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Abstract Zebra mussels are a preferred prey for most crayfish but this tendency of consumption has not been
tested in lab and field experiments especially in Turkey. For this reason, 18 juvenile crayfish (Astacus
leptodactylus) and 240 juvenile zebra mussels (Dreissena polymorpha) of 1.95 mm in mean length were used in
the experiments. At the end of the second day, faeces of the crayfish were examined in all petri dishes, and a
large proportion of the granular fish feed had not been consumed by the crayfish. These results show that
crayfish were potentially significant predators and may be able to limit zebra mussel populations.
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1. Introduction

The zebra mussel (Dreissena polymorpha) is a small freshwater mussel. This species was originally native to the
freshwaters of southern Russia, Ukraine [1] and Turkey [2-3]. However, the zebra mussel has been accidentally
introduced to numerous other areas, and has become an invasive species in many different countries worldwide.
It is commonly found on the bottom of ships and eat the algae that are food for fish. It is usually about the size
of a fingernail, but can grow to a maximum length of nearly 5 cm [4]. Shells are D-shaped, and attached to the
substrate with strong byssal threads, which come out of their umbo on the dorsal (hinged) side (Figure 1).

2,5 cm

Figure 1: Zebra mussel (a) and byssal threads (b)

The species name "polymorpha” is very appropriate for this organism since the stripe pattern on the shells of
the zebra mussel can be quite variable. "Polymorpha” in the Latin refers to the many colorations and patterns
found in zebra mussel population. The zebra mussels collected from the Atatlrk, Birecik and Karkamis dams
and HEPPs appear cream-colored or completely black [5-7]. Zebra mussels in Egirdir Lake located in the
southwestern Mediterranean region of Turkey can also range from cream to black [8]. However, the shells of
mussels taken from Kesikkdpri Dam Lake are brown (those collected from surface water) or black (those
collected from deepwater) (Figure 2).
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Zebra mussel is a filter-feeding organism. It removes particles from the water column. The zebra mussels
process up to one liter of water per day, per mussel. Some particles are consumed as food, and faces are
deposited on the lake floor. Non-food particles are combined with mucus and other matter and deposited on lake
floors as pseudo-faces [9-10].
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Figure 3: Bioaccumulation of zebra mussels on exoskeleton of crayfish (a) and unionid (b)
Zebra mussels settle on hard surfaces normally, including inorganic substrata and biological surfaces such as
carapaces of crayfishes and a range of freshwater organisms. Because adult crayfish moult at longer intervals
than do juveniles, the number of filter-feeding zebra mussel accumulates on adult crayfish, and their foraging is
likely diminished [11]. Crayfish encrusted with mussels move more slowly and must spend more energy as a
result of carrying this load of attached bivalves. It is unclear if these attached mussels increase or decrease risk
of predation. Fishes that feed on zebra mussels would likely be able to consume the crayfish as well as the
mussels. Crayfish derive energy from suspended particles by filter feeding [12] even though they also forage on
a wide range of other foods that differ in size and type. Competition with zebra mussels for suspended organic
material could have a negative effect on adult crayfish under some conditions [13] (Figure 3).
Zebra mussels cause ecologic, technic and economic damages where available. From ecologic standpoint an
individual zebra mussel can filter one to two liters of water each day [14]; as a result high densities of zebra may
cause major shifts in the plankton communities of lakes and rivers [15-16]. Reductions in phytoplankton
numbers and biomass also limit food to fish larvae and other consumers further up the food chain [17]. Zebra
mussels have the potential to severely impact other native animals such as unionids (other large mussels) and
crayfish by interfering with their feeding, growth, locomotion, respiration and reproduction. Therefore, unionid
bivalves and crayfish in aquatic environment can be killed by zebra mussels colonizing the shells of unionids
and the exoskeletons of crayfish [18-21]. Habitat loss is another issue as zebra mussels invade space and
dominate the shoreline ecosystems. Multiple technic and economic impacts include the negative effects such as
the interference with fishing gear, prey for commercial fish, alteration of fish communities, fouling of cages,
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clogging of water intake pipes, fouling of ship hulls and navigational constructions. Invasion of the zebra
mussels to the North America is causing annual multimillion losses to the economy [22-24].

There have been miscellaneous methods in control of zebra mussels. But, every method has some its own
advantages and disadvantages. Therefore, biological control can be regarded the one of the best ways from
control methods. Although zebra mussels have both competitors and parasites [25-26], predators are a
significant factor to be dominated or restricted zebra mussel population [27-28]. For instance, migratory
waterfowls can decrease between 14 and 90 % of zebra mussel population in the aquatic environment of Europe
while some fish can affect mussel population in the range of 1 or 2 % [29-30] and these species are essential for
population dynamics of zebra mussels [31-32]. Furthermore, turtles [33], crayfish [34-37] and crabs [38] are
admitted as a factor in restriction of zebra mussel population. Crayfish are one of the important predators and
have an outstanding potential in control of zebra mussel population [39].

Crayfish are represented by six indigenous and five nonindigenous species in Europe and by two species
(Astacus leptodactylus and Austropotamobius torrentium) in Turkey [40-41]. Crayfish species are naturally
abundant in most of natural freshwater bodies of Turkey. Among these species, A. leptodactylus distributes in
most of Turkish freshwater (Figure 4). It is well known that crayfish have been transferred between water bodies
due to anthropogenic effects [42-43] such as introduction of crayfish into newly constructed dam lakes by
fisherman or government fisheries officials. It has been of great profit to the economy of country, especially as
the demands from Europeans countries and, domestic consumption is very little in Turkey.

Figure 4: The crayfish (Astacus leptodactylus) in Turkish freshwaters
Zebra mussel colonization of invertebrates, particularly unionid mussels [44] and larvae [45-46] has already
been documented. Colonization or fouling of crayfish species has only occasionally been reported, e.g., Astacus
astacus [47], Astacus leptodactylus [48], Orconectus limosus [49], Orconectus rusticus [50], Orconectes luteus
[51] and in the last decade Orconectes pardalotus [52].
European workers have observed high rates of predation on zebra mussels by the crayfish Orconectes limosus,
and have suggested that crayfish predation can greatly reduce the abundance of Dreissena populations [53-54].
Piesik [53] observed that O. limosus tended to prey selectively on small (1-7 mm) zebra mussels, and that
predation rates by female crayfish were higher than those of males.
In Turkey, it was investigated that whether crayfish consume zebra mussels or not, and which size of mussels
was consumed by crayfish. Zebra mussels range from 5 to 23 mm total length were separated to 3 size classes.
To determine food type preference of crayfish, individuals were fed with fresh mussels, steamed mussels and
pellet food. The results indicated that crayfish consumed mostly on small mussels and steamed mussels were
completely consumed by crayfish. In the presence of alternative prey, experienced crayfish consumed mussels
and alternative foods in similar amounts while crayfish chose firstly encountered zebra mussels as alternative
food. In conclusion, it was determined that zebra mussels (Dreissena polymorpha) could be use an alternative
food in crayfish culture and could be effective on control of zebra mussels in an area by artificially introducing
of crayfish [55].
This experimental study aims to reveal in which proportion of zebra mussels are fed by crayfish (Astacus
leptodactylus) in Turkey.
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2. Material and Method
The juvenile zebra mussels to be used in the experiments were collected from Birecik Dam on the Euphrates
River and crayfish were supplied from Faculty of Aquaculture of Cukurova University. Trout pellet feed of
Number 2 was bought from fish market.
Experiments were carried out at constant water temperature of 22°C and in the laboratory settings.
18 juvenile crayfish that their mean weights are 0.04 g, their mean total lengths 10.95 mm and their mean
carapace lengths 6.13 mm were placed in 18 glass petri dishes (Table 1).

Table 1: Measurements of 5 Juvenile Crayfish Using by Olympus SD30 Model Stereo Microscope(x10)

No Total Length (mm) Carapace Length (mm) Weight ()

1 10.98 5.86 0.04
2 11.03 6.10 0.04
3 11.00 6.22 0.04
4  10.68 6.12 0.04
5 11.05 6.34 0.04

In the experiments, 240 juvenile zebra mussels (Dreissena polymorpha) of 1.95 mm in mean length were used.
1 juvenile crayfish and 10 juvenile zebra mussels were put into each of six petri dishes (first series); 1 juvenile
crayfish, 10 juvenile zebra mussels and 0.01 g granular fish feed into each of other six petri dishes (second
series); and 1 juvenile crayfish and 0.01 g granular fish feed into each of different petri dishes (third series as a
control) (Figure 5 and 6).

10 Zebra Mussels 10 Zebra Mussels 1 Crayfish

+ + +
1 Crayfish 1 Crayfish and 0.01 g Pellet Feed
0.01 g Pellet Feed

QOO
OO0

Figure 6: Experimental Setup in Lab and Juvenile Crayfish in Petri Dish
At the end of the second day, faeces of the crayfish were examined in all petri dishes, and a large proportion of
the granular fish feed had not been consumed by the crayfish.
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3. Results
The number of unconsumed zebra mussels was observed and recorded as three replicates 48 hours later (Table
2).
Table 2: The Number of Unconsumed Zebra Mussels after 48 hours
PetriNo  1"Replicate  2"Replicate 3™ Replicate

M M+P” M M+P M M+P
1 0 2 1 2 11
2 0 1 0 3 2 0
3 0o 1 2 1 0o 3
4 1 0 1 0 0o 1
5 0 0 0 3 0o 3
6 0o 1 0 o0 1 0

M : Mussel P :Pellet Feed M + P : Mussel and Pellet Feed

At the end of 48 hours the fine faeces and a large number of unconsumed granular pellet feed were observed in
petri dishes. Furthermore zebra mussel and pellet feed (M+P) mostly were consumed (Figure 7).

Figure 7: The Display of Petri Dishes 48 Hours Later
At the end of 3" day it was recorded that all the zebra mussels in petri dishes were consumed. The consumption
of pellet feed in control petri dishes was realized as 50 per cent.

4. Discussion

The propensity to consume of zebra mussels by crayfish as feed depends on the presence of other nutritional
sources in aquatic environment [37], but it was determined that crayfish have been reduced zebra mussel
population as far as 31 per cent in the experiments [36]. However there have been based on two factors in
consumption of zebra mussels by crayfish: The short-term experiments and size of zebra mussels. These factors
have been affected the experiments positively or negatively [34-35]. Zebra mussels in size of 5.5 mm have been
consumed by crayfish as a whole while mussels bigger than 5.5. mm in size have been consumed by breaking
their shells [36]. As the shell of mussels is bigger and bigger the balance of cost-benefit are destroyed and
consumption of zebra mussels by crayfish has been become difficult. Also smaller mussels are hunted by
crayfish easier and but they give less calorie. Moreover, an adult crayfish can consume 105 mussels in a day and
6000 in a season [56].

In addition to animal prey, crayfish consume detritus [57] and a variety of aquatic plants [58-62]. The impact of
crayfish predation on zebra mussel populations in nature will depend on relative preferences for zebra mussels,
other invertebrates, aquatic plants and detritus.
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Crayfish and zebra mussel share the same aquatic environment and crayfish feed on molluscs, small fish, larvae,
animal carcass, and vegetable substance [63-66]. At least, three species of crayfish (Orconetes propinguus, O.
virilise and, O. rusticus) coincide with distribution of zebra mussels in North America.

Since crayfish have been observed to feed on zebra mussels [34, 36, 53, 67] in size ranges overlapping, it is
difficult to understand why many of the mussels were attached in places (e.g., chelae) that were accessible to the
crayfish. It may be that Orconectes rusticus is not well-adapted for removing attached organisms, but grooming
morphology and behaviour have not been studied in this species. Many decapods have specialized structures for
keeping the body free of epizoic growth, but grooming behaviours and time spent grooming vary considerably
among species [68-69]. Lamanova [48] felt the small size (mostly <10 mm) of infesting zebra mussels and the
presence of chitinous ulcers up to 1 ¢cm indicated that the European crayfish, Astacus leptodactylus cubanicus,
actively removed the mussels from its shell with the associated cost of breached integument and increased
potential for infection. However, frequent molting probably also contributed to the small size Lamanova
observed. In Procambarus clarkia grooming is relatively infrequent compared to marine decapods, and
grooming morphology and behaviour do not appear to be efficient enough to prevent fouling by a tenacious
colonizing exotic species [70].

Since the juvenile zebra mussels used in this experiment are in the same size nearly and the predator crayfish
used are in the same length, this study has not been shown the relations between hunt and hunter. But the
consumption of zebra mussels in the petri dishes by crayfish completely has realized in a short time(48 hours
only) and at high rates such between 95 and 98 %. Mussel consumption in the petri dishes used M+P has been
remained between 85 and 92 %. These consumption rates show that crayfish have preferred zebra mussels to
pellet feed by far at least.

The trials implemented in cages show that crayfish have consumed zebra mussel population at the rate of 50 per
cent in five weeks [58]. For this reason it can be readily said that crayfish will be able to use effectively in
biological control of zebra mussel population in freshwaters or to suppress zebra mussels at least. But, in fact
that crayfish were used in control of zebra mussel population for every aquatic ecosystem can create important
problems in terms of ecosystem balance and population dynamics. Some crayfish diseases such as crayfish
plague specially can affect other aquatic species negatively in fresh water environment.

5. Conclusion and Recommendations

To forecast ecosystems that can cause important problems generally in terms of both zebra mussel population
and ecosystem dynamics is essential in management of natural resources. Forecasting and taking measure is an
approach to forestall the resulting problems in a sense. If it is an aquatic ecosystem in question, the problem has
been got bigger.

Many methods of zebra mussel control and eradication are now being used and tested. Manual scraping and
abrasive blast cleaning has been successful, but are expensive and time-consuming. Oxidizing and non-
oxidizing biocides have been used as well as ultraviolet radiation, with mixed results. Large-bodied
molluscivores such as common carp, freshwater drum, and channel catfish can limit zebra mussel numbers in
coastal wetlands. Densities of other molluscs were not affected, suggesting that fish can have a greater impact
on numbers of attached zebra mussels than other benthic molluscs. Known predators also include roach, eel,
sturgeon, diving ducks, crayfish and muskrats. Since every method has its own advantages and disadvantages,
every method or measure could not use everywhere in control of zebra mussel population. For this reason,
struggle against mussels have to be gone on by using multiple methods. However biological control methods
seem promising among control methods.

Crayfish are common inhabitants of fresh waters in Turkey. Zebra mussel is a bivalvemollusc that is indigenous
to Turkish fresh waters, and reproduction and adaptability to ambient conditions pretty much. So zebra mussel
has been populated in all fresh waters of Turkey more or less. Where ecological conditions are appropriate zebra
mussel can cause technical problems in artificial systems and ecological problems in natural ecosystems by
overbreeding.

The biological control of zebra mussels by crayfish has some advantages such as (i) reducing decapod
population, (ii) presence of crayfish abundant in lakes and running waters that are sensitive to zebra mussel
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invasion, (iii) sharing the same environment of crayfish and zebra mussel, (iv) existence of crayfish in aquatic
system all year round, (v) living in deep waters of crayfish.

In conclusion, the results obtained both field and lab experiments show that adult and juvenile crayfish can use
affectively to suppress zebra mussel population or to mitigate its damages. However, the researches must be
focused on zebra mussels in environment where other invertebrates will naturally become and the decision must
be made whether crayfish will be commonly used in control of zebra mussel population or not.
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