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Abstract Dreissenid musselsPreissena polymorpha planktonic larvae (Conn et al. 1993) in ballast water of
andD. bugensiswere found to be infected by the naidighips navigating the St. Lawrence Seaway (Griffiths et
oligochaeteChaetogaster limnaeat four sites in the St.al. 1991; Hebert et al. 1989). The mussels have since
Lawrence River. This is the first report of this species ispread throughout eastern and midwestern North Ameri-
fecting dreissenids anywhere in the world. Most wornega, where they have cost billions of dollars in damage
inhabited the mantle cavity, where they caused erosiorcatised by their biofouling of hard submerged substrates
the mantle and gill epithelia as determined by histopathiebert et al. 1991; Ludyanskiy et al. 1993).
ological examination. Others penetrated various tissues:The introduction of a nonindigenous (exotic) species
one had invaded the ovary and was feeding on oocyi@ises many questions regarding its impact on native bio-
and ovarian tissues. Of 606 mussels examined, X&6Among the most interesting of these is whether such
(27.4%) harbored at least@. limnaei The prevalence introductions will result in the introduction of new para-
varied between 1% and 80%, depending on the collsies or alter the composition of native parasite fauna by
tion site and date. The worms were slightly but signifiraking a new host available. In their native European
cantly more prevalent iB. bugensighan inD. polymor- range, the adult mussels serve as hosts for several para-
pha The intensity ranged from 1 to 18 worms per infectites (Davids and Kraak 1993), none of which has been
ed host. Variations in prevalence and intensity were meported from the veliger larvae. Thus, because the mus-
related to the size or sex of the host, but the data did ssgjs were introduced to North America as veligers, none
gest some seasonaly. of their native parasites was introduced along with them.
However, some parasite species that occur on both conti-
nents might be expected to colonize the introduced mus-
Introduction sels in North America (Conn and Conn 1993). This has
i important practical implications inasmuch as some para-
The zebra muss@reissena polymorphand the quagga sijtes ofDreissenaspp., such as bucephalid (Davids and
musselD. bugensisare dreissenid bivalve molluscs thagyaak 1993) and echinostomatid (Conn and Conn 1995)
are native to freshwater habitats throughout Europe apghatodes that are pathogenic to wild fishes and birds,
western Asia. They were introduced into North AmeriGRight become more widely distributed or infest a larger
in the 1980s, presumably by accidental transport of thglircentage of their vertebrate hosts. Alternatively, some
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parasites might damage the mussels, thus serving as
agents for natural biological control.

Considering these possibilities, we have conducted
preliminary studies of parasites associated with zebra
and quagga mussels in recently established populations
in the St. Lawrence River (Conn and Conn 1993; Conn
et al. 1994). The present study involved a more detailed
examination of one of the more commonly encountered
parasites, the naidid oligochaete ann€lithetogaster li-
mnaei The results reported herein are a compilation of
data from what began as two independent studies, one
conducted in the state of New York and the other carried
out in the province of Quebec.
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Materials and methods Soulanges Canal

. In Soulanges Canal, Quebec province (45°20°N, 73°58"W), dreis-

Histopathology senids were first encountered in 1990 (Mills et al. 1993; unpub-
. lished observations). Collections were made on 2 July, 28 July, 26

A total of 179Dreissena polymorphaollected at the Snell Lock August, and 27 October 1993 by hand-picking adult dreissenids

site (see below) in 1993 and 1994 were examined for gewden_cqrg% submerged concrete walls at depths of 2-5 m using scuba

histopathology associated with infection Gfaetogaster limnaei gear. A similar follow-up collection was made on 9 May 1994. In

Immediately upon tranfer to the laboratory, all organs of the maidition to the dreissenids, unionid clams (2 July 1993 — 10

tle cavity and visceral mass were removed, carefully teased apagmpsilis radiata 10 Elliptio complanata and 5Pyganodon cata-

and examined as tissue presses with a compound light microsGeRes, 26 August 1993 — 1Q. radiata and 12E. complanati

to determine the exact location @f limnaei _ were collected from within 5 m of the walls at this site and exam-

The shells were removed from 40 mussels, and each entirejgded for the presence & limnaei
shelled animal was fixed intact in Lillie’s 10% neutral buffered
formalin for examination of potential histopathology. Fixed mus-
sels were dehydrated in an ethanol series, cleared in ShandonPg¢ St. Louis
lene Substitute (Shandon Inc., Pittsburgh, Pa., USA), embedded in
Paraplast, sectioned at 16n on a rotary microtome, stained inin Lac St. Louis, Montréal, Quebec, near the outflow from the Ot-
Harris’ hematoxylin and eosin, dehydrated in ethanol, clearedtifiva River (45°26'N, 73°42°W), dreissenids were first encoun-
xylene, and mounted on glass slides with gum damar. All slidgged in 1991 (Mills et al. 1993; unpublished observations). Col-
were examined with an Olympus Vanox AHBT-3 compound lighéctions were made on 11 September 1992 by hand-picking adult
microscope using bright-field and differential interference-contragieissenids from submerged substrates at depths of <2 m using
optics. ) ) ) ) scuba gear.

SeveralC. limnaei specimens were removed from their hosts Comparisons of parasite prevalence in relation to host sex and
and photographed alive. Others were fixed in ethanol/formgost species were tested using the chi-square 2 x 2 contingency
lin/acetic acid (AFA), stained in Semichon’s acetocarmine, dehrethod. Variation in parasite prevalence among the four study
drated in ethanol, cleared in methyl sallcylate_, and mounted Wh§i@s was tested using the chi-square test for independence. Com-
in gum damar. Some of the latter were deposited as voucher spggiisons of parasite prevalence in relation to host size and of para-
mens in the United States National Parasite Collection, Unit&ge intensity in relation to host species and host sex were tested by
States Department of Agriculture (USDA), Beltsville, Marylangtudent'st-tests. The relationship between parasite intensity and
(Accession number 85282). host size was tested using regression analysis. The relationship be-

tween prevalence and mean intensity of infection was tested using

. ) linear regression (Proc GLM, SAS procedures), with prevalence
Epizootiology being variable normalized using the standard transformation for

) ) ) ) . proportion data (Zar 1984).
Dreissenid mussels and some associated benthic macroinverte-

brates were collected from four sites along the St. Lawrence River.

Collection methods appropriate for each site differed between sites

as described below. The shell length of each mussel was measResults

to the nearest 0.1 mm using a hand-held digital caliper. Mussels

were taken to the laboratory and either monitored while alive fPﬁstopathoIogy

emergence ofC. limnaei or dissected under a dissecting micro-

scope to determine the prevalence (i.e., percentage of hosts infect- . _— i . .

ed) and intensity (i.e., number of parasites per infected host) oféphaetogaster limnae{Fig. 1) occurred in dreissenid
fection by C. limnaei Specific identification of parasites wasmussels throughout the St. Lawrence River. The vast ma-

made after examination with a compound light microscope. Thgity of C. limnaeiinhabited the mantle cavity of the

study sites are given below in an upstream-downstream seque 8?eissenids. Of these, most occurred between the giII la-
mellae, but some occurred between the gills and mantle

Cape Vincent or on the surface of the foot. No gross pathology was ev-

In Cape Vincent. New York stat the St. L R ident in these locations. However, histological sections

n Cape Vincent, New YOrk state, near e . Lawrence Rive, H H H

outflow from Lake Ontario (44°08'N, 76°20°W), dreissenids weigvealed some evidence of erosion of the gill and mantle

first encountered in 1991 (Conn et al. 1992a,b). Collections wé&Rithelia in areas adjacent to the worms (Fig. 2).

made on 9 and 30 July 1993 by removing dreissenids from rocks,
sticks, and the shells of living unionid clams dredged from depths

of 1012 m using an oceanographic dredge operated from ahig- 1—4 Differential interference-contrast light micrographs of
search trawler. Chaetogaster limnadrom Dreissena polymorphaFig. 1 Living,

unstainedC. limnaeishowing the gut lumerL], large mouth 1),

and prominent bundles of seta$).(Fig. 2 Histological section
Snell Lock showing the location o€. limnaei between the gills and within

the mantle cavity@) of D. polymorpha Note that the host’s gill

In Snell Lock, between Massena, New York, and Cornwall, Ont&Pithelium is highly eroded) in areas adjacent to ti@ limnaei
i0 (44°59'N, 74°46°W), dreissenids were first encountered in 1984t is healthy i) elsewhere. The parasite’s prominent se@e (
(Conn et al. 1991). Between 6 July and 3 August 1993, five weéke closely apposed to part of the eroded gill epitheliig. 3
ly collections were made by scraping adult dreissenids from sk#ng, unstained tissue squash preparation showi@ lannaei
merged steel columns using a hand-held scraping basket at Yé8an the ovary ofD. polymorpha The parasite has left a large
than 1.5 m depth. Specimens from this site were grouped by sefgration track T) through the host's ovarian tissu@yj and is

determine whethet. limnaeioccurred more commonly in one sexngesting host oocyte©j with its large mouthN). Fig. 4 Higher
than in the other. magnification of the specimen illustrated in Fig. 3, showing the

whole oocytes@) of D. polymorphawithin the gut lumenlL() of
C. limnaei Also note the parasite’s prominent set& gnd gut

wall (W)
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River. D. bugensisvas not collected at this s:te
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morphaandD. bugensishy C. limnaeiat 4 sites in the St. Law-

rence River between 1992 and 1994C(D. bugensisvas not col- Fig. 8 Line graph showing temporal trends in the combined prev-
lected at Snell Lock or Lac St. Louis). Intensity was not detealence and intensity of infection 8. polymorphaandD. bugen-
mined for D. polymorphaat Lac St. Louis, but the species wasisby C. limnaeiat 5 unevenly spaced dates at Soulanges Canal,
collected at this si'2 Quebec, in the St. Lawrence River

A few C. limnaeiwere more invasive, penetrating théor C. limnaei In all, 28 (25.5%)D. bugensisand 138
siphonal tissues of the mantle or the gonadal tissueq2i.8%) D. polymorphawere infected. Among all sites
the visceral mass. In one female mussel, a si@glie and dates, the prevalence in both host species ranged
mnaeiwas observed migrating through the ovary, causifgm 0 to 80%. The mean intensity of infection (i.e.,
some damage to the ovarian tissue (Fig. 3). This wonumber of parasites per infected host) was 2.68fdu-
was observed ingesting the host’s oocytes within thensisand 2.86 forD. polymorpha Among all sites and
ovarian acini (Figs. 3, 4). Oocytes were ingested whalates, the intensity ranged from 1 to 18. At the two sites
such that they appeared intact within the worm’s gut here D. polymorphaand D. bugensisco-occurred, the
men (Fig. 4). NoC. limnaeioccurred in the nephridium,prevalence (i.e., percentage of hosts infectedi.ofi-
hepatopancreas, or other organs of the visceral mass. mnaeiwas higher irD. bugensigFig. 5; chi-square with

Yates correction = 3.9% < 0.05), but the intensity of in-
fection did not differ significantly between these two host
Epizootiology species (Fig. 6-test,P > 0.05). NoC. limnaeiwas found
among the unionids examined from Soulanges Canal.
Of 606 dreissenids (49Breissena polymorphand 110 There was no relationship between the host’s size and
D. bugensi} examined, 166 (27.4%) were found to hathe prevalence of infection bg. limnaei (t = 1.02;
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P < 0.2). The host’s size was not correlated linearly witturther physiology and ecology studies will be necessary
the intensity of infectionr(= 0.06;P < 0.64). Among the to determine whether this is actually the case.
D. polymorphaexamined by sex from Snell Lock, 42 This is the first report o€. limnaeiinfecting Dreiss-
(58.3%) of 72 males and 31 (43.1%) of 72 females hanraspp. in any part of the world, although limnaei
bored C. limnaei This difference was not significanthas long been known to infect gastropod hosts in Europe,
(chi-square with Yates correction = 2. 8> 0.05). The throughout the mussels’ native range (Buse 1974; Gruff-
intensity of infection in males (x 2.48; SD = 1.92) was ydd 1965; Streit 1974). European infections may have
lower than that in females €& 3.19; SD = 3.34), but thisbeen simply overlooked, but this would be surprising
difference also was not significartt£ 1.16; P > 0.2). given the considerable amount of work that has been
There was a significant variation among the four studgne on other helminth parasites of the mussels (Davids
sites (Fig. 5) with respect to the prevalenc€ofimnaei and Kraak 1993). The lack of previous reports from
in D. polymorphaalone (chi-square = 65.68;< 0.0001) North America undoubtedly is related to the observation
and in both dreissenids combined (chi-square = 65.42at the mussels were first discovered on this continent in
P < 0.0001), but not inD. bugensis alone (chi- 1988 (Hebert et al. 1989), only 5 years prior to the initia-
square = 2.19P > 0.1). Temporal trends in the prevation of the present study. In addition to the St. Lawrence
lence and intensity of infection of dreissenids@yli- River sites that received detailed examination in the pres-
mnaeiat Snell Lock and Soulanges Canal are showndnt study, we observed numerdlidimnaeiin water ex-
Figs. 7 and 8. The combined prevalence and intensityhated from the siphons of dreissenids that we hand-
Snell and Soulanges were positively correlated @.77; picked from rocks in shallow (<0.5 m depth) water at
P <0.016). Port Stanley, Lake Erie, on 10 October 1991 (unpub-
lished observations). Thus, it appears thaimnaeihas
quickly become a common parasite of dreissenids
Discussion throughout the St. Lawrence River-Great Lakes system.
C. limnaeihas been reported from native populations
The present data demonstrate tGaaetogaster limnagei of several molluscs in North America. Infected gastro-
by eroding gill and mantle epithelia and ingesting ovapeds include the pulmonat&s acutafrom tributaries of
an tissue, is at least mildly pathogenidi@issena poly- the Delaware River (Gamble and Fried 1976) Bnglyr-
morpha Thus, it qualifies as a true parasite. This is coima from ponds in Michigan (Kenk 1949), the pulmonate
sistent with the report of Gamble and Fried (1976), witelisoma ancepsrom a pond in North Carolina (Fern-
presented histological evidence tiatlimnaeidisrupted andez et al. 1991), and the prosobraAoimicola limosa
the mantle epithelium of the pulmonate gastropbgisa from Douglas Lake, Michigan (Eggleton 1952). Infected
acuta However, the nature of the symbiotic relationshigivalves include the pill clamSphaerium transversum
betweenC. limnaeiand its host has often been ques. striatinum andS. securidrom the Mississippi River
tioned. Eng (1976) reported that among asiatic clams {@ale 1973) an&. corneumsS. striatinum andS. securis
troduced into North AmericaC. limnaei caused no tis- from Cayuga Lake and Lake Ontario (Barbour 1977).
sue damage iCorbicula manilensisbut Sickel (1981) Despite the absence Gf limnaeiin the unionids exam-
provided some inconclusive evidence t@alimnaeiin- ined in the present study, unionids from other areas of
duced lesions in the mantle tissues @drbicula flu- North America have been reported as hosts (Coker et al.
minea In Europe, two subspecies @f limnaei from 1921). Given the widespread and common occurrence of
snails are recognized (Buse 1971, 1972, 1974; Gruffy@dlimnaeiin native molluscs in other North American
1965).C. I. limnaeiis considered to be commensalistiajvers and lakes, it is likely that this species will be a ma-
living on the outside of the shell and causing no damgge parasite of dreissenids as they spread throughout their
to the host; converselg. I. vaghiniis considered to be new range.
parasitic, living in the kidney and causing damage by in- The higher prevalence . limnaeiin D. bugensis
gesting renal tissue. Whether the worms found to be Irelative toD. polymorphamay reflect a true difference in
ing in the mantle cavity and the gonad in the presdmst specificity, such as that shown by Buse (1974) for
study were two subspecies is not clear. Some authdlsspecies of British gastropods. Alternatively, it is pos-
have considere€. limnaeito be somewhat mutualisticsible that some ecological factor might increase the
in snails, because the worms occasionally eat trematotiances thaD. bugensiswill become colonized. For ex-
miracidia and cercariae that would otherwise be pattaomple,D. polymorphais more likely to occur on unionid
genic to the host (Khalil 1961; Wagin 1941). Adding tsubstrates (Conn and Conn 1993) and at shallower
this complex symbiotic relationship, miracidia and cedepths (Mills et al. 1993) than iB. bugensis Thus,
cariae have been shown to provide a major food souticese two sympatric congeners exhibit ecological differ-
for C. limnaei associated with snails that are infecteginces that might affect their relative vulnerability to dif-
with these digenean larvae (Fernandez et al. 1991). Térent parasites. Such possibilities warrant further study.
clear evidence of pathogenicity B polymorphafound The overall prevalence and intensity found in the
in the present study suggests t@atimnaei might exert present study was similar to that reported for other hosts
some suppressive effect on dreissenid populations, thémesther localities. However, several authors have report-
by effecting some level of natural biological controkd peak prevalences ranging between 95% and 100%
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(Buse 1971; Eggleton 1952; Gale 1973; Gruffydd 1965kls were infected at similar rates. These data are gener-
Furthermore, some authors have reported intensitiesalig consistent with the study by Gale (1973), who ob-
high as 30 (Barbour 1977), 50 (Gruffydd 1965), or &erved a peak prevalence ©f limnaeiin sphaeriids in
parasites/host (Gamble and Fried 1976) at peak seasthes.upper Mississippi River during July, with dramatic
Because of the large variations in habitat, host densigguctions occurring during the fall. Similarly, Gamble
host population stability, and other factors, it is not poand Fried (1976) reported high populationgCofimnaei
sible to determine whether these differences reflect raaphysid snails in the Delaware River in the spring and
and permanent variations in the population dynamicssefmmer, with marked declines being noted during the
C. limnaei In any caseC. limnaeiis clearly among the winter months. Fernandez et al. (1991) reported that the
dominant symbionts of many freshwater molluscs. prevalence and intensity @. limnaeiinfecting the pla-
The present finding of no relationship between tmerbid snailH. ancepsdeclined during the winter in a
host size and the prevalence or intensity of infectionsmsiall pond in North Carolina. Eng (1976) reported that
contrary to the findings of several authors. Buse (197fgarly 87% ofC. maniliensisfrom California harbored
working with lymnaeid snails, and Streit (1974), worke. limnaeifrom March to May, but fewer than 3% were
ing with ancylid snails, reported that the intensityof infected during other months. Among European popula-
limnaeiinfection was positively correlated with the hogions of lymnaeid (Buse 1971; Gruffydd 1965) and an-
size. Similarly, Gruffydd (1965) reported higher intenseylid (Streit 1974) snailsC. limnaei has been shown to
ties in larger lymnaeids. Gale (1973) and Barbour (197®ak between May and July and remain low throughout
reported that sphaeriid clams under 4.5 mm were not the fall, winter, and early spring. Thus, the general pat-
fected byC. limnaei whereas larger specimens of th&erns of seasonality appear to be consistent in all cases;
same species were; both authors noted a trend towsadations in specific peak months are probably related to
higher intensities among larger clams. However, the la&riations in local conditions.
ter three authors did not provide statistical analysis of Because the dreissenid invasion of North America is
these relationships. These authors have speculated tblatively new, little has been learned regarding which
larger hosts simply provide more space and resourgesasites native to North America will be capable of in-
thus supporting larger parasite populations. Howeveacting the mussels. In addition to t@elimnaeireport-
variations in intensity and prevalence may reflect temped herein, newly established dreissenid populations have
ral changes in the relative proportions of hosts of diffdseen reported as hosts for plagiorchioid metacercariae
ent size classes throughout the season (Gruffydd 1965trematodes) in Lake Erie (Toews et al. 1993); various
No previous author has examined possible differencemmatodes, a hydracarinid, and other naidid oligochaetes
in the prevalence and intensity ©f limnaeiinfection in in the St. Lawrence River (Conn et al. 1994); Radat-
different host sexes. The absence of host sex preferemmmgarsussp. larvae (chironomid midges) in the St. Law-
demonstrated in the present study may be related torérece River (Conn et al. 1994; Ricciardi 1994). Further-
observations that male and female dreissenids are comore, Conn and Conn (1995) obtained experimental in-
parable in size and most natural gastropod hoss f fections ofD. polymorphaby metacercariae of the avian
mnaeiare hermaphroditic. fluke Echinoparyphiumsp. collected from naturally in-
The present data demonstrated differences in fieeted Physasp. snails in New York state. From these
prevalence ofD. polymorphaamong the study sitesstudies, it is apparent that further research on symbiotic
(Fig. 5); however, these data should be interpreted wéthsociations between introduced dreissenid mussels and
caution inasmuch as the four sites differed in many chaative animals promises to be a fruitful line of investiga-
acteristics (e.g., depth, substrate, associated biota) tamdl;, such studies will be essential if we are to under-
different methods were used to collect mussels at eatdnd the full impact of the dreissenid invasion of fresh-
site. That the prevalence Df bugensiglid not show sta- water ecosystems in North America and other sites
tistically significant variation among the sites may hawehere they have been or might be introduced.
been influenced by the failure to collect this species at
two of the four sites. Gruffydd (1965) compared prevacknowledgements We are grateful to the New York State De-
lences ofC. limnaei infecting the gastropodlymnaea partment of Environmental Conservation and, particularly, to Jerry

peregerin a reservoir and a stream in Wales but fouhgTendre and Steve Cluett, for use of the research vessel R/V Seth
little variation between these two sites Green. We also thank the Seaway Development Corporation (Unit-

. .. ed. States Department of Transportation) for providing access to
Temporal patterns of the prevalence and intensity {Réir facilities. This research was supported by grants from the
C. limnaei infecting dreissenids were examined at onBew Charitable Trusts, The University of the South, and North

two sites in the present study. These data are probably®og¢rican Scientific Enterprises (NASCENT).

limited value inasmuch as the Snell site was monitored

for only 5 consecutive weeks (Fig. 7) and the Soulanges

site was monitored on an irregular schedule (Fig. References
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