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hydraulic conductivity between 0.042 - 0.141 m sec-I. Fourth, the Lumley-Makinen complex with 0

- 8% slopes range between 0 - 80 inches in thickness, are comprised of approximately 0% clay, are

very high in organic matter (55 - 100%), and possess a hydraulic conductivity of between 0.001 ­

0.042 m sec-I. Fifth, the Pipestone sands with a 0 - 6% slope range between 0 - 80 inches in

thickness, are comprised of approximately 0 - 9% clay, are low in organic matter (0 - 5%), and

possess a hydraulic conductivity of between 0.042 - 0.141 m sec-I. Sixth, the Benona sands with 0 ­

6% slope range between 0 - 80 inches in thickness, are comprised of approximately 0 - 5% clay, are

low in organic matter (0 - 5%), and possess a hydraulic conductivity of between 0.042 - 0.141 m sec­

I. Lastly, the Brethren sands with 0 - 6% slope range between 0 - 80 inches in thickness, are

comprised of approximately 0 - 5% clay, are low in organic matter (0 - 5%), and possess a hydraulic

conductivity of between 0.042 - 0.141 m sec-I. Soils rrom the Lumley-Makinen Complex (West and

East Bays) are very poorly drained, highly organic, and are associated with rrequent ponding.

Ponding is the accumulation of water on the soil surface and may thus contribute to flooding. Also,

nutrients may enter the lake via surface runoff since these soils do not promote adequate drainage.

3.0 BEAR LAKE WATER QUALITY

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

every 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, 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.
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Furthermore, lake water quality helps to determine the classification of particular lakes (Table 2).

Lakes that are high in nutrients (such as phosphorus) and chlorophyll-a, 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.

Lake Trophic Status Total PhosphorusChlorophyll-aSecchiTransparency

(Ilg rI)
( Ilg rI)(feet)

Oligotrophic

< 10.0< 2.2> 15.0

Mesotrophic

10.0 - 20.02.2-6.07.5 - 15.0

Eutrophic

>20.0> 6.0< 7.5

Table 2. Lake trophic status classification table (MDNR)

3.1 Water Quality Parameters

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

pH, total alkalinity, total phosphorus, total Kjeldahl nitrogen, chlorophyll-a, algal species, and

Secchi transparency, among others, all respond to changes in water quality and consequently

serve as indicators of water quality change.

These parameters are discussed below along with water quality data specific to Bear Lake.

Historical water quality data from previous studies are summarized in Figures 7a-e and may also

be found in Appendix A.
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3.1.1 Dissolved Oxygen

Dissolved oxygen is a measure of the amount of oxygen that exists in the water column. In general,

dissolved oxygen levels should be greater than 5 mg L-1 to sustain a healthy warm-water fishery.

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

where organismal consumption of oxygen is high due to respiration. Dissolved oxygen is generally

higher in colder waters. Dissolved oxygen is measured in milligrams per liter (mg L-1) with the use of

a dissolved oxygen meter and/or through the use of Winkler titration methods. The dissolved oxygen

concentration in Bear Lake was plentiful and consistent with increased depth. This may be due to

increased lake mixing trom wind and wave action over the shallow depths of the lake. Dissolved

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

the lake surface. Low dissolved oxygen levels at the lake bottom may lead to the increased release

rates of phosphorus (P) from bottom sediments if dissolved oxygen levels drop to near zero

milligrams per liter. Historical reviews of Bear Lake dissolved oxygen levels indicate that the lake

contains a healthy and uniform concentration of oxygen during all seasons.

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

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 wj1l not stratify and deeper lakes may experience single or multiple

turnover cycles. Water temperature is measured in degrees Celsius (OC) or degrees Fahrenheit

(OF)with the use of a submersible thermometer. The early October water temperature of Bear Lake

demonstrated a lack of a thermocline between the surface and a depth of approximately 21.0 feet. It
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is not uncommon for wind-driven lakes such as Bear Lake to wann or cool quickly in response to air

temperatures at the surface-water interface. Due to its relatively shallow "deep" basin depth, Bear

Lake water is fairly wann at the lake bottom during wann periods such as the summer.

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 in a lake increases, and also increases as water temperature

increases. Conductivity is measured in microsiemens per centimeter (!J.Scm-I)with the use of a

conductivity probe and meter. Conductivity values for Bear Lake were low and consistent among

sampling sites and similar to most healthy inland lakes in Michigan. Baseline parameter data such as

conductivity are important to measure the possible influences of land use activities on a lake over a

long period of time.

3.1.4 Turbidity

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

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

be caused rrom erosion inputs, phytoplankton blooms, stonnwater 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 the water temperature. 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 Heath Organization (WHO) requires that drinking water be less than 5

NTU's; however, recreational waters may be significantly higher than that. The turbidity of Bear

Lake is relatively low and slightly higher at the lake bottom than at the surface. The lake bottom is

predominately a silty peat and therefore is easily perturbed rrom water turbulence. Many of the fine
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silt particles may enter into the water column and decrease water transparency, thereby increasing the

turbidity of the water. The turbidity readings at the surface and mid-depth are also low.

3.1.5 pH

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

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

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

acid rain due to a low acid neutralizing capacity (ANC). pH is measured with a pH electrode and

pH-meter in Standard Units (S.U). The pH of Bear Lake water declined only slightly with

increased depth. The lake is considered above "neutral" on the pH scale and indicates that the lake is

slightly alkaline.

3.1.6 Total Alkalinity

Total alkalinity is the measure of the pH-buffering capacity of lake water. Lakes with high

alkalinity (> 100 mg L-1 of CaC03) are able to tolerate larger acid inputs with less change in

water column pH. Many Michigan lakes contain high concentrations of CaC03 and are

categorized as having "hard" water.

Total alkalinity is measured in milligrams per liter of CaC03 through an acid titration method.

The total alkalinity of Bear Lake is moderate « 100 mg L-1 of CaC03), and indicates that the water

is moderately buffered against acidic inputs. Total alkalinity may change on a daily basis due to the

re-suspension of sedimentary deposits in the water and respond to seasonal changes due to the cyclic

turnover of the lake water.
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3.1. 7 Total 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 Ilg 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 trom lake

sediments under low oxygen (anoxic) conditions. Phosphorus may also be released trom sediments

as pH increases. Total phosphorus is measured in micrograms per liter (Ilg L-1) with the use of a

chemical autoanalyzer. The total phosphorus (TP) concentration of Bear Lake is equal to the

"eutrophic threshold" of 20 Ilg L-1 in the East Bay, yet was undetectable at the surface and middle

depths of the West Bay and Central Deep Basin during the time of sampling. Analysis of the

historical total phosphorus concentrations demonstrates that the mean is approximately to 40 Ilg L-1,

which indicates that the lake has overall eutrophic levels of phosphorus. This means that the lake

contains ample nutrients in some areas but may be overall classified as meso-eutrophic.

The bottom depth TP concentration is 150 Ilg L-1 which indicated that some TP loading is occurring

in the hypolimnion (deeper portion of the lake). This is common since particulate P trom decaying

aquatic plants and organisms settles to the lake bottom.

3.1.8 Total IVeldahl Nitrogen

Total Kjeldahl Nitrogen (TKN) is the sum of nitrate (N03-), nitrite (N02-), ammonia (NH/), and

organic nitrogen forms in freshwater systems. Much nitrogen (amino acids and proteins) also

comprises the bulk of living organisms in an aquatic ecosystem.

Nitrogen originates trom atmospheric inputs (i.e. burning of fossil fuels), wastewater sources trom

developed areas (i.e. runoff from fertilized lawns), agricultural lands, septic systems, and trom

waterfowl droppings. It also enters lakes through groundwater or surface drainage, drainage trom
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marshes and wetlands, or trom precipitation (Wetzel, 2001). In lakes with an abundance of nitrogen

(N:P > 15), phosphorus may be the limiting nutrient for phytoplankton and aquatic macrophyte

growth. Alternatively, in lakes with low nitrogen concentrations (and relatively high phosphorus),

the blue-green algae populations may increase due to the ability to fix nitrogen gas trom atmospheric

inputs.

Lakes with a mean TKN value of 0.66 mg L-1 may be classified as oligotrophic, those with a mean

TKN value of 0.75 mg C1 may be classified as mesotrophic, and those with a mean TKN value

greater than 1.88 mg L-1 may be classified as eutrophic. Bear Lake contains oligotrophic values for

TKN (= 0.0 - 0.6 mg L-1) in the surface waters (epilimnetic layer) and middle depths of the lake. The

bottom TKN sample was 3.8 mg L-1 indicating the presence of nitrogen loading at the lake bottom.

Similar nitrogen values trom groundwater were found for Lawrence Lake, which is a small

calcareous glacial-till lake in southwestern Michigan (Manny and Wetzel, 1982). Analysis of the

historical nitrate nitrogen data suggests a mean nitrate concentration of approximately 0.619 mg L-1•

The N:P = 25 in Bear Lake benthic waters, and N:P = 15.5 in the open water, and thus the lake is

phosphorus limited and contains between 15.5-25 times more nitrogen than phosphorus.

3.1.9 Chlorophyll-a and Algae

Chlorophyll-a is a measure of the amount of green plant pigment present in the water, often in the

form of planktonic algae. High chlorophyll-a concentrations are indicative of nutrient-enriched

lakes. Chlorophyll-a concentrations greater than 6 ).lgL-1 are found in eutrophic or nutrient-enriched

aquatic systems, whereas chlorophyll-a concentrations less than 2.2 ).lgL-1 are found in nutrient-poor

or oligotrophic lakes. Chlorophyll-a is measured in micrograms per liter ().lg L-1) with the use of an

acetone extraction method and a spectrometer. The chlorophyll-a concentrations in Bear Lake were

determined by collecting a composite sample of the algae throughout the water column at each of the

three sampling sites trom just above the lake bottom to the lake surface. The chlorophyll-a

concentration in the West Bay was 10.7 ).lgL-1, which is eutrophic, and the East Bay had a value of
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1.1 I-LgL-1 which is oligotrophic. Values in the West Bay may be higher than in other areas of the

lake, since the bay is almost entirely surrounded by a bog that likely contributes nutrients which

promote algal growth in the bay. The chlorophyll-a concentration over the deep basin was 0.6 I-LgL-1

and also falls in the oligotrophic range. These values are likely higher in the spring after spring

runoff or in late summer when water temperatures increase and lead to the growth of algae in the

water column (planktonic form) or on the surface (filamentous form).

Algal genera trom a composite water sample collected over the deep basin of Bear Lake were

analyzed under a compound microscope. The genera present included the green algae: Chlorella sp.,

Lyngbya sp., Scenedesmus sp., Radiococcus sp., Protococcus sp., Haematococcus sp., Pediastrum

sp., Cladophora sp., Spirogyra sp., and Gleocapsa sp. Blue-green algal (cyanobacteria) genera

included Microcystis sp., Anabaena sp., and Oscillatoria sp. Diatom genera include Navicula sp.,

Synedra sp., Stauroneis sp., Cymbella sp., Fragilaria sp., Diatomella, and Gomphonema sp. These

genera indicate a favorable balance of green algae, diatoms and blue-green algae to serve as the

autotrophic base of the Bear Lake aquatic ecosystem food chain.

3.1.10 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. Elevated Secchi transparency readings allow

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 disk transparency is measured in feet (ft) or meters (m) 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. The Secchi transparency of Bear Lake was approximately 15.5 feet over

the deep basin on the day of sampling, yet is likely higher during calmer wind conditions as

evidenced by the inherent color and clarity of the water. The Secchi transparency of the two shallow

bays went beyond the available water depth. This transparency is adequate to allow abundant growth
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of algae and aquatic plants in the littoral zone of the lake and throughout the bays. 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.

Depth WaterDOpHCondoTurb.Total Alk.TotalTotal

(ft)

Temp(mg rI)(SU)(pS em-I)(NTU)(mg rlKjeldahlPhos.

(OF)

CaC03)Nitr.(pg rI)

(mg rI)0

64.211.38.30.2222.5880.60

10

64.111.18.20.2232.3870.60

20

64.010.98.10.2232.8843.8150

Table 3. Bear Lake water quality parameter data taken over the Central Deep Basin on 3 October,

2007.

Depth WaterDOpHCondoTurb.Total Alk.TotalTotal

(ft)

Temp(mg rI)(SU)(pS em-I)(NTU)(mg L-IKjeldahlPh os.

(OF)

CaC03)Nitr.(pg rI)

(mg rI)0

63.910.98.30.2231.8830.60

5

63.910.98.30.2251.8830.60

Table 4. Bear Lake water quality parameter data taken trom the West Bay on 3 October, 2007.
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WaterDOpHCondoTurb.Total Alk.TotalTotal

(ft)

Temp(mg DI)(SU)(pS em-I)(NTU)(mg DIKjeldahlPhos.

tF)

CaC03)Nitr.(pg DI)

(pg DI)0

63.810.38.00.2281.6860.620

5

63.710.38.00.2301.8860.620

Table 5. Bear Lake water quality parameter data taken from the East Bay on 3 October, 2007.

Figure 6. Water quality sampling locations over the three major "deep" basins (DB) of Bear Lake,

October, 2007.
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Figure 7a. Annual mean dissolved oxygen values for Bear Lake (1991-2006; data courtesy of

BLPOA taken from means of n = 10 lake sampling stations). *Overall mean (~10.1 mg L-1) is

denoted by the line bisecting the data on the graph.
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Figure 7b. Annual mean pH values for Bear Lake (1991-2006; data courtesy of BLPOA taken from

means ofn = 10 lake sampling stations). *Overall mean (~7.8) is denoted by the line bisecting the

data on the graph.
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Figure 7c. Summer mean Secchi transparency values for Bear Lake (1977-2007; data courtesy of

CLMP and Micorps). *Overall mean (~l 0.4 feet) is denoted by the line bisecting the data on the

graph.
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Figure 7d. Annual mean total phosphorus values for Bear Lake (1991-2007; data courtesy of

BLPOA taken from means of n = 10 lake sampling stations). *Overall mean (~0.040 mg L-1) is

denoted by the line bisecting the data on the graph.
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Figure 7e. Annual mean nitrate nitrogen values for Bear Lake (1991-2007; data courtesy ofBLPOA

taken from means ofn = 10 lake sampling stations). *Overall mean (~0.619 mg L-I) is denoted by

the line bisecting the data on the graph.

3.1.11 E. coli Bacteria

Escherichia coli (E. coli) is a rod-shaped bacterium that constitutes fecal coliform, which is the

dominant bacterium present in the feces of warm-1?looded animals. E. coli bacteria are useful

indicators of bacteriological contamination in aquatic ecosystems. E. coli may be contributed from

fecal matter from warm-blooded animals directly, or from leaking septic seepage. The state of
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