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Abstract Mollusks represent one of the most impor-

tant components of freshwater zoobenthos and their

shells provide a substrate for many organisms creating

epibiotic communities of predominantly facultative

nature. We determined rotifer species that colonize

shells of Dreissena polymorpha (Pallas, 1771) without

and with presence of large Cladocera and fish, alone

and together. The experiment was conducted in 12

mesocosms filled with water from the littoral zone of a

eutrophic lake. The experiment involved four treat-

ments (three replicates each): (1) control of D.

polymorpha in lake water; (2) D. polymorpha in lake

water with the addition of large Cladocera; (3) D.

polymorpha in lake water with the addition of fish; and

(4) D. polymorpha in lake water with the addition of

large Cladocera plus fish. The study revealed that

epizoic rotifer fauna found on D. polymorpha is

relatively abundant and rich in species, different from

plankton communities in the same mesocosms, and

specific, that is, include species that prefer this habitat.

It may also suggest that communities of epizoic

rotifers are impacted by the presences of benthic

predators, as well as by small fish and large crus-

taceans inhabiting littoral waters.

Keywords Mesocosms � Epibiotic Rotifera �
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Introduction

Thousands of epibiotic associations are known from

marine and freshwater biocoenoses (Wahl, 1989). It

seems, however, that specific and obligate epibionts

are rare, and epibiosis has a predominantly facultative

nature (Wahl & Mark, 1999). Thus, an epizoic rotifer

is defined here as a free or sessile animal living for at

least part of its life on another animal but not

disturbing the host’s life. In general, the relationship

between epizoic rotifers and their hosts is a neglected

area of rotifer research (May, 1989; Bołtruszko, 2011).

Nevertheless, there are published observations of

epizoic rotifers. Ptygura melicerta Ehrenberg, 1832

was observed living in association with sponges and

bivalves (Berzins, 1950; Bołtruszko, 2011; Bołtruszko

& Ejsmont-Karabin, 2013). Brachionus sessilis Varga,

1951 have been observed on different species of the

cladoceran genus Diaphanosoma (Chengalath et al.
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1973), whereas Brachionus rubens Ehrenberg, 1838

inhabited different species of large Cladocera (May,

1989), which seem to be the most commonly observed

hosts of epizoic rotifers. Among the species also found

on their carapaces are Proales daphnicola Thompson,

1892 (Hollowday, 1949) and Brachionus variabilis

(Hempel, 1896) (Ahlstrom, 1940). Species of the

genus Testudinella [T. elliptica (Ehrenberg, 1834), T.

truncata (Gosse 1886), and T. caeca (Parsons, 1892)]

were found on abdominal appendages and the

branchial plates of Asellus aquaticus (Linnaeus,

1758) (May, 1989; Fontaneto, & Ambrosini, 2010).

The rotifer fauna found in the branchial cavities of

Astacus, Potamobius, and Cambarus include multiple

species, primarily of the genus Lepadella (L. astaci-

cola Hauer, 1926; L. borealis Harring, 1916; L.

branchicola Hauer, 1926; L. lata Wiszniewski, 1939;

L. parasitica Hauer, 1926) and Dicranophorus haue-

rianus Wiszniewski, 1939 (Koste, 1978). Bdelloid

Embata parasitica (Giglioli, 1863) and monogonont

T. elliptica were rotifers prevalent among species

counted on ventral surfaces of Asellus aquaticus

(Cook et al., 1998). Evidence for habitat selection

and/or negative interactions between rotifer species

epibiontic on A. aquaticus was found by Fontaneto &

Ambrosini (2010).

The list of bdelloid and monogonont epibiotic

rotifer species on Gammarus pulex (Linnaeus, 1758) is

also relatively long (DeSmet & Verolet, 2016).

Typically, the parasite’s host is strictly limited to

one species or genus. Information is lacking, however,

on whether such strict relation also apply to epizoon.

The fact that Ptygura spongicola Bērziņš, 1950 has

been found only on sponges (Berzins, 1950; Ejsmont-

Karabin et al., 2004), seems to indicate that we might

expect such host limits for epizoic rotifers. On the

other hand, epizoic communities of Rotifera on A.

aquaticus (Cook et al., 1998) were mostly non-site-

selective free-living species.

Freshwater crayfishes are also hosts to rotifer

epifauna (Dražina et al., 2018). Among their specific

epibionts there were four rotifer species: Lepadella

astacicola, L. branchicola, L. parasitica, and Dicra-

nophorus cambari Wulfert, 1957. Crayfish epifaunal

community was highly diverse and complex, and

differed significantly from surrounding fauna and

periphyton.

Not much is known about epizoic rotifers on

bivalves (May, 1989). Bołtruszko (2011) attempted

to assess the structure of rotifer communities coloniz-

ing bivalve shells. According to the results of her

studies on three relatively large species of freshwater

bivalves [Anodonta anatina (Linnaeus, 1758), A.

cygnea (Linnaeus, 1758), and Unio tumidus Philips-

son, 1788), their epizoic fauna was found to be

abundant and rich in species. They consisted of

relatively common species, mostly littoral, as well as

pelagic species. The number of rotifer species found

on particular unionids was relatively high, but their

densities were low (two to three individuals). The

species of bivalves did not affect the type of epizoic

rotifers observed (Bołtruszko, 2011). The epizoons of

unionid mussels may be influenced by their movement

behavior. They may move horizontally and burrow in

sediments (Schwalb & Pusch, 2007). In contrast, the

behavior of Dreissena polymorpha (Pallas, 1771)

differs, as they are sessile mussels. Thus, their epizoic

community of rotifers should be less disturbed and

possibly more abundant.

Dreissena polymorpha is an invasive mussel, which

may change the structural complexity of bottom

habitats in lakes (Ward & Ricciardi, 2007) and

positively affect the abundance of macroinvertebrates

(Gergs & Rothhaupt, 2008). However, negative

impacts of D. polymorpha on epizoic invertebrate

communities on unionids were observed in rivers

(Beckett et al., 1996).

Our previous mesocosm experiments revealed that

large-bodied Daphnia significantly influenced phyto-

plankton and zooplankton communities. Daphnia

reduced algal resources, the fecundity of smaller-

bodied cladocerans and the density of rotifers in

similar conditions (Kalinowska et al., 2015). Zooben-

thos is the predominant prey of freshwater populations

of ruffe, but Copepoda and Cladocera are very

frequent in the diet of small fish. Although rotifers

are not the preferred food for small ruffe, it is possible

that they may be eaten passively together with detritus

and meiobenthos (Hölker & Thiel, 1998). Thus, both

large zooplankters and small fish may have some

impact on benthic (and epizoic) communities of

Rotifera in shallow waters of lake littoral.

In this study, we used mesocosms filled with water

from lake littoral to examine the role of overlying

waters as a source of rotifer species colonizing shells

of D. polymorpha and to evaluate the role of the

presence of large Cladocera or fish in structuring of

communities of rotifers epizoic on D. polymorpha.
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Methods

The experiment was carried out from June 29 to

August 18, 2014 and consisted of four treatments, each

replicated in triplicate. Twelve mesocosms (0.94 9

0.64 9 0.50 m; 300 L, food-safe, high-density

polyethylene [HDPE] containers) were filled with

270 L of natural water taken at a distance of 5 m from

the shore, 1 m below the surface of the eutrophic Lake

Mikołajskie (Masurian Lake District, north-eastern

Poland; area 498 ha), and kept on the lake shore.

The set of four treatments included (1) a control

consisting of D. polymorpha held in unfiltered lake

water with small cladocerans Chydorus sphaericus

(Müller, 1785), Bosmina coregoni Baird, 1857, Bos-

mina longirostris (Müller, 1776), Ceriodaphnia pul-

chella Sars 1862, and copepods Eudiaptomus gracilis

(Sars, 1862), Eudiaptomus graciloides (Lilljeborg,

1888), Mesocyclops leuckarti (Claus, 1857), Thermo-

cyclops oithonoides (Sars, 1863), and a natural set of

rotifers dominated by Keratella cochlearis (Gosse,

1851), Polyarthra vulgaris Carlin, 1943, and Syn-

chaeta kitina Rousselet, 1902 (C); (2) D. polymorpha

in lake water with the addition of large Cladocera

(LC); (3) D. polymorpha in lake water with the

addition of fish (F); and (4) D. polymorpha in lake

water with large Cladocera plus fish (LC&F).

Dreissena polymorpha were collected from the

nearby Lake Boczne, gently brushed to remove

periphyton, and placed in the mesocosms. Each

mesocosm had a biomass of approximately 250 g/m2

wet weight. The mesocosms were devoid of sediments

at the beginning of the experiment; however, some

fresh sediment accumulated at the bottom by the end

of the experiment.

The six mesocosms of large Cladocera (LC)

consisted of two species alien to Lake Mikołajskie,

that is, reared in laboratory cultures: Daphnia magna

Straus, 1820 (originated from Binnensee, Germany),

and Daphnia pulicaria Forbes, 1893 (originated from

Lake Brome, Canada). The density of each species

was 1.0 ind. L-1 at the beginning of the experiment and

did not change until the end of the experiment.

Small ruffe (F), Gymnocephalus cernua (Linnaeus,

1958), were placed in 5 L plastic boxes with slots

allowing water and plankton to pass through. The total

length (longitude totalis) of fish in one mesocosm was

8.3 ± 0.4 cm. The fish were let out of the box for an

hour to feed freely each day. The boxes were used to

limit predation on zooplankton.

Samples of ten individuals of D. polymorpha and,

concurrently, zooplankton from 1 L of mesocosm

water, were taken on the last day of the experiment

from each mesocosm. On the same day of the

experiment, three samples of ten individuals of D.

polymorpha were also collected from Lake Boczne.

Using a soft bristle brush epizoic rotifers were

removed from the shells of D. polymorpha collected

from both mesocosms and Lake Boczne, and then

treated in the same way, i.e., transferred into bottles,

and fixed with Lugol’s solution and then with 2%

formalin. After 2-day sedimentation, the whole sed-

iment was analyzed under the light microscope Nikon

Eclipse Ni in order to determine species structure and

estimate the abundance of rotifers. The analysis

showed that rotifers were not damaged.

One-liter zooplankton samples were collected after

carefully mixing the water in each mesocosm on the

last day of the experiment. The samples were fixed

with Lugol’s solution, condensed on a 30 lm mesh-

size plankton net, and again fixed in 2% formalin.

Two indices were used:

Habitat preference index, HPI ¼ g� e=gþ e ð1Þ

where g = percentage of the species numbers in total

numbers of rotifers in D. polymorpha epizoons, and

e = percentage of the species numbers in total numbers

of rotifers in overlying water [based on Ivlev’s (1961)

index].

The index of percentage similarity of community

(PSC) (Whittaker & Fairbanks, 1958):

PSC ¼ 100 � 0:5
X

a� bð Þ ¼
X

min � a; bð Þ
ð2Þ

where a and b are percentage contributions of each

species to total numbers of the community a (epizoon)

and b (plankton), compared in pairs.

Statistical analyses were conducted with the appli-

cation XLSTAT-Ecology (Addinsoft). Analysis of

variance with Fisher’s F-test was used to determine if

the biotic factors significantly affect the epizoon

communities. We then used Dunnett’s post-hoc tests

to compare means from different experimental treat-

ments (F, LC, LC&F) against a control group (D.

polymorpha in lake water). Probability levels of B

0.05 were considered significant. The Student’s t-test
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for one sample was used to compare the epizoon

community in the experimental treatments to the zebra

mussels from Lake Boczne. The nonparametric Mann-

Whitney U test was used to compare the numbers of

rotifers in epizoon and plankton. Finally, Canonical

Correspondence Analysis (CCA) was used to relate

the rotifer communities with the experimental

treatments.

Results

The density of epizoic monogononts in the experi-

mental treatments was higher than that noted for zebra

mussels from Lake Boczne (t = 4.11; p = 0.001), and

the experimental control (Fig. 1A). The experimental

treatments affected the number of epizoic mono-

gononts (F = 16.3; P = 0.001). In the treatments with

large cladocerans and young fish (LC?F), the epizoon

density was significantly lower than in the control (P =

0.001). The lower epizoon density was also observed

in the treatments with large cladocerans alone (LC)

and with fish alone (F), but the differences were not

statistically significant.

Bdelloids were present, although in lower densities

than monogononts, in all treatments. The density of

epizoic bdelloids in the experimental treatments were

at a level similar to that of the mussels from Lake

Boczne (t = 1.62; P = 0.067). The experimental

treatments affected the number of epizoic bdelloids

(F = 16.3; P = 0.001), similar to what was seen in

monogononts. The significantly lower density of

epizoic bdelloids was observed only in the experi-

mental treatments with large cladocerans and young

fish (P = 0.015).

In total, epizoic rotifer fauna were significantly (P =

0.004) richer in species than planktonic rotifers in the

same treatments (Table 1). The greatest difference

(3.3-fold) in the number of species was found for the

treatment including D. polymorpha, and the lowest

(1.8-fold) was observed in the treatment with large

cladocerans and small fish. The number of rotifer

species in the experimental treatments was similar to

that found on the mussels from Lake Boczne (t =

- 0.19; P = 0.57).

Eleven species were found exclusively in the

epizoons of zebra mussels. However, only four were

relatively frequent, that is, noted in at least half of the

studied mesocosms. These were Cephalodella eva

(Gosse, 1886), Cephalodella forficula (Ehrenberg,

1832), Lecane pumila (Rousselet, 1906), and Ptygura

melicerta Ehrenberg, 1832. Not one individual of the

species was found in plankton in the experimental

mesocosms; thus, their index of habitat preference

(HPI) was 1.00 (Table 2). The three species found at

100% frequency in epizoons—Lecane closterocerca

(Schmarda, 1859), Lecane lunaris (Ehrenberg, 1832),

and Trichocerca relicta Donner, 1950, were also

Fig. 1 The density (indiv.

per 1 mollusc) of epizoic

monogononts and bdelloids

in experimental mesocosms

and in Lake Boczne.

Explanations: C—control;

LC—with added large

Cladocera; F—with added

fish; LC?F—added large

Cladocera plus fish
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found in plankton. The value of HPI for the species

was 0.15–0.26, indicating a weak preference for

epizoic life.

Rotifers in plankton were of extremely low density

and species number in the mesocosms. Among species

of high frequency in overlying waters, only one,

Polyarthra remata Skorikov, 1896, occurred exclu-

sively in plankton; its HPI was - 1.0 (Table 2). The

remaining plankton species also occurred in epizoons.

Among those, only Trichocerca rattus (Müller, 1776)

appears to prefer the open waters of the littoral zone.

The comparison of species composition of epizoic

versus plankton communities in particular treatments

reveals that they are 29% (mean ± 16%) compatible,

but there is a significant difference between treatments

with and without large cladocerans and fish (Fig. 2A;

n = 3; P = 0.04). Thus, in the control treatment (C),

only 14.0% of the epizoic community was the same as

the plankton community, whereas in the mesocosms

with large cladocerans and/or fish there were more

rotifers common to both epizoon and plankton (mean

for the treatments - 34.0 ± 7.4%).

The communities from all treatments were only

approximately 9% compatible with the community

from Lake Boczne (Fig. 2B). The species common in

the experimental communities, Cephalodella eva, C.

gibba (Ehrenberg, 1832), C. sterea (Gosse, 1887),

Lecane closterocerca, Lecane lunaris, Erignatha

clastopis (Gosse, 1886), and Ptygura melicerta, were

Table 1 The comparison of the total number of rotifer species met in the study mesocosms (i.e., in epizoon of Dreissena

polymorpha and plankton) in different variants of the experiment

Treatment Number of species Number of species met only in

Plankton Epizoon Plankton Epizoon

In total 26 51 5 30

Control (C) 9 30 2 23

Added large Cladocera (LC) 11 31 3 23

Added fish (F) 16 33 5 22

Added large Cladocera and fish 14 25 6 17

Table 2 Mean (± SD) values of density and the Habitat Selectivity Index and frequency in mesocosms for epizoic and plankton

rotifer species. Only species with frequency[50% were taken into account

Species Density in ind. cm-2 Frequency in % Index of habitat selectivity

Epizoon In plankton Epizoon In Plankton Preference for

Epizoon Plankton

Cephalodella eva (Gosse) 0.7 (± 0.6) – 66.7 0.0 1.0 (± 0.0)

Cephalodella forficula (Ehrenberg) 0.2 (± 0.3) – 50.0 0.0 1.0 (± 0.0)

Lecane pumila (Rousselet) 5.4 (± 4.2) 83.3 0.0 1.0 (± 0.0)

Ptygura melicerta Ehrenberg 0.3 (± 0.3) 83.3 0.0 1.0 (± 0.0)

Lecane luna (Muller) 1.5 (± 2.0) 0.1 (± 0.05) 100.0 25.0 0.69 (± 0.58)

Lecane flexilis (Gosse) 6.6 (± 6.0) 0.1 (± 0.05) 100.0 50.0 0.64 (± 0.48)

Lecane closterocerca (Schmarda) 5.0 (± 5.5) 0.4 (± 0.4) 100.0 83.3 0.26 (± 0.55)

Trichocerca relicta Donner 0.6 (± 0.6) 0.1 (± 0.1) 100.0 50.0 0.22 (± 0.75)

Lecane lunaris (Ehrenberg) 2.5 (± 1.9) 0.2 (± 0.3) 100.0 83.3 0.15 (± 0.48)

Trichocerca rattus (Muller) 0.3 (± 0.2) 0.7 (± 1.1) 83.3 91.7 - 0.85 (± 0.15)

Polyarthra remata Skorikov – 0.3 (± 0.3) 0.0 50.0 - 1.0 (± 0.0)
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not abundant in the lake epizoon community, con-

tributing to 1.2–6.2% of total rotifer density.

CCA was used to relate the rotifer communities

with the treatments. The two-dimensional CCA map

obtained 95.63% of the inertia, with most of it carried

by the first axis (Fig. 3). The CCA results showed a

strong discrepancy between the treatment with and

without added crustaceans and fish. It also showed that

Lecane luna (Müller, 1776), L. pumila, and L. flexilis

(Gosse, 1886) are negatively correlated with both

crustaceans and fish. The species diversity and orig-

inality of epizoic communities of Rotifera seem to be

slightly increased by the LC?F (large cladocerans and

fish) treatment (Fig. 3).

Discussion

The study revealed surprisingly high densities and

species richness of rotifer fauna occupying D. poly-

morpha shells. It also showed that the presence of

competitors (large cladocerans) and predators (small

fish) may indirectly influence the epizoic community

of Rotifera. Plankton and littoral rotifers may escape

into a zone that offers them a better hideaway. The

difference between treatments with and without large

cladocerans and fish highlight the role of druses of D.

polymorpha as a refuge from suppression by crus-

taceans or small fish. This conclusion may be derived

from the markedly higher values of percentage

similarity of epizoic and plankton communities from

the treatments with crustaceans and/or small fish.

However, it does not explain the lower density of

epizoic rotifers in the treatment with the presence of

large cladocerans and fish as compared to the control.

Perhaps, in habitats easily available to both cladocer-

ans and small fish, this refuge becomes a trap. This

kind of ‘‘the refuge effect’’ has been already observed

for macrophytes, which become risky areas for

zooplankton due to presence of littoral predators

(Sagrario et al., 2009; Špoljar et al., 2018).

The relatively high density of epizoic monogononts

in the experiment, as compared to the very low values

for epizoons from the same zebra mussels from Lake

Boczne, may be explained by a lack of any impact of

benthic invertebrate predators in the experiment, as

the mesocosms were devoid of sediments. Sediments

in the littoral zone provide refuge for planktonic

crustaceans (Špoljar et al., 2018) and food resources

for rotifers (Ejsmont-Karabin, 2008), however they

also involve predatory macroinvertebrates. High

predatory pressure of macroinvertebrates on crus-

taceans was shown by Špoljar et al., 2018). The role of

live D. polymorpha in creating habitats suitable for

Fig. 2 The percentage similarity (PSC) of epizoic versus

plankton communities in the experimental mesocosms (A) and

PSC of epizoic communities in the experimental mesocosms

versus Dreissena’s epizoon from Lake Boczne (B). Explana-

tions: C—control; LC—with added large Cladocera; F—with

added fish; LC?F—added large Cladocera plus fish
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macroinvertebrates has been shown in studies by

Zaiko et al. (2008) in a boreal coastal lagoon. The

authors described higher benthic invertebrate biomass

and species richness in zebra mussel beds when

compared to other habitats. They pointed out that

carnivorous species (like leeches) benefit from the

easily accessible preys sheltered in druses of

Dreissena.

Lack in the experimental treatments of competitors

for a place, that is, other epifaunal invertebrates, may

be another explanation. Studies by Bially & MacIsaac

(2000), Karatayev et al. (2002), Reed et al. (2004), and

Zaiko et al. (2007) revealed that D. polymorpha a

provide substrata for the epifaunal invertebrates,

which normally are not able to attach to soft

sediments.

The above-described lack of impact from predators

and competitors on epizoic rotifers in the mesocosms

may explain the much higher densities of rotifers onD.

polymorpha shells when compared to epizoons of

Anodonta and Unio (Bołtruszko, 2011). No one

species from epizoons of Anodonta and Unio had a

density above 1 ind. cm-2, whereas densities of

dominant Lecane pumila, L. closterocerca, and L.

flexilis ranged from 5.0 to 6.6 ind. cm-2. Another

explanation for the difference between the epizoon of

unionids and D. polymorpha may be the movement

behavior of the former, which may damage rotifers

when they move horizontally and burrow in sediments

(Schwalb & Pusch, 2007). Sessile D. polymorpha

probably disturb their epizoons to a lesser extent.

An unexpected phenomenon was the marked dif-

ference between the species list of epizoic rotifers in

the mesocosms when compared to the communities

from Lake Boczne. The percentage similarity for those

communities was approximately 9–10%, which means

that the largest part of the experimental community

was built by species absent or rare in the lake. It may

suggest that the mesocosms created niches different

from those found in Lake Boczne, or that a bank of

‘‘resting eggs’’ was different than the communities

detected on bivalves from the lake.

The important role of lake shore sand deposits as

the bank of resting eggs of rotifers in secondary

succession has been described by Kalinowska et al.

(2010). As the zebra mussel shells were thoroughly

cleaned of sediment, it is possible that they were

inhabited by species that hatched from eggs brought to

Fig. 3 The ordination

biplot of dominant epizoic

rotifers (square dots) and

experimental variables

obtained by CCA for four

experiment treatments

(round dots). Explanations:

Nmon—numbers of

Monogononta; Nbdell—

numbers of Bdelloidea;

Ngat—number of

Monogononta species;

IFO—index of faunal

originality; D—Shannon

diversity index

123

Hydrobiologia (2019) 828:137–145 143



mesocosms with lake water. It may suggest that even if

epizoons of bivalves include species preferring this

habitat, the surrounding local egg bank may have a

strong impact on the community. The sediments of

permanent bodies of water contain huge numbers of

old and recently produced resting eggs (Duggan et al.,

2002). From time to time they may undergo resus-

pension into the water column by currents or biotur-

bation (Gilbert & Schröder, 2004).

The presence of high densities of epibiont rotifers

(e.g.,Brachionus rubens and Proales daphnicola) may

have a negative impact on their hosts, large cladocer-

ans (Matveeva, 1989). However, because of their

small size, even very high densities of rotifers living

on shells of bivalves, large-sized hosts, can hardly

influence the behavior of the mollusks. The roughly

estimated ratio of the average biomass of rotifers per

D. polymorpha individual (0.0016 mg DW) to their

host biomass (2.8 mg DW, as calculated from Nalepa

et al. 1996) is ca. 1–1750.

In sum, epizoic rotifer fauna found on D. polymor-

pha are relatively abundant and rich in species,

different from littoral plankton communities in the

same mesocosms, and specific, that is, include species

that prefer this habitat. Communities of epizoic

rotifers appear to be impacted by the presence of

benthic predators, as well as by small fish and large

crustaceans inhabiting littoral waters.
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Monogononta – atlas gatunków. 32B. In S. Radwan (ed),

Wrotki (Rotifera). Fauna słodkowodna Polski. 32. Polskie

Towarzystwo Hydrobiologiczne, Uniwersytet Łódzki.
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& S. Olenin (eds.), Invasive aquatic species of Europe—

distribution, impact and management. Kluwer, Dordrecht:

433–446.

Koste, W., 1978. Rotatoria. Bortraeger, Berlin, 2 Vol. 673 pp.

Matveeva, L. K., 1989. Interelations of rotifers with predatory

and herbivorous Cladocera: a review of Russian works.

Hydrobiologia 186(187): 69–73.

May, L., 1989. Epizoic and parasitic rotifers. Hydrobiologia

186(187): 59–67.

Nalepa, T. F., D. J. Hartson, G. W. Gostenik, D. L. Fanslow & G.

A. Lang, 1996. Changes in the freshwater mussel com-

munity of Lake St. Clair: from Unionidae to Dreissena

polymorpha in eight years. Journal of Great Lakes

Research 22: 354–369.

Reed, T., S. J. Wielgus, A. K. Barnes, J. J. Schiefelbein & A.

L. Fettes, 2004. Refugia and local controls: benthic

invertebrate dynamics in Lower Green Bay, Lake Michi-

gan following zebra mussel invasion. Journal of Great

Lakes Research 30: 390–396.

Sagrario, G., M. de los Angeles, E. Balseiro, R. Ituarte & E.

Spivak, 2009. Macrophytes as refuge or risky area for

zooplankton: a balance set by littoral predacious

macroinvertebrates. Freshwater Biology 54: 1042–1053.

Schwalb, A. N. & M. T. Pusch, 2007. Horizontal and vertical

movements of unionid mussels in a lowland river. Journal

of the North American Benthological Society 26: 261–272.
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