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SUMMARY AND RECOMMENDATIONS

Cedar Lake is located in Aitkin County, near Aitkin, Minnesota. With a surface area of
approximately 1,729 acres, it ranks near the 90" percentile in terms of surface area as compared
to over 11,000 lakes in Minnesota (less than 10% of MN lakes are larger than Cedar Lake).
Cedar Lake has a maximum depth of about 100 feet and a mean depth of about 28 feet. The lake
is characterized by numerous bays and in this study distinctions are made between sites in the
main basin of the lake as compared to the small southwest basin. The total watershed, at
approximately 37 square miles, is moderate-sized compared to the size of the lake (17:1 ratio).
Land use in the watershed is composed of about 59 % forest and wetland and 22 % grass and
pasture land. The pasture and grass land uses are slightly high as compared to other lake
watersheds in this region of the state -- Northern Lakes and Forests (NLF) ecoregion.

Cedar Lake was sampled during the summer of 2002 by the Minnesota Pollution Control Agency
(MPCA,) staff and citizens from the Cedar Lake Conservancy (Association). Water quality data
collected during the study at four sites reveal lake-wide summer-mean total phosphorus (TP)
concentration of 20 pug/L, chlorophyll a of 9.6 pg/L and Secchi transparency of 7.9 feet. All three
measures are within or near the range of values exhibited by reference lakes in the NLF
ecoregion. Total phosphorus, chlorophyll a and Secchi transparency help to characterize the
trophic status of a lake. These measures indicate mesotrophic to mildly eutrophic conditions for
Cedar Lake. Other water quality parameters measured are comparable to minimally impacted
lakes in the NLF ecoregion. TP and chlorophyll-a concentrations in the southwest basin were
slightly higher than concentrations in the main basin. The Association also monitored TP and
flow in several tributaries to the lake in 2002. This monitoring showed some differences
between some of the watersheds. The aggregate mean TP from all tributary measurements was
55 pg/L, which is fairly close to the typical range for streams in the NLF ecoregion.

Cedar Lake had minimal long-term data available in STORET for assessing trends. However it
did have a very good record of Secchi transparency data for the period 1995 — 2002. These data
show distinct differences between transparency in the main basin as compared to the southwest

* basin. For both basins there was evidence of declining transparency over time, based on a review

of summer-means, maxima and minima. The decline was more acute in the southwest basin as
compared to the main basin.

Three lake water quality prediction models were used to assess the water quality of Cedar Lake
based on morphometry and watershed characteristics. These models provide a means to compare
the measured water quality (2002) of the lake relative to the predicted water quality. The first
model, MINLEAP, predicted a summer-mean phosphorus (P) concentration of 20 + 3 pg/L,
which is equal to the observed summer-mean of 20 pg/L for Cedar Lake. This model estimated a
phosphorus loading of ~ 1,190 kg P/year and a water residence time of about 2-3 years. A
regression model, Vighi and Chiaudani (1985), predicted a background P concentration of 17
ug/L for Cedar Lake, which is slightly lower than the 2002 observed concentration. The third
model, Reckhow and Simpson, estimated in-lake water quality based on precipitation, land use
composition, runoff and phosphorus export coefficients. Predicted P was estimated at 19-21













LAKE ASSESSMENT PROGRAM: Cedar Lake 2002

INTRODUCTION

The Minnesota Pollution Control Agency (MPCA) and Cedar Lake Conservancy sampled Cedar
Lake during the summer of 2002 as a part of the Lake Assessment Program (LAP). This
program 1s designed to assist lake associations or municipalities in the collection and analysis of
baseline water quality data in order to assess the trophic status of their lakes. The general work
plan for LAP includes Association participation in the Citizen Lake-Monitoring Program
(CLMP), cooperative examination of land use and drainage patterns in the watershed of the lake,
and an assessment of the data collected by MPCA staff.

This study was conducted at the request of the Cedar Lake Conservancy (Association) and Aitkin
County. Cedar Lake was sampled on three occasions during the spring and summer of 2002.
Participants in this effort included Jennifer Klang and Steve Heiskary from the MPCA and Walt
Sauerbrel and Les Martin from the Association. Dan Haasken, Aitkin County GIS Department,
assembled land-use and watershed information for Cedar Lake. Tom Eberhardt and Walt
Sauerbrel coordinated the Association's efforts on this study. Les Martin assisted with sample
collection and data management for the Association. Cedar Lake also had several CLMP
volunteers who collected data in 2002 and previous years. Dr. Howard Markus, MPCA,
provided identification of the phytoplankton samples. Steven Heiskary, Environmental
Outcomes Division MPCA, prepared this report.

BACKGROUND: Watershed, Soils, and Land Use

Cedar Lake is located in Aitkin County, near the city of Aitkin, Minnesota (Fig. 1). Cedar Lake
is in the upper ten percent of lakes in the state in terms of size (1,729 acres) and has a maximum
depth of over 100 feet and mean depth of about 28 fect. The lake is characterized by numerous
bays. The lake has several inlets and one outlet in the northern-most basin that drains toward the
Mississippi River. Cedar Brook, which drains from Portage Lake in the southwest corner of the
watershed is one of the largest tributaries to the lake and flows to the small southwest bay of
Cedar Lake (Fig. 2b). The lake has a fetch, longest distance can travel unimpeded by land, of
about 2.0 miles with a northeast to southwest orientation.

Since land use affects water quality, it has proven helpful to divide the state into regions where
land use and water resources are similar. Minnesota is divided into seven regions, referred to as
ecoregions, as defined by soils, land surface form, natural vegetation and current land use. Data
gathered from representative, minimally impacted (reference) lakes within each ecoregion serve
as a basis for comparing the water quality and characteristics of other lakes. Cedar Lake is
located in the Northern Lakes and Forests (NLF) ecoregion (Fig. 1). Cedar Lake’s watershed is
about 37 mi* and much of that lies to the south and west of the lake based on a map provided by
Aitkin County GIS (Fig. 2a). Based on conversation with Tom Eberhardt and inspection of maps
it appears that portions of the land that lies to the north and east of the lake (Fig. 2b) is likely
outside the watershed, since the outlet drains to the north and the highway and railroad grade
serve to limit flow toward the lake from the north and east. The majority (60%) of the watershed
















1s 1n forested or wetland uses, as is typical for lakes in this ecoregion (Table 1). There is
however a fairly large percentage (~22 %) in grass or pastured uses based on the Aitkin County
land use data (Fig. 2a). However much of this lies to the north of the lake and is outside of the
actual watershed of the lake.

Climate

Based on State Climatology records, precipitation averages 26 inches

(0.66 m) annually in this part of the state. Water-year precipitation in the
Cedar Lake watershed was about 6-8 inches above normal in 2002 based on
State Climatology Office and local records (Appendix IIT). Evaporation
typically exceeds precipitation in this part of the state and averages about 32
inches (0.81 m) per year. Runoff averages about eight inches with 1-in-10-
year low and high values (low and high runoff values which might occur with a frequency of
once in ten years) of 3.0 inches and 10.0 inches, respectively for this area (Gunard, 1985). While
May was relatively dry (Fig. 3) June, July and August were marked by extensive rainfall (Fig. 3,
MDNR rainfall data from Emily, MN). Eleanor Eberhardt, monitoring rainfall at Cedar Lake,
recorded 19 days with 0.5 or more inches of rainfall and ten days with 1.0 inches or more for the
period from May through September. Two particularly large storms were noted on June 21 (2.3
inches) and July 8 (~ 6-7.5 inches). The June storm was just prior to the June 27 sampling of the
lake.

Figure 3. May to September 2002 precipitation as measured at Emily MN.
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Lake Level

A summary of lake level information was drawn from the MDNR Web site and is summarized as
follows. Lake level data have been collected on Cedar Lake since April 7, 1937 to October 10,
2002. The highest recorded level was 1202.33 ft (July 9, 1975) and lowest recorded was 1198.31
ft (September 29, 2001). The average for the period of record is 1199.64 ft. and the overall range
is 4.02 fi. A summary of records for the most recent 10 years shows fluctuating but overall
declining water levels from the high levels of 1993 to low levels in early 2000 and 2001. 2002
was marked by a sharp increase in lake level — peaking near 1201 ft. The dramatic rise in lake
level in 2002 was in response to the intense summer storms (Fig. 4).

Figure 4. Cedar Lake Water Level Data (1993-2002)
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Largemouth bass on Cedar Lake also appear to be stable. Most of the bass in the survey nets were
less than 12 inches long, however other sampling conducted indicate that the largemouth bass
population is healthy with a quality size distribution. Tullibees were caught in the main basin of
the lake and nearly all of the tullibees were less than 11 inches long. No tullibees were caught in
any of the other nets. The tullibee population has a size structure that provides excellent forage
potential for the muskies. Yellow perch catches were very low and most of the perch were small.
No white suckers were caught in this survey. Low forage abundance for northern pike restricts
pike growth and limits recruitment of smaller northern pike to trophy sizes. Muskies prey heavily
on tullibees and are becoming the trophy species in Cedar Lake.

Septic System Survey

The Association did not conduct a house to house septic system survey. However an inspection
of county records by Eleanor Eberhardt indicated that there are about 405 residences around the
lake and of these, about 154 are year-round residences. No information was available on the
status of (compliance) on-site systems around the lake. Aitkin County does have an ordinance
that requires compliant systems prior to obtaining a building permit or selling a property.

Economic significance of Cedar Lake to local economy

In addition to being valuable natural resources, lakes are also valuable for their contribution to local
and state economy. For example, it is estimated that lakes in the Big Sandy Area Lake Watershed
(BSALW), north of McGregor, with a total surface area of 14,996 acres, generated an estimated
$10,302,252 in consumer purchases, plus an estimated 247 jobs (BSALW Management Plan,
1993). Riparian lots and buildings on Big Sandy Lake, for instance, have an assessed market value
of over $46 million. Further details on this approach for estimating the economic contributions of
lakes may be found in the Minnesota Lake and Watershed Data Collection Manual (Heiskary et al.
1994)

Similar estimates were made for Cedar Lake based on a surface area of 1,729 acres and formulas
presented by Hank Todd (1990), Director of Minnesota Department of Tourism (adjusted for
inflation to 1992):

a) Consumer purchases $687/acre-year x 486 acres = $1,187,823 / year
b) Value added $501/acre-year x 1.744 = $1,510,703 / year
c) Impact on employment 16.5 jobs/thousand acres = 28 jobs

Based on these estimates it is evident that Cedar Lake makes an important contribution to the local
and state economy.










Figure 5. Dissolved oxygen and temperature profiles for Cedar Lake.
Profiles taken and graphs prepared by Les Martin.
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The ratio of total nitrogen: total phosphorus (TN: TP) can provide an indication as to which
nutrient is limiting the production of algae in the lake. For Cedar Lake, the TN:TP ratio is about
31:1 as a lakewide average. This indicates that phosphorus is the limiting (controlling) nutrient
in Cedar Lake. Generally, phosphorus is the least abundant nutrient and, therefore, is the limiting
nutrient for biological productivity in a lake. Lakes are often considered “nitrogen-limited” when
the TN: TP ratio falls below about 10:1. The TN: TP ratio for Cedar Lake is quite comparable to
that found in the NLF reference lakes (Table 2).

Chlorophyll a concentrations can estimate of the amount of algal production in a lake. The
average and maximum chlorophyll a concentrations for Cedar Lake were well within the typical
range for NLF reference lakes (Table 2). During the summer of 2002, chlorophyll a
concentrations on Cedar Lake ranged from about 5 pg/l to 36 pg/L with an average of 9.6 ng/L
as a lakewide mean (Figure 5). Concentrations were quite comparable among the three sites in
the main basin but were slightly higher in the southwest basin (Fig. 5). Concentrations ranging
from 10 — 20 pg/L are frequently perceived as a mild algal bloom, while concentrations greater
than 20 pg/L may be perceived as a nuisance bloom (Heiskary and Walker, 1988). The peak
chlorophyll-a (36 pg/L) in September in the southwest basin would be an example of a nuisance
bloom.

Phytoplankton (algae) composition of Cedar Lake was assessed for the main basin at site 208
and the southwest basin at site 201. Data are presented in terms of algal type. In May the diatoms
Fragilaria, Tabellaria, Asterionella, and Melosira, along with some golden-brown and red algae
were common at both sites. In September blue-green forms were common at both sites with
Anabena, Aphanizomenon, and Microcystis being the most common at both September. These
blue-green algae tend to float at the surface so it is likely that the high chlorophyll-a
concentration noted in the southwest basin in September would have been dominated by these
forms and would have appeared as surface blooms. A seasonal transition in algal types from
diatoms to greens to blue-green is rather typical for mesotrophic and eutrophic lakes in
Minnesota. So what we see here, based on these two sample dates would not be considered
unusual.
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207 and 208 similar perceptions were recorded. In Little Cedar perceptions of “swimming
impaired” and “nuisance blooms” were recorded as transparency fell below 4 feet.

The change in the transparency of Cedar Lake over the course of the summer is fairly typical for
lakes in Minnesota. Typically, transparency is high in the spring when the water is cool and
algae populations are low. Frequently, zooplankton (small crustaceans which feed on algae)
populations are high at this time of year also, but will decline later in the summer because of
predation by young fish. As the summer goes on, the waters warm and the algae make use of
available nutrients. As the algae become more abundant, the transparency declines. Based on
the 2002 data there are some distinct differences in transparency among the various basins that
comprise Cedar Lake.

One way to evaluate the trophic status of a lake and to interpret the relationship between total
phosphorus, chlorophyll a and Secchi disk readings is Carlson's Trophic State Index (TSI)
(Carlson 1977). This index was developed from the interrelationships of summer Secchi disk
transparency and the concentrations of surface water chlorophyll a and total phosphorus. TSI
values are calculated as follows:

Total phosphorus TSI (TSIP) = 14.42 1n (TP) + 4.15
Chlorophyll a TSI (TSIC) =9.81 1n (Chl-a) + 30.6
Secchi disk TSI (TSIS) = 60 - 14.41 1n (SD)

TP and chlorophyll a are in pg/L and Secchi disk transparency is in meters. TSI values range
from O (ultra-oligotrophic) to 100 (hypereutrophic). In this index, each increase of ten units
represents a doubling of algal biomass.

Average values for the trophic variables in Cedar Lake and respective TSIs are presented in
Figure 8. Based on these values, Cedar Lake’s condition would be characterized as mesotrophic
to eutrophic. The TP TSI of 47 (main basin) and 49 (southwest basin) ranks Cedar Lake at the
53" to 45™ percentiles, respectively, relative to other lakes in the NLF ecoregion. This implies
that relative to other assessed lakes in the NLF, 47 and 55 percent had a lower TSI value (i.e.,
lower TP). The individual TSI values for TP, chlorophyll-a and Secchi transparency agree fairly
well with one another (Table 2 and Figure 7) for the main basin and implies that Secchi
transparency should provide a good estimate of trophic status for Cedar Lake. In the southwest
basin the chlorophyll-a and Secchi TSI values are slightly higher than the TP TSI value. The
darker coloration of the water in the southwest basin contributes in part to the higher Secchi TSI
value.

The other measured water quality parameters were within or slightly above the typical range of
values for the NLF reference lakes. Alkalinity and conductivity are within or near the typical
range of expected values for the reference lakes, indicated moderately hard-water (moderate
dissolved minerals). Chloride values are slightly higher than the typical range and likely reflect
the use of road-salt on roads in the watershed.
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Figure 8. Carlson’s Trophic State Index for Cedar Lake, Aitkin County
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Tributary sampling

Several tributaries to Cedar Lake were sampled by the Association in 2002 to help determine
water and pollutant loading to the lake. These tributaries reflect runoff from different portions of
the watershed. Raw data as supplied by Les Martin are included in Appendix II. In most -
instances the tributaries were sampled on three to seven occasions between June and November.
On most occasions flow was estimated and field or laboratory measurements of pH, conductivity
and TP were made. Data collected at each site were summarized for the summer period in Table
3. Since not all sites were measured on each date or at the same frequency it is a bit difficult to
draw conclusions as to which sites exhibit the highest loading to Cedar. However the data can be
used to make some relative comparison to one another and to the typical concentrations (TP) for
streams in the NLF ecoregion. This may help to prioritize sampling efforts in the future.

Typical summer TP concentrations from minimally-impacted streams in the NLF ecoregion are
between 30-50 ppb (McCollor and Heiskary, 1993). In the more nutrient-rich NCHF ecoregion
typical concentrations range between 70-170 ppb. Using the NLF values as one basis of
comparison it would appear that TP concentrations from Black Bass, Casey, Dogfish, and Back
Brook are fairly typical for the NLF ecoregion. In contrast, Cedar entry, Sandstrom, Blue and
Taylor Lake are a bit high. Of these four, only Cedar entry had an appreciable flow during the
summer of 2002. This flow value was strongly influenced by the July 8 sampling (320 cfs) that
followed high rainfall in late June and early July. Also the mean TP for Cedar entry is strongly
influenced by a August 20™ measurement of 170 ug/L. This high measurement may be the result
of sediments and nutrients scoured from an upstream beaver pond (dam) that had been breeched
by the July storms (Les Martin, personal communication).

The aggregate mean TP from all tributaries was 55 pg/L, which is close to the typical range for
minimally impacted NLF streams. Cedar outlet TP concentrations were rather similar to the in-
lake TP concentrations (Table 2), which they should be, and this suggests that the TP
concentrations measured by the Association are reasonably accurate. Based on the 2002
sampling effort it appears that the most emphasis should be placed on the watershed drained by
Cedar entry as it tended to have the highest flow and a high TP concentration. The Sandstrom
tributary may merit additional consideration as well since TP was high on all three sample dates
(Appendix II).
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Modeling and Phosphorus Loading

Numerous complex mathematical models are available for estimating nutrient and water budgets
for lakes. These models can be used to relate the flow of water and nutrients from a lake's
watershed to observed conditions in the lake. Alternatively, they may be used for estimating
changes in the quality of the lake as a result of altering nutrient inputs to the lake (e.g., changing
land uses in the watershed) or altering the flow of amount of water that enters the lake. To
analyze the in-lake water quality of Cedar Lake, the models MINLEAP (Wilson and Walker,
1989) and Reckhow and Simpson (Reckhow and Simpson, 1980) were used. The "Minnesota
Lake Eutrophication Analysis Procedures" (MINLEAP), was developed by MPCA staff based on
an analysis of data collected from the ecoregion reference lakes. It is intended to be used as a
screening tool for estimating lake conditions with minimal input data and is described in greater
detail in Wilson and Walker (1989). Reckhow and Simpson is a spreadsheet model that
estimates phosphorus loading to the lake based on phosphorus and runoft coefficients.

The first model, MINLEAP, predicted an in-lake TP of 20 (£ 6) ng/L, which is equivalent to the
2002 observed lake-wide mean of 20 ng/L the whole lake. Subsequently the predicted
chlorophyll-a and Secchi are not significantly different as compared to the observed values. The
P-loading rate estimated by MINLEAP was 1,190 kg/yr. this estimate is based on the watershed
area, regional estimates of precipitation, evaporation, and runoff, and a stream TP concentration
of 50 ug/L. The model estimated water residence time (time it would take to fill the lake if it was
completely empty) at about 2 - 3 years. Residence time for the southwest basin would be much
less than this since it has a smaller volume and much of the watershed drains through it.

A second mathematical model, developed by Vighi and Chiaudani (1985), estimated background
phosphorus (P) concentration for Cedar Lake at 17 pg/L. This prediction is based on the
morphoedaphic index, routinely used in fishery science, and predicts background (i.e. natural) P
based on the lake’s alkalinity and mean depth. The model assumes that P is delivered to the lake
in proportion to other minerals like calcium and magnesium from the watershed. Based on past
experience this model provides a reasonable estimate of background P for lakes that were
naturally oligo to mesotrophic in nature, however the model may underestimate P for lakes that
may have been eutrophic in nature. The model does, however, provide an estimate of the
proportion of P in the lake that might be due to natural background loading, which in the case of
Cedar Lake would be about 80 percent of the observed TP in the main basin in 2002.

24









delineation of the subwatershed areas from the GIS maps will further place TP concentrations
and loads in perspective. This would allow for calculation of loads on a per unit area basis and
provide an improved basis for characterizing and comparing loads from different tributaries,

Maintaining a summer-mean P concentration of about 20 ug/L or lower over the long term,
would require that P loading to the lake be reduced wherever possible. For the southwest basin
this would include a focus on the major tributaries to this basin. Any reductions here would
benefit the main basin as well. In the main basin attention could be placed on the shoreland area
and those areas that drain directly to the lake, i.e., surrounding homes (septics) and its immediate
watershed. Current information used to develop this report is sufficient to begin to identify
specific tributaries (subwatersheds) to focus on. However, more detailed sampling of P
concentration and flow (to estimate P loads) would aid this process. Using this information in
conjunction with the GIS landuse data may be a god next step. A more comprehensive review of
land use practices in the watershed, in particular tributaries with hi gh TP concentrations may
reveal opportunities for implementing BMPs in the watershed and reducing P loading to the lake.
Proper maintenance of buffers areas between lawns and the lakeshore, minimizing use of
fertilizers, and minimizing the introduction of new significant sources of P loading, e.g.,
stormwater from nearshore development activities in the watershed, will serve to minimize
loading to the lake. These and other considerations will be important if the currently (2002) good
water quality of Cedar Lake is to be maintained over the long term.

Table 6. Cedar Lake Summer-Mean Phosphorus Concentrations & Model Estimates.

Standard
Basin 2002 Mean MINLEAP | Vighi - P Reckhow- Simpson
Main 19 +2
West 22 £3
Whole 20 42 20 +3 17 19-21
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