LAKESHORE
ENVIRONMENTAL, INC. 3
SCIENTISTS - ENGINEERS . PLANNE

LAKE MITCHELL 2011 ANNUAL PROGRESS
REPORT

AN ANNUAL ASSESSMENT OF
AQUATIC VEGETATION AND WATER QUALITY
IN
LAKE MITCHELL
WEXFORD COUNTY , MICHIGAN

JANUARY , 201 2




Prepa red for:

Prepared by:

Lake Mitchell Improvement Board
C/lo Mike Solomon , Chair

400 Lake Street, Suite 600

Cadillac , Ml 49601

Lakeshore  Environmental , Inc.
803 Verhoeks Road
Grand Haven , Michigan 494 17




TABLE OF CONTENTS

SECTION

LIST OF FIGURES

LIST OF TABLES

1.0 EXECUTIVE SUMMARY

2.0 AQUATIC PLAN T SURVEY METHODS
2.1 The GPS Point - Intercept  Survey Method
AQUATIC PLANT SURVEY RESULTS FOR 2011

3.1 Lake Mitchell Exotic Aquatic Plant Species ( May & October , 2011)

3.2 Lake Mitchell Native Aquatic Plant Species( May & October, 2011)

LAKE MITCHELL WATER QUALITY RESULTS
4.1 Lake Mitchell 2011 Water Quality Data
LAKE MITCHELL 2012 MANAGEMENT RECOMMENDATIONS

LITERATURE CITED




FIGURES

NAME

Figure 1.

Figure 2.

Figure

3.

Figure 4 .

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure

5.

6.

7.

8.

9.

10.

11.

12.

13

14.

15.

EWM Phenot ype in Lake Mitchell

HWM Phenotype in Lake Mitchell

Curly -leaf Pondweed

Purple Loosestrife

Graph of Common Aquatic Plants in Lake Mitchell
Graph of Rare Aquatic Plants in Lake Mitch ell
White -Stem Pondweed

Leafless Watermilfoil

Fern -Leaf Pondweed
Bulrushes

Large -Leaf Pondweed
Northern Watermilfoil

. Water Marigold

Pickerelweed

Lake and Tributary Water Quality Sampling Stations (2011)




TABLES

NAME

Table 1. Lake Mitchell Exotic Aquatic Plants ( May & October , 2011 )

Table 2. Lake Mitchell Native Aquatic Plants ( May & Octob er, 2011)
Table 3. Trophic Classificat ion of Lake Water Quality (MDEQ

Table 4. Lake Mitchell 2012 Deep Basin #1 Fall Water Quality Data
Table 5. Lake Mitchell 2012 Deep Basin #2 Fall Water Quality Data
Table 6. Lake Mitchell 2012 Tribu tary Fall Water Quality Data

Table 7. Lake Mitchell Propose d Lake Management Budget (2012




Lakeshore Environmental, Inc.
Page 6

AN ANNUAL PROGRESS REPORT OF AQUATIC VEGETATION AND WATER
QUALITY IN LAKE MITCHELL
WEXFORD COUNTY , MICHIGAN

January , 2012

1.0 EXECUTIVE SUMMARY

This report describes  the current distribution of native and exotic submersed,
floating -leav ed, and emergent aquatic plants, including the exotic species, Eurasian
Water milfoil (Myriophyllum spicatum ; EWM) and Hybrid Watermilfoil ( Myriophyllum
spicatum var. M . sibiricum; HWM) within Lake Mitchell , Wexford County, Michigan
In 2009 , approximately 495 acres of EWM infested the lake with most of it forming

a thick canopy over the lake surface. That EWM was successfully reduced to nearly
395 acresin 2010 andt o less than 295 acres in 2011. Aquatic herbicide treatments

for the EWM consisted of systemic herbicides such as 2,4 -D (Trade name :
Navigate®, originally at 120 Ibs per acre in 2009 -2010 and then at 150 Ibs per acre

in 2011 due to observed tolerance of th e plants to the previous herbicide doses ). In

June of 2011, plants suspected of being hybrid by phenotype were sent to the

GVSU Annis Water Resource Institute for genotypic diagnosis that confirmed the
observed phenotype was hybrid milfoil. A mid -August p ost-treatment survey and
early October lake survey in 2011 found that most of the EWM had been
successfully killed but that HWM was beginning to fill in the niche previously
occupied by the EWM. It is now estimated that Lake Mitchell contains between
100-250 acres of milfoil but less than 30 acres of that total appeared to be EWM.
Staff at Lakeshore  Environmental , Inc. (LEIl) will continue to monitor the lake for
both EWM and HWM and will re -survey the lake in the spring of 2011 to determine
exact GPS coor dinates for treatment. Additionally, LEI recommends that plant
stems be sent to the SePRO Laboratory for analysis of plants from all areas of Lake

Mitchell and their  responses to various products and doses that would determine
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the exact dose and herbicide needed for a successful treatment of HWM and
remaining EWM in the whole lake. The lake continues to recover from the previous
canopy of EWM with further growth of native aquatic plants such as Fern -leaf
Pondweed ( Potamogeton robbinsii ), White -Stem Pondwe ed ( Potamogeton
praelongus ), lllinois Pondweed ( Potamogeton illinoensis ), Variable -Leaf Pondweed
(Potamogeton gramineus ), and the low -growing Slender Naiad ( Najas flexilis ). In
addition, Mini -Bladderwort ( Utricularia minor ) and Water Marigold ( Megalodonta

beckii ) have recently colonized the cove areas.

There are currently a total of 27 native aguatic plant species in and a round L ake
Mitchell . In 2011, a total of 18 submersed, 4 floating -leaved, and 5 emergent
aquatic plant species were found for a gran d total of 27 species. The r emoval of
EWM has resulted in an  increase of 3 native submersed aquatic plants to the lake

ecosystem.

The water clarity of the lake continues to improve relative to recent years and the
zebra mussel population will be monitore d for possible lake clarity changes. It is
unlikely that the zebra mussel would become problematic in Lake Mitchell due to

the soft waters. The hard shells of the mussels generally require adequate

amounts of calcium carbonate which are not abundant in t he lake. Additionally, the

increase in submersed native vegetation would compete with planktonic algae for

nutrients and favor  fewer algae since the plants utilize the nutrients.

Phytoplankton communities within the lake appear to be balanced between t he
diatom and gree n-algae communities with low quantities of blue -green algae.
Nutrient levels in the lake are high enough to create a Igae blooms. G reen algae
and diatoms are the preferred food choices for zooplankton. Excessive increases in
green alg ae can impart a green color to the lake water and also decrease water

clarity. If this problem becomes an issue, then whole -lake laminar flow aeration

may be a possible option to control blooms.
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Staff from LEl recommend that a local Lake Mitchell riparia n workshop be
conducted during the 2012 season to educate lake citizens about the issues on the

lake. The workshop would provide educational assistance to residents from LEI
expert limnologists and watershed managers with a demonstration table that

includ es lake protection information on Lake Mitchell .

2.0 AQUATIC PLANT SURVEY METHODS

The aquatic plant sampling methods used for lake surveys of macrophyte
communiti es commonly consist of shoreline surveys, visual abundance surveys,
transect surveys, AVA S surveys, and Point - Intercept Grid surveys. The Michigan
Department of Environmental Quality (MDE Q) prefers that an Aquatic Vegetation
Assessment Site (AVAS) Survey , or a GPS Point -Intercept survey (or both) be
conducted on most inland lakes following large -scale aquatic herbicide treatments

to assess the changes in aquatic vegetation structure and to record the relative
abundance and locations of native aquatic plant species. Due to the large size and
shallow mean depth of Lake Mitchell , a bi -seasonal GPS Point -Intercept grid matrix
survey is conducted to assess all aquatic species, including emergent and floating -

leaved species .

2.1 The GPS Point  -Intercept  Survey Method

While the MDEQ AVAS protocol considers sampling vegetation using visual

observations in areas a round the littoral zone, the Point -Intercept Grid Survey
method is meant to assess vegetation throughout the entire surface area of a lake

(Madsen et al. 1994; 1996). This method involves conducting measurements at
Global Positioning Systems (GP  S)-defined locations that have been pre -selected on

the computer to avoid sampling bias. Furthermore, the GPS points are equally
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spaced on a map. The points should be placed together as closely and feasibly as
possible to obtain adequate information of t he aquatic vegetation communities
throughout the entire lake. At each GPS Point location, two rake tosses are
conducted and the aquatic vegetation species presence and abundance are
estimated. In between the GPS points, any additional species and their r elative
abundance are also recorded using visual techniques. This is especially important

to add to the Point  -Intercept method, since EWM and other invasive plants may be
present between GPS points but not necessarily at the pre -selected GPS points.
Once the aquatic vegetation communities throughout the lake have been recorded

using the GPS points, the data can be placed into a Geographic Information System

(GIS) software package to create maps sho wing the distribution and relative
abundance of particular species. The GPS Point - Intercept method is particularly
useful for monitoring aquatic vegetation communities through time and for
identification of nuisance species that could potentially spread to other previously

uninhabited areas of the lake.

The GP S Point - Intercept method survey s on May 27, 2011 and on October 16, 2011
consisted of 1,686 equidistantly -spaced grid points on Lake Mitchell , using a
Humminbird ® 50-satellite GPS WAAS -enabled unit (accuracy within 2 feet). A
combination of rake tosses an d visual data accounted for each point and the

distance between points for the survey.

3.0 AQUATIC PLANT SURVEY RESULTS FOR 2011

The 2011 aquatic vegetation survey s of Lake Mitchell were necessary to record the

relative abundance and locations of nat ive aquatic plant species present and to

record the current  distribution of EWM and hy brid milfoil within the | ake.
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3.1 Lake Mitchell Exotic Aquatic Plant Species

The May 27, 2011 survey detected very little vegetation due to the low water

temp eratures and lack of overwintered plant growth. Some areas contained
overwintered beds of scattered Fern-Leaf Pondweed (Potamogeton robbinsii ) and
White - Stem Pondweed ( Potamo geton praelongus ) growth, but little vegetation was
noted during that survey.

In 2011, the re were four invasive species present |, including EWM (Figure 1), Hybrid
milfoil (Figure 2) , Curly -Leaf Pondweed ( Figure 3), and Purple Loosestrife (Figure

4) . Exotic species found in  Lake Mitchell during 2011 are listed below in Table 1.

Mac rophyte Species and Common Name Plant Growth % Coverage

Code Form Lake Area

Myriophyllum spicatum Eurasian Watermilfoil Submersed; Rooted
M. spicatum var. sibiricum Hybrid Watermilfoil Submersed; Rooted
Potamogeton crispus Curly -Leaf Pondweed Subm ersed; Rooted

Lythrum salicaria Purple Loosestrife Emergent

Table 1. Exotic aquatic plant species present within or around Lake Mitchell (May
and October , 2011)
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Figure 1. A photograph of the Figure 2. A photograph of th
EWM Phenotype & Confirmed Hybrid EWM Phenotype a nd
Genotype Confirmed Genotype

Information on Hybrid Watermilfoil

Hybrid Watermilfoi | was genetically determined during June of 2011 to be

related to the above -mentioned red-stemmed phenotype . Hybrid milfoil

serious problem in Michigan inland lakes. A similar milfoil species that is

Page 11

is a

considered to be exotic by some scientists ( Myrio phyllum heterophyllum ) in New

Hampshire was found to have significant impacts on waterfront property values
(Halstead et al., 2003). Moody and Les (2007) were among the first to
determine a means of genotypic and phenotypic identification of the hybrid
mi Ifoil variant and further warned of the potential difficulties in the management

of hybrids relative to the parental genotypes. It is commonly known that hybrid
vigor is likely due to increased ecological tolerances relative to parental

genotypes (Anderso n 1948), which would give hybrid milfoil a distinct
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advantage to earlier growth, faster growth rates, and increased robustness in

harsh environmental conditions.

Furthermore, the required dose of 2,4 -D for successful control of the hybrid
milfoil is like ly to be higher since there is much more water volume at greater
depth s it can occupy and also due to the fact that hybrid milfoil has shown
increased tolerance to traditionally used doses of systemic aquatic herbicides.
There has been significant scienti fic debate in the aquatic plant management
scientific community regarding the required doses for effective control of hybrid

milfoil. Glomski and Netherland (2010) found that the greatest percentage of

hybrid milfoil (93 -100%) was successfully killed with 2,4 -D concentrations

greater than or equal to 70 ug L 1. Their results may vary dramatically from

open -water systems; however, as they were tested in laboratory aquaria and
the results in field trials would be subjected to a multitude of external

environm ental factors. However, the concentration of 70 pg L 1

yielded a
desired 2,4 -D residue concentration to be maintained for up to 21 days as in the

study by Glomski and Netherland (2010). Thus, residue sampling intervals

could be reco mmended at the treatmen t areas for 2 hours after treatment, 1
week after treatment, and 20 days post -treatment. Concentration  -Exposure
Time (CET) studies such as those by Glomski and Netherland (2010) and

Poovey et al., (2007) are important in the determination of dose requireme

for hybrid milfoil; however, they were conducted in laboratory aquaria and field

CET studies are therefore needed.

An additional option is to collect many stems of hybrid milfoil from Lake Mitchell

in early spring and submit them to the SePRO Laborat ory to determine the ideal
dose and product for a successful lake -wide, open water treatment. In regards
to impacts on native vegetation, hybrid milfoil possesses a faster growth rate

than Eurasian milfoil or other plants and thus may effectively displace other

vegetation (Les and Philbrick 1993; Vila et al. 2000).




Lakeshore Environmental, Inc.
Page 13

Figure 3. A photograph of the Figure 4. A photograph of
Curly -Leaf Pondweed Purple Loosestrife ( Lythrum
(Potamogeton crispus ) salicaria )

3.2 Lake Mitchell Native Aquatic Plant Species

The native aquatic vegetation present in Lake Mitchell has shown a significant re -
bound s ince the EWM has been reduced from the 2009 densities . In 2009 with the
dense EWM beds observed, there were only 15 submersed, 4 floating -leaved, and 5
emergent species. In 2011, a total of 18 submersed, 4 floating -leaved, and 5
emergent aquatic plant species were found for a grand total of 27 species (Table 2) ,
which is perhaps the most diverse aquatic ecosystem observe d by LEI staff on a
Michigan inland lake. This indicates a very high biodiversity of aquatic vegetation in

Lake Mitchell and also emphasizes that 3 more native species ha ve germinated in

the lake due to less light limitation from overlying EWM canopies.
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Graphs 1 and 2 below show the changes in common and rare native aquatic plant

species, respectively, with time in Lake Mitchell for the time period between 2009
2011. A few photographs of common species found in Lake Mitchell can be found

on page 17 (Figure s 5-8) and rare species are displayed on page 18 (Figures 9-12).
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Macrophyte Species and Code

Common

Name

Plant Growth

Form

% Coverage of Lake

Area

Chara vulgaris(macroalga)
Potamogeton pectinatus
Potamogeton robbinsii
Potamogeton gramineus
Potamogeton praelongus
Potamogeton richardsonii
Potamogeton illinoensis
Potamogeton amplifolius
Myriophyllum sibiricum
Ceratophyllum demersum
Elodea canadensis
Utricularia vulgaris
Utricularia minor

Najas guadalupensis
Najas flexilis
Potamogeton pusillus
Nymphaea odorata
Nuphar variegata
Brasenia schreberi
Lemna trisulca
Pontedaria cordata
Typha latifolia

Scirpus acutus

Decodon verticillatus
Myriophyllum tenellum
Eleocharis acicularis

Bidens beckii

Muskgrass

Sago Pondweed
Fernleaf Pondweed
Variableleaved Pondweed
White-stemmed Pondweed
Claspingleaf Pondweed
lllinois Pondweed
Largeleaf Pondweed
Northern Watermilfoil
Coontail

Common Waterweed
Common Bladderwort
Mini Bladderwort
Southern Naiad
Slender Naiad
Smaltleaf Pondweed
White Waterlily

Yellow Waterlily
Watershield

Star Duckweed
Pickerelweed

Cattals

Bulrushes

Swamp Loosestrife
Leafless Watermilfoil
Spikerush

Water Marigold

Submersed; Rooted
Submersed; Rooted
Submersed; Rooted
Submersed; Rooted
Submersed; Rooted
Submersed; Rooted
Submersed; Rooted
SubmersegdRooted
Submersed; Rooted
Submersed; Nonooted
Submersed: Rooted
Submersed; Nonooted
Submersed; Nonooted
Submersed; Rooted
Submersed; Rooted
Submersed; Rooted
Floatingleaved
Floatingleaved
Floatingleaved
FloatingLeaved; Norrooted
Emergent

Emergent

Emergent

Emergent
Submersed; Rooted
Emergent

SubmersedRooted

20
11
66
19
40
12
29

TABLE 2.

Native Aquatics
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Changes in Common Aquatic Plants with Time
in Lake Mitchell

2009 12010 m2011

%o Cover of Lake Surface Area

Aquatic Macrophyte Taxa

Figure 5. Common aquatic plants in Lake Mitchell, 2011.
6 -

Changes in Rare Aquatic Plants with Time
in Lake Mitchell

2009 2010 m2011

. %o Coverage of Lake Surface Area

Aquatic Macrophyte Taxa

Figure 6. Rare aquatic plants in Lake Mitchell, 2011.
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Common Aquatic Plant Species Present in Lake Mitchell

Figure 7. A photograph of Figure 8. A photograph of
White - Stem Pondweed Leafless Watermilfoll
(Potamogeton praelongus ) (Myriophyllum tenellum )

Figure 9. A p hotograph of Figure 10. A photograph of
Fern -Leaf Pondweed Bulrushes ( Scirpus acutus )
(Potmageton robbinsii )
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Rare Aq uatic Plant Species Present in Lake Mitchell

Figure 11. A photograph of Figure 12. A photograph of
Large - Leaf Pondweed Northern Watermilfoil
(Potamogeton amplifolius ) (Myriophyllum sib  iricum )

Figure 13. A photograph of
Water Marigold ( Megalodonta Pickerelweed ( Pontedaria
beckii ) cordata )
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40 LAKE MITCHELL 2011 WATER QUALITY RESULTS

The quality of water is highly variable among Michigan inland lakes, although some
characteristics are common among particul ar lake classification types. The water
quality of Lake Mitchell 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.
Furthermore, lake water quality helps to determine the classification of particular

lakes (Table 3). Lakes that are high in nutrients (such as ph osphorus and nitrogen)
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 categor ies are
classified as mesotrophic . Lake Mitchell is classified as eutrophic based on its

moderately low transparency and high nutrient and chlorophyll -a concentrations.

Lake Trophic Total Phosphorus Chlorophyll -a Secchi

Status (gL ™) (gL ™ Transparency
(feet)

Oligotrophic <10.0 <22 >15.0
Mesotrophic 10.0 1 20.0 22 1 6.0 75 1 15.0
Eutrophic > 20.0 >6.0 <75

Table 3. Lake Trophic S tatus Classification Table (MDEQ )
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Lake Mitchell and Tributary Water Quality Parameter S
Water quality parameters such as dissolved oxygen, water temperature,
conductivity, turbidity, total dissolved solids, pH, total alkalinity, total phosphorus,

Secchi transparency, chlorophyll -a, among others, all respond to changes in water

quality and consequently serve as indicators of water quality change. These

parameters were collected at the deep basin s and tributaries (Figure 15) and
are discussed below along with water quality data specific to Lake Mitchell

(Table s 4-6 and assorted graphs)

Deep Basin #1

Deep Basin #2
Mitchell Creek =+

Figure 15. A location map of water quality lake and tributary sampling stations on

Lake Mitchell (October, 2011)
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Dissolved Oxygen

Dissolved oxygen (DO) is a measure of the amount of oxygen that exists in the

water column. In general, DO level s should be greater than 5 mg L ! to sustain
a healthy warm -water fishery. Dissolved oxygen concentrations in Lake Mitchell
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 ') with the use of a DO meter and/or through the use of Winkler
titration methods. The October DO concentrations in  Lake Mitchell were high
and consistent with increased depth and ranged between 9.9 i 11.5 mg L ?,
with average values around 8.3 mg L ! for the tributaries. A decline in DO may
cause increased release rates of phosphorus (P) from Lake Mitchell bottom
sediments if DO levels drop to near zero milligrams per liter . A graph showing
the changes in DO was not created due to different sampling dates and

inherently different DO levels. In general, DO levels measured in mid -summer

are substantially lower (i.e., by 2 .0 mg L) and cannot b e compared to the

higher levels in spring and fall.

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 resul ts i n a Athermoclined that
warmer and colder water layers. During the fall se ason, the upper layers begin

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

as Afal l turnovero. I n gener al , | akes
experience turnover cycles. Water temperature is measured in degrees Celsiu S

(°C) or degrees Fahrenheit (°F) with the use of a submersible thermometer.
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The October water temperatures of Lake Mitchell demonstrated the lack of a
thermocline between the su rface and a fimiddl e dsingettheo
lake was sampled during a nea rly isothermic period. Water temperatures
ranged between 53.6 °F at the surface and 53.9 °F at the lake bottom. The
water temperatures for all of the tributaries were lower and averaged 50.3 °F,
with the lowest temperature observed in Mitchell Creek. A graph for the water
temperatures was not created since sampling dates varied along with the

inherent water temperatures and an accurate comparison could not be made.

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 micro siemens per centimeter (US cm 1) with the use of a
conductivity probe and meter. Conductivity values for Lake Mitchell were low
and ranged between 164 pS cm ™t and 169 uS cml. These values were

significantly lower  than for other inland lakes. The conduct ivity of Mitchell and

Gyttja Creeks was 223 and 206 uS cm !, respectively, and indicated loading of

solutes from the adjacent roads and impervious surfaces. The conductivity of

1

Brandy Brook was only 50 MS cm “, which was very low. A graph showing the

tem poral trend in  mean conductivity for Lake Mitchell is shown below.
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Temporal Trend in Conductivity for
Lake Mitchell

/
/

/

Conductivity pS ¢

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 particl es increases. Turbidity may be caused from erosion inputs,
phytoplankton blooms, stormwater 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
The World Health Organization (WHO) requires that drinking water be less than

5 NTUOGSs; however, recreational waters may bg
The turbidity of  Lake Mitchell was low and ranged from 0. 571 1.8 NTUOGSs
the October samplin g event , which was low for the high waves encountered

during the sampling event. High wave action re -distributes lake bottom
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sediments throughout the water column and leads to increased turbidity. A
graph showing the temporal trends in mean turbidity for Lake Mitchell is shown

below.

Temporal Trend in Turbidity for Lake Mitchell

~.

1.6

=
S

Turbidity (NTU)
[

pH is the measure of acidity or basicity of water. The standard pH scale ranges

from O (acidic) to 14 (alkaline), with neutral values a round 7. Most Michigan
lakes have pH values that range from 6.5 to 9.5. Acidic la kes (pH < 7) are rare

in Michigan and are most sensitive to inputs of acidic substances 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 Lake Mitchell water ranged from  7.37
7.4 during the October sampling. The mean pH of the tributaries was 7.2 which

was only slightly lower than the lake water, probably due to inputs of tannic and

acidic watershed substances that reduce pH. The graph below shows the trends

in mean pHin Lake Mitchell over athree year period.
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Temporal Trend in pH for Lake Mitchell
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Total Alkalinity

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

with high alkalinity (> 150 mg L "1 of CaCO3) are able to tolerate larger acid
inputs with less change in water colu mn pH. Many Michigan lakes contain high
concentrations of CaCO 3 and are <categorized as havi
alkalinity is measured in milligrams per liter of CaCO 3 through an acid titration
method. The total alkalinity of Lake Mitchell is consider e d loio <(50 mg L ! of
CaCO0g3), and indicates that the water is soft . Total alkalinity ranged from 42 -50
mg L of CaCO; during the October, 2011 sampling. 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 . The graph below shows the trends in mean total alkalinity in Lake

Mitchell over the past three years.
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Temporal Trend in Mean Total Alkalinity for
Lake Mitchell
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Total Phosphorus

Total phosphorus (TP) is a measure of the amo unt 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 0.025m gL
of TP are defined as eutrophic or nutrient -enriched. TP concentrat ions 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. The m ean surface tota | phosphorus
(TP) concentration for the Lake Mitchell deep basin sampling site s during the
October sampling event was 0.012 m g Lt The mean mid -depth TP
concentration for both deep basins was 0.020 m g L. The mean bottom TP
concentration for both deep basins was 0.030 m gL' The mid and bottom
depth TP concentrations indicate d that enough TP is present to cause abundant
algae and aquatic plant growth. The mean TP concentration for the tributaries

was 0.027 m g L', with Gyttja Creek possessing the highest TP value. The




Lakeshore Environmental, Inc.
Page 27

graph below s hows the trends in mean TP in Lake Mitchell over the past three

years.

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 is measured in feet (ft) or meters (m) by lowering the

disk over the shaded side of a boat a round noon and taking the mean of the

measurements of disappearance and reappearance of the 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. The Secchi
transparency of Lake Mitchell averaged 6.0 feet ov er the deep basin during the
October 201 1 sampling period, which may have been lower than summer levels

due to heavy wave action on the date of sampling. This transparency is




