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ABSTRACT 
 

Free-living flatworms (Phylum Platyhelminthes, Class Turbellaria) are important 
predators on small aquatic invertebrates.  Macrostomum tuba, a predominantly benthic 
species, feeds on juvenile freshwater mussels in fish hatcheries and mussel culture 
facilities.  Laboratory experiments were performed to assess the predation rate of M. tuba 
on newly transformed juveniles of plain pocketbook mussel, Lampsilis cardium.  
Predation rate at 20 oC in dishes without substrate was 0.26 mussels·worm-1·h-1.  
Predation rate increased to 0.43 mussels·worm-1·h-1 when a substrate, polyurethane foam, 
was present.  Substrate may have altered behavior of the predator and brought the 
flatworms in contact with the mussels more often.  An alternative prey, the cladoceran 
Ceriodaphnia reticulata, was eaten at a higher rate than mussels when only one prey type 
was present, but at a similar rate when both were present.  Finally, the effect of flatworm 
size (0.7- 2.2 mm long) on predation rate on mussels (0.2 mm) was tested.   Predation 
rate increased with predator size.  The slope of this relationship decreased with increasing 
predator size.  Predation rate was near zero in 0.7 mm worms.  Juvenile mussels grow 
rapidly and can escape flatworm predation by exceeding the size of these tiny predators.  
Captive culture for even a few weeks might improve the survival of propagated juveniles 
if flatworm predation also occurs in nature.  
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INTRODUCTION 

This study concerns the predatory behavior of flatworms in the Class Turbellaria 

of the Phylum Platyhelminthes.  The phylogeny of Platyhelminthes is poorly understood 

and there is currently no universally accepted classification of the phylum (Tyler, 1999).  

The Class Turbellaria is probably not a monophyletic group, but it is retained in most 

recent classifications pending further clarification of relationships.   

Within the Turbellaria, the species considered in this study have historically been 

classified in the Order Rhabdocoela.  Like Turbellaria, Rhabdocoela is also no longer 

thought to be a phylogenetic grouping, and the species in this taxon have recently been 

distributed into 3 orders, the Catenulida, Macrostomida, and Neorhabdocoela (Tyler, 

1999; Pechenik, 2000).  Nevertheless, small turbellarians with linear guts are still 

commonly referred to as rhabdocoels (="linear gut").  Small Turbellaria (~4 mm or 

smaller), which are mainly rhabodocoels, are also referred to as "microturbellaria".  

Species having larger body size (mainly triclads and polyclads) are referred to as 

"macroturbellaria" (Pennak, 1989; Tyler, 1999).    

There are approximately 400 species of freshwater microturbellaria, of which 

approximately 150 occur in North America (Kolasa, 2001).  Diversity in lakes and ponds 

in temperate regions can range from 20 to 60 species in a single habitat, depending on 

nutrient availability and other factors (Kolasa, 2001).  Freshwater turbellarians can be 

found in a variety of habitats including ponds, lakes, streams, and temporary pools.  Most 

are negatively phototactic and many occupy interstitial spaces in benthic habitats 

(Pennak, 1989).  The habitat of microturbellarians ranges from cold areas like Igloolik, 

NWT, Canada (68o north latitude) to warm tropical areas to caves and underground 
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waters.  As many as 40,000 individuals per square meter can occur in littoral zones of 

oligotrophic lakes (Kolasa, 2001).    

Turbellaria may reproduce either asexually or sexually.  Some turbellarians, such 

as planarians, can do both (Pennak, 1989).  One form of asexual reproduction is 

transverse fission.  This form of reproduction may form short chains of small flatworms 

called zooids (Pennak, 1989).   Most sexually reproducing flatworms are hermaphrodites 

(monoecious) and produce both male and female gametes.  Hermaphroditism can 

increase the chances for reproduction in a situation where conspecifics are rare 

(Pechenik, 2000).  Also, each hermaphrodite individual produces young, potentially 

doubling the yield of offspring compared to gonochoristic (dioecious) species.   

Turbellaria may be ovoviviparous or oviparous.  Ovoviviparous species produce 

eggs that hatch internally, and give birth to fully formed young (Kolasa, 2001).  

Oviparous species lay eggs, which in some species may be very resistant to 

environmental stresses.  For example, the microturbellarian, Mesostoma lingua, may 

reproduce asexually by parthenogenesis or sexually by cross- or self-fertilization.  Sexual 

reproduction in these flatworms produces a resting egg, possibly in response to summer 

high temperatures (Dumont & Schorreels, 1990).    

Many turbellarians are multivoltine, reproducing more than once in a lifetime 

(Kolasa, 2001).  Some species are univoltine, reproducing only once.  Typically, 

univoltine species occur in temporary pools or extreme habitats.  Fecundity (the total 

offspring of an individual generated over a lifetime) is not known for most turbellarians.  

Mesostoma lingua had a fecundity of approximately 322 young at 20ºC (Dumont and 

Schorreels 1990). 
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Turbellarians were named for turbulence created by cilia that aid in their 

movement (Pennak, 1989).   Small turbellarians swim using cilia, similar to large protists.  

In benthic locomotion, the cilia are used to propel the animal on a thin sheet of secreted 

mucus (Pennak, 1989).  Mucus also functions in trapping of prey.  Some flatworms may 

excrete specialized adhesive mucus to entrap and immobilize prey such as zooplankton 

(Pennak, 1989).  In some cases this mucus may be toxic to the prey (Blaustein & 

Dumont, 1990).  Mucus secretions are also used by holdfast organs of some species, 

allowing them to quickly attach and detach from surfaces. 

Microturbellarians are generalist predators (Blaustein & Dumont, 1990).  

Depending on species, they may ingest food items whole or they may suck out the 

contents of the prey (Pennak, 1989; Blaustein & Dumont, 1990).  Many studies have 

shown that microturbellaria are voracious predators on cladocerans, in particular, and 

they can have strong effects on zooplankton communities (Blaustein & Dumont, 1990; 

Blaustein, 1990; Schwartz & Hebert, 1986; Schwartz & Hebert, 1982).  For example, 

high population densities of Mesostoma were correlated with a decrease of Daphnia 

densities (Caramujo & Boavida, 2000).  Another study found that cladoceran populations 

in temporary pools and small ponds were consumed at high rates by Mesostoma 

ehrenbergii (Maly et al., 1980). 

Observations from artificial systems suggest that rhabdocoels may also prey on 

juvenile unionoid mussels (Howard, 1922; Barnhart, 1999; Henley et al., 2001; 

Zimmerman et al., in press).  The ability of certain turbellarians to prey on small bivalve 

molluscs is potentially important with respect to the biology of native freshwater mussels.  

More than half of North American freshwater mussels (superfamily Unionoida) are 
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endangered or imperiled due to factors such as habitat destruction, pollution, and 

introductions of exotic species.  Twenty-one species are already extinct and more than 60 

species are federally classified as endangered.  Many workers anticipate the extinction of 

over half of the 297 North American species if nothing is done to improve the conditions 

for mussels (Williams et al., 1992).  Nationally, the conservation of native mussels has 

been implemented by funding research on adult mussel reproductive biology and juvenile 

mussel ecology (NNMCC, 1998).  Aquaculture of threatened species has been suggested 

as a means of restoration of the native mussel fauna (Gatenby et al., 1996). 

 The life cycle of unionoids depends upon fish, because the glochidium larva is an 

obligate parasite of fish.  The glochidium attaches to the gills or fins of the host, and 

obtains nutrients by absorption.  After roughly 2-3 weeks, the glochidium metamorphoses 

to the juvenile stage.  The juvenile stage leaves the fish host and becomes a benthic 

organism.  Juvenile mussels burrow a few millimeters into the substrate and feed on 

algae, bacteria, and bacteria-sized particles of organic material (Yeager & Cherry, 1994).  

Glochidia and newly transformed juvenile mussels are very small in size.  The length of 

glochidia ranges from about 60-400 microns, depending on the species (Hoggarth, 1999).  

Glochidia of most mussels do not grow while attached to the fish host, so that juvenile 

mussels are of similar size to the glochidium when they enter the benthic habitat.  Their 

small size makes them potentially vulnerable to flatworm predation.   

Over the past several years, Chris Barnhart’s lab group has propagated 

endangered species of unionoids at the Chesapeake Fish Hatchery of the Missouri 

Department of Conservation.  Glochidia are placed on the fish host and encyst on the 

gills.  The fish are held in tanks and raceways at the hatchery.  Within weeks the 



 

 

 

5

transformed juvenile mussels excyst and fall into a community of organisms at the 

bottom of the tanks.  The juvenile mussels are vulnerable to a variety of invertebrate 

predators at the hatchery, including cyclopoid copepods, aquatic insects, water mites, 

protists, and flatworms (Zaret, 1980; Thorp and Covich, 2001).  Many other potential 

prey of these predators are also present, including cladocerans, rotifers, copepod naupli, 

and ostracods.  These prey could act to sustain predator populations, thereby increasing 

the potential for predation on juvenile mussels.  Another possible effect of these prey 

species might be to distract predators from juvenile mussels.   

At least two species of rhabdocoel flatworms have been observed eating juvenile 

unionids at the Chesapeake Hatchery and at SMSU.  These flatworms have been 

identified as Macrostomum tuba (Figure 1) and Microstomum sp. (Figure 2).  Both 

worms are sometimes abundant at the Chesapeake hatchery.  The body size of these 

flatworms ranges up to about 4 mm.  Because of their small size and habit of engulfing 

their prey, these worms should be able to prey only on very small juvenile mussels.  In 

the present study, I am concerned with how certain factors affect flatworm predation on 

juvenile mussels.  These factors include substrate, alternative prey, and relative body size 

of predator and prey.  Preliminary tests and observations led me to believe that the 

presence of substrate will increase flatworm predation rate on juvenile mussels.  I also 

hypothesize that the presence of alternative prey species will lessen flatworm predation 

on juvenile mussels.  Finally, I predict that the relative size of predator and prey will 

influence predation rate.  
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METHODS 

Culturing Macrostomum tuba. 

Macrostomum tuba was cultured in the laboratory for use in some of the predation 

experiments.   Brood stock was obtained by siphoning the bottom of raceways at the 

Chesapeake State Fish Hatchery.  The siphoned water was passed through 250- and 125-

micrometer filters.  The sediment was then rinsed off of the filters into Ziploc bags to be 

taken back to the lab.   I observed the sediment under magnification using a dissecting 

microscope.  Individuals of Macrostomum tuba were collected using a pipette and placed 

into 50-mL glass bowls.  The bowls were covered with plastic wrap to prevent 

evaporation.  The bowls were kept under room fluorescent light and at approximately 19-

21 oC.  

The worms were fed with brine shrimp nauplii.  I rinsed the nauplii to remove salt 

before placing them with the worms.  Fresh nauplii were added at least once every other 

day.  A thin layer or scattering of detritus from the hatchery raceways was also added to 

provide cover and encourage growth of other food organisms.  Every two weeks the 

water was changed with fresh hatchery water.   

 

Obtaining glochidia and juvenile mussels  

Juvenile mussels used in this study were plain pocketbook mussels (Lampsilis 

cardium).  Brooding female mussels (those carrying glochidia larvae in the marsupial 

demibranchs) were captured in the Little Sac River at Morrisville, Missouri.  The 

brooding females were transported to Chesapeake State Fish Hatchery or SMSU, and 

were held at 12-15oC until needed.  Glochidia were extracted from the marsupial 
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demibranchs by injecting water from a syringe.  The needle was inserted into the gill and 

the water was gently injected, flushing the glochidia out into a glass bowl (Figure 3).   

The glochidia were examined using a dissecting microscope.  I assessed the 

viability of the glochidia by adding a few grains of salt to a small Petri dish containing a 

few dozen glochidia.  When the salt dissolved in the water, the glochidia closed, 

indicating that they were mature and able to attach to the fish host (Lefevre & Curtis, 

1912).  The glochidia were extracted on the same day that they were placed on the host 

fish. 

Largemouth bass, Micropterus salmoides, from the Chesapeake Hatchery were 

used as hosts.  Fish were inoculated by swimming in an aerated suspension of glochidia.  

The fish were then placed into 0.76 cubic meter aquaria and were fed pellet food ad 

libitum.  The juvenile mussels drop off of the host fish following transformation.  The 

juveniles were recovered by siphoning from the bottoms of the tanks and filtering the 

water through 250 and 125-µm mesh soil sieves.  The juvenile mussels were pipetted out 

of the sediment from the 125-µL filter and collected into a 100mL glass bowl filled with 

dechlorinated tap water.  Juveniles were not fed, and were used in experiments within 1-3 

days after drop-off.  Survivorship of unfed juvenile mussels is normally high for 

approximately 1-4 weeks after drop-off (C. Barnhart, personal communication).  

 

Effect of substrate on predation 

This experiment compared the rate of predation of Macrostomum on juvenile 

Lampsilis in cell culture wells, in the presence or absence of an artificial substrate.  Three 

milliliters of dechlorinated water was placed in each well of four Costar® cell-culture 
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trays (12 wells to each tray) on 11 November 2001.  Each well was 2 cm in diameter and 

had the capacity to hold 5 ml of water.  Artificial substrates were cut from polyurethane 

open-cell foam.  The substrates were 2 cm in diameter and 4 mm thick.  The fibers of the 

foam were 0.4 mm thick, and the spaces in the foam were approximately 2-3 mm wide 

(Figure 4).  Half of the wells in each cell culture tray received substrates, and half did not.  

The wells that received substrates were chosen randomly by flipping a coin. 

Juvenile mussels were added to the wells one by one until there were ten juveniles 

total in each well.  At the beginning of the experiment, a single flatworm (Macrostomum 

tuba) was added to each of the wells.  These flatworms were selected for uniform size 

and each was approximately 2.5 mm long (determined at 40X using an ocular 

micrometer).  The trays were then stacked in the order the worms were added and left at 

room temperature (approximately 21˚C) and constant fluorescent light.  Eleven hours 

later the wells were checked to determine how many juveniles survived. 

 

Effect of alternative prey on predation.   

This study compared the rate of predation by Macrostomum on two different prey 

species, Ceriodaphnia reticulata and juvenile Lampsilis.  Flatworms used in this study 

were not intentionally cultured, but rather were recovered from a population that grew in 

the aquarium system in which the mussel host fish were kept.  These worms were 

collected 2-3 days before experiments and were fed daily with brine shrimp nauplii. 

Ceriodaphnia reticulata were collected from pond water at the Chesapeake State 

Hatchery.  Thereafter, the Ceriodaphnia were cultured as follows:  six 3.8 cubic 

decimeter glass jars were filled with filtered (53 micrometers) Chesapeake Hatchery 



 

 

 

9

water.  About thirty Ceriodaphnia were placed in each jar and 20 drops of algae 

(Ankistrodesmus falcatus) culture were added.  I changed the water every other week.  

Only the juvenile Ceriodaphnia were used as alternative prey in the experiment.   

The mean dimensions of the juvenile Ceriodaphnia and Lampsilis were 

determined by photographing with a digital camera and measuring the digital image with 

Sigmascan image analysis software.  The Ceriodaphnia had mean length = 0.395 ± SD 

0.025 mm; width = 0.246 ± SD 0.021mm (n=25).  The Lampsilis had mean length 0.215 

± SD 0.005mm; height 0.261 ± SD 0.006 mm(n=10).  

The experiment was carried out on 20 February 2002.  The experiment was run in 

5 cell culture plates, each with 12 wells (2.5cm in diameter).  There were three treatment 

groups, each with 20 replicates.  I assigned the three different treatments randomly to the 

trays and wells with a randomization chart.   A single flatworm (~2.5 mm long) was 

added to each well.  Wells in Group 1 received 6 juvenile mussels.  Wells in Group 2 

received 3 juvenile mussels and 3 Ceriodaphnia.  Wells in Group 3 received 6 

Ceriodaphnia.  Every two hours thereafter for the next 10 hours, I checked for mortalities 

and replaced dead prey organisms with live ones.  The experiment was run under 

fluorescent light at 20.5ºC. 

 

Effect of flatworm size on predation 

Each time I siphoned my tanks to clean them, throughout March, I filtered the 

water through the 250 µL and 125-µL filters.  In doing this I collected many flatworms 

on the 125-µL filter.  The sediment was rinsed into three 1000-mL glass bowls.  The 

flatworms’ water was replenished with new sediment each time I cleaned the tanks.  I 
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was careful not to add too much sediment in the bowl.  I observed that worms did not do 

well in bowls with more than a small amount of sediment.  The sediment was largely 

organic (fish feces) and could lead to hypoxia caused by decomposition of the organic 

material. 

On 7 April 2002 at 09:00 I separated my culture of flatworms into three groups by 

size:  large (~2mm × 1mm), medium (~1mm × 0.5mm), and small (~0.5 mm × 0.2mm).  

The size measurements are approximate because the worms are mobile and their shape is 

plastic.  I randomized the placement of the three treatments (flatworm size group) 

between five cell culture trays with a randomization chart.  I filled the wells with 3mL of 

dechlorinated water each.  I placed one juvenile mussel in each well until all wells had a 

total of six juveniles.  At 16:20 the same day I added the flatworms into their assigned 

wells until every well had one flatworm.  The experimental trays were kept under 

fluorescent lights at 19.5ºC.  Fifteen hours later I took a census of the remaining juvenile 

mussels.   

 

RESULTS 

Flatworm identification 

I used a flatworm key (Pennak, 1989) to identify each genus.  Identification was 

based mainly on morphology.  In particular, I made note of the size and shape of the 

pharynx, type of reproduction, coloration of eyes and body, gut structure, and body size.  

I identified Mesostoma by its gold color, black eyes, length (less than 3mm), bulbous 

pharynx positioned below (not anterior to) the gastrovascular cavity, ability to produce 

mucus, and presence of developing embryos (ovoviviparity) (Figure 5).  Microstomum 
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was distinguished by cylindrical shape, pelagic habit, tendency to produce zooids, and 

terminal mouth.  Dugesia possessed two eyespots, a triangular head with pointed auricles, 

dark gray coloration, large size (length 15-20 mm) and ability to regenerate when 

individuals were fragmented by passing through the filters.  I identified Macrostomum by 

its dorsoventrally flattened body, broadened posterior, length (4 mm or less), ability to 

adhere to the substrate, and sexual reproduction.  Small clusters of eggs containing 

juvenile Macrostomum were observed on several occasions. 

Of the worms that I observed, only Macrostomum was identified to species.  

Species identification of rhabdocoel flatworms is based upon morphology of the penis 

stylet (Ferguson, 1954).   Digital pictures of squash mounts were taken with a Nikon 

Coolpix® camera in conjunction with a Nikon® compound microscope.  On the basis of 

the stylet shape (figure 6), I identified the worms as Macrostomum tuba.  The photos 

were also examined and the identification confirmed by Jurek Kolasa (McMaster 

University), an expert on turbellarian flatworms. 

 

Occurrence of flatworms 

The presence and abundance of turbellarian species at the Chesapeake hatchery 

varied over time.  During the month of April 2001, I saw Mesostoma flatworms in 

sediment from the hatchery (Figure 5).   Occasionally throughout the summer I saw 

Microstomum flatworms.  The triclad Dugesia (planaria) was present plentifully 

throughout the year.  I didn’t see Macrostomum at the hatchery until mid-June, yet it 

appeared to be the most abundant species of flatworm when it was present.    

Culturing flatworms 
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I chose to work with Macrostomum because I found it difficult to culture 

Microstomum.  Microstomum attempted to eat brine shrimp in culture, but the brine 

shrimp were too big for them to handle.  Also, Macrostomum tended to contaminate my 

Microstomum cultures and eat the Microstomum.  Macrostomum was easily cultured on 

rinsed brine shrimp.  I was able to culture the flatworms this way for about four months.  

In December of 2001 a die-off occurred in my culture.  I did not culture the worms after 

this time, because I found that Macrostomum were reproducing in the aquaria used for 

holding host fish at SMSU.  The worms could be obtained by siphoning the bottom of the 

tanks.  As long as I kept feeding the fish with pellet food, I had flatworms.   

I observed that both Microstomum and Macrostomum species had a difficult time 

surviving conditions of direct light and no shelter.  A small amount of detritus added to 

the cultures was beneficial.  Cultures with detritus were less likely to die out, particularly 

if the cultures were strongly illuminated.  

Macrostomum were frequently observed copulating when food was abundant and 

the flatworms were healthy.  I also observed clusters of eggs adhering to the substrate.  

Under magnification, juveniles were visible within the eggs.  I also observed that hatched 

eggs had a circular opening through which the juveniles had exited.    

It appears unlikely that Macrostomum reproduces by fragmentation or fission. 

Regenerative abilities were very poor for Macrostomum tuba.  I cut approximately 10 

individuals with the edge of a Pasteur pipette during handling.  Worms that were treated 

in this way stopped moving and died within a few hours.   

 

Effect of substrate 
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The mean predation rate of M. tuba on juvenile mussels over 15 hours (number of 

juveniles consumed per worm per hour) was 0.26 ± 0.17 when substrate was absent and 

0.43 ± 0.18 when substrate was present (Table 1).  The predation rate was significantly 

higher when the substrate was present than when it was absent (T-test, P=0.002).  

 

Effect of alternative prey 

In this experiment, two prey species were offered, either alone or in combination. 

Predation rates were significantly higher in wells containing all C. reticulata than wells 

containing all L. cardium juveniles (Table 1, T-test, P=0.0005).  However, within the 

wells containing half C. reticulata and half L. cardium, the predation rate of M. tuba on 

Ceriodaphnia was higher but not significantly so significantly (paired-comparison T-test, 

p=0.137, Table 1).   Macrostomum tuba ate 0.98 ± 0.66 Ceriodaphnia per hour when 

only Ceriodaphnia were present.  Juvenile mussels were eaten at a rate of 0.20 ± SD 0.41 

per hour when they were the only prey items present in the wells.  When both prey items 

were available in the same well, Ceriodaphnia were eaten at a rate of 0.40 ± SD 0.51 per 

hour and juvenile mussels were eaten at a rate of 0.15 ± SD 0.29 per hour. 

 

Effect of flatworm size 

Predation rate increased significantly with flatworm length (Table 1, ANOVA, 

P<0.0001).  The mean predation rates of the small, medium, and large flatworms were 

0.02 ± 0.04, 0.18 ± 0.06, and 0.25 ± 0.08 per day, respectively.  All pairwise comparisons 

between the mean predation rates of the 3 size groups were significantly different 

(Tukey's test, p<0.05).  The relationship between predation rate and worm length was not 
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linear.  In the smallest size class, only 5 of 20 worms consumed any juveniles.  In the 

other two size classes, all worms ate at least one juvenile. 

 
 

DISCUSSION 

Effect of substrate on predation 

The presence of substrate enhanced flatworm predation on juvenile mussels.  The 

effects of habitat structure on predation in my experiments and in other systems may be 

complex.  For example, habitat structure might affect the ability of the prey to hide from 

the predator, or the ability of the predator to hide and ambush the prey (Diehl, 1992).  

Habitat structure might also affect the movements of the predator in a way that increases 

its ability to encounter prey.   In my system, I suspected that lack of shelter discouraged 

the worms from foraging.  I observed that, in the absence of substrate, the flatworms 

spent the majority of their time on the sides of the wells near the water surface and not on 

the bottom where the juveniles were located.  The foam provided a more complex 

environment, and provided some shelter from light.  As the flatworms moved through 

and under the substrate they were more likely to encounter the prey. 

Other substrates might have different effects on predation by flatworms.  Mussels 

tend to bury themselves in sediments when burrowing is possible (Yeager & Cherry, 

1994).  I considered testing predation when a layer of fine sand was present.  However, 

sand and other fine sediments made it difficult to see the juvenile mussels to assess their 

survival, and filtering the juveniles from the sand for periodic observation was tedious.   

Nonetheless, it would be useful to test flatworm predation on juvenile mussels in 
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sediments, because that would probably more accurately represent the conditions in a 

natural environment.  In an artificial environment, such as the fish hatchery, keeping the 

tanks clean may decrease the encounter rate between the flatworms and juvenile mussels.    

I believe M. tuba uses both active predation and sit-and-wait predation as methods 

to catch prey.  Juvenile mussels were relatively sedentary compared to other prey, so that 

the worm's movements were important in bringing it into proximity with the prey.  Other 

prey, such as Ceriodaphnia, were more mobile.  When I observed worms feeding on 

brine shrimp nauplii, some captures were made by stationary worms adhering to the 

substrate with posterior rhabdites while extending the ventral anterior side to a vertical 

position and collapsing on prey as it swam by.  I also observed that Ceriodaphnia would 

get caught in the mucus tracks of Macrostomum tuba.  The Ceriodaphnia would then be 

immobilized and available for the attack of M. tuba.  The mucus did not appear to be 

toxic to the Ceriodaphnia.  The Ceriodaphnia would survive for hours entangled in the 

worms’ mucus. 

 

Prey preference 

Macrostomum appears to be a generalist predator on small invertebrates 

(Zimmerman, in press; Blaustein, 1990).  In addition to eating other invertebrates, 

Macrostomum can be cannibalistic.  When I put two individuals on a slide to photograph, 

the bigger flatworm ate its smaller conspecific (Figure 1).   My observations suggest that 

Macrostomum is at least somewhat selective among different prey items.  Often I 

observed rotifers, cladocerans, ostracods, and copepod nauplii inside the gastrovascular 

cavities of the flatworms.  Other potential prey were also present but rarely ingested. 
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Among many worms that I examined, I saw only one that had eaten an adult copepod, 

and one that had eaten a chironomid.  It may be difficult for the worms to subdue adult 

copepods, which are strong swimmers.  Chironomids are protected by dwelling in tubes 

that they manufacture from silk and detritus.   Mesostoma lingua preferred unsheathed 

chironomids and cladocerans over other prey items such as copepods and chironomids in 

their tubes (Schwartz & Hebert, 1986).   

Among my experiments there were three measurements of predation rate on 

mussels without substrate or alternative prey.  The predation rates in these tests were 

consistent, ranging from 0.20-0.26 mussels·worm-1·h-1.   The predation rate increased 

65% to 0.43 mussels·worm-1·h-1 when substrate was present, but was still less than half of 

the predation rate on Ceriodaphnia (Table 1).   There are few other literature values for 

flatworm predation to compare with these measurements.  Most previous studies are of 

Mesostoma (reviewed by Blaustein & Dumont, 1990).   The mean reported predation rate 

of Mesostoma on cladocerans in 14 experiments was 0.21 prey·worm-1·h-1 (range 0.017-

0.41 prey·worm-1·h-1), which is similar to my results for Macrostomum feeding on 

mussels, but lower than my measurement of predation rate on Ceriodaphnia. 

Of the four different genera of Turbellaria at the Chesapeake Hatchery (Dugesia, 

Macrostomum, Microstomum, and Mesostomum), only Macrostomum and Microstomum 

have been observed eating juvenile bivalves.  Barnhart (1999) reported that both 

Macrostomum and Microstomum  ingest juvenile unionid mussels.  Henley et al. (2001) 

described M. tuba as a problem in the mussel culture facility at Virginia Polytechnic 

Institute.  Zimmerman (in press) investigated methods to avoid bringing flatworms into 

laboratory and hatchery situations.  Sickel (1998) observed M. tuba feeding on juvenile 
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Asian clams (Corbicula) that are similar in size to juvenile unionoids.   Sickel observed 

that Macrostomum tuba would attack a probe that was contaminated with Corbicula 

tissue, while clean probes were avoided.  Flatworms that ingested juvenile Corbicula 

died, apparently because of ingesting so many juveniles that they ruptured.  I did not 

observe a similar gluttony in my experiments.          

I do not believe juvenile mussels are valuable in the sustenance of Macrostomum 

tuba.  When I fed M. tuba a strict diet of juvenile mussels for a 24-hour period, the 

flatworms would start to deteriorate.  Macrostomum may often ingest items that are not 

digestible.  For example, when I ran pilot studies on alternative prey, I found that 

ostracods (Cypridopsis vidua) survived ingestion and egestion.   

My results lead me to conclude that the juvenile mussels are not a preferred prey 

of Macrostomum.  Nonetheless, they are a considerable problem in mussel culture.  The 

juvenile mussels are highly concentrated in this situation, and the flatworms therefore 

encounter the mussels more often.  The sheer density of juveniles could result in the high 

rate of flatworm predation on the juvenile mussels.   

 

Effect of size on predation rate  

High mortality is common at the juvenile stage of benthic invertebrates (Gosselin 

& Qian, 1997).  The high mortality of juveniles probably is partly caused by their small 

size, which exposes them to a greater range of potential predators.  The leveling off of 

mortality in older age classes could be a result of the animals reaching a critical size 

where they are immune to smaller predators, as well as being better able to cope with 

physical factors in the environment (Wahle & Stenek, 1992; Gosselin, 1994).   
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Size is an important factor in the mussel-flatworm relationship, because the prey 

eventually will outgrow the predator.  The predation rate was near zero for the smallest 

worms (0.5 mm) (Table 1).  Only 2 out of the 20 worms in this group ate any juvenile 

mussels.  I infer that ~0.5mm is a critical length of the flatworm in its ability to eat 

juvenile mussels of this size.  I had only one size of juvenile mussels, so I did not directly 

test the critical size that the mussels must reach to escape the largest M. tuba.  However, 

it is possible to predict this size using the ratio of lengths.  The worms (0.5 mm) are 

unable to prey on juveniles (0.26 mm) that are 0.26 mm /0.5 mm = 52% of their body 

length.  Therefore, assuming a similar allometric relation, the largest worms (4 mm) 

would be unable to ingest juvenile mussels larger than about 4 mm*0.52=2.1 mm.    Most 

worms were less than 2.5 mm.  A juvenile would need to reach only about 1.3 mm to 

avoid predation by this size of Macrostomum.  Lampsilis siliquoidea grown in the lab 

using cultured algae as food reached 1 mm in about 2 months (Barnhart, 1998).   

There is a need for investigation of flatworm predation on mussels in nature.  If 

flatworms or other small predators are significant factors limiting survival of juvenile 

mussels in nature, there may be more justification for expending resources on growing 

propagated juveniles to a size at which they escape these predators before releasing them.  

Also, a better understanding of the habits and abundance of predatory flatworms might 

also reveal factors that limit the natural reproduction of unionoids in nature. 

There is a need to investigate how predatory flatworms are transported and how 

they become established at hatcheries and laboratories.  Zimmerman (in press) suggested 

that fish are vectors for the flatworms, and recommended treating host fish with formalin 

prior to glochidial infestation to kill the flatworms and their eggs. It is not clear whether 
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transport involves the adult worms attaching to the outside of the fish, or whether their 

eggs might survive ingestion and be transported in the digestive tract of the fish. 
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Table 1.  Rates of predation (prey items per hour) by Macrostomum tuba.  Numbers are 

means ± standard deviation (number of replicates).  In each experiment, replicates are 

individual worms in cell culture wells with a number of prey items present.  Ten prey 

were initially offered to each worm in experiment A, and 6 prey in experiments B & C.    

See text for details.   

 
A.  Effect of substrate on predation rate on mussels 

Mussels without substrate Mussels with substrate 

0.26 ± 0.17 (24) 0.43 ± 0.18 (24) 
 

B.  Effect of alternative prey on predation rate 

Predation on Ceriodaphnia alone Predation on Ceriodaphnia with mussels 

0.98 ± 0.66 (20) 0.40 ± 0.51 (20) 

Predation on mussels alone Predation on mussels with Ceriodaphnia 

0.20 ± 0.41 (20) 0.15 ± 0.29 (20) 
 

C.  Effect of worm size on predation rate on mussels 
Small worms  

(~0.5 mm) 
Medium worms 

(~1 mm) 
Large worms  

(~2 mm) 
0.02 ± 0.04 (20) 0.18 ± 0.06 (20) 0.25 ± 0.08 (20) 
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Figure 1. Macrostomum containing an ingested conspecific (A) and a juvenile mussel (B) 

visible through its body wall.  Scale line = 1 mm. 
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Figure 2. Microstomum flatworm with an ingested juvenile unionid mussel visible 

through its body wall.  Scale line = 1 mm. 
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Figure 3.  A syringe is used to flush glochidia from the marsupial gills of the female 

mussel. 
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Figure 4.  Discs of polyurethane foam were used as substrates to test the effect of 

substrate on feeding rate.  (Penny included for scale). 
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Figure 5.  Mesostoma is an oviviparous flatworm found at the Chesapeake Hatchery in 

the early spring.  This individual contains a number of small offspring.  Note the large 

circular pharynx, visible in the juveniles as well as the adult.  Unlike Macrostomum and 

Microstomum, Mesostoma was not observed preying on juvenile mussels. 
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 Figure 6.  Squash mount of penis stylet of Macrostomum tuba. 

 

 

 

 

 

 

 

 


