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Background: 

Zebra mussels (Dreissena polymorpha) were discovered on the Spread Eagle Chain of 

Lakes (S.E.C.O.L.) in 2012.  Their 

location was reported to be isolated 

to North Lake.  On June 19
th

, 2013, 

Florence County Land Conservation 

Department (F.C.L.C.D.) personnel 

surveyed an area starting at the 

North Lake and Middle Lake 

channel and continued into Middle 

Lake (Map 1.).  D. polymorpha were 

present at all areas surveyed, which 

highlighted the need to obtain more 

accurate information pertaining to 

the colonization rates.  The lakes 

were snorkeled at various points in 

order to map D. polymorpha 

expansion, age classes, and population densities.  

 

Methods: 

The mapping effort was conducted by using a biased point intercept survey format, with a 

total of twenty-six survey points (Map 2.).  If possible, rocky substrates were chosen as             

D. polymorpha have shown a preference for the rocky substrate (Ferry et al. 2013).  An area 

approximately twenty meters in radius was snorkeled from each point’s coordinates, from the 
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shoreline up to a depth of two meters.  If    

D. polymorpha were observed, a biased 

sample density was obtained by placing a 

one meter squared quadrat centered on the 

observed individual.  D. polymorpha were 

counted in the quadrat to determine a sample 

population density, and aged.  The sample 

density was taken at one and two meters, if 

present. The substrate observations were 

described by depth and type, which was 

further categorized into silt, clay, sand, rock, 

organic, or any combination.  If a 

combination was observed the most abundant substrate was stated first.  Sample densities were 

not taken within North Lake or upper Middle Lake as the main goal was to map the extent of    

D. polymorpha distribution after the initial survey.  However, the highest densities were 

observed in North Lake and upper Middle Lake. 

Dissolved oxygen, pH, temperature, conductivity and secchi depth were analyzed from 

previously recorded data taken in 2010, 2011, and 2012.  The data was recorded in 3 feet (.9144 

meter) increments. Analysis was then limited to a depth of 30 feet (9.144 meters).  The average 

of these measurements was calculated for each lake individually (Table 1.) and for the 

S.E.C.O.L. in its entirety (Table 2.).  The measurements from the S.E.C.O.L. average were then 

averaged again to merge the depth classes. The overall S.E.C.O.L. average was then paired with 

the Mackie and Claudi's water parameters data for D. polymorpha suitability (Table 3.). 

 

Results: 

 D. polymorpha were found in North Lake, Middle Lake, West Lake, Long Lake, Bass 

Lake, and Railroad Lake.  A total of thirteen sites were found to contain D. polymorpha, and 

three of those sites contained D. polymorpha at both one and two meters.  A total of twenty four 

D. polymorpha individuals were found.  South Lake and East Lake were surveyed at eleven 

points and found to be free of D. polymorpha. 

 D. polymorpha ages ranged from zero to two years in the biased point intercept surveys.  

However, one three year old was observed on the north western shore of Middle Lake during the 

initial snorkeling survey.  The age classes were zero years (20.83 percent), one year (50.00 

percent), and two years (29.17 percent).  The one year age class likely did demonstrate a bias for 

rocky, or rocks covered in one half in silt, but the rocky sand was evenly distributed (Table 4.).  

The statistical analysis needed to prove this statement was not done due to low sample sizes.    
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Of the D. polymorpha populated sites the most abundant substrate was rocky sand (61.54 

percent), followed equally by rocky and rocky with one half inch silt (15.38 percent each).  The 

final substrate selected was greater than twenty-nine inches of silt and organics (7.69 percent).  

When considering selection by the number of D. polymorpha present, the substrate preference is 

slightly different: rocky sand (62.50 percent), rocky with one half inch silt (20.83 percent), rocky 

(12.50 percent), and silt and organics greater than twenty-nine inches (4.17 percent) (Table 4.). 

 

Discussion: 

 The biased point intercept format provides initial mapping information, but does skew the 

sample density data.  Therefore, the actual population density is much smaller when the total 

habitable area of the lake system is considered.  D. polymorpha are present at very low densities 

in much of the lake, and would have made absolutely random sampling ineffective and 

uninformative, but will be important information in the future.  The survey information and 

sample densities observed confirm D. polymorpha introduction into North Lake and spreading 

outwards from there.  The 

information may also have been 

biased to the one meter survey point 

as the survey was conducted by 

snorkeling, if more accurate 

information is needed S.C.U.B.A. 

divers will be required.  While 

unfortunate, the situation does 

provide an opportunity to monitor the 

rates of D. polymorpha expansion 

and establishment, which may 

provide crucial information for future 

rapid response feasibility and 

development of operational 

methodologies.   

An interesting comparison could be done with the data included in the report, and the 

information collected from the monitoring plates.  The correlation could provide some basic 

information on when the monitoring plates are colonized in comparison with lake overall, and 

could then make the monitoring plate data more accurate. 

North Lake, Middle Lake, West Lake, Long Lake, Bass Lake, and Railroad Lake: 

D. polymorpha are present in low densities.  Presently, densities appear to be limited by 

recent introduction and distance, but these factors will not be present in the future.  Water 

chemistry data shows almost ideal lake conditions for D. polymorpha, with growth only limited 
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by substrate availability, secchi depth, and water temperatures at lower depths.  However, the 

secchi depth, and water temperatures are only limiting to optimal growth rates, not establishment 

or survivability.  The S.E.C.O.L. could be colonized relatively quickly considering that             

D. polymorpha is known to release up to one million fertilized eggs in a season (U.S.G.S. 2012). 

South Lake and East Lake: 

The initial D. polymorpha point of entry (North Lake) is approximately 6,560 feet (2,000 

meters) away from East Lake at its closet point.  South Lake and East Lake may not be inhabited 

due the distance and presence of a bridge, which prevents larger boats from entering either lake.  

Another inhibiting factor may be that the majority of the lake bottom is a mix of one to ten 

inches of silt, clay, and organics.  There are occasionally rocky areas, which are likely to be the 

first areas colonized by D. polymorpha.  Water chemistry data again demonstrates entirely 

hospitable conditions. 

D. polymorpha shells will likely become a nuisance in the future, as the regional annual 

mortality rate is seventy-four percent (Ferry et al. 2013).  Proactive landowners may want to 

educate themselves on GP5-2013-WI (WDNR-GP5-2013), the new policy regarding the clean- 

up of invasive species debris.  D. polymorpha is also known to favor the relative abundance of 

blue-green algae, by consuming other algae and rejecting the blue-green variety as pseudo-feces 

(Vanderploeg et al. 2001).  Saginaw Bay was monitored for blue-green algae after                     

D. polymorpha establishment and the blue-green algae became more common, where it was 

previously not observed (Vanderploeg et al. 2001).  The S.E.C.O.L. is within the optimal pH 

range for blue-green alga photosynthesis, between 7.0 and 10.0 pH (Coleman and Colman 1981).  

Adverse effects to human health may be more likely to occur in the future if blue-green algae are 

indeed favored. 

 

Conclusion: 

 D. polymorpha will plausibly colonize the S.E.C.O.L. in large quantities in the coming 

years.  D. polymorpha have only been recently introduced in the water bodies and are therefore 

at low densities.  Water chemistry data on the S.E.C.O.L. indicates great potential for                   

D. polymorpha expansion, with substrate suitability being the most limiting of factors.  As        

D. polymorpha become more abundant they will likely cause concerns for lake residents, which 

will make monitoring an even more important consideration with lake usage in mind.   

 

 

 



 

   

 

Map 1.  An aerial view of the initial zebra mussel (Dreissena polymorpha) snorkeling survey 

conducted by F.C.L.C.D. in June of 2013. The map is meant for approximate location use only, 

as D. polymorpha were present at various locations throughout the area marked and coordinates 

were not recorded. 



  

Map 2.  Aerial view of the results of the biased point intercept survey for the Spread Eagle Chain 

of Lakes.  No live D. polymorpha were present at point 12, however, a zero year old shell was 

found. 

 



 
 

Map 3.  Aerial view of age classes present at surveyed points.  The greatest of age classes were 

displayed in the case that more than one age class was present.  The three year old D. 

polymorpha was found across to the eastern side of the peninsula that point 26 is located at.  It is 

important to remember that D. polymorpha were not aged at North Lake and Middle Lake, 

otherwise this depiction could appear to make the colonization progression move in the opposite 

direction.  Point 12 is also only a shell, and not a live D. polymorpha specimen. 

 

 

 

 



 

Map 4.  Aerial view of D. polymorpha densities at survey points.  This map also demonstrates 

the probable expansion direction of D. polymorpha if density and expansion direction are 

correlated. Greater density may indicate longer residence time, and suitability of available 

substrates. 

 

 

 

 

 

 



 

 

Table 1. Spread Eagle Chain of Lakes Water Chemistry Data 

Bass Lake Long Lake 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  

(m) 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth    

(m) 

0.0 8.8 8.6 274.3 74.2 5.9 0.0 8.9 8.6 269.0 74.9 5.4 

3.0 8.8 8.6 274.7 73.7 

 

3.0 8.9 8.7 268.7 74.4   

6.0 9.0 8.6 275.0 73.2 

 

6.0 9.1 8.7 269.0 73.8   

9.0 9.0 8.6 275.0 72.2 

 

9.0 9.2 8.7 269.0 72.6   

12.0 9.0 8.6 271.3 70.9 

 

12.0 9.0 8.7 267.7 71.6   

15.0 12.7 8.9 272.0 67.1 

 

15.0 12.2 8.8 265.3 67.5   

18.0 14.0 8.9 271.7 61.1 

 

18.0 12.1 8.7 268.3 61.4   

21.0 13.2 8.8 271.0 56.5 

 

21.0 11.1 8.5 269.0 57.2   

24.0 12.0 8.7 274.3 53.5 

 

24.0 10.4 8.4 270.0 53.7   

27.0 10.7 8.3 276.0 51.5 

 

27.0 8.6 8.1 277.3 50.4   

30.0 8.1 8.1 278.7 49.6 

 

30.0 4.4 7.8 285.0 47.8   

East Lake Middle Lake 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  

(m) 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  

(m) 

0.0 9.1 8.8 250.7 74.7 4.6 0.0 8.8 8.6 272.3 72.5 5.5 

3.0 9.2 8.8 251.7 74.6 

 

3.0 8.9 8.6 271.7 72.5   

6.0 8.9 8.8 252.0 74.3 

 

6.0 8.8 8.6 271.7 72.4   

9.0 9.0 8.8 252.3 73.7 

 

9.0 8.9 8.6 272.0 71.9   

12.0 8.9 8.8 252.0 73.1 

 

12.0 9.0 8.6 270.3 69.9   

15.0 9.9 8.7 252.0 70.8 

 

15.0 11.3 8.7 271.7 66.0   

18.0 11.4 8.5 255.0 66.6 

 

18.0 13.3 8.8 270.3 60.2   

21.0 6.8 8.2 268.3 62.6 

 

21.0 12.8 8.7 273.0 55.9   

24.0 0.5 7.1 326.0 61.6 

 

24.0 11.6 8.5 281.0 53.3   

  

     

27.0 7.6 8.2 287.3 50.0   

            30.0 2.7 7.8 298.7 46.9   

 

Continues… 

 

 

 



 

 

Table 1. Continued… 

North Lake South Lake 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  

(m) 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  

(m) 

0.0 9.1 8.5 261.0 72.8 4.4 0.0 9.7 8.9 244.7 75.1 5.1 

3.0 9.1 8.4 261.3 72.8 

 

3.0 9.8 9.0 244.0 74.8   

6.0 9.1 8.4 261.0 72.7 

 

6.0 10.3 8.9 243.3 74.1   

9.0 8.9 8.4 262.3 71.6 

 

9.0 9.8 8.9 244.3 73.6   

12.0 9.2 8.4 261.3 68.7 

 

12.0 9.7 8.9 247.7 72.9   

15.0 12.4 8.5 260.0 63.2 

 

15.0 9.8 8.8 250.0 72.3   

18.0 10.2 8.3 263.7 57.6 

 

18.0 6.1 7.7 272.0 72.4   

21.0 7.5 8.0 267.3 54.0 

 

  

    

  

24.0 1.2 7.7 282.3 50.4 

 

  

    

  

27.0 0.2 7.7 291.7 47.9 

 

  

    

  

30.0 0.2 7.5 287.5 46.1 

 

  

    

  

Railroad Lake West Lake 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  

(m) 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  

(m) 

0.0 9.1 8.6 278.3 72.5 5.5 0.0 9.4 8.6 263.0 73.9 4.3 

3.0 9.1 8.6 277.3 72.4 

 

3.0 9.4 8.6 263.3 73.6   

6.0 9.0 8.6 277.7 71.9 

 

6.0 9.4 8.7 263.3 73.6   

9.0 9.0 8.6 277.3 71.7 

 

9.0 9.1 8.6 263.0 72.9   

12.0 10.1 8.8 276.0 69.5 

 

12.0 9.5 8.5 259.0 70.9   

15.0 14.5 8.9 278.7 64.5 

 

15.0 4.2 8.0 280.0 67.8   

18.0 13.4 8.8 278.3 60.0 

 

18.0 4.3 7.9 282.3 62.0   

21.0 12.3 8.6 286.3 56.4 

 

21.0 1.3 7.7 286.3 57.2   

24.0 9.6 8.2 302.0 53.5 

 

24.0 0.2 7.5 288.0 55.9   

27.0 6.0 8.0 314.0 51.1 

 

  

    

  

30.0 4.6 7.9 328.3 48.2               

 

Table 1.  Water chemistry data from each individual lake was recorded and averaged from the 

years 2010-2012.  Each lake demonstrates suitable water chemistry for D. polymorpha. 

 

 



 

Table 2.  S.E.C.O.L. Average Water Chemistry 

Depth 

(feet) 

D.O.  

(mg/L) 

pH         

(SU) 

Conductivity 

(uS/cm) 

Avg. 

Temp 

(˚F) 

Secchi 

Depth  (m) 

0.0 9.1 8.6 264.2 73.8 4.3 

3.0 9.1 8.7 264.1 73.6   

6.0 9.2 8.7 264.1 73.3   

9.0 9.1 8.7 264.4 72.5   

12.0 9.3 8.7 263.2 70.9   

15.0 10.9 8.7 266.2 67.4   

18.0 10.6 8.4 270.2 62.7   

21.0 9.3 8.3 274.5 57.1   

24.0 6.5 8.0 289.1 54.6   

27.0 6.6 8.1 289.3 50.2   

30.0 4.0 7.8 295.6 47.7   

Average 8.5 8.4 273.2 64.0 4.3 

 

Table 2.  Water chemistry data from all of the lakes was averaged to demonstrate an overall 

S.E.C.O.L. data set.  The depth classes were averaged again, and are highlighted in Mackie and 

Claudi's water parameters data for D. polymorpha suitability (Table 3.). 

 

 

 

 

 

 

 

 

 

 

 



Table 3. Spread Eagle Chain of Lakes Water Chemistry 

Averages Paired with Mackie and Claudi's Water Parameters 

Chart 

  

Low 

Potential 

for 

Adult 

Survival 

Low Potential 

for Larval 

Development 

Moderate 

(survivable, 

but will not 

flourish) 

High 

(favorable 

for optimal 

growth) 

Derived from 

Living 

Conditions 

Dissolved 

oxygen 

(mg/l) 

<3 3 to 7 7 to 8 >8 
Mackie and 

Claudi, 2010 

Temperature 

(°C) 
<10 or 

>32 
26 to 32 10 to 20 20 to 26 

Mackie and 

Claudi, 2010 

Shell 

Formation 

Calcium      

(mg/L) 
<8 8 to 15 15 to 30 >30 

Mackie and 

Claudi, 2010 

pH 
<7.0 or 

>9.5 

7.0 to 7.8 or 

9.0 to 9.8 

7.8 to 8.2 or 

8.8 to 9.0 
8.2 to 8.8 

Mackie and 

Claudi, 2010 

Alkalinity       

(mg 

CACO2/L)  

<30 30 to 55 55 to 100 100 to 280 
Mackie and 

Claudi, 2010 

Conductivity 

(umhos) 
<30 30 to 60 60 to 110 >110 

Mackie and 

Claudi, 2010 

Food 

Secchi depth 

(m) 
<1 or >8 1 to 2 or 6 to 8 4 to 6 2 to 4 

Mackie and 

Claudi, 2010 

Chlorophyll 

a (ug/L) 
<2.5 or 

>25 

2.0 to 2.5 or 20 

to 25 
8 to 20 2.5 to 8 

Mackie and 

Claudi, 2010 

Total 

phosphorus 

(ppb) 

<5 or 

>50 

5 to 10 or 35 to 

50 
10 to 25 25 to 35 

Mackie and 

Claudi, 2010 

 

Table 3.  Overall S.E.C.O.L. water chemistry averages were compared with Mackie and Claudi’s 

Water Parameter’s Chart.  Water chemistry ranges from favorable to survivable, but water data 

displays nothing in the hindering categories. 

 

 

 



Table 4.  D. polymorpha Substrate Selection by Age Class 

Substrate 

Selection 

D. polymorpha 

at Survey Site 
(%) 

D. polymorpha 

Individuals Present 
(%) 

0 

years 
1 year 2 years Total 

Rocky Sand 8 61.54 15 62.50 4 5 6 15 

Rocky 2 15.38 3 12.50 0 2 1 3 

Rocks 

covered in 

1/2" silt 
2 15.38 5 20.83 1 4 0 5 

Silt and 

Organics 

+29" 
1 7.69 1 4.17 0 1 0 1 

Total 13   24   5 12 7 
 

 

Table 4.  D. polymorpha substrate selection and age class data by number of sites, as well as 

relative frequency. 

 

 

Table 5.  D. polymorpha       

Age Classes 

Age 

Classes 

D. polymorpha 

Individuals 
(%) 

0 5 20.83 

1 12 50.00 

2 7 29.17 

Total 24   

 

Table 5.  D. polymorpha age class data.  All D. polymorpha were under two years of age, with 

half in the one year age class. 
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Map 1.  Initial Snorkeling Survey. 19 July 2013. Scale undetermined.  Robert Richard; “using 

Google Earth”.  27 June 2010. 

Map 2.  Biased Point Intercept Survey. 19 July 2013. Scale undetermined.  Robert Richard; 

“using Google Earth”.  27 June 2010. 

Map 3.  D. polymorpha Age Classes Present. 19 July 2013. Scale undetermined.  Robert Richard; 

“using Google Earth”.  27 June 2010. 
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