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Abstract

Zebra Mussels (Dreissena polymorpha) have exploded in population throughout the United States.  Their entry into major waterways such as the St. Croix and Mississippi Rivers have opened new ways for their spread.  This study set out to examine the prevalence and dispersal of zebra mussels in a lake in Somerset Wisconsin called Bass Lake.  Data was collected using a GPS receiver and a map of the lake to plot data on zebra mussel numbers.  The results show a variety of useful information.  Zebra mussels were found in the greatest concentrations at the southern end of the lake.  This is probably because the fishing is generally considered the best at the lower half of Bass Lake.  Anglers probably brought in the invasive species while lake hopping from the St. Croix River.
Introduction
Zebra Mussels are closely related to the Quagga mussel.  They are roughly the size of a fingernail and resemble a “D”.  They are brownish in color with distinct black stripes.  Female zebra mussels lay upwards of 500,000 eggs.  These develop into microscopic, free-living larvae (called veligers) that begin to form shells. After two-three weeks, the microscopic veligers start to settle and attach to any firm surface using "byssal threads". It is the only freshwater mussel that can attach to objects. They are native to Eastern Europe and Western Russia and were brought over to the Great Lakes in ballast water of freighters. Populations of zebra mussels were discovered in the Great Lakes in 1988.
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Zebra Mussels have caused billions of dollars in damage across the country and have ruined recreational beaches due to their sharp shells.  Additionally, they are filter feeders capable of causing a noticeable difference in a matter of only a couple years (depending on the water body size and level of infestation).  According to individuals living on the lake, it is believed that zebra mussels reached Bass Lake in the past 1-2 years.  Since then, they have rapidly spread across the lake covering docks, rocks, and any hard surface.  They were observed on the shells of native clams (see figure 2).  They are causing a negative impact on the lake through the colonization of fish spawning ground, by covering docks and other equipment, and by infesting beaches used for swimming.
The purpose of this study is to examine the dispersal and prevalence of zebra mussels in Bass Lake in order to gain a better understanding of their threat as well as to compare data of future studies.

Procedure

 A plan was established to ensure quality data in a cost-effective manner.  I wanted to look at not only where zebra mussels are found, but how many.  The following is a list of items used:

· Kayak with paddle

· Life Preserver

· Notebook
· Pencil
· Map of Bass Lake
· Watch
· GPS device
· Snorkel
· Mask
· Flippers
Data on the prevalence of zebra mussels was gathered using a ranking system in which values were given based on number of zebra mussels found. The ranking is as follows:
	Ranking Categories

	Rank
	Description

	0
	No mussels found whatsoever

	1
	Rarely see mussels

	2
	Mussels found sporadically

	3
	Mussels are easily found and are in small to medium clusters

	4
	Mussels found in large groupings sometimes completely covering objects

	5
	Mussels found in dramatic numbers virtually on every hard surface


Two days were set aside for data collection.  The first was on August 11th, 2011.  It was mostly cloudy with a temperature of 82 degrees with light wind.  The second data collection day was on August 25th, the temperature was 83 degrees and it was sunny with little to no wind.  Half of the lake’s data was collected on each day starting with the west half.  I decided to start at the boat landing and work my way south.  The goal was to paddle around the lake stopping at points along the way in enough frequency to provide good coverage of the lake.  I would then stop paddling, write down the coordinates in my notebook and place a mark in the approximate area on the lake map.  I would then put on my snorkeling gear (snorkel, goggles, and flippers) and spend 5-7 minutes covering about a 100 foot radius looking for zebra mussels.  After the appropriate time, I would exit the water, write down the rank value, and move on to another location.  A total of 21 points were collected around the lake.  A map was later created using Google earth..
Results

The results were quite interesting.  According to the study, the majority of 5-rank points were located on the southern end of the lake.  This can be seen by observing the map (figure-3).  The points are numbered in order of data collection time.  The darker the color on the marker, the higher the rank, therefore, more zebra mussels observed (white=rank of 0, light pink=2, pink=3, red=4). Note, rankings of 1 and 5 were not issued. There were four points where the rankings were a 5. The north end was dominated with 0-rank data points.  No zebra mussels were found.
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Several interesting conclusions can be made based off the data.  The southern end of Bass Lake is generally thought of as having the best fishing.  It is then, no surprise to see that the larger quantities of zebra mussels are found there.  According to data taken from Clean Boats Clean Waters, Bass Lake receives a quite a few anglers who arrive from other lakes.  The top three lakes being: Mallalieu, Cedar and finally, the St. Croix River.  All three lakes are infected with curly leaf pondweed.  Lake Mallileau and St. Croix have Eurasian Milfoil.  The interesting thing is that only the St. Croix River has zebra mussels.  It is this fact that makes it quite possible that anglers coming from the St. Croix River are responsible for the zebra mussels entering Bass Lake.  The fact that the southern end of the lake is most infected reinforces this notion.
Another interesting observation is the arrival of very small zebra mussel offspring.  Very few young zebra mussels were found during the August 11th half of the study.  However, it was impossible not to notice the huge number of young offspring present in the lake during the 25th data collection session.  Zebra mussels are growing fast and spreading very quickly in Bass Lake.  Future years will only see increasing populations of zebra mussels as they move up the lake.  

The following data is for reference purposes, to see the exact location of the data points:

	Reference Data: Zebra Mussel Location

	Point
	Coordinates
	Ranking

	1
	N 45 4.848’

W 92 39.113’
	0

	2
	N 45 4.658

W 92 39.192
	0

	3
	N 45 4.487

W 92 38.967
	2

	4
	N 45 4.289

W 92 38.979
	3

	5
	N 45 4.248

W 92 39.112
	3

	6
	N 45 3.960

W 92 39.159
	3

	7
	N 45 3.764

W 92 39.266
	2

	8
	N 45 3.589

W 92 39.029
	3

	9
	N 45 3.319

W 92 38.879
	4

	10
	N 45 3.132

W 92 38.931
	4

	11
	N 45 3.284

W 92 38.656
	3

	12
	N 45 3.413

W 92 38.557
	4

	13
	N 45 3.591

W 92 38.692
	4

	14
	N 45 3.643

W 92 38.751
	2

	15
	N 45 3.798

W 92 38.922
	0

	16
	N 45 3.806

W 92 39.021
	2

	17
	N 45 4.057

W 92 38.895
	2

	18
	N 45 4.310

W 92 38.772
	4

	19
	N 45 4.531

W 92 38.742
	3

	20
	N 45 4.766

W 92 38.790
	0

	21
	N 45 4.790

W 92 38.909
	0


It was stated previously that no 5-rank points were observed.  At no point were areas completely covered in zebra mussels.  However, it is quite possible that by next fall, much of the southern end will make it (due to the high recruitment rate observed).  Additionally, it is interesting to note that data point number 18 was ranked as a 4.  This could be a fluke or result in a possible error for the surrounding points.
Native Clams

Figure 2 is a dramatic picture in which a large cluster of zebra mussels are covering native clams.  Clams are a primary food source for many animals.  Eventually, it is predicted that the native clam population in Bass Lake will decrease as the zebra mussel chokes out their territory.  Perhaps then, many mammals that depend on the clams will move elsewhere.  Clam dominance is yet another negative response to a growing population of zebra mussels.

Possible Errors
With any study, there is undoubtedly some bias and presence of error.  There are a few things that I wanted to address concerning the study and possible ways to improve it if it were to continue. 
1. The use of a motorized boat would create a more efficient study.  A lot of time was spent paddling.   

2. If the data were to be collected on one day, the data would be more accurate.  Weather definitely plays a role in visibility and overall ease of finding the zebra mussels.  The first data collection day was mostly cloudy.  Due to time constraints, this was the only available time for data collection.  The second collection day was much better.  In the future, it would be best if data was collected on the same day in perfect conditions.

3. Additionally, because the time gap, vegetation continued to grow which could have resulted in fewer mussels found.
4. The 5-7 minute estimated search time was just an estimation.  It would be great to have an additional person to keep time to ensure replication.

Conclusion

Bass Lake acts as an example of angler negligence and the intense adaptability of zebra mussels.  Through an examination of the data collected from this study, it becomes quite clear that they have spread rapidly and continue to do so.  Bass Lake should continue to partner with such programs as Clean Boats, Clean Waters to limit the spread of these creatures.  Additionally, effort should be made to keep an eye on the Wisconsin Department of Natural Resources as well as private organization progress in regards to zebra mussel prevention and removal.  Bass lake should be made an example of what is possible when boaters disregard AIS prevention protocol.  The study should be performed in the years to come to track zebra mussel movement.  
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Figure 1: Current zebra mussel territory in the United States





Figure 2.  Large clusters of zebra mussels on native clams  found in Bass Lake





Figure 3: Map of data points that show areas of high zebra mussel activity.
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