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Summary

Although considerable research has been carried out on
Dreissena spp., relatively little is known about the symbiotic
organisms living within them. We report a two-year study
of the dynamics of infection by the commensal ciliate Con-
chophthirus acuminatus in D. polymorpha and D. bugensis
populations in the Dnieper River in the Ukraine and in four
D. polymorpha populations in Belarus. C. acuminatus was
present in all samples. The moderate to high infection
prevalence and moderate infection intensity that Werecord-
ed in D. polymorpha populations were in contrast to the low
prevalence and very low intensity of infection observed in
D. bugensis. Recording C. acuminatus in D. bugensis repre-
sents the first record of any ciliate species from this mussel
and the first report of C. acuminatus in a host other than D.
polymorpha. Since infection prevalence and intensity
strongly correlated with the size of D. polymorpha, the pres-
ence of large, infected mussels is likely important to serve as
a reservoir for maintaining infection in the overall popula-
tion. To infect new host mussels, C. acuminatus must dis-
perse into surrounding waters, and Wesuggest that a period
of mass dispersal may be synchronized to occur when new
potential hosts, i.e., juvenile mussels, become abundant.
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Introduction

Zebra mussels, Dreissena spp., are well known macro-
fouling bivalves in European freshwaters [16, 23]. The
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introduction of Dreissena polymorpha and D. bugensis
into North America during the 1980s further expanded
scientific investigations on the biology and control of
these bivalves due to their adverse economic [17] and
ecological [24] impacts. Although considerable ecologi-
cal research has been carried out both in Europe and
North America [5, 6], relatively little effort has been
made to study their interrelationships with symbiotic
organisms living within these mussels. This information
gap is currently being addressed by a network of over a
dozen scientists from Europe, North America, and the
former Soviet Union as a research project of the Inter-
national Research Consortium on Molluscan Sym-
bionts (IRCOMS; http//www.nysm. nysed.gov/biolo-
gylircoms/bio_ircoms.html). IRCOMS efforts are ini-
tially focusing on the development of a fundamental
database characterizing the systematics, biology, ecolo-
gy, and distribution of Dreissena's endosymbionts.

This present IRCOMS contribution represents the
first study of the seasonal dynamics of the obligate,
mantle-cavity ciliate Conchophthirus acuminatus (Scu-
ticociliatida: Conchophthiridae) and builds on the fol-
lowing four previous IRCOMS investigations of Dreis-
sena's mantle-cavity ciliates. Burlakova et al. [2] report-
ed the first transinfection trials of C. acuminatus in D.
polymorpha and outlined factors affecting infection in-
tensity (i.e., number of ciliates per infected mussel).
Laruelle et al. [11] demonstrated the value of histologi-
cal analysis as a technique capable of precisely deter-
mining the location of mantle cavity ciliates, including
C. acuminatus, within D. polymorpha and characteriz-
ing their symbiotic relationships at the cellular level.
Karatayev et al. [7, 8] provided further details of the
distribution of C. acuminatus in Belarussian waterbod-
les.
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D. polymorpha is widely distributed in temperate
European water bodies, and C. acuminatus is its most
common, obligate endosymbiont [15]. European popu-
lations of D. bugensis are almost exclusively found in
the Ukraine, and prior to the present study, this dreis-
senid species had never been investigated for the pres-
ence of endosymbiotic ciliates. Although its feeding on
the sperm cells of D. polymorpha has been documented
[11], C. acuminatus is likely a commensal organism
which ingests a variety of organic particles present on
Dreissena's mantle epithelial surfaces. Since C. acumi-
natus has only been reported from D. polymorpha, it
has been considered to be extremely host specific [15].
Our study expands its host range with the first record
of C. acuminatus in D. bugensis. In addition, we report
the seasonal dynamics of C. acuminatus infection in D.
polymorpha and D. bugensis populations in the
Dnieper River in the Ukraine and also in two D. poly-
morpha populations in Belarus.

Material and Methods

The five waterbodies included in this study were the Svis-
loch River, Dnieper-Bug Canal, Lukomskoe Lake, and Lepel-
skoe Lake in Belarus and the Dnieper River in the Ukraine.
Specific sampling locations were: Svisloch River (53°55 'N,
27°32'E) within Minsk; Dnieper-Bug Canal (52°06'N,
26°00'E) at 250 km southwest of Minsk; Lukomskoe Lake
(54°40'N, 29°05'E) and Lepelskoe Lake (54°54'N, 28°44'E) at
120 km northeast of Minsk; Dnieper River (52°20'N,
30015'E) within Kiev.

D. polymorpha had colonized the Svisloch River in the
mid-1980s, and the sampling location we chose in this river
had a width of ca. 50 m, mean depth of ca. 1m, and maximum
depth of ca. 2 m. In Lukomskoe Lake (surface area 36.7 km2,
mean depth 6.6 m, maximum depth 11.5 m), D. polymorpha
was found for the first time in 1972 [13]. From 1805 until the
end of the 19th century, Lepelskoe Lake (surface area 9.2 km2,
mean depth 4.5 m, maximum depth 26.8 m) was a part of the
Dnieper-Zapadnaya Dvina Canal. D. polymorpha was first
reported from Lepelskoe Lake in 1929 [18], but probably col-
onized this lake much earlier, shortly after construction of the
Dnieper-Zapadnaya Dvina Canal. Dnieper-Bug Canal (width
ca. 30 m, mean depth ca. 1.6 m, and maximum depth ca. 4 m)
was built in 1775 to connect the Dnieper River (Black Sea
Basin) to the Zapadnyi Bug River (Baltic Sea Basin), and D.
polymorpha probably colonized this canal shortly thereafter.

In 1996, samples were taken monthly in the Svisloch and
Dnieper Rivers from May through October and also in De-
cember. In 1997, samples were taken as follows: in the Svis-
loch River in January and from March through December, in
the Dnieper River from May through December, and in the
Dnieper-Bug Canal from June through November; in
Lukomskoe Lake and Lepelskoe Lake only in June.

All mussels sampled in this study were collected at ca.
1.5-2.5 m depth, refrigerated at 5-10 DC, and dissected within
72 hr. Benthic temperature was measured at the time of col-
lection. To determine the size-frequency distribution of the
Dreissena population, 200-600 mussels were randomly cho-

5en from a 5ample and mea5ured to the nearest millimeter
with a caliper. In 1996, we collected one sample at each sam-
pling time in each waterbody. To determine infection preva-
lence (i.e., number of infected mussels among total number
examined) in each sample, ca. 250-350 live mussels were dis-
sected after sorting them into seven 5-mm size classes based
on shell length (1 mm ~ L < 5 mm; 5 ~ L < 10 mm; 10 mm ~
L< 15mm; 15 ~ L < 20 mm; 20 mm ~ L < 25 mm; 25 ~ L < 30
mm; and 30 mm ~ L < 35 mm). In each size class, 50 mussels
were examined for prevalence whenever possible. In 1997, to
determine sample variance we collected three replicate sam-
ples each time from each waterbody. In each replicate, 17
mussels from each size class were randomly selected and dis-
sected to determine prevalence and 7 for intensity. Thus,
wherever possible, at each sampling time and for each size
class, we examined ca. 50 mussels for prevalence and ca. 20
mussels for intensity. Both prevalence and intensity of infec-
tion in each mussel species were calculated considering the
percentage of each 5-mm size class in the population.

Before dissection, we cleaned and dried shell surfaces and
measured mussel length to the nearest millimeter with
calipers. Mussels were then cut open with a scalpel, and their
mantle cavities were repeatedly flushed with unchlorinated
tap water from a pipette to remove all ciliates from exposed
epithelial surfaces. Because C. acuminatus are also present
within gill water tubes and suprabranchial cavities [11], gills
were lacerated with forceps and then flushed by pipette. The
number of C. acuminatus in all rinse water was determined in
a plankton counting chamber using a stereomicroscope (20-
70X). To compare the infection intensity and prevalence of C.
acuminatus in each mussel species in each waterbody, we ana-
lyzed data by one- and two-way ANOVA, I model (fixed ef-
fects) using Statistica software (Windows Release 5.0 B, Stat-
Soft, Inc.).

Results

Infection in D. polymorpha: C. acuminatus was
present in all D. polymorpha samples in all five water-
bodies studied, and mean infection prevalence was
moderate to high, ranging from 74.9% to 99.6%
(Table 1). Mean infection prevalence in D. polymorpha
in the Svisloch and Dnieper Rivers during May-De-
cember 1996 and 1997 did not differ significantly ei-
ther between years or between these two rivers (re-
spectively, P = 0.35 and P = 0.49; two-way ANOVA).
In contrast, during May-December 1997 mean infec-
tion intensity in D. polymorpha in the Svisloch River
was significantly higher than in the Dnieper River (P <
0.001, two-way AN OVA), indicating that intensity
was not strictly predictable from prevalence. Mean in-
fection intensity (± SE) in D. polymorpha was moder-
ate and ranged from 118.1 ± 19.9 to 525.2 ± 68.5 cili-
ates/ mussel (Table 1).

Infection in D. bugensis: Infection was present in all
D. bugensis samples, but prevalence was relatively low,
averaging only 39.2 % and 16.0%, respectively, in 1996
and 1997 (Table 1). Infection intensity was very low
with a mean (± SE) of 4.6 ± 0.8 ciliates/mussel.
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Fig. 1. Dynamics of the prevalence of C. acuminatus in
Dreissena spp. from the Svisloch and Dnieper rivers in 1996
and 1997 (mean ± SE indicated).

19.5 17.6 25.7 25.8 18.9 29.10 25.11 29.12
Sampling date

- D. polymorpha, Svisloch River
....••.. D. polymorpha, Dnieper River

--- D. bugensis, Dnieper River

Comparison of infection in Dreissena spp.: Mean
infection prevalence in D. bugensis in the Dnieper
River was significantly lower than that in D. polymor-
pha in both 1996 and 1997 and did differ significantly
between years (P < 0.001; P = 0.033, two-way
ANOV A; Fig. 1). The mean prevalence in D. polymor-
pha in 1996 and in 1997 was, respectively, ca. two and
five times higher than in D. bugensis (Table 1). Mean
infection intensity in D. bugensis was also significantly
lower than in D. polymorpha in the Dnieper River
(P < 0.001, one-way ANOVA) and lower than that in
all others waterbodies studied (P < 0.001, one-way
ANOVA; Table 1).

Mussel size and infection prevalence: The preva-
lence of infection in D. polymorpha strongly increased
with mussels size, reaching 100% in the largest mussels
in almost all waterbodies studied (Table 2). Prevalence
in D. polymorpha both in the Svisloch and the Dnieper
Rivers varied considerably throughout each sampling
period (Fig. 1) and strongly related to mussel size-fre-
quency distribution (Fig. 2). Mussels <10 mm long in-
variably had the lowest prevalence in each population
at each sample time. Consequently, prevalence rates in
Dreissena spp. (Fig. 1) were almost always lowest in
each river at the time of the year when these small mus-
sels were most abundant: 62% and 61% prevalence in
the Svisloch River in D. polymorpha, respectively, in
May 1996 and September 1997 (Fig. 1, Fig. 2 - Column
A); 55-68% and 35% infection in Dnieper D. polymor-
pha, respectively, in August-September 1996 and May
1997 (Fig. 1, Fig. 2 - Column B); 21% and 1% infection
in Dnieper D. bugensis, respectively, in May 1996 and
May 1997 (Fig. 1, Fig. 2 - Column C). Conversely,
prevalence in both Dreissena spp. was almost always
highest when mussels <10 mm were relatively absent.

Season and infection intensity: Infection intensity
in D. polymorpha in the Svisloch River had a pro-
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Table 1. Mean prevalence and intensity (± SE) of Dreissena infection with C. acuminatus in waterbodies sampled.

Waterbody Date Temperature Mussels Prevalence Intensity
(DC) dissected (%) (ciliates/mussel)

Dreissena polymorpha
Svisloch River May-December 1996 3-18 1201 86.1 ± 4.3 -a

May-December 1997 2.5-23 2200 79.5 ± 3.8 118.1±19.9
Dnieper-Bug Canal June-November 1997 6-23 1527 96.7 ± 1.1 525.2 ± 68.5
Lukomskoe Lake June 1997 20.5 256 91.6 ± 7.0 357.9 ± 128.3
Lepelskoe Lake June 1997 19.0 304 99.6 ± 0.2 154.0 ± 39.5
Dnieper River May-December 1996 6-23 1028 78.9 ± 5.0 - a

May-December 1997 1-21 1499 74.9 ± 4.9 26.2 ± 3.5

Dreissena bugensis
Dnieper River May-December 1996 6-23 1295 39.2 ± 3.7 -a

May-December 1997 1-21 1544 16.0 ± 3.1 4.6 ± 0.8

a Not recorded





Conchophthirus in Oreissena 401

Table 2. Prevalence (% ± SE) of C. acuminatus infection in Dreissena of different size classes.

Waterbody Date Size classes, mm

1.0-4.9 5.0-9.9 10.0-14.9 15.0-19.9 20.0-24.9 25.0-29.9

Dreissena polymorpha
Svisloch River avg.1996 60.0 ± 32.0 82.0 ± 10.5 88.9 ± 1.8 91.4 ± 3.0 86.4 ± 4.1 100

avg.1997 36.9 ± 4.6 80.3 ± 4.7 98.8 ± 0.6 98.4 ± 0.7 99.5 ± 0.3 99.1 ± 0.9
Dnieper-Bug Canal avg.1997 79.4 ± 5.5 96.4 ± 1.8 99.7 ± 0.3 100 99.3 ± 0.4 100
Lukomskoe Lake June 1997 68.6 ± 22.6 74.0 ± 27.1 100 100 100 - a

Lepelskoe Lake June 1997 83.3 ± 15.2 100 100 100 100 100
Dnieper River avg.1996 29.2 74.2 ± 7.5 86.8 ± 7.4 96.1 ± 1.0 57.4 ± 15.6 100

avg.1997 50.9 ± 7.2 73.7 ± 5.8 79.4 ± 4.7 89.0 ± 3.1 90.7 ± 7.4 - a

-------------------------------------------------------------------------------------------------
Dreissena bugensis
Dnieper River

a Not recorded

avg.1996
avg.1997

7.1 ± 2.0
8.8 ± 2.6

29.5 ± 11.3
19.1±4.1

37.9 ± 5.8
15.9 ± 3.5

40.0 ± 6.7
13.3 ± 3.3

49.3 ± 9.9 53.4 ± 9.0
39.5 ± 13.0 _a

nounced peak in August (Fig. 3) and was considerably
lower in the spring, early summer, and autumn. The
seasonal dynamics of D. polymorpha infection with C.
acuminatus in the Dnieper River were also character-
ized by a single peak in August. In contrast, we did not
find this same pattern in D. bugensis.

Mussel size and infection intensity: Infection inten-
sity increased with mussels size in all D. polymorpha
populations sampled, and all correlations were always
statistically significant (Fig. 4). In contrast, little evi-
dence of correlation was found between length and in-
fection intensity in D. bugensis (Fig. 4).
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Discussion

Ciliate distribution: It was not surprising that C.
acuminatus was present in all five waterbodies included
in this study, as almost all European populations of D.
polymorpha sampled to date are infected by C. acumi-
natus. In contrast, C. acuminatus has never been
recorded from North American Dreissena populations
[3,25, authors, unpublished data], and this supports the
hypothesis that Dreissena spp. were transported to
North America as planktonic larvae - a stage physically
too small for harboring C. acuminatus infection.

Host range: This study is the first to record a ciliate
species from D. bugensis and the first report of C.
acuminatus in a host other than D. polymorpha. Con-
chophthirus spp. tend to be host specific [1, 9, 19], and
thus we predict that C. acuminatus will only be found
in Dreissena spp. In commenting on its host specificity,
Raabe [19] noted that he never observed C. acuminatus
in U nionidae, even though their shells were sometimes
completely covered by C. acuminatus-infected D. poly-
morpha. In the same light, it is not surprising that Con-
chophthirus spp. which are present in North American
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Fig. 3. Dynamics of the intensity of C. acuminatus in Dreis-
sena spp. from the Svisloch (top) and Dnieper (bottom) rivers
in 1997 (mean ± SE indicated).
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Fig. 4. Linear equations expressing the relationship between Dreissena length (L) and intensity of infection (I) by C. acumina-
tus in different waterbodies in 1997. Mussel length is given in mm, intensity in ciliates per infected mussel.

and European unionids have never been observed in
Dreissena. Based on their external morphology, the cili-
ates in both of these Dreissena spp. matched the de-
scription of C. acuminatus [22]. Further experimenta-
tion is required to test why the infection prevalence and
intensity were significantly lower in D. bugensis than in
D. polymorpha in the Dnieper River.

Prevalence level: C. acuminatus has the highest
prevalence of infection among all 34 symbionts found
in Dreissena spp. [15]. Thus, the moderate to high in-
fection prevalences, some near 100%, which we record-
ed in D. polymorpha populations (Table 1, Fig. 1), were
typical of European populations. We have also ob-
served such high prevalence rates in recent studies in
Belarus [2, 7]. Prevalence of C. acuminatus infection in
D. polymorpha was reported to be 100% in two Danish
lakes [4] and in non-saline waters in Poland [20]. This
was the first study to monitor prevalence of ciliate in-
fection in Dreissena.

Intensity level: Dreissena, while relatively small bi-
valves, have one of the highest intensities of infection
with any Conchophthirus sp. ever reported for ciliates

in the order Scuticociliatida [2]. In our study, infection
intensities in D. polymorpha were relatively moderate
and varied from 1 to 6,276 ciliates/mussels. This latter
maximum intensity was found in a 27-mm mussel from
Dnieper-Bug Canal. Based on mussel length, these data
were very similar to those reported from our previous
study in Naroch Lake, Belarus [2] in which intensity in
D. polymorpha varied from 1 ciliate in a 2-mm mussel
to 5,100 ciliates in a 28-mm mussel. The highest C.
acuminatus intensity we have ever recorded was 14,035
ciliates in a 27 -mm D. polymorpha from Lake Lotviny,
Belarus [8]. Our data indicated that infection intensity
in the overall D. polymorpha population peaked in Au-
gust in both rivers studied, but further research is need-
ed to confirm that this may be a common pattern in C.
acuminatus populations.

Mussel length and infection intensity: It was not
surprising that mussel size correlated directly with in-
fection intensity. In our previous study of C. acumina-
tus infection in D. polymorpha [2], we also observed
such high correlations (range in R2 = 0.83-0.92). The
lowest correlation between size and infection intensity



in D. polymorpha in the current study was found in the
Dnieper River (R2 = 0.50, Fig. 4) and occurred at the
same time that the lowest infection intensity was
recorded (i.e., 26 ciliates/mussel, Table 1). It appears
that this correlation is lowest at low infection intensi-
ties regardless of host dreissenid since intensity in D.
bugensis was always low (Fig. 4) and little correlation
between size and infection intensity was ever noted for
this species.

Maintenance of infection in aD. polymorpha pop-
ulation: Since infection prevalence and intensity
strongly correlated with the size of D. polymorpha, the
presence of large, infected mussels is likely important
to serve as a reservoir for maintaining infection in the
overall population. In our previous study [2], we indi-
cated that in shallow regions of the Svisloch River the
majority of D. polymorpha were eliminated each winter
by a combination of factors, including ice scour, mal-
lard duck predation, and fluctuating water levels. As a
result, D. polymorpha were not permanently present at
shallow depths (~ 0.5 m), and the mussels that we ran-
domly sampled in such locations were thus smaller (i.e.,
younger) and their density was lower than those pre-
sent at the 1.5-m deep sampling site. Therefore, a signif-
icantly lower prevalence (P < 0.001, t test) was observed
at the 0.5-m deep site (58%) than at the 1.5-m deep site
(100%). In his study of C. acuminatus in Macedonian
D. polymorpha, Raabe [21] also observed that the
prevalence of infection was highest at depths of ca.
0.5-20 m compared to the rocky shoreline « 0.5 m),
but it is unknown whether this was the result of the
mussels on the rocky shoreline being smaller in size
(i.e., younger) and thus less likely to be infected. In our
previous study [2], we found that 20-23 mm D. poly-
morpha from two separate waterbodies in Belarus,
when held together in a cage under field conditions,
reached the same C. acuminatus carrying capacity (i.e.,
infection intensities rose to and remained at 1.5-2.0x1 03

ciliates). Thus, we believe that the differences in infec-
tion intensity recorded in D. polymorpha from the Svis-
loch and the Dnieper rivers in the present study (Fig. 3)
were likely determined in part by a combination of
habitat characteristics (e.g., water chemistry, food avail-
ability) and host characteristics (e.g., mussel density
and size-structure). We hypothesize, therefore, that D.
polymorpha of a given length in each population may
have its own carrying capacity of infection intensity.
Upon reaching this population density, a C. acuminatus
population may have density-dependent feedback
mechanisms which slow its rate of reproduction within
a host and/or increase its emigration from its host mus-
sel in order to maintain a rather constant population
size within the mussel.

Life cycle synchrony: In order to infect new host
mussels, C. acuminatus must disperse into surrounding
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waters, and Kidder [9] has indicated that Conchoph-
thirus spp. likely can tolerate only brief periods in open
waters. To minimize the time required for such host
transfer, we suggest that a period of mass ciliate disper-
sal may be synchronized to occur when new potential
hosts, i.e., juvenile Dreissena, become abundant. We
have previously experimentally demonstrated that C.
acuminatus rapidly leave dying D. polymorpha [2]. This
latter study supported Fenchel [4] who indicates that
ciliates in bivalves occasionally leave their hosts, but are
more likely to do so when the host is "damaged me-
chanically" or dying. Therefore, D. polymorpha that
are naturally dying could be a major source of C.
acuminatus to initiate infection in other members of the
population, especially young-of-the-year mussels. Ac-
cording to Lvova [12], many of the older D. polymor-
pha in a population die within a brief period of time
after spawning. In infected populations, this would the-
oretically result in mass emigration of C. acuminatus
from dead mussels in order to search for new hosts.

Other factors affecting infection levels: Although
not specifically examined by this study, two other fac-
tors likely impact C. acuminatus infection: host density
and salinity level. Fenchel [4] suggested that since cili-
ates infect new hosts by being passively sucked in
through their inhalant siphon, it is to be expected that
prevalence would correlate positively with host densi-
ty. Burlakova et al. [2] experimentally demonstrated
that the presence of mussels with high intensity infec-
tions can serve as a source for increasing the levels of in-
fection (both infection prevalence and intensity) in
other mussels in their microhabitat. C. acuminatus is
less tolerant to salinity than D. polymorpha and thus in-
fection prevalence was observed to decline from 100 to
0% with increasing salinity in a Polish bay [20]. Since
there are some Conchophthirus spp. that are symbionts
in marine bivalves [10], it would be interesting to exam-
ine Dreissena populations in areas of varying salinity in
the Caspian Sea and Dnieper-Bug Liman for the pres-
ence of species other than C. acuminatus. Dreissena are
native to both of these waterbodies and are locally
abundant.

Endosymbiont Research Model: Since C. acumina-
tus is the most common Dreissena endosymbiont with
the highest prevalence and intensity of infection in Eu-
rope [15], it is easily field collected. Thus, further stud-
ies of the interactions between C. acuminatus and
Dreissena could represent a very convenient means of
addressing numerous fundamental questions relating to
symbiosis, including: symbiont dispersal, life cycle fea-
tures improving infection probability, synchronization
of host and symbiont life cycles, strains of symbiont
and host, factors responsible for specificity, intraspecif-
ic symbiotic competition; underlying mechanisms of
host specificity, and infection strategies. Moreover,
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since there is considerable interest in the parasitic en-
dosymbionts of Dreissena spp. [14, 15J, the information
derived from a Conchophthirus (i.e., commensal) model
could be directly compared with parallel data from
species that either debilitate or kill Dreissena.
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