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ABSTRACT
The Quagga mussel (Dreissena bugensis) first invaded the Great Lakes in the late 1980s in the ballast water of
trans-Atlantic ships. Quagga mussels are spreading rapidly and have become the dominant mussel in Lake Michigan.
The first arriving mussels were white and preferred dark and cold deep water; however, the mussels turned a dark
color within a few months as they approached the shallow inshore waters. I hypothesize the dark coloration on the
Quagga mussels' shell found inshore is due to their increased exposure to ultraviolet light. Ultraviolet light (UV) is solar
radiation with wavelengths less than 400 nm. UV is categorized into three types, UVA, UVB, and UVC, A being the longest
wavelength and C the most biologically detrimental. UVB is able to penetrate through water to the lake bottom and is able to
cause significant damage to cells.
This research was carried out to determine if UV light wavelengths contributed to the colorization of the
mussel shells. Mussels of two sizes were placed in a 12° C cooler under three conditions: dark, UVB light, and no
UV light. The mussels in both the UVB and no UV light took on rings of coloration on their shells. This process took
place over six to seven weeks and was most apparent on adolescent mussels (7-10 mm). There were several large
mussels with a ring of color, and it seems to be where the edge of the shell was broken, as if the new shell was a repair.
The new coloration was in some cases on the surface of the shells and could be diatoms; however, diatoms are very
unlikely cause in this environment. Many of the mussels died, possibly because of the shock of transportation and the
new environment. The mussels under UVB irradiation died earlier than those not in UV light and dark conditions.
In an effort to find out the reason for the coloration, experiments were carried out to determine the make up of
the colored substance in light Quagga mussels, dark Quagga mussels, Zebra mussels, and marine clams. Acid and heat
were used to dissolve the carbon shell, and organic matter leaving only mineral matter and protein. The samples were
then analyzed using the Scanning Electron Microscopy test, and Manganese was shown to be the source of the
dark mussel coloration.
This experiment proves Quagga mussels are able to adapt quickly to changing conditions, possibly in an
attempt to camouflage from predators or protect gametes from UV radiation. This will aid them as they spread to all
the Great Lakes, many inland lakes, and tributaries. This experiment also found a limitation of the mussels, as they are
susceptible to rapidly changing conditions.
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1. INTRODUCTION
The Quagga mussel (Dreissena bugensis) was first reported in the Great Lakes basin in 1989 [2]. The
Quagga mussel is a close relative of the well-known Zebra mussel (Dreissena polymorpha), which arrived in
1986 and is the only other Dreissena mussel in the United States [2]. The mussels are similar in size and have
the same basic anatomy, and differentiation between the two species has become increasingly difficult. The
mussels are best distinguished by the shell shape and shell coloring. The Zebra mussel has a flat ventral side
and is as wide as it is thick. The Quagga mussel has a rounded ventral side and is narrower than it is thick.
The Zebra mussel is best known for its distinct dark stripes that run vertically up and down the shell. The
Quagga mussel is primarily white, sometimes with a single dark stripe.
However, the Quagga mussel has taken on dark coloration similar to the
Zebra mussel and has even been found to have “zebra” stripes.
The Quagga mussel is quite prolific and is spreading rapidly, causing
huge economic and ecological repercussions. Quagga mussels are
extraordinary water filterers and do not hibernate in the long, cold winters,
thus they strip freshwater ecosystems of zooplankton and algae [5]. In
addition to uninterrupted feeding, Quagga mussels out breed native mussels
and are threatening native mussel populations. Unlike their cousin the Zebra
mussel, Quagga mussels have a wide range of tolerance. They can survive in both the deep, cold offshore
waters as well as the mild inshore waters and colonize on all substrata [2, 4]. This range has allowed the
Quagga mussel to cause more damage than the Zebra mussel. Quagga mussels cause billions of dollars in
damage to water intake pipes as well as fouling boats, docks, buoys, and beaches. These mussels are
continuing to expand their non-indigenous range, and will soon overtake the Zebra mussels in causing
ecological and economic damage [4].
Dreissena mussels are native to the Dneiper River in Ukraine and are exotic species to North
America, arriving in the ballast water of trans-Atlantic ships [2, 3], the Quagga arriving to Lake Michigan in
November 2002 [1]. The invasion of the Zebra mussel is well known and documented. It has only been
recently that scientists have begun to study and understand the biology, ecology, and physiology of the
Quagga mussel. When the Quagga mussels first arrived in Lake Michigan waters, they were all white. Within
months, many of the mussels were dark colored. This research is among the first of its kind on Lake
Michigan Quaggas and on the last of the white Quaggas.
After sorting and counting dozens of samples, I came to the realization that the white mussels were
found at depths greater than 30 meters and dark mussels were found mainly in waters shallower than 20
meters. Because UV light penetrates to a maximum depth of at least 7 meters in Lake Michigan, I
hypothesize the introduction of Ultraviolet light caused the change in shell coloration of the Quagga mussels
as they adapted to its destructive properties.
The rapid shell coloration of the Quagga mussels shocked and still perplexes scientists today. This
experiment aims to explain the cause of mussel coloration and the specific source of the coloration. The idea
of hybridization is a topic of consideration in the scientific community [3]. If proven that this coloration
similar to that of a Zebra mussel is an adaptation, it refutes the idea of mussel hybridization. It also could
prove the sensitivity of mussels to Ultraviolet radiation. Perhaps the mussels are protecting their soft body
tissues or more importantly their gametes. If bombarded with UV radiation before the mussels could adapt,
this could be a possible method of mussel control. As there are no effective molluscisides or ways of
controlling the mussels, UV treatment would be an important advancement in the management of ballast
tanks, intake pipes, and inland lakes [2].
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2. PHASE I—DEPTH OF UVB LIGHT

Materials and Methods

Purpose: To find the depth to which UVB light penetrates.
1. UVB light meter taken on cruise on Lake Michigan
2. Weather conditions and time noted
3. Measurements taken at every half meter underwater and at a stationary point in the air
4. Results recorded and graphed

Results

The UVB in Lake Michigan exponentially decays as it penetrates from the surface. The highest levels
of UVB occur at the surface, and the light becomes increasingly weaker until it fades out. The penetration of
UVB in Lake Michigan is dependent on weather and limited, almost negligible at about 7 to 10 meters;
however, this data is from 2002, prior to the invasion of the Quagga mussel. Since the Quagga mussel has
arrived, the water clarity has increased by 15 feet [1].

Date : June 24, 2002
Time: 14:04h
Sky Cover: 100% clear, hazy horizon
Seas: light breeze, calm with ripples
As the UVB light penetrates the surface,
it decreases exponentially until it
becomes insignificant.

Date: August 20, 2002
Time: 16:00h
Sky Cover: Sunny
Seas: 1-2 ft swells
The measurement taken in the air above
water shows the UVB levels stayed
constant throughout the experiment.
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Discussion
According to this data, UVB can reach the bottom of Lake Michigan in areas less than a depth of 7
meters. It is likely that the UVB penetration has become greater since the Quagga mussel arrived in Lake
Michigan. Based on sampling observations, it is likely that UVB is a factor that could cause mussels to
change color because it is present where the bottom of the lake is at shallower depths and only in areas where
mussels are dark in color.
NOTE: These measurements were taken by Dr. Russell Cuhel and given to me. I have performed the
procedure, but I did not collect this data.
3. PHASE II—PRELIMINARY SHELL EXPERIMENT
Materials and Methods
Date: 2/12/2006
Purpose: To determine the basic shell composition and the data collected will be used in building a larger scale
experiment
1. Three mussel shells chosen based on color
- 1 zebra
- 1 dark Quagga
- 1 light Quagga
2. Half of each shell dissolved in a solution of hydrochloric acid. The calcium carbonate shell dissolved leaving only
organic and mineral matter.
3. Half of each shell was placed in an oven at 500 C for 4 hours. The organic matter burned away leaving only the
calcium carbonate shell and mineral matter
Results

Of the mussels that were placed in acid, the Zebra and dark Quagga mussels left a dark “skin” that
maintained shell shape and shell lines. The white Quagga mussel left a clear “skin” that also maintained the
shape of the shell. This “skin” is a layer of proteins called conchin that protects the brittle shell from damage.
When the organic matter was burned away, the shells were brittle. All the shells had a layer of medium
colored grey on top and white underneath. The grey layer was most likely the ash of the burned organic
matter. The white layer is the exposed nacre, which is the inner most layer of a bivalve shell.
Discussion
This experiment was preliminary and used only to test the effectiveness of the methods. The
experiment proved the procedure was sound and was important conceptually. This preliminary experiment
was useful in planning for the large-scale experiment where the shell composition would be analyzed.
4. PHASE III—UVB LIGHT EXPERIMENT
Materials and Methods
Collection of Mussels
Date: 12/29/2006
Purpose: To gather mussels that would be used in the experiment.
1. Quagga Mussels of 7-10 mm
- Mussels were from only one sample, a Milwaukee Reef sample at 57m.
- Mussels were all or mostly white.
2. Quagga Mussels of 20+ mm
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- Mussels were from three samples, Milwaukee Reef.
- Mussels were primarily white with some dark coloration.
Selection of a Light Source
Date: 1/5/2007 – 1/7/2007
Purpose: To find an acceptable ultraviolet light source that is comparable in intensity of the sunlight in mid summer.
1. Collection of various light types
- Lights include florescent and reptile light
2. Testing of light sources
- With UVB meter
- Test was conducted starting with the meter lens in direct contact with the source and moving the
meter lens back in 5 centimeter increments until there is no detectable UV light.
3. Selection of Source
- Reptile Light Chosen
Main Experiment
1/8/2007 – 3/5/2007
Purpose: To test the variables that affect a mussel's coloration and to determine the cause of mussel coloration.
1. Mussels Chosen and Cleaned
2. Pictures
- Documentation of all mussels was taken in the form of pictures before the experiment
- Pictures were on a black background and light from the sides
- Dissection microscope fitted with a camera to take the pictures
3. Mussels Divided into Aquariums
- 6 aquariums, 3 with 7- 10mm and 3 with 20+mm
- 11 mussels 7-10mm in 3 aquariums
- 9 mussels 20+mm in 3 aquariums
4. Introduction of Variables
- 2 aquariums in the dark
- 2 aquariums in light with UV filtered out
- 2 aquariums under UVB light and natural light
5. A circulating cooling system was placed in a camping cooler to house aquariums and keep them at 12°C
- Light source was hung 40 cm above surface of water to mimic natural sunlight irradiation
- UVB mussels directly exposed
- UVB filtered with glass for the mussels without UV exposure
- A covering of aluminum foil sheltered the dark mussels from any light
6. Monitoring
- Mussels fed weekly and cleaned as needed
- Water in the aquariums maintained at 150 mL
- At the conclusion the mussels photographed against the same background.
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Results

Top edge of shell: area
of rapid growth,
magnified above

After

Before

Bottom edge of shell: area
of rapid shell growth,
magnified below

Above mussel exposed to UVB light
Mussel below kept in the dark, no change.

Before

After
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MUSSEL COLORATION
120.0

100.0

PERCENT

80.0

UVB
No UVB
DARK

60.0
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7-10mm COLOR
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20+ mm COLOR

20+ mm WHITE

The effect of light and UVB light on Quagga mussel shell color was tested in this phase. The mussels
were placed under a lamp with UVB intensity of that of a 3 meter depth in Lake Michigan and exposed for
14 hours a day, similar to a summer day. The mussels in the dark were covered, glass filtered out the UVB
for the no UV samples, and the UVB samples were placed directly under the light. After six weeks of
incubation, the 7-10 mm Quagga mussels in the UVB started to show coloration. Several days later, the 7-10
mm mussels in the filtered light began to show similar signs of shell coloration. The shells took on a dark
brown coloration around the perimeter of the shell.
MUSSEL MORTALITY
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100.0

80.0

UVB
No UVB
DARK

60.0

40.0

20.0

0.0
7-10mm DEAD

7-10mm ALIVE

20+ mm DEAD

20+ mm ALIVE
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Many of the mussels in this experiment experienced a premature death. In the lab, mussels can be
kept alive almost indefinitely at temperatures ranging from 8° C to 11° C with little or no food. The mussels
suffered the shock of transportation as well as photographic lights and cleaning. This may have weakened them in
addition to the increased exposure to light may have been a shock they could not have adapted to.

Discussion
Mussels grow in rings stemming from the beak or hinge, and the coloration on the samples followed
this growth pattern. Mussels were fed as to promote rapid growth, and the brown layer may be a new layer of
growth. The 20+ mm mussels showed growth in the same pattern of growth rings; however, it appeared to be
at sites of shell damage. The newest part of mussel shell is brittle and easily broken, possibly do to lack of
conchin formation, and a break in this area may have prompted growth. Initially, it appears that the mussel
shell coloration was prompted by light and expedited by UVB light.
Once placed under a low power microscope, the dark brown ring appeared to be on top of the shell.
Usually dark Quagga mussel samples have the color imbedded in the conchin. This new brown layer is
possibly diatoms. Diatoms are a type of eukaryotic algae and are commonly brown in color. Diatoms are
unicellular and prefer open water; however, they can form colonies. The diatoms are not from the algae that I
fed the mussels, as it was a green algae and was lab cultured. The Milwaukee Water Works says their water
filtration system would be very effective in removing diatoms based on size, but does not perform such as
test. The mussels I placed in the aquariums were taken from a depth where little light penetrates and cleaned,
and the diatoms should have not been present. Diatoms are photosynthetic and would not grow in the dark
environment I created but would be able to grow in the UVB and no UV aquariums. Some of the brown
coloration appeared to be within the shells, which could not be diatoms. The coloration on top of the mussels
could have been a layer secreted by the mantle and had simply not fused with the conchin. I can not rule out
diatoms as the cause of coloration, however, it is likely that they were not present in my aquariums.
The mussels were stored in the dark at the lab and taken from a depth of at least 40 meters. Rapid
environment change could have caused the death of the mussels. From past experimentation I know it is common
for many mussels to die after the death of just one mussel. To avoid this, I cleaned the tanks to make sure the water
was clean and removed dead tissue. The exposure to light 14 hours a day and in addition some to UVB light, may
have caused the untimely death of the mussels.
5. PHASE IV—BIVALVE SHELL COMPOSITION
Materials and Methods
Date: 2/23/2007 – 3/6/2007
Purpose: To conclude and identifying the source of the coloration in the shell.
1. Mussel shells chosen
- dark Quagga
- light Quagga
- Zebra mussel
- marine mussel (clam)
- 3 sizes: large (20 + mm); medium (12-15 mm); small (7-8 mm)
2. Mussel Dissection
- Live mussels chosen as mussels lose conchin and carbonate when they die
- Mussels cleaned of algae
- Soft inner body discarded
- Mussel shells placed into a pre-weighed aluminum boat
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3. Mussel Documentation
- Mussels photographed
- Mussels weighted and measured
4. Shell dissolved in a solution of acid
Results- The calcium carbonate shell dissolved leaving only organic and mineral matter.
5. Shell was placed in an oven at 500 C for 4 hours
Results- The organic matter burned away leaving only the shell, conchin, and mineral matter.
6. Shells dissolved in acid then placed in an oven at 500 C for 4 hours
Results- The calcium carbonate and organic matter removed leaving conchin and mineral matter
7. Flame Test
- Platinum wire loop was coated with distilled water
- Sample was picked up by the loop
- Bunsen burner was lit
- Sample was place in Bunsen flame and flame color recorded
- Platinum loop cleaned with distilled water
8. Mussel samples sent to an outside lab to be analyzed using Scanning Electron Microscopy
Results
When the organic matter was
burned away, the shells were
increasingly brittle. The marine
mussel that lives in the
shallowest water has the most
organic matter, followed by the
Zebra mussels, which also live
in primarily shallow water. All
of the shells had a layer of
medium-colored grey on top and
white underneath. The grey
layer was most likely the ash of
the burned organic matter and
the white is the nacre, which is
the inner most layer of a bivalve
shell.
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The darker the mussel, the
more weight of conchin and
minerals the shell has.
Although not shown in the
graphs, the marine mussel is
much stronger than the fragile
Quagga and Zebra mussels, and
this difference is highlighted in
the amount of conchin and
minerals.

The Quagga mussels and the
Zebra mussel calcium
carbonate dissolved in
between 5 to 10 minutes;
however, the marine mussel
needed over-night to
completely dissolve the
calcium carbonate.

The percentage of the shell that is carbon, organic matter, and conchin and minerals was calculated.
For the Light Quagga mussel, 97 % of the total shell was carbon, 3.5 % was organic matter, and 0.5 % was
conchin and minerals. The Dark Quagga mussel contained 97 % carbon, 4.1 % organic matter, and 0.5 %
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conchin and minerals. The Zebra mussel consisted of 94 % carbon, 2.1 % organic matter, and 1.8 % conchin
and minerals. The Marine mussel contained 89 % carbon, 5.3 % organic, and approximately 5.7 % conchin
and minerals. These percents are averages and are based on all sizes of mussels for each type.
The flame test yielded an orange, yellow color. This result corresponds with the emission spectrum of
calcium, iron, and sodium. Samples were also sent to an outside lab at Johnson Wax to be tested using
Scanning Electron Microscopy with X-ray microanalysis. This method uses electron beams to strike the
sample and interaction of the primary beam with atoms in the sample causes the emission of an X-ray [6].
The emitted X-ray has an energy characteristic of the parent element. Detection and measurement of the
energy permits elemental analysis and can provide qualitative analysis of elemental composition. After
analysis of the results, Manganese was present in the dark Quagga mussels and the Zebra mussels, but not the
light Quagga mussels.
Discussion
This experiment was based on that of Phase II and was aimed at isolating the specific parts of a
bivalve shell. As in the first experiment, acid and a muffle oven were used; however, the two methods were
combined to isolate the conchin and mineral matter. When the mussels were dissolved in acid, the Zebra and
dark Quagga mussels left a dark “skin” that maintained shell shape and shell lines and the white Quagga
mussel left a clear “skin” that also maintained the shape of the shell. Both the Quaggas and the Zebras left a
very thin skin that was very delicate. The marine mussel left a very thick dark “skin” and a clear porous
layer. The “skin” is the outer layer or periostracum and is made of protein called conchin which serves
mainly to protect the shell.
The flame test was chosen because it is fast and easy to perform, and does not require any special
equipment. The range of detected elements is small and the test has difficulty detecting small concentrations
of some elements. The test may have masked the appearance of other metals. The flame test is qualitative and
it can be concluded that the metal present was calcium, iron, or sodium which are all found in Lake
Michigan. The SEM is the most conclusive analysis and because Manganese combined with iron produces a
similar dark brown/black color to that of the mussel shells, it can be concluded as the element contained in
the mussel conchin that gives the mussels a dark brown color.
6. CONCLUSIONS
As the Quagga mussel continues its invasion of the Great Lakes as well as other inland lakes, rivers,
and waterways it is important to know its adaptations and limitations. The mussels were able to adapt to the
light; however, many of the mussels showed sensitivity to the dramatic change in environment. It is very
likely that the change in shell coloration I witnessed in six to seven weeks was an adaptation produced by the
mussels as opposed to diatoms.
With such an adaptation, it is now possible for Quagga mussels to inhabit shallow rivers and lakes
and extend the range of the Quagga mussel to overlap with that of the Zebra mussel. Quagga mussels are
appearing in places they were never expected to reach because of their physiology, such as Milwaukee’s
inner harbor and Lake Mead in Nevada, but they have learned to adapt to these extreme changes in
environment. Because this adaptation can occur quickly, it rules out the hybridization of mussels. A color
change that occurred through hybridization would take many generations to take root or for an entire
population to show this new characteristic.
Many of the mussels died in my experiment, the most in the UVB group, showing a sensitivity not
only to change in environment, but also UV light. The white mussel shells are nearly translucent, and as they
took on color, they became more opaque and resistant to light penetration. When the mussels are light, their
soft tissues and gametes are susceptible to the harmful UV rays. In an effort to protect their vital organs and
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offspring, the mussels may have adapted. If bombarded with UV radiation before the mussels could adapt,
the tissues would be destroyed and subsequent generations susceptible to mutation. This UV treatment could
be a possible method of mussel control.
As there are no effective molluscisides or ways of controlling the mussels, UV treatment would be an
important advancement in the management of ballast tanks, intake pipes, and inland lakes. As the prolific
Quagga mussels continue to take over the Great Lakes, they have been able to adapt to various conditions,
one of them being increased light. It is important to understand these adaptations and vulnerabilities in an
effort to stop the spread of this ecologically and economically devastating mussel.
As a next step, I would like to replicate this experiment with a larger group of mussels in an effort to
reproduce the data. I would also like to add manganese to the water in which the mussels were incubated to
see if this has any effect on their coloration. Further research into the exact concentrations of the elements
and metals present in the shells may also be pursued. In addition, I would like to study the sediment of Lake
Michigan to find if manganese is present and in what concentrations. Dr. Carmen Aguilar and Emily
Lyczkowski at the Great Lakes WATER Institute are currently continuing my research.

7. ABBREVIATIONS AND ACRONYMS
The Quagga mussel is referred to as QM or Q
The Zebra mussel is referred to as ZM or Z
Ultraviolet Light is referred to as UV light
Mid-range Ultraviolet Light is referred to as UVB
Scanning Electron Microscopy is referred to as SEM
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