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1.0    AUSTIN LAKE AERATION & BIOAUGMENTATION SUMMARY 

 

Austin Lake is a 1,132-acre natural, glacial origin lake with nearly 6.5 miles of shoreline, a 

maximum water depth of 8.0 feet and an average depth of approximately 5.0 feet.  The lake is 

located sections 23, 24, 25, 26, 35, and 36 in the City of Portage (T.3S, R.11W), in Kalamazoo 

County, Michigan.  Austin Lake experiences a high turnover rate of water volume, and as a 

result, is able to recover from nutrient loads to the water column in a short period of time.  In 

addition, the Langmuir circulation of the lake has been previously studied and indicates that the 

lake thoroughly mixes due to continuous upwelling and down welling of water (Ramco study, 

1993).  The sediments in the South Basin of the lake are very thick, high in ammonia, low in 

oxygen, and are an imminent threat to the health of the Austin Lake ecosystem.  Additionally, 

the South Basin sediment negatively impact recreation and property values as a result of these 

undesirable characteristics.   

 

Extensive water quality and bioaugmentation studies have been conducted on Austin Lake over 

the past few decades (Ramco study, 1993; Limno-Tech, Inc. study, 1995), but successful 

implementation has not previously occurred.  This project evaluates the efficacy of an in situ 

laminar flow aeration system with bioaugmentation in the 200-acre South Basin region of 

Austin Lake.  During June and July, various water quality parameters such as water 

temperature, dissolved oxygen, pH, conductivity, turbidity, Secchi transparency, total 

phosphorus and ortho-phosphorus, total suspended and dissolved solids, and chlorophyll-a  



Restorative Lake Sciences, LLC 
Austin Lake LFA Study  

December, 2012 
Page 9 

 

were measured in 3 regions of the South Basin pursuant to the requirements of the Michigan 

Department of Environmental Quality (MDEQ).  Furthermore, in July and October of 2012, a 

multitude of similar parameters both before and after aeration system operation were 

measured at 64 sampling locations in the South Basin of Austin Lake.  These GPS-located 

sampling areas consisted of 19 diffuser sites and 45 control sites.  Water quality parameters 

such as water temperature, dissolved oxygen, pH, conductivity, turbidity, Secchi transparency, 

total dissolved solids, sediment reduction, algal community composition, and relative 

abundance of submersed aquatic vegetation were assessed at all 64 sites in July “pre-aeration” 

and in October “post-aeration”.  The overall results indicate that an approximate loss of 0.9 feet 

of sediment occurred in diffuser sampling locations and an approximate loss of 0.5 feet 

occurred in control sampling locations.  The lake water level only differed by 0.4” on the two 

sampling dates. 

Additionally, a reduction of Eurasian Watermilfoil from 86% to 23% was noted throughout the 

South Basin after the 4 month operational period of the laminar flow aeration system.  This 

indicates that the system has caused a decline in the abundance of the aquatic plant.    A smaller 

decline in the submersed aquatic plant, Sago Pondweed was also noted.  However, there were 

no measured declines in the other native aquatic plant species, Yellow Waterlily and Southern 

Naiad.   

The South Basin of Austin Lake contained a low diversity of native submersed aquatic plants 

with 5 submersed, 1 floating-leaved, and 2 emergent plant species (Restorative Lake Sciences, 

LLC, 2012) for a total of 8 species.  This was likely due to the unfavorable sediment conditions 

currently present (i.e. excessively high ammonia concentrations and low dissolved oxygen).  

 Since the overall depth of Austin Lake is shallow, the lake exhibits minimal thermal 

stratification during the summer and experiences frequent mixing.  In the South Basin where 

the laminar flow aeration system was placed, the basin exhibits complete mixing.  Although the 

concentrations of dissolved oxygen were adequate in the water column prior to the study, the 

bottom sediments were lacking sufficient dissolved oxygen which reduced the aerobic bacteria  
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population.  Aerobic bacteria are necessary to effectively break down organic matter or “muck” 

and thus approximately 100 gallons of Clean and Clear ®enzymes and 100 lbs of C-Flo® bacteria 

were added to the South Basin in early August of 2012. 

Future recommendations include the continuation of the laminar flow aeration system in the 

South Basin to further reduce sediment thickness.  Seasonal comparisons must be made to 

differentiate between treatment (aeration) and season effects and thus all parameters 

measured in 2012 should be measured again in 2013.  It may also be advantageous to measure 

sediment ammonia concentrations in October of 2013 to determine if losses in toxic sediment 

ammonia have occurred due to operation of the aeration and bioaugmentation system.   Since 

the dose of microbes used in 2012 was half the originally planned dose and was effectively 

enough to surpass the sediment reduction goals, the amount of microbes added in 2013 could 

be similar. 

 

2.0 LAMINAR FLOW AERATION PRIMER 

 

2.1  The Mechanics of Laminar Flow Aeration 

 

Laminar flow aeration systems are retrofitted to a specific site and account for variables such as 

water depth and volume, depth contours, water flow rates, and thickness and composition of 

lake sediment. Figure 1 shows the retrofitted design for the South Basin of Austin Lake 

(courtesy of Lake-Savers, LLC, 2012). The systems are designed to completely mix the 

surrounding waters with convectional currents and evenly distribute dissolved oxygen 

throughout the lake sediments for efficient aerobic microbial utilization.   
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A laminar flow aeration system utilizes diffusers which are powered by onshore air 

compressors.  The diffusers are connected via extensive self-sinking airlines which help to 

purge the lake sediment of gasses such as H2S that degrade water quality.  In addition to the 

placement of the diffuser units, the concomitant use of non-pathogenic bacteria and enzymes to 

facilitate the microbial breakdown of organic sedimentary constituents is also used as a 

component of bioaugmentation. 

The need for adequate oxygen levels at the sediment-water interface cannot be 

overemphasized.    The mechanism behind the laminar flow aeration system is to reduce the 

organic matter in the sediment so that a significant amount of nutrient and rooting medium is 

removed from the sediments, thus reducing the pool of organic deposits and increasing water 

depths.  

Figure 1.  Retrofitted laminar flow aeration system design for the South 

Basin of Austin Lake.  Photo used with permission from Lake Savers, LLC. 
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2.2 Benefits and Limitations of Laminar Flow Aeration 

 

There are different forms of aeration, including laminar flow aeration, hypolimnetic aeration, 

fountain aeration, and ozonation aeration (Verma and Dixit, 2006) among others.  Furthermore, 

the technologies used for these aeration devices are designed to deliver aerated water to 

different regions of lake systems.  For optimum performance, designs should be retrofitted to 

the bathymetry of the lake (such as the laminar flow aeration system that Clean-Flo® designs).  

Johnson (1984) emphasized the importance of matching the appropriate aeration system 

design to the lake management application.  Installation of a retrofitted aeration system 

allowed for a basin-wide complete mixing of the water volume.   

 

The use of microbial applications (bioaugmentation) with laminar flow aeration has been 

studied and has determined that the bioaugmentation is critical.  Bacteria are the primary 

decomposers of organic matter in lakes (Fenchel and Blackburn, 1971).  Research on the colony 

counts of microbes added to lake sediments through bioaugmentation is scarce but would be 

valuable for determining ideal doses given known background microbial populations for a 

particular lake ecosystem. Duvall et al. (2001) found significant augmentations for microbial 

applications using certain products of microbes.  Historically, bacteria have been used to 

biodegrade sewage and toxic pollutants (Madigan et al., 1997). 

 

Furthermore, laminar flow aeration may reduce the total lake ecosystem respiration in that a 

constant supply of air can override the accumulated respiratory demands of aerobes that 

degrade organic materials and use oxygen and also oxidation of reduced compounds resulting  

from anaerobic respiration.  Thus, laminar flow may be an effective tool in maintaining a 

balance in lake metabolism for sites where respiration activities exceed gross primary 

production.  Staehr and Sand-Jensen (2007) define a balanced lake metabolism as one where 

the gross primary production (GPP) to Respiration (R) ratio is equal to 1.0.   
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Lastly, laminar flow aeration may also offer benefits that traditional methods such as dredging 

cannot provide.  These benefits usually include the manipulation of nutrients that may not be 

successfully reduced from sediments after dredging activities due to the presence of more 

sediment with anoxic properties.  Annadotter et al. (1999) mentioned that dredging activities 

previously implemented in Lake Finjasjön, a shallow eutrophic lake in Sweden, were 

terminated when sediments left after removal failed to halt the release of phosphorus into the 

water column.  Since many lakes contain several meters of sediments, it is unlikely that 

dredging could affordably remove all sediments and some degree of continual phosphorus 

release from sediments will occur in eutrophic systems where the sediment layer is anoxic.  

This particular realization strengthens the argument for the use of laminar flow aeration as a 

restorative technique to reduce phosphorus release from sediments. 

 

The laminar flow aeration system has some limitations including the inability to biodegrade 

mineral sediments (such as marl), the requirement of a constant single phase electrical energy 

source to power the units, and unpredictable response by various species of rooted aquatic 

plants.  Thus, the main objective of laminar flow aeration system use should be related 

primarily to sediment parameters and secondarily in aquatic plant control.  However, in lakes 

with both prominent algal blooms and nuisance aquatic plants, laminar flow aeration offers 

continuous and sustainable benefits relative to other management methods that are executed 

only a few times per season or that need to be re-applied. 
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3.0 LAMINAR FLOW AERATION BASELINE & “POST-TREATMENT’ WATER 

QUALITY PARAMETERS 

 

The quality of water is highly variable among Michigan inland lakes, although some 

characteristics are common among particular lake classification types.  The water quality of 

each lake is affected by both land use practices and climatic events.  Climatic factors (i.e., spring 

runoff, heavy rainfall) may alter water quality in the short term; whereas, anthropogenic (man- 

 

induced) factors (i.e., shoreline development or lawn fertilizer use) alter water quality over 

longer time periods. Since many lakes have a fairly long hydraulic residence time, the water 

may remain in the lake for years and is therefore sensitive to nutrient loading and pollutants. 

Furthermore, lake water quality helps to determine the classification of particular lakes.  Lakes 

that are high in nutrients (such as phosphorus and nitrogen) and chlorophyll-a (the primary 

pigment of algae), and low in transparency are classified as eutrophic; whereas those that are 

low in nutrients and chlorophyll-a, and high in transparency are classified as oligotrophic.  

Lakes that fall in between these two categories are classified as mesotrophic.  Austin Lake is 

considered mesotrophic due to its clear water and low nutrients and chlorophyll-a, but 

moderate aquatic plant growth.  

 
3.1 Water and Sediment Parameter Methods, Data, and Discussion 

 

Water quality parameters such as dissolved oxygen, water temperature, conductivity, pH, 

oxidation-reduction potential (ORP), turbidity, Secchi transparency, water column total 

phosphorus and ortho-phosphorus, total suspended and total dissolved solids all respond to 

changes in water quality and consequently serve as indicators of water quality change.  An 

aerial map showing the deep basin water quality and sediment sampling locations is shown 

below in Figure 2.  Water quality data for the South Basin can be found in Tables 1-6. 
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The sections below describe the methods used to measure the parameters, along with 

measured data and discussion of results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Sampling location map of parameters collected in July and  

October of 2012.  Note: MDEQ sampling parameter data sites are 

denoted by red circles and all diffuser and control sampling sites are 

denoted by red triangles. 
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3.1.1 Dissolved Oxygen 

 

Dissolved oxygen (DO) is a measure of the amount of oxygen that exists in the water column.  In 

general, DO levels should be greater than 5 mg L-1 to sustain a healthy warm-water fishery.  DO 

concentrations may decline if there is a high biochemical oxygen demand (BOD) where 

organismal consumption of oxygen is high due to respiration.  DO is generally higher in colder 

waters. DO was measured in milligrams per liter (mg L-1) with the use of a calibrated dissolved 

oxygen meter (Hanna® Model HI 9828).   

 

The DO concentrations in Austin Lake ranged from 8.4-9.2 mg L-1 in June of 2012 and 7.7-8.6 

mg L-1 in July, 2012.  The DO concentrations were higher in October “post-aeration” than in July 

“pre-aeration”.  However, the water temperature was higher in July than in October and 

warmer water holds less DO, so the same measurement must be conducted around the same 

time in 2013 so treatment and seasonal comparisons can be made.  During summer months, DO 

at the surface is generally higher due to the exchange of oxygen from the atmosphere with the 

lake surface, whereas DO is lower at the lake bottom due to decreased contact with the 

atmosphere and increased biochemical oxygen demand (BOD) from microbial activity.  A 

decline in DO may cause increased release rates of phosphorus from lake bottom sediments if 

DO levels drop to near 0 mg L-1.  Fortunately the lowest concentrations measured in Austin 

Lake were not below 8.2 mg L-1.  A study by Verma and Dixit (2006) evaluated aeration systems 

in Lower Lake, Bhopal, India, and found that the aeration increased overall dissolved oxygen, 

and reduced BOD, chemical oxygen demand (COD), and total coliform counts. 

 

3.1.2 Water Temperature 

 

The water temperature of lakes varies within and among seasons and is nearly uniform with 

depth under winter ice cover because lake mixing is reduced when waters are not exposed to  

DB #1 
DB #2 
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wind.  When the upper layers of water begin to warm in the spring after ice-off, the colder, 

dense layers remain at the bottom.  This process results in a “thermocline” that acts as a 

transition layer between warmer and colder water layers.  During the fall season, the upper  

layers begin to cool and become denser than the warmer layers, causing an inversion known as 

“fall turnover”.  In general, shallow lakes such as Austin Lake will not exhibit a major thermal 

stratification while deeper lakes may experience marked stratification.   Water temperature 

was measured at depth (just above the lake bottom) in degrees Fahrenheit (°F) with the use of a 

calibrated submersible thermometer probe (Hanna® Model HI 9828).     

 

Water temperatures at sampling sites in the South Basin ranged from 71.8-73.2°F in June to 

78.1-84.6°F in July and from 68.2-71.1°F in October.  Differences in water temperatures among 

sampling sites may be due to variations in solar irradiance, aquatic plant biomass, or relative 

position to surface water movements.   

 

3.1.3 Conductivity 

 

Conductivity is a measure of the amount of mineral ions present in the water, especially those 

of salts and other dissolved inorganic substances.  Conductivity generally increases as the 

amount of dissolved minerals and salts and temperature in a lake increases.  Conductivity was 

measured in micro-Siemens per centimeter (µS cm-1) with the use of a calibrated conductivity 

probe (Hanna® Model HI 9828).   

Conductivity values for the South Basin of Austin Lake ranged from 613-756 µS cm-1. These 

values are high for an inland lake and reflect a high concentration of dissolved solids.  A decline 

in conductivity was noted in October “post-aeration” but measurements must be taken at the 

same time in October of 2013 to determine if the effect was due to seasonality or aeration. 
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3.1.4 pH 

 

pH is the measure of acidity or basicity of water.  The standard pH scale ranges from 0 (acidic) 

to 14 (alkaline), with neutral values around 7.  Most Michigan lakes have pH values that range 

from 6.5 to 9.5.  Acidic lakes (pH < 7) are rare in Michigan and are most sensitive to inputs of 

acidic substances due to a low acid neutralizing capacity (ANC).  pH was measured with a 

calibrated pH electrode (Hanna® Model HI 9828) in Standard Units (S.U).   

The pH of Austin Lake South Basin water ranged from 7.2-8.0 S.U.   The pH of lakes is generally 

dependent upon submersed aquatic plant growth and underlying geological features.  From a 

limnological perspective, Austin Lake is considered above neutral on the pH scale.  

 

3.1.5 Secchi Transparency 

 

Secchi transparency is a measure of the clarity or transparency of lake water, and is measured 

with the use of an 8-inch diameter standardized Secchi disk.  Secchi disk transparency was 

measured in feet (ft) at each individual sampling site by lowering the disk over the shaded side 

of a boat around noon and taking the mean of the measurements of disappearance and 

reappearance of the disk.  Elevated Secchi transparency allows for more aquatic plant and algae 

growth.  Eutrophic systems generally have Secchi disk transparency measurements less than 

7.5 feet due to turbidity caused by excessive planktonic algae growth.  Secchi transparency is 

variable and depends on the amount of suspended particles in the water (often due to windy 

conditions of lake water mixing) and the amount of sunlight present at the time of 

measurement.  The Secchi transparency in the South Basin was beyond the maximum depth at 

each sampling site.  These transparency measurements are moderately high for a shallow 

inland lake and have increased from filtration of the water by zebra mussels. 
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3.1.6 Turbidity 

 

Turbidity is a measure of the loss of water transparency due to the presence of suspended 

particles.  The turbidity of water increases as the number of total suspended particles increases.  

Turbidity may be caused by erosion inputs, phytoplankton blooms, storm water discharge, 

urban runoff, re-suspension of bottom sediments, and by large bottom-feeding fish such as carp.  

Particles suspended in the water column absorb heat from the sun and raise water 

temperatures.  Since higher water temperatures generally hold less oxygen, shallow turbid 

waters are usually lower in dissolved oxygen.  Turbidity is measured in Nephelometric 

Turbidity Units (NTU’s) with the use of a turbimeter.  The World Health Organization (WHO) 

requires that drinking water be less than 5 NTU’s; however, recreational waters may be 

significantly higher than that.  The turbidity in the South Basin was low and averaged 1.7±0.30 

NTU’s pre-aeration and 0.8±0.29 NTU’s post-aeration.  The bottom of the South Basin is 

predominately fine silt and is therefore easily perturbed from water turbulence.  Spring values 

would likely be higher due to increased watershed inputs from spring runoff and/or from 

increased algal blooms in the water column from resultant runoff nutrient contributions.   

 

3.1.7    Oxidation-Reduction Potential 

 

The oxidation-reduction potential (ORP or Eh) of lake water describes the effectiveness of 

certain atoms to serve as potential oxidizers and indicates the degree of reductants present 

within the water.  In general, the Eh level (measured in millivolts) decreases in anoxic (low 

oxygen) waters.  Low Eh values are therefore indicative of reducing environments where 

sulfates (if present in the lake water) may be reduced to hydrogen sulfide (H2S).  Decomposition 

by microorganisms in the hypolimnion may also cause the Eh value to decline with depth during 

periods of thermal stratification.   
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The Eh values for the South Basin of Austin Lake ranged from -120.7-299.8 mV. The high 

variability could be due to numerous factors such as degree of microbial activity near the 

sediment-water interface, quantity of phytoplankton in the water, or mixing of the lake water.  

The mean ORP values increased significantly after aeration which was expected since the 

dissolved oxygen creates an oxidized environment which raises Eh. 

 

3.1.8 Total Phosphorus and Ortho-Phosphorus 

 

Total phosphorus (TP) is a measure of the amount of phosphorus (P) present in the water 

column.  Phosphorus is the primary nutrient necessary for abundant algae and aquatic plant 

growth.  Lakes which contain greater than 20 µg L-1 or 0.020 mg L-1 of TP are defined as 

eutrophic or nutrient-enriched.  TP concentrations are usually higher at increased depths due 

to higher release rates of P from lake sediments under low oxygen (anoxic) conditions.  

Phosphorus may also be released from sediments as pH increases.  Total phosphorus is 

measured in micrograms per liter (µg L-1) or milligrams per liter (mg L-1) with the use of a 

chemical auto analyzer or titration methods.  The TP values for the South Basin of Austin Lake 

are within the mesotrophic range of 0.010-0.015 mg L-1.  Ortho-phosphorus or “soluble reactive 

phosphorus” refers to the proportion of phosphorus that is bioavailable to aquatic life.  Higher 

concentrations of ortho-phosphorus concentrations in the lake result in increased uptake of the 

nutrient by aquatic plants and algae.  The ortho-phosphorus concentrations in the South Basin 

of Austin Lake were all ≤ 0.010 mg L-1, which is quite low. 

 

3.1.9 Total Dissolved Solids and Total Suspended Solids 

 

Total Dissolved Solids (TDS) refers to the amount of dissolved organic and inorganic particles in 

the water column. Particles dissolved in the water column absorb heat from the sun and raise 

the water temperature and increase conductivity. Total dissolved solids are often measured  
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with the use of a calibrated meter in mg L-1.  Spring values would likely be higher due to 

increased watershed inputs from spring runoff and/or increased planktonic algal communities.  

The concentration of TDS in the South Basin of Austin Lake ranged from 320-415 mg L-1, and 

declined significantly after operation of the laminar flow aeration system.   

 

Total Suspended Solids (TSS) is the measure of the amount of suspended particles in the water 

column. Particles suspended in the water column absorb heat from the sun and raise the water 

temperature. Total suspended solids samples were collected with a VanDorn water sampler 

and were measured in mg L-1 and analyzed in the laboratory (Analysis Method SM 2540 D-97).  

The lake bottom contains many fine sediment particles which are easily perturbed from winds 

and wave turbulence.  The concentration of TSS in the South Basin of Austin Lake ranged from < 

10.0 mg L-1 to 16.0 mg L-1. The acceptable standard for drinking water is 100 mg L-1 and a 

freshwater environment is 1,500 mg L-1. 

 

Sample 

Location 

Depth 

ft 

Water 

Temp  

ºF 

DO   

mg  

L-1 

pH 

S.U. 

Cond.    

µS cm-1 

TDS 

mg L-1 

TSS 

mg L-1 

Total 

Phos.     

mg L-1 

Ortho-P 

mg L-1 

1 3.0 72.7 9.2 7.8 628 395 < 10 0.012 < 0.010 

2 5.0 73.2 9.0 7.8 636 388 < 10  < 0.010 0.010 

3 4.5 71.8 8.4 7.6 651 382 < 10  0.014 < 0.010 

 

Table 1.  Water quality parameters collected in the South Basin of Austin Lake on June 6,  

2012. 
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Sample 

Location 

Depth 

ft 

Water 

Temp  

ºF 

DO   

mg  

L-1 

pH 

S.U. 

Cond.    

µS cm-1 

TDS 

mg L-1 

TSS 

mg L-1 

Total 

Phos.     

mg L-1 

Ortho-P 

mg L-1 

1 3.0 83.8 8.4 8.0 613 381 16 < 0.010 <0.010 

2 5.0 84.6 7.7 7.8 642 415 < 10  0.015 <0.010 

3 4.5 83.3 8.6 7.8 631 408 < 10  <0.010 <0.010 

 

Table 2.  Water quality parameters collected in the South Basin of Austin Lake on July 10,  

2012. 

 

Table 3.   Water quality parameters collected in diffuser sampling locations of the South  

Basin before aeration (July, 2012). 

 

 

 

 

 

 

 

 

 

Water 

Column 

Descriptive 

Statistic 

Water 

Depth 

ft 

Water 

Temp. 

°F  

 

pH 

S.U.  

 

ORP 

mV 

Diss. 

Oxygen 

mg L-1 

TDS 

mg L-1 

Cond 

µS cm-1 

Mean ± SD 

Max 

Min 

 

4.8 ± 0.6 

5.8 

2.7 

80.1 ± 0.3 

81.0 

79.0 

 

7.4 ± 0.1 

8.0 

7.2 

 

68.7 ± 11.6 

112.5 

61.2 

 

9.0 ± 0.5 

10.0 

8.2 

 

376 ± 0.60 

378 

376 

 

753 ± 1.2 

756 

751  
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Table 4. Water quality parameters collected in control sampling locations of the South  

Basin before aeration (July, 2012). 

 

Table 5.  Water quality parameters collected in diffuser sampling locations of the South  

Basin after aeration (October, 2012). 

 

 

 

 

 

 

 

Water 

Column 

Descriptive 

Statistic 

Water 

Depth 

ft 

Water 

Temp. 

°F  

 

pH 

S.U.  

 

ORP 

mV 

Diss. 

Oxygen 

mg L-1 

TDS 

mg L-1 

Cond 

µS cm-1 

Mean ± SD 

Max 

Min 

 

4.7 ± 0.9 

7.2 

2.8 

80.0 ± 0.4 

80.8 

78.1 

 

7.4 ± 0.1 

8.0 

7.2 

 

61.2 ± 40.5 

103.0 

-120.7 

 

9.0 ± 0.4 

10.0 

8.2 

 

376 ± 0.8 

378 

375 

 

753 ± 1.6 

756 

749 

 

Water 

Column 

Descriptive 

Statistic 

Water 

Depth 

ft 

Water 

Temp. 

°F  

 

pH 

S.U.  

 

ORP 

mV 

Diss. 

Oxygen 

mg L-1 

TDS 

mg L-1 

Cond 

µS cm-1 

Mean ± SD 

Max 

Min 

 

5.7± 0.7 

6.2 

3.6 

69.3 ± 0.4 

71.1 

68.5 

 

7.7 ± 0.2 

8.0 

7.2 

 

261.8 ± 20.2 

291.0 

230.4 

 

9.07± 0.9 

11.4 

8.4 

 

356 ± 12.8 

375 

320 

 

744 ± 4.4 

750 

737 
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Table 6.  Water quality parameters collected in control sampling locations of the South  

Basin after aeration (October, 2012). 

 

3.1.10      Measurement of Sediment Loss 

 

A special device was used to measure the distance from the top of the sediment to the water 

surface in each of the n=45 control and n=19 diffuser sampling locations on July 18, 2012 and 

October 4, 2012.  The instrument consisted of a flat plate approximately ½” in thickness 

tethered to a retractable metered tape measure.  The instrument was lowered to the bottom 

during calm wind conditions and the distance was recorded.  It is important to realize that the 

laminar flow aeration system had been in operation for 4 months during the “after aeration” 

sampling period in October, 2012.  Lake levels were recorded with the use of the USGS real-time 

lake level data available online.  The lake level varied by 0.4 inches on the two sampling dates 

(July and October).  There was a mean increase in water depth of 0.91 feet at the diffuser sites 

and a mean increase of 0.48 feet at the control sites.  This means that the control areas are 

receiving some reduction benefits as well as the proposed diffuser areas.  Given the 4 months of 

operation time, the target reduction of 6 inches of sediment in the South Basin was attained in 

the diffuser sites and would be likely attained at the control sites after a full season of 

operation.  Continued monitoring of these parameters as well as sediment ammonia is 

recommended for 2013. 

Water 

Column 

Descriptive 

Statistic 

Water 

Depth 

ft 

Water 

Temp. 

°F  

 

pH 

S.U.  

 

ORP 

mV 

Diss. 

Oxygen 

mg L-1 

TDS 

mg L-1 

Cond 

µS cm-1 

Mean ± SD 

Max 

Min 

 

5.2± 0.8 

7.6 

3.4 

69.1± 0.3 

70.9 

68.2 

 

7.6 ± 0.2 

7.9 

7.4 

 

255.0 ± 25.6 

299.8 

198.6 

 

9.8± 0.9 

11.9 

8.6 

 

353 ± 13.4 

371 

321 

 

743 ± 4.6 

754 

735 
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3.2 Phytoplankton Sampling 
 

3.2.1 Phytoplankton Sampling Methods 

 

Water samples for phytoplankton (algae) analysis were collected at the n=45 control sites and 

n=19 diffuser sites via a composite sample from above the sediment to the surface using a 

composite sampler as described by Nicholls (1979).  Samples were placed in dark brown 

polyethylene bottles and maintained at 4°C until microscopic analysis could be executed. 

Additionally, three samples were collected at three distinct sampling regions in the South Basin 

for chlorophyll-a analysis on June 6, 2012 and July 10, 2012.  All samples were preserved with 

buffered glutaraldehyde and analyzed within 48 hours of collection. 

Prior to microscopic analysis, each sample bottle was inverted twenty times prior to selection 

of each aliquot to evenly distribute phytoplankton in the sample.  A calibrated Sedgwick-Rafter 

counting cell (50 mm x 20 mm in area with etched squares in mm) with 1-ml aliquots was used 

under a bright-field compound microscope to determine the identity and quantity of the most 

dominant phytoplankton genera in the South Basin.  For identification of the individual 

dominant algal taxa, algal samples were keyed to genus level with Prescott (1970). 

 
 
3.2.2 Phytoplankton Data and Discussion 
 
Algal genera present in Austin Lake include the following as determined through analysis under 

a compound bright-field microscope.  The genera present included the Chlorophyta (green 

algae): Chlorella sp., Scenedesmus sp., Ulothrix sp., Euglena sp., Chloromonas sp., Mougeotia sp., 

and Staurastrum sp.; the Cyanophyta (blue-green algae): Gleocapsa sp. and Microcystis sp.; the 

Bascillariophyta (diatoms):  Stephanodiscus sp., Synedra sp., Navicula sp., Cymbella sp., and 

Pinnularia sp. The aforementioned species indicate a diverse algal flora and represent a 

relatively balanced freshwater ecosystem, capable of supporting a strong zooplankton 

community in favorable water quality conditions. 
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Blue-green algae such as Microcystis sp. are capable of producing micro toxins (Rinehart et al. 

1994) that can cause neurologic or hepatic (liver) dysfunction in animals or humans if ingested 

in large quantities. Blue-green blooms are usually visible as a bluish tinted surface “scum layer” 

on lake waters when they are a threat and these areas should be avoided when obvious surface 

layer blooms are present. The relative abundance of the blue-green algae was very low 

compared to green algae and diatoms, which are the preferred food source for zooplankton.  

Also abundant in the samples was the protist, Phacus sp., and the rotifer, Keratella sp. 

 

Tables 7 and 8 below show the chlorophyll-a concentrations in three regions of the South Basin, 

as well as the overall dominant algal genera in the South Basin, respectively.  

 

Sample 

Location 

June Chl-a 

(µg L-1) 

July Chl-a 

(µg L-1) 

1 2.42 2.12 

2 2.87 3.46 

3 3.19 2.99 

 

Table 7.  Chlorophyll-a concentrations in areas of the South Basin  

of Austin Lake on June 6, 2012 and July 10, 2012. 
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Sample 

Location 

Mean # 

Blue-Green 

Algae 

Mean # 

Green 

Algae 

Mean # 

Diatoms 

1 47 115 101 

2 34 92 72 

3 44 107 112 

 

Table 8.  Mean number of algal taxa in 1 ml sample of lake water from 

 areas of the South Basin in Austin Lake on June 6, 2012 and July 10, 2012. 

 

Due to the seasonality of algal genera, seasonal comparisons must be made to allow for the 

determination of seasonal and aeration (treatment) effects.  Thus, the data above can be 

compared to data collected in 2013 around the same time to determine aeration effects.  There 

has been considerable variability in the responses of biotic and abiotic parameters to aeration.  

For example, some studies have cited increases in green algae (Boehmke, 1984; Toetz, 1981), or 

blue-green algae (Knoppert et al., 1970) and others have observed declines in blue-green algae 

such as Microcystis (Malueg et al., 1973; Toetz, 1981).  A study by Burns (1994) found that 

annual aeration prevented the formation of reducing conditions which in turn reduced 

available nutrients for blue-green phytoplankton growth.   

Toetz (1981) found evidence of a decline in Microcystis algae (toxin-producing blue - green 

algae) in Arbuckle Lake in Oklahoma.  Other studies (Weiss and Breedlove, 1973; Malueg et al., 

1973) have also shown declines in overall algal biomass.   

Chorus and Bartram (1999) reiterate that bathing waters with < 20,000 cyanobacteria cells per 

ml are considered not hazardous to public health.  Austin Lake South Basin water samples were 

found to contain few Microcystis cells.  Currie and Kalff (1984) found that bacteria can be more 

efficient in the uptake of phosphorus in the epilimnion compared to different types of 

phytoplankton.  This could have favorable ramifications for laminar flow aeration since  
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augmentation of bacteria in sediments through bioaugmentation could increase bacterial 

population densities to lead to increased uptake of phosphorus which becomes less available in 

the sediment pore water or sediments. 

Blue-green algae are highly resistant to photo-inhibition and thus can continue to 

photosynthesize during exposure to high light conditions (Paerl et al., 1995).  Microcystis 

contains cellular toxins that can cause liver (Hughes et al., 1958; Falconer et al., 1983) and 

nerve damage in humans and animals.  A historical study by Gerloff and Skoog in 1957 of lakes 

in southern Wisconsin determined that the abundance of Microcystis was dependent on 

adequate levels of nitrogen in the water, since this nutrient was the most limited.   

Boyd et al. (1984) showed no significant effects on total phosphorus, nitrogen, or chlorophyll-a, 

or phytoplankton quantities with the applications of microbes.   

A recent study by Vanderploeg et al. (2001) on Saginaw Bay (Lake Huron) and Lake Erie 

showed that Microcystis became much more prominent after the introduction of zebra mussels 

(Dreissena polymorpha).  This is because the mussels filter the lake water for valuable 

phytoplankton and expel the blue-green algae (such as Microcystis) that are relatively 

undesirable.   The increase in zebra mussels within Austin Lake may make the lake more 

vulnerable to Microcystis growth; however, given the low nutrient concentrations of the lake, it 

is unlikely that a large infestation of Microcystis would occur since it desires hyper-eutrophic 

(very nutrient-rich) conditions. 

 

3.3 Submersed Aquatic Plant Sampling Methods, Data, and Discussion 

 

3.3.1 Submersed Aquatic Plant Sampling Methods 

 

The GPS Point-Intercept Survey method was developed by the Army Corps of Engineers to 

assess the presence and relative abundance of submersed and floating-leaved aquatic plants  
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within the littoral zones of Michigan lakes.  With this survey method, individual GPS points are 

sampled for relative abundance of aquatic plant species.  Each macrophyte species corresponds  

to an assigned number designated by the MDEQ.  In addition to the particular species observed 

(via assigned numbers), a relative abundance scale is used to estimate the percent coverage of 

each species within the GPS site.   

The surveys on July 18, 2012 and October 4, 2012 consisted of 64 sampling locations in the 

South Basin of Austin Lake. A combination of rake tosses and visual observations were executed 

to sample the aquatic vegetation communities throughout the South Basin area.  The primary 

objective of these surveys was to assess the conditions of the submersed aquatic plant 

communities before and after implementation of the laminar flow aeration system with 

bioaugmentation.   

 

3.3.2 Austin Lake South Basin Exotic Aquatic Plants 

 

Exotic aquatic plants (aquatic plants) are not native to a particular site and are introduced by 

some biotic (living) or abiotic (non-living) vector.  Such vectors include the transfer of aquatic 

plant seeds and fragments by boats and trailers (especially if the lake has public access sites), 

waterfowl, or by wind dispersal.  In addition, exotic species may be introduced into aquatic 

systems through the release of aquarium or water garden plants into a water body.  An aquatic 

exotic species may have profound impacts on the aquatic ecosystem.  The majority of exotic 

aquatic plants do not depend on high water column nutrients for growth, as they are well-

adapted to using sunlight and minimal nutrients for successful growth.  These species have 

similar detrimental impacts to lakes in that they decrease the quantity and abundance of native 

aquatic plants and associated macroinvertebrates and consequently alter the lake fishery.   
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Education and awareness are key ingredients for the reduction of transfers of these and other 

invasive species.  All boats placed into Austin Lake should be thoroughly steam-washed if 

previously in another water body.  Additionally, any bait used for fishing should be discarded of  

properly and should not consist of invasive species.  Lastly, if water gardens are created on 

residential properties, then imported aquatic plants should never be released into Austin Lake.   

 

The only invasive submersed aquatic plant found in the South Basin of Austin Lake was the 

exotic, invasive submersed aquatic plant Eurasian Watermilfoil (Myriophyllum spicatum; Figure 

3).  The amount of Eurasian Watermilfoil declined from 86% to 23% of sampling sites (n=64 

total control and aeration sites).  Eurasian Watermilfoil was first documented in the United 

States in the 1880’s (Reed 1997), although other reports (Couch and Nelson 1985) suggest it 

was first found in the 1940’s.  Eurasian Watermilfoil has since spread to thousands of inland 

lakes in various states through the use of boats and trailers, waterfowl, seed dispersal, and 

intentional introduction for fish habitat.  Eurasian Watermilfoil is a major threat to the 

ecological balance of an aquatic ecosystem through causation of significant declines in favorable 

native vegetation communities within lakes (Madsen et al. 1991), and may limit light from 

reaching native plant species (Newroth 1985; Aiken et al. 1979).  Additionally, Eurasian 

Watermilfoil can alter the macroinvertebrate populations associated with particular native 

plants of certain structural architecture (Newroth 1985).  Within the past decade, research has 

been conducted on the genotype of hybrid watermilfoil species (Moody and Les, 2002; 2007) 

which are commonly a result of cross-pollination between Eurasian Watermilfoil and other 

native species such as Northern Watermilfoil (M. sibiricum), and Variable Watermilfoil (M. 

heterophyllum).  Since the introduction of Eurasian Watermilfoil, many nuisance aquatic plant 

management techniques such as chemical herbicides, mechanical harvesting, and biological 

control have been implemented. Mechanical harvesting is generally not recommended for the 

control of Eurasian Watermilfoil since it causes fragmentation of the plant which dramatically 

increases the spread of the plant, with each fragment possessing the potential to root into the  
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sediment and grow as a new plant.  Chemical aquatic herbicides are commonly used but require 

a permit from the Michigan Department of Environmental Quality and must be registered with 

the U.S. EPA and U.S. Department of Agriculture.  Laminar flow aeration appears to be reducing  

 

Eurasian Watermilfoil in many inland lakes including the South Basin of Austin Lake.  

Continued monitoring is necessary to compare seasonal effects to aeration effects. 

 

3.3.3     Austin Lake south Basin Native Aquatic Plants 

 

There are hundreds of native aquatic plant species in the waters of the United States.  The most 

diverse native genera include the Potamogetonaceae (Pondweeds) and the Haloragaceae 

(Milfoils).  Native aquatic plants may grow to nuisance levels in lakes with abundant nutrients 

(both water column and sediment) such as phosphorus, and in sites with high water 

transparency.  The South Basin of Austin Lake contains low to moderate levels of phosphorus in 

the water column but has high sediment phosphorus concentrations. The diversity of native 

aquatic plants is essential for the balance of aquatic ecosystems, because each plant harbors 

different macroinvertebrate communities and varies in fish habitat structure.   

The South Basin of Austin Lake contains 5 submersed, 1 floating-leaved, and 2 emergent aquatic 

plant species (Table 9), for a total of 8 native aquatic plant species.  The majority of the 

emergent macrophytes may be found along the shoreline of the lake.   Additionally, the majority 

of the floating-leaved macrophyte species can be found near the perimeter of the lake.  This is 

likely due to reduced wave energy near shore, which facilitates the growth of floating-leaved 

and emergent aquatic plants. 

The dominant native submersed aquatic plants included Sago Pondweed (Stuckenia pectinatus; 

Figure 4) which exhibited a decline from 92.2% to 65.6% of sampled areas after aeration.   The 

second most abundant submersed plant was the macroalga, Muskgrass (Chara vulgaris), which 

carpets the lake bottom and serves as fish spawning habitat.  The third most abundant aquatic 

plant was Southern Naiad (Najas guadalupensis; Figure 6), which is a low-growing annual that  
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also serves as favorable fish forage habitat.  Only a few stems of submersed Illinois Pondweed 

(Potamogeton illinoensis) were noted in the Basin but not at the sampling sites.  Lastly, the 

presence of the floating-leaved, Yellow Waterlily (Nuphar variegata) was dominant only near 

the west and south shorelines of the South Basin of Austin Lake.   It is important to note that the 

growth of all submersed native aquatic plants was higher in October than in early June.  This is 

because some of the native species grow later in the season and persist into fall or even under 

winter ice.  As a result of this natural phenomenon, the aquatic vegetation should be compared 

among similar seasons.  Thus, measurement of the aquatic vegetation communities during 2013 

should be conducted around the same time in both June and October.  The dominance of rooted 

submersed aquatic plants in the lake suggests that the lake sediments are the primary source of 

nutrients (especially ammonia nitrogen and phosphorus), since most submersed aquatic plants 

obtain most of their nutrition from the sediments.  However, the lack of biodiversity in 

submersed aquatic plants in the South Basin demonstrates the harsh sediment conditions that 

particular species must overcome in order to survive.  As the sediment environment becomes 

more oxygenated, a beneficial increase in more native submersed aquatic plants may occur.   

 

Aquatic 

Plant Species 

And MDEQ code 

Aquatic Plant 

Common 

Name 

% South Basin 

Covered 

Pre-Aeration 

(July, 2012) 

% South Basin 

Covered 

Post-Aeration 

(October, 2012) 

Chara vulgaris, 3 Muskgrass         68.8       23.4 

Stuckenia pectinatus, 4 Thinleaf Pondweed         92.2       65.6 

Najas guadalupensis, 25 Southern Naiad         20.3       20.3 

Nuphar variegata, 31 Yellow Waterlily            3.1         3.1 

 

Table 9.  Austin Lake changes in aquatic plant species and relative abundance prior to and  

after laminar flow aeration (July and October, 2012). 
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Figure 3.   Eurasian Watermilfoil 
(Myriophyllum spicatum) 
© Superior Photique 
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Figure 4. Sago Pondweed (Stuckenia 
pectinatus) 

Figure 5.  Muskgrass 
(Chara vulgaris) 
 

Figure 6.   Southern Naiad 
(Najas guadalupensis) 
© Superior Photique 
 

Figure 7.   Yellow Waterlily 
(Nuphar variegata) 
© Superior Photique 
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4.0 Conclusions & Recommendations for the South Basin of Austin Lake  

 

It is important that any improvement method used on Austin Lake be sustainable to allow for 

the best long-term results.  A lake management method that is sustainable means that it 

will continuously drive its functions with little maintenance while allowing the lake 

ecosystem to maintain a healthy balance.   

 

Austin Lake is a lake ecosystem with overall good water quality and a healthy balance of 

phytoplankton (algae) and zooplankton as well as a diverse fishery.  The major impairments of 

the lake include the presence of the invasive submersed Eurasian Watermilfoil and the 

presence of highly organic sediments that contribute to muck accumulation.  The percentage 

cover of Eurasian Watermilfoil was reduced from 86% to 23% in the South Basin after 

the 4 month operation of the laminar flow aeration system.  Additionally, there was a 

measured loss of 0.9 feet of muck in n = 19 diffuser sampling sites and 0.5 feet of muck in 

n=45 control sampling sites after the 4 month operation of the laminar flow aeration 

system.  All data parameters collected in 2012 must be collected at the same time again in 2013 

to compare seasonal to treatment effects and further determine the efficacy of the laminar flow 

system on desirable outcomes. 

 

The laminar flow aeration system will continue to deliver multiple benefits for quality 

improvements to the South Basin of Austin Lake.  Specifically, it continues to reduce the 

thickness of organic muck and help to keep algal and submersed aquatic plant communities in 

balance.  Consequently, reduction of the sediment organic matter would also likely reduce 

sediment nutrients that are available to the aquatic plants.  Given the high reduction of 

sediments during operation of the laminar flow aeration system in 2012, the recommended 

dose of microbes for 2013 could be the same as used in 2012.  Additionally, there is ample 

dissolved oxygen in the sediments to drive accelerated decomposition of sediments in the  
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presence of microbial additions.  Continued bi-seasonal monitoring of the South Basin is 

critical to differentiate the differences between season impacts on plant growth and 

those of the laminar flow aeration system with bioaugmentation. 

 

Although reduction of watershed inputs and future BMP’s may significantly reduce new 

nutrient loads to the lake, the nutrient-rich sediments will continue to support abundant and 

nuisance-level submersed aquatic plant growth.  The need to understand the behaviors outside 

of the lake area and within the immediate watershed and also to understand the impact and 

magnitude of watershed externalities cannot be underestimated (Carpenter and Lathrop, 

1999).   
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