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