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Executive Summary — Diagnostic & Feasibility Study
John A. Downing, Jeff Kopaska et al.
Iowa State University '

The purpose of this 2-year project was to study multiple aspects of Clear Lake, its
watershed and community to determine water-quality related problems and their likely causes,
and suggest a list of potential remedial measures. The project was funded primarily by the lowa
Department of Natural Resources (IDNR), the City of Clear Lake, Cerro Gordo County, Hancock
County and the Hancock and Cerro Gordo County offices of the Natural Resources Conservation
Services (NRCS). Iowa State University (ISU) also provided substantial cost-share. The first
part of this project, the diagnostic study, is a description of the principal findings of the analysis
of the lake, its watershed, and the social landscape.

The study was performed by a large team of scientists and students with the help of
dozens of citizen volunteers. The work could not have been done without the generous
contribution of time and effort by hundreds of willing citizens and the volunteer work of several
ISU professors. Over the course of the project, hundreds of thousands of meticulous
measurements and analyses were made to study the lake, the watershed and the importance of
Clear Lake to the regional social structure.

Lake and Watershed Characteristics

Clear Lake is third largest of 34 natural, glacial lakes in lowa, and is managed for water-
based recreation and fishing. It is shallow, with a maximum depth of 5.9 meters (19 ft) and an
average depth of 2.9 meters (9.6 ft). Water is supplied to the lake by small tributaries, rainfall,
groundwater, and many areas of direct surface runoff. Forty-seven percent of the water supply
flows in from a large wetland complex (Ventura Marsh). The lake’s watershed to lake-area ratio
is only 2.3:1 and the watershed is composed of 59% cropland, 10% urban areas, 9% wetlands, 8%
grasslands, 5% wooded lands, 5% roadways, 2% farmsteads, 1% pasture and 1% State Parks.

Clear Lake has a long history as a focal point for recreation in lowa, and is currently
intensively used. Use is 44% camping, picnicking and other passive uses, 28% pleasure boating,
19% swimming, 7% fishing, 2% winter activities, and 0.2% hunting. Total use of the two State
parks on the lake (Clear Lake State Park, MclIntosh Woods State Park) totals more than 660,000
person-days per year and is growing substantially. In addition to the State Parks, the cities of
Clear Lake and Ventura maintain recreational facilities on the lake. There are 24 public access
points on the lake and 15 of these have public docks. Clear Lake is currently managed by the
Iowa Department of Natural Resources for recreation and gamefish production.

Clear Lake is intensively used both by residents and by visitors from across lowa and the
region. Clear Lake is located in Cerro Gordo and Hancock Counties, which have combined
populations of around 60,000. Much of the population of Cerro Gordo County is located quite
near the lake (Mason City: population=29,000), and this population has a higher than average
income for the State. Agriculture and related industries are also important sources of income in
this region (82%-91% of total land area in these counties). Economic activity associated with the
lake is intense. Data on hotel/motel tax receipts indicate that Clear Lake has enjoyed an annual
tourism impact of $30-$40 million annually for several years. Estimates of willingness to pay for
lake water quality maintenance or improvement suggest that citizens value the lake at between
$20 and $40 million over a 5-year period, respectively. Much of the valuation of the lake is

expressed by local residents, although even visitors expressed a willingness to personally support
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water quality maintenance and improvement with substantial financial contributions. Huntmg
revenues are quite small, but play an important social role.

Valuing Preservation and Improvements of Water Quality

One important indicator of social importance of a resource such as Clear Lake is the
willingness that citizens have to pay for maintenance or improvement of the resource. This is
distinct from the amount that they pay to use a resource (an amount that is very large indeed, and
approaches the GNP of the region associated with the resource), and indicates the unique
economic value of the resource. As part of this study, economists performed surveys to provide
information on recreational usage of the lake, attitudes of recreators and local residents toward
possible watershed management changes, as well as estimates of visitors’ and residents’
willingness to pay for water quality improvements. Clear Lake is very important as a recreational
resource, with visitors reporting high, persistent usage of the lake (an average of over 6 trips per
annum). Both visitors and residents report a high willingness to pay to avoid further deterioration
of the lake, about $100 for visitors and about $550 for residents. When asked about their
willingness to pay for improvement from the current conditions, respondents indicate that they
are willing to pay only moderate amounts for a low quality improvement, but substantial amounts
for a more significant quality improvement, $215 and $600, respectively for visitors and
residents.

Attitudes and Perceptions Regarding Water Quality and Community

Because substantial improvements to lake water quality often require social change to
take place, the beliefs, attitudes and values of residents are an important part of planned landscape
change in communities. A critical goal of this study was to propose feasible restoration
alternatives toward the improvement of water quality in Clear Lake. Therefore, part of this study
summarized interviews with residents reflecting a broad range of experiences and connections
with the lake and community, while balancing income, gender, education, occupation and years
lived in the area. Interviews were conducted individually using photographs as discussion points.
Analyses focused on (1) residents’ relationship to the lake, (2) organizational and social aspects
of the community, (3) perceptions of water quality, and (4) perceived community needs as they
relate to water quality.

Clear Lake is the focal point of the community and the region. Visual changes are
watched in detail, including water clarity, water level, fish populations, etc.
The lake has a strong personal importance to the community but is also important as part of the
community’s link with the external world through tourism. Although residents expressed concern
about Iowa’s water quality in general, specific views about Clear Lake are optimistic, although
there is concern for the cost of remediation. Residents expressed interest in additional lake-
centered facilities including a bike trail around the lake, more public docks, additional boat trailer
and vehicle parking, and small pocket parks on the lakeshore. The community is extremely well
educated about water quality and communicates very well within itself and without. There is a
large degree of tolerance for the visual aspects of water-quality enhancing structures (e.g.,
wetlands, filter strips). Considerations for future community action indirectly related to water
quality emerged from this part of the study: community sense of place, interpretation of local
history and perceptions of public/private ownership.

Historical Changes in the Waterscape

Dr. Ken Carlander, a well-known emeritus scientist at lowa State University and a long-
time analyst of the Clear Lake ecosystem, began to chronicle changes in the Clear Lake shoreline
in the early 1950s by establishing a photographic record. One part of this study was to repeat his
photographs from the same vantage points to see how Clear Lake has changed. Comparisons
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show striking changes in the extent and density of emergent and submergent rooted plants in
Clear Lake. Reduced water clarity has resulted in a reduction in the extent and biodiversity of
rooted plants. These plants are important as fish and wildlife habitat as well as the stabilization of
bottom sediments and shorelines.

y

Limnology and Ecology of Clear Lake -

Clear Lake is a formerly oligotrophic to mesotrophic lake that has increased in total
phosphorus concentration from around 60 ppb in the early 1970s to around 190 ppb in 2000.
Total phosphorus appears to be increasing in Clear Lake at an average rate of about 4 ppb/year.
At this rate, Clear Lake would move from a eutrophic/hyper-eutrophic lake to a hyper-eutrophic
lake, attaining 340 ppb by 2040. Total phosphorus has therefore already tripled in the last 30
years and appears to be climbing under current watershed management scenarios. Concurrently,
water clarity has been cut to nearly a third of what it was in the early 1970s, and probably around
10% of the clarity the lake had near the turn of the century. Water clarity in 1974 was about 0.9
meters (nearly 3 ft.), but is now around 0.35 meters (about 1 ft.).

Clear Lake is typical of large, shallow, corn-belt kettle lakes. Clear Lake receives a very
elevated rate of supply of nutrients (most notably phosphorus) from its watershed, rainfall and
groundwater, resulting in a volume-weighted average spring phosphorus concentration of 186
ppb. Much of the watershed is at the western end of the lake, thus nutrient supply and
concentrations are higher in the west end than the east end of the lake. The very shallow depth
(maximum 5.9 m or 19 ft) means that wind mixing returns nutrients from the sediments into the
water column during the warm, summer season. This large input of nutrients from the watershed
and the remobilization of sediment nutrients gives Clear Lake a very high concentration of
nutrients such as nitrogen and phosphorus. The mixed agricultural and urban watershed furnishes
very high nutrient loads to the lake, some of which has been deposited into the sediment layers.
These high nutrient inputs, coupled with the fish-, boat- and wind-induced mixing of sediments,
are significant impediments to water quality, since they have now turned Clear Lake into a
eutrophic to hyper-eutrophic lake. The impact of these nutrient loads is exacerbated by a greater-
than-average concentration of suspended silt that likely arises due to wind resuspending
watershed-derived silt, carp and other benthic fish digging in sediment deposits, and power-boat
wakes disturbing sediments in shallow waters. Further exacerbating water quality problems is a
declining population and biodiversity of rooted water plants which formerly held bottom
sediments and protected shores and shallow waters from wave erosion.

Very high nutrient concentrations in Clear Lake have fueled over-abundant growth of
algae, resulting in green water and frequent algae blooms. Phytoplankton in Clear Lake follow a
seasonal pattern that is typical of temperate, shallow, hypereutrophic lakes. Algal biomass is
generally highest in mid-summer when it forms conspicuous “blooms” of algae coloring water an
intense green color. Cyanobacteria (“bluegreen algae”) and diatoms make up the majority of the
algae. Cyanobacteria usually dominate the algae and make up >80% of the algae in mid- to late-
summer. As is frequently the case for eutrophic lakes, the types of Cyanobacteria present in
blooms include some of the groups that can produce toxins under certain conditions. These
groups compose an average of 35% of the algae. Because such toxins could become harmful to
invertebrates, fish, wildlife, livestock, and humans, reduction of nutrient levels to eliminate
Cyanobacterial dominance would be welcome.

Declines in water quality have reduced fish and wildlife habitat substantially in Clear
Lake. The number of species of aquatic plant species found in Clear Lake has declined from 35
species in 1952 to 21 species in 1981 to 12 species in 1999. More than 80% of the species
currently present in Clear Lake have declined significantly since 1981. Aquatic plants cover
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about half the area of the lake that they covered in 1981. Rooted aquatic plants are important
wildlife and fish habitat and stabilize bottom sediments and shore zones.

Bacteria were studied intensively in Clear Lake and were usually found at low levels,
especially in the open waters away from shore. Concentrations of fecal coliforms, E. coli, and
fecal enterococci were highest near shore and showed patterns that should allow remedial
measures to trace bacteria sources and eliminate or reduce these inputs. Bacteria were found to
enter the lake around much of the shore. Since much of the shore is in residential deveiopment,
significant amounts of bacteria likely result from urban activities. In spite of this, parkland and
agricultural lands also appear to contribute substantial bacterial inputs. Concentrations of
bacteria were found to be highest during the warmth of mid-summer, especially following rainfall
events.

Sedimentation has resulted in substantial changes in the bottom of Clear Lake. During
the first 10,000 years of its life, we calculate that the lake filled-in about 38% of its original basin.
Almost Y of this volume was filled-in since 1935. Agricultural, urban and construction activities
around the basin have reduced the average depth of the lake by one foot since 1935. Around
85,000 tons of sediment are added to the lake each year causing the lake to lose depth at a rate of
about 4 mm/year. Assuming a constant rate of sediment addition to the lake, Clear Lake would
be compietely filled-in in 700-800 years. Normally, however, these processes usually accelerate
as lakes become shallower, so this life-time may be over-estimated.

Internal nutrient loading via the resuspension of benthic sediments by wind-induced
waves and recreational boat traffic is a common problem facing the managers of shallow lakes
like Clear Lake. Benthic sediment resuspension may contribute to the suppression of fish and
macrophyte communities, domination of the phytoplankton community by potentially toxic
cyanobacteria, suspension of toxic ammonia and increased restoration time-scales. In Clear Lake,
resuspension by wind-induced waves and recreational boat traffic may contribute to daily, often
substantial, nutrient flux with total phosphorus concentrations increasing by over 100% and
ammonia concentrations reaching levels toxic to fish. When wind speeds exceed 10 m's™ (22
mph), a large proportion of the lake’s sediments may become mobile. Sediments in Clear Lake
are most susceptible to turbulence by wind waves and boats in the lake’s shallow western basin
and around the lake’s margins. Here, it is likely that violations of the lake’s no wake zones may
exacerbate wind-induced resuspension and may slow the resettlement of resuspended sediments.
Additionally, the frequently observed sediment plumes passing from the western basin into the
larger basins to the east suggest that prevailing currents may transport large loads of sediments
and nutrients throughout the lake. Unless measures are taken to suppress the impacts of wind and
boats on the lake’s sediments, we may expect problems associated with sediment resuspension,
including increased restoration time-scales, may become more severe as the lake’s depth
continues to decline, exposing more sediments to turbulence.

Increased phosphorus concentrations in Clear Lake have resulted in decreases in many
aspects of the quality of the Clear Lake ecosystem. Judging from trends in water clarity, Clear
Lake was likely oligotrophic-mesotrophic at the turn of the century, mesotrophic until the mid
1970s, then moving from eutrophic in the mid-1970s to near hyper-eutrophic in the late 1990s.
Phosphorus concentrations of the magnitude seen in Clear Lake during this study are very poor
for continued quality of recreational use. If trends continue in this vein, users of Clear Lake
should expect further degradation of water clarity, reduced oxygen levels, frequent blooms of
toxic algae, increased survival and persistence of fecal and potentially pathogenic bacteria,
accelerated filling and siltation, mobile toxins, increased impacts of ammonia on the quality of
fish and other aquatic organisms, continued declines in biodiversity and year-to-year stability,
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degraded fish and wildlife habitat, decreased fish production and a fish commumty more highly
dominated by rough fish.

The increase in total phosphorus concentration in the lake has yielded a profound
increase in algal abundance. The dense algae that have bloomed in Clear Lake have decreased
water clarity to the point that rooted aquatic vegetation has declined substantially. Turbid waters
with toxic algae favor the growth of resistant fishes like carp and bullhead that perturb sediments
and uproot vegetation. Sediment resuspended by fish and increased wind mixing in the absence
of rooted vegetation further decreases water clarity, further reducing the ability of aquatic plants
to cleanse waters and stabilize sediments. Resuspended sediments lead to increased phosphorus
concentrations that have favored even more algae growth. Projected increases in phosphorus
concentrations indicate that, in the absence of remedial measures, Clear Lake will continue to
decline in quality and utility as a recreational resource.

In order to improve the limnological aspects of Clear Lake, three fundamental changes
would need to take place: :

e Reductions in phosphorus loading to the lake.

e Reductions in silt input and resuspension by fish, wind and boat action.

e Reductions in inputs of bacteria from the watershed surrounding the lake.
Such changes would give rise to gradual improvements in the lake, the course of which is likely
to span 5-30 years before substantial improvements would be achieved.

Knowledge of the hydraulic and nutrient budgets as well as various limnological details
allow computation of future water quality under various scenarios of improved watershed
characteristics. One can thus calculate the expected change in water quality (i.e., phosphorus
concentration) by calculating the impact of a reduction in phosphorus input. We examined the fit
of more than a dozen such models and found that current phosphorus concentration at spring
circulation could be predicted within 2% of the actual phosphorus concentration. This model is
thus likely to predict the phosphorus concentration under future remedial states. Application of
these equations indicates that it would take around a 60% reduction in total phosphorus inputs to

-+ bring the lake back to the total phosphorus concentrations that were seen in the late 1970s and

early 1980s. This analysis suggests that a 60% reduction in total phosphorus loading to Clear
Lake should bring water clarity to the 0.8-1.2 m. level, once lake conditions equilibrate. This
water clarity level is somewhat conservative because increased water clarity and carp
management taken together would greatly reduce suspended solids in the water column, affording
even greater increases in water clarity. It is likely, therefore, that such a management scenario
could bring water clarity in Clear Lake back to pre-1970 levels, allowing marked increases in the
entire lake as an ecosystem and recreational resource.

Groundwater Hydrology

A potentially important part of the nutrient budget of Clear Lake is groundwater inflow
and outflow. An understanding of the geology and hydrogeology of the Clear Lake region is thus
needed to understand lake-groundwater interactions. The following objectives were investigated:

e determine the thickness of Quaternary units underlying the lake and overlying the
regional bedrock aquifer;

e estimate hydraulic heads in the regional aquifer and their relationship to the lake
elevation and shallow groundwater flow;

e determine the nature and types geologic units affecting flow to and from the lake.
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Estimation of groundwater discharge (or seepage) to lakes is necessary to determine
nutrient load, but it is difficult task and generally involves the extrapolation of small-scale
measurements to a much larger lake area. In cases where the geology beneath the lake is not well
known and where discharge may vary, large errors are involved in the measurement and
extrapolation steps.

A geochemical investigation of groundwater was undertaken in order to understand the
presence and absence of nutrients and contaminants in groundwater and their potential to enter
Clear Lake. Groundwater samples from the 32 out of 33 piezometers were analyzed for total P,
total N, Si, alkalinity, electrical conductivity and pH. Additional parameters (major cations and
anions, trace elements, dissolved O,, dissolved organic carbon) were measured in order to
understand the geochemical environment in which the nutrients occur. Geochemical speciation
models and soil P measurements were used to determine potential sources of P. Selected samples
were analyzed for fecal coliform bacteria and caffeine, in order to determine potential sources of
nutrients and CI. A radioactive isotope of hydrogen, tritium (*H), was used to determine the
relative age of the groundwater. Nutrient and contaminant loads from groundwater to Clear Lake
were calculated from estimates of groundwater inflow and outflow and estimates of the
concentrations of nutrients (primarily P, N and Si) and Cl in groundwater Nutrient load per time
was calculated by multiplying discharge (L*/T) times concentration (M/L*). Because of Clear
Lake’s nature as a flow-through lake, nutrients will be added to the lake in areas of inflow and
lost from the lake in areas of outflow.

Ventura Marsh Biology, Ecology and Biomanipulation

Early in the study, we found that Ventura Marsh (a large wetland that processes 49% of
the water budget) was not removing nutrients from the water but was a significant source of
nutrients. Experience in other shallow water bodies in lowa and elsewhere indicated that this was
due to impact of non-native fish (carp) on the sediments and vegetation, creating a nutrient supply
rather than a sink. We therefore evaluated the effects of a benthivorous fish reduction. Aftera
substantial fish removal was obtained, water clarity increased as a result of decreased suspended
sediment and phytoplankton biomass. Water column total phosphorus declined by about 25%
from 147 ppb to 115 ppb. Prior to the clear water phase, phytoplankton was phosphorus limited.
Zooplankton grazing reduced phytoplankton biomass during the clear-water phase. The biomass
of Daphnia and Ceriodaphnia increased following fish removal. During this period, grazing
pressure was high and standing phytoplankton biomass remained low. Phytoplankton appeared to
be regulated by top-down control for approximately two months before reverting back to bottom-
up control. Changes in water quality due to wind and/or return of juvenile carp may account for
the switch back to bottom up control. Macrophyte diversity and density increased after the
initiation of the clear water phase. We therefore concluded that restoration of Ventura Marsh and
carp control could be one potentially V|able remedial measure for decreasing nutrient flux into
Clear Lake.

Watershed Loads, Tributaries and Nutrient Budgets

Various tributaries to Clear Lake were sampled to identify areas contributing greatest
nutrient loads. A total of 37 sampling stations were established across the watershed. Inputs of
various elements were calculated multiplying concentrations by the water (hydraulic) loading rate
at each point. The study spanned one very wet year and one very dry year. The amount of
precipitation has a large impact on the overall nutrient loading rate as well as the distribution of
the nutrient loads among the many potential sources.

Much of the watershed lies in the agricultural region to the west of the lake, thus much of
the phosphorus entering the lake comes from agricultural lands. The average phosphorus budget
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for the lake indicates that 43% derives from the agricultural watershed, 7% from groundwater,
6% from the City of Clear Lake, 2% from the City of Ventura, and 2% from unconsolidated
county urban lands. An average of 31% of the phosphorus budget derives from direct rainfall on
the lake, since Iowa’s rainfall phosphorus has been enriched 10-fold with airborne phosphorus
over the past 30 years. The large amount of phosphorus deriving from direct rainfall was
somewhat surprising and ironically makes remediation more difficult because of the small
watershed to lake area ratio. Another surprise is the high phosphorus concentration of
groundwater. Groundwater concentrations were quite high, suggesting that phosphorus has
moved down through the soil profile enriching the groundwater. Another surprising result was
that 9% of the lake’s overall phosphorus budget derives from internal loading from Ventura
Marsh. Ventura Marsh provides much of the water flowing into Clear Lake and concentrations of
major nutrients in this water are very high (average 350-400 ppb of phosphorus). Because of carp
activities and poor aquatic plant development in the marsh, however, somewhat more phosphorus
leaves the marsh than enters, indicating that the marsh is a net source of sediments and does not
cleanse water as large wetlands usually do. Nutrient loading to the lake should generally be much
higher in wet years than dry ones, and the fraction of the nutrient budget derived from rain and
groundwater declines substantially under wet conditions.

Although the predominance of agricultural lands in the watershed makes them a major
overall nutrient source, nutrient losses per unit land area indicate areas where nutrient losses are
most severe. In general, phosphorus losses were somewhat higher (per unit area) from urban
lands than agricultural lands. This indicates that substantial reductions in phosphorus input could
be achieved by both urban and agricultural communities. Sediment losses from lands varied
markedly, indicating broad differences in land use management. Sediments tend to cause water
quality impairment on their own, but also carry large amounts of phosphorus with them. Not
surprisingly, agricultural areas supply the largest amounts of nitrogen per unit area, likely owing
to the prevalent use of pure N fertilizer in lowa agriculture. Nitrogen is not a large problem for
Clear Lake, since phosphorus is generally the production-limiting element.

Because of the importance of agriculture in the watershed, extensive analyses of soil
phosphorus and management practices were performed. Eighty-nine percent of the agricultural
watershed was planted in corn and soybean rotation, while 7% was planted in continuous corn
and the remaining land was under CRP, alfalfa or pasture. Forty-eight percent of the land was
managed with chisel plowing in combination with disking and/or field cultivation. Twenty-one
percent of the remaining land was in no-till, 18% in ridge-till, 7% moldboard plow and 6% was
V-ripped. Forty-four percent of the fertilizer application is incorporated by fall plowing, disking
or injecting, which is the environmentally preferred method. On average, P fertilizer was applied
to fields 2.2 times over the last 5 years. P fertilizer was typically applied at 65 Ib P,Os/acre which
is a rate that is lower than the recommendation of Iowa State University. Eleven percent of the
farmland had received manure in the previous five years. Manured fields in the watershed were
very similar in P concentration to those receiving high and/or frequent applications of inorganic
fertilizer.

Soil phosphorus was tested using 3 commonly used agronomic soil P tests and two
environmental P tests. Although these methods measured different amounts of P, most yielded
similar overall results concerning identifying high-testing areas. The survey of soil P status and P
management practices of the Clear Lake agricultural watershed was useful to identify areas that
may be sources of large P loads to the lake and to identify priority areas where changes in P
management practices would be desirable. Approximately one third of the area of the watershed
had soil-test P values that were twice to five times higher than levels needed to maximize crop
production. Soil test summaries since the 1960s for the two counties surrounding the lake and
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our survey data from the lake watershed shows that P management practices have markedly
increased soil P tests over time. The highest soil-test P values were found in a very small number
of fields that received either P fertilizer or manure, which likely are the source of the major
proportion of the P being transported to the lake.

Analysis of Clear Lake Fisheries

The fisheries of Clear Lake are an important component of recreation as well as an
important indicator of water quality. Because of their importance, fish have been studied in Clear
Lake since the early 1940s. The most striking change in the fishery has been the near
disappearance of the sunfish family (bluegill, crappie & largemouth bass). These fish are still -
present but are only occasionally caught. The loss of these important fish is probably due to
water-quality mediated declines in aquatic vegetation which are necessary as spawning and
nursery cover. Although bullhead and carp have been common in the lake for 50 years, they are
now the dominant fish, existing at densities of 150-300 Ib/acre and 100-200 lb/acre, respectively.
They have probably filled the void left by the bass, crappie and bluegill because of their great
tolerance of degraded water quality conditions (e.g., sediment, Cyanobacteria, low oxygen,
ammonia). Since resistant fish like carp degrade water quality, successful improvements will
need to include management of fish populations to reduce carp dominance. This can be
accomplished by (1) improving water quality to enhance vegetation and decrease substances
degrading fish habitat, and (2) managing bottom-feeding fish (primarily carp and bullhead) to
reduce their abundance.

Point Sources and Potential Pollutants

Part of the diagnostic study examined the point-source input of materials to Clear Lake
and the potential for toxic substances to be concentrated in lake sediments. The latter was done in
case sediment dredging should be employed as a restoration option. There are currently no
permitted point-source dischargers of effluents into Clear Lake. On three occasions over the past
five years, however, past exigencies have resulted in the discharge of some pre-treatment sewage
effluent into the lake. The largest of these was the discharge of 250,000 gallons of diluted pre-
treatment sewage into the lake on June 20, 1998. Total P in this sewage was probably about 1.5
mg/L, meaning that sewage bypasses such as this, although certainly to be avoided, only would
supply about 0.02% of the lake’s phosphorus budget. This is surprising, but the sheer magnitude
of watershed inputs and rainfall are of massive proportions. Sediments contain some materials of
concern, notably cadmium, chromium, copper, lead and zinc. Potential sources of these elements
are batteries not properly disposed of, leaching from chrome-plated metals, trace sources in
agricultural fertilizers, building materials, leaded fuels, lead shot, fishing weights, and leaching
from plated steel.

Summary of Diagnostic Study

The diagnostic portion of this study shows that Clear Lake has water quality problems,
due to historic and present phosphorus and sediment loading, internal resuspension of sediment
and nutrients, and inputs of fecal-derived bacteria. These problems derive from the agricultural
and urban watersheds and from the lake bottom. Deep lakes (i.e. >13 ft. (4 m) average depth)
generally have better water clarity, lower densities of algae, lower concentrations of suspended
particles in the water, and are more likely to lack winter fishkills or other oxygen depletion
problems. Shallow lakes like Clear Lake (mean depth=9.6 ft (2.9 m)) have less volume for the
dilution of nutrient and sediment inputs. Accumulated sediments also decompose and resuspend
and can exacerbate oxygen and nutrient problems. Further, even these nutrient-rich sediments
derive from watershed impacts since sedimentation rates increase sharply when eutrophication
and deposition of eroded material lead to increased plankton production and carbon-rich detritus.
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Anthropogenically eutrophied lakes like Clear Lake suffer many undesirable ecological
characteristics (Table 9, Chapter 5 of the Diagnostic Report) most of which can be remediated
through better watershed management.

Sediment from watershed runoff has had a major impact on this lake over its lifetime.
Sediment flux has reduced the volume of Clear Lake to 38% of its original post-glacial volume,
and nearly 25% of that sediment was deposited since 1935. The rate of sediment deposition in
the lake may have been reduced in the last few decades due to improved erosion management.
Sediment deposition still occurs, however, so Clear Lake is becoming shallower and smaller with
the passing years.

Runoff from the watershed contributes bacteria, nutrients, and turbidity to the water and
leads to algal blooms, reduced transparency, and great concentrations of suspended solids. In the
long term, sediments accumulate in the lake basin and cause water quality problems that are
common to shallow lakes. Eventually, lake basins can fill to the point that they are no longer
useful for recreation. Nutrients in the excess quantities found in Clear Lake impair many aspects
of water quality.

Feasibility of Lake Restoration

Clear Lake is an excellent lake of outstanding potential for recreation and is of very great
economic importance. Improvement of water quality could benefit from the activities of many at
all levels, including citizens and municipal, county, state and federal government agencies. The
following restoration alternative suggestions are designed to reverse the eutrophication and
sedimentation processes by improving the nutrient retention of the watershed and by deepening
parts of the lake. Preventative measures in the watershed are necessary to slow the input of new
nutrients and sediments into the lake, so that the restored lake can have an enhanced lifetime and
improved water quality.

Principle restoration measures suggested are:
reduction in phosphorus inputs to the lake,
reduction in bacteria inputs to the lake,
¢ improved management of bottom sediments, siltation, erosion, and fish populations to
reduce turbidity and nutrients due to sediment.
We project that phosphorus loading to the lake can be reduced by 50-60% by implementing
practices designed to address these issues. This will lead to a substantial increase in water clarity
and improved biological function.

Improving watershed management and increasing the depth of certain parts of the lake by
dredging are two important aspects of this lake restoration plan. These management approaches
compliment each other; dredging helps to restore the basin by increasing water depths and
watershed restoration helps improve water quality and decelerate the rate at which the lake will
degrade in the future. We suggest that both approaches would be most effective if adopted
together; for it will do little good to remove the sediments from the lake if soil erosion and
nutrient loads rapidly return sediment and phosphorus to the lake, while watershed restoration
would only restore the water quality of the supply to a lake of short life and dubious aquatic
potential.

Watershed management activities identified that would benefit Clear Lake include: land
conservation by planting permanent vegetation, pond and wetland installation, Ventura Marsh
renovations, water control structure renovations, dredging, fish barrier construction, and post-
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restoration lake monitoring. The total estimated cost for these activities is $15,555,300.
Respondents to the Clear Lake survey indicated a willingness to pay of $19.5 million to avoid the
deterioration of Clear Lake. Alternatively, respondents are willing to pay about $40 million for
quality improvements at the lake. These numbers represent the value to visitors and residents of
water quality improvements. In considering whether investments to clean up the lake are worth
the costs, these value estimates provide the appropriate baseline for comparison. These large
values associated with water quality improvements at the lake are consistent with the lack of good
substitutes and the potential quality of this unique resource.

If no restoration options are employed, the lake will become more and more eutrophic,
and thus become a less attractive recreation resource. Additionally, in time ,the lake will fill to
the point that its value as a recreational lake declines dramatically. Long before that time,
however, severe water quality problems will be encountered. The combination of watershed
improvements and lake dredging will enhance the recreational value of the lake and greatly
prolong its useful life. Watershed restoration and lake deepening will act to reduce nutrient
inputs and dilute their effect in the lake, however, the lake is still likely to have some water
quality problems due to algae blooms and low transparency. This is due to the limits on
restoration imposed by phosphorus-rich precipitation and groundwater.

How long will it take? It should be noted that the time-course of response to nutrient
abatement is likely to be quite long. Researchers have analyzed a number of cases in which
external nutrient loads were reduced substantially. They found that short-term (<5 years)
improvements were only noted in about half the lakes and that most lakes take more than 5 years
for changes to begin to be detected. In shallow lakes, the problem is exacerbated by internal
loading, so changes may be very slow. Lakes may improve over a decade or two before the
equilibrium level is approached. The time-course of restoration should therefore be expected to
be 5-30 years depending upon the speed and degree to which restoration activities are undertaken.
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An Introduction to Clear Lake, Iowa

John A. Downing, Jeff Kopaska, Rebecca Cordes, and David Knoll

A. Identification and location.

Clear Lake is one of Iowa's 34 natural, glacial lakes, and it is one of 27 that are managed
for water-based recreation and fishing. It discharges into Clear Creek at Clear Lake, lowa. The
lake is located in Sections 13, 14, 15, 16, 17, 20, 21, 22, 23, 24, 25, 26 and 28 of Township 96
North, Range 22 West of Cerro Gordo County, lowa. The location of the lake within the state
and Cerro Gordo County is shown in Figures 1 and 2. The surface area of the lake is 1,468
hectares (3,625 acres) when the water elevation is at 373.9 meters (1226.8 feet) above mean sea
level (MSL). The surface area of the watershed is 4,888 hectares (12,079 acres), with nearly
level to steeply sloping topography. Prairie-derived soils in this area were developed from
Wisconsin glacial till. The major soil association in the watershed is Canisteo-Nicollet-Clarion.
A spillway is located along the eastern shore of the lake and drains the lake at an elevation of
373.9 meters (1226.8 feet) MSL into Clear Creek.

Lake Name: Clear Lake
State: ' Iowa
County: Cerro Gordo
Nearest Municipalities: Clear Lake, Ventura
Latitude: . 43° 08’ 01”N (gauging station)
Longitude: 93°22' 57” W (gauging station)
EPA Region: 7
USGS Major Basin Name: Upper Mississippi
USGS Minor Basin Name: Iowa-Skunk-Wapsipinicon
USGS Hydrologic Unit Code: 07080203
Major Tributaries: Ventura Marsh
Receiving Water Body: Clear Creek
B. Geological description of the basin.

Clear Lake is lowa’s third largest natural lake, and the lake measures 8 km (5 miles) long
and has a maximum width of 3 km (2 miles) in the eastern portion. Clear Lake is rather shallow
with a maximum depth of 5.8 meters (19 feet) and a mean depth of 2.9 meters (9.5 feet). The
watershed is drained by many small tributaries, and the greatest portion (47%) of surface flow
passes through Ventura Marsh on its way to the lake. The watershed to lake ratio of 2.3:1 is very
small compared to most lowa lakes. Land use in the watershed consists primarily of cropland
(59%), urban areas and roads (14%), and marsh (9%). Watershed land use practices are

discussed in detail in Chapter 10 (pages 233-259).

Clear Lake and its watershed lie in the Algona-Altamont moraine complex of the Des
Moines Lobe. The watershed has a varying topography with slopes from 0 to 25 percent. The
soils of the watershed are prairie- and forest-derived (Fig. 3), and the dominant soil associations
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are Canisteo-Nicollet-Clarion and Clarion-Webster-Nicollet. The most common soil series
found in the watershed are Clarion (25%), Webster (14%), and Canisteo (10%), and the
distribution of these series is shown in Figure 4.

Hydrologic soils groups are used to help estimate runoff from precipitation. Soils are
grouped according to their ability to absorb water when the soils are wet and receive
precipitation from storms of long duration. Combinations of groups are used for heterogeneous
soil complexes.

Group A soils have a high infiltration rate (low runoff potential) when thoroughly wet.
These soils consist mainly of deep, well drained to excessively drained sands or gravely sands.
They have a high rate of water transmission.

Group B soils have a moderate infiltration rate when thoroughly wet. These soils consist
chiefly of moderately deep or deep, moderately well drained or well-drained soils that have
moderately fine texture to moderately coarse texture. They have a moderate rate of water
transmission.

Group C soils have a slow infiltration rate when thoroughly wet. These soils consist
chiefly of soils having a layer that impedes the downward movement of water or soils of
moderately fine texture or fine texture. They have a slow rate of water transmission.

Group D soils have a very slow infiltration rate (high runoff potential) when thoroughly
wet. These soils consist chiefly of clays that have a high shrink-swell potential, soils that have a
permanent high water table, soils that have a claypan or clay layer at or near the surface, and
soils that are shallow over nearly impervious material. They have a very slow rate of water
transmission. :

Most soils in the watershed (90%) are classified hydrologically as Group B as shown in
Figure 5. Group A soils are found in a few locations in the watershed, and Group C and D soils
are present, but very rare (Fig. 5).

C. History of Clear Lake and of lake use.

Clear Lake has a long and interesting history as a focal point for recreation in Iowa. This
history has been well documented locally and in print. Two of the primary historical documents
are “A pictorial history of Clear Lake, lowa” (Clear Lake Mirror-Reporter 1993) and
“Sesquicentennial history book of Clear Lake, lowa” (Clear Lake Mirror-Reporter 2001). One
other historical book about Clear Lake is “White clouds, blue water: the story of Clear Lake”
(Herker 1976). These publications provide excellent historical views of the lake and community
at Clear Lake. In addition to these locally-produced historical documents, graduate students
from Iowa State University have thus far produced over 40 theses and dissertations describing
the fish, water, and plankton of Clear Lake (Appendix 1).

12
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Recreationally, Clear Lake has been, and continues to be, intensively used for several
reasons. Although there are 7 other lakes within 80 km (50 miles) of Clear Lake, there are no
other large water bodies within 30 km (20 miles). Within that 30 km radius are located the cities
of Mason City, Clear Lake, Ventura and Garner. Historically, the lake and its surroundings have
been intensively developed for public recreational use by the state IDNR.

Estimates of lake use were reported by Bachmann et al. (1994) in A Classification of
Iowa’s Lakes for Restoration (IDNR, Final Report). These estimates were made by IDNR
district fisheries biologists for this report, and are based on a combination of existing reports and
professional judgment (Table 1). Estimates were made of the annual total visits to Clear Lake.
From these data, the areas adjacent to Clear Lake, such as Clear Lake State Park, Clear Lake City
Park, and McIntosh Woods State Park are used extensively for camping and picnicking forms of
recreation. Camping and picnicking account for almost 50% of the use of Clear Lake and its
surrounding areas while multiple types of fishing and pleasure boating account for another 35%.

Additionally, records have been kept of park use by IDNR park rangers. Total visitation
of the lake has increased by more than 50% since 1996 while the number of campers using the
lake has increased more than 20% during the same period (Table 2).

D. Comparison of use with other lakes.

Recreation use surveys have been done for major public lakes in Iowa. Estimates of the
number of recreational visits per year for lakes within an 80 km radius show that Clear Lake has
a great number of visitors and high use intensity, according to IDNR data (Tables 3 and 4). Clear
Lake is intensively used for recreational purposes for several reasons, one of which is that Clear
Lake and Mason City constitute the regional population center for north-central lowa
(Bachmann et al. 1994). Although there are 7 lakes within 80 km (50 miles) of Clear Lake, none
of them are within 30 km (20 miles). Factors that influence the high visitation rate and use
intensity include the relatively high local population, the ease of transportation access to the lake,
and the size of Clear Lake. Additionally, the lake and its surroundings have been intensively
developed for public recreational use by the IDNR. -

E. Description of public access.

Clear Lake lies in the western part of Cerro Gordo County in north-central lowa, and has
the cities of Clear Lake and Ventura lying along its shores. The 3,625-acre lake and two
bordering state parks, Clear Lake State Park and McIntosh Woods State Park, are managed by
the IDNR. Additionally, the cities of Clear Lake and Ventura have city parks that lie along the
shores of Clear Lake. Approximately ten percent of the lake’s shoreline is in public ownership
(Bachmann 1994). There are also 24 public access points to the lake in the city of Clear Lake,
and 15 of these have public docks. Clear Lake is one of Iowa's 34 natural, glacial lakes, and is
currently managed for recreation and gamefish production.

Clear Lake State Park has one of the most popular campgrounds in the Iowa state park

system. The campground contains 215 camping sites, 95 with electric hookups, and modermn
restrooms. The park also contains more than 10 acres of picnic grounds, an open picnic shelter, a

13
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lodge, a 900 foot sandy swimming beach, and playground equipment. A concrete path runs the
length of the beach for use by the mobility impaired. The fees assessed at the parks are $20 per
day for open picnic shelters, $80 per day for the lodge, $16 per night for an electric hook-up

campsite, and $11 for a primitive campsite. (Source: http://www.state.ia.us/parks/brochure.htm)

Mclntosh State Park has 50 camping sites, 45 with electricity, modern restrooms, and an
open picnic shelter. The park also boasts the only 2 “yurts” (round tent-like structures on a
platform containing a futon, bunk bed, and table and chairs) in lowa parks. The park is also one
of the major boat access points for Clear Lake. A modern boat ramp with an extensive area for
vehicle and trailer parking is present. The fees assessed at the parks are $30 per day for yurt
rental, $20 per day for open picnic shelters, $16 per night for an electric hook-up campsite, and
$11 for a primitive campsite. (Source: http://www.state.ia.us/parks/brochure.htm) Ventura
Access is located a mile west of McIntosh Woods and features a boat ramp, an open picnic area,
a ball field and a new fishing dock designed for handicap access.

There are a number of lakes available for recreation in this part of lowa, yet Clear Lake is
used extensively for water-based outdoor recreation. Like other rural areas in Iowa, there is no
public transportation to the lake; however, there is ample access for private transportation. The
lake is close to one state highway (107), several federal highways (18, 65, 69), and one interstate
highway (35). There are also several paved city and county roads providing immediate access to
the lake and parks. The cities of Clear Lake (pop. 8,161) and Ventura (pop. 670) are located on
the shores of Clear Lake, and the lake is also 10 miles east of Mason City (pop. 29,172). (Source:
http://www.soc.iastate.edu/census/2000.html)

Public transportation is not available for most individuals, however mobility impaired
individuals are provided with access to the lake at the public's expense to ensure that all
individuals who wish to enjoy Clear Lake can do so. CART (Clear Lake Area Responsive
Transit) offers transportation to the lake for mobility impaired Clear Lake residents. Cerro
Gordo county residents who are mobility impaired can access the lake through the Cerro Gordo
County Public Transit. Public transportation from Opportunity Village in Clear Lake to the lake
is also provided for mobility-impaired individuals. Other forms of publicly funded
transportation to Clear Lake include student groups from local schools traveling in school buses
to the lake for interpretive programs, and to the IDNR fish hatchery for walleye spawning
programs. Also, interpretive programs are held at the lake for local Boy and Girl Scout groups.

F. Population and economic characteristics.

The use of Clear Lake is divided between local residents and people from other regions.
Local use includes individuals from both Cerro Gordo and Hancock counties, while regional use
includes use by people from all of central and north-central lowa, as well as south-central
Minnesota.

Based on the most recent information available from the Iowa State University Sociology
World Wide Web page located at http://www.soc.iastate.edu/census/ and 2000 data from Iowa
PROfiles (Public Resources Online) World Wide Web page, located at at
http://ia.profiles.iastate.edu/, the population of Cerro Gordo County is 46,447 and the population
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of Hancock County is 12,100. The major population center is Mason City (Cerro Gordo Co.),
with a 2000 population of 29,172.

According to the 1998 data, Cerro Gordo County has an average per capita income of
$24,902 and Hancock County has an average per capita income of $21,716. Comparatively, the
statewide 1998 average per capita income was $24,745. Services, retail trade, and
manufacturing are the chief sources of employment in Cerro Gordo County, while
manufacturing, services, and farming are the chief sources of employment in Hancock County.
According to 1997 statistics, 9.5% of the families in Cerro Gordo County and 8.0% of the
families in Hancock County were living below the federal poverty level. The average of families
falling below the poverty level for the state of Iowa falls in between these values at 9.1%. On
the basis of these comparisons the income levels of the local users of Clear Lake are similar to
those of the state, while Cerro Gordo County residents have a higher income than Hancock
County residents and residents of the state as a whole. The above data were obtained from the
state of Iowa libraries at http://www.silo.lib.ia.us/datacenter/, the sociology server at Iowa State
University at http://www.soc.iastate.edu/census/, and from the lowa PROfiles (Public Resources
Online) World Wide Web page, located at http://ia.profiles.iastate.edw/.

Agriculture and related industries are also important sources of income in Cerro Gordo
(area = 367,670 acres) and Hancock Counties (area = 366,539 acres). In 1997 there were 822
farms in Cerro Gordo County encompassing 300,851 acres and averaging 366 acres in size.
Thus, farmland occupies 82% of the county. During 1997; 138,810 acres of corn and 120,639
acres of soybeans were harvested. In all, 264,004 acres were harvested for grain and forage,
which is 88% of the total farmland or 72% of the total land in the county. Also, in 1997 there
were 126,766 hogs and 9,418 cattle on farms in Cerro Gordo County. The above data were
obtained from the Iowa PROfiles (Public Resources Online) World Wide Web page, located at
at http://ia.profiles.iastate.edu/.

The same data source indicates that in 1997 there were 849 farms in Hancock County
encompassing 334,050 acres and averaging 393 acres in size. Thus, farmland occupies 91% of
the county. During 1997, 165,437 acres of corn and 136,208 acres of soybeans were harvested.
In all, 304,229 acres were harvested for grain and forage, which is 91% of the total farmland or
83% of the total land in the county. Also, in 1997 there were 174,621 hogs and 11,616 cattle on
farms in Hancock County.

The Clear Lake Chamber of Commerce indicates that Clear Lake has enjoyed an annual
impact of tourism worth over $30 million locally every year since 1995. Data for the 1995-1996
fiscal year (April 1995 — March 1996) show this was the first year Clear Lake generated over
$30 million (Table 5). Tourism expenditures increased annually and topped out at just over $39
million in 1998-1999, but dropped to around $35 million in 1999-2000. These figures are based
upon hotel/motel tax receipts collected annually in Clear Lake, and applied to statistics from U.S.
travel expense data for Iowa.
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G. Valuation of Clear Lake Water Quality. (Written by Cathy Kling, Joe Herriges, and
Chris Azevedo, Department of Economics, ISU).

One factor that often determines the value of a lake is its water quality. While it is
difficult to establish a monetary value for clean water, it is possible to determine the “willingness
to pay” of lake users for maintenance of or improvement upon the present water quality of a lake.
This was the goal of the survey reported upon in Chapter 2, Valuing Preservation and
Improvements of Water Quality in Clear Lake. This section uses information from the survey,
and extrapolates them to get a measure of the total value of water quality maintenance or
improvement at Clear Lake.

To determine the total value associated with avoiding deterioration of the lake, it was
necessary to add up the reported value of the lake to residents and visitors, appropriately
weighted by the numbers of residents and visitors, respectively. The value of the lake to
residents and visitors was determined using survey methods, and is described in the following
chapter. This method of determining value actually provides a lower bound on the value of
avoiding water quality deterioration, as it omits the value placed on water quality improvements
by people that neither visit the lake nor live near the lake. This latter type of value is referred to
as “nonuse” or “existence” value. It is likely that there are some Iowans who would be willing to
pay for water quality improvements despite never visiting of living near the lake.

There are about 2965 residences in the towns of Clear Lake and Ventura, as reported by
Survey Sampling Inc. The survey results find respondents report an average willingness to pay
of $550 to avoid the deterioration as described in Plan A (Chapter 2). Thus, an estimate of the
total willingness to pay of residents to avoid the water quality reduction is about $1,630,000.
The estimate of the average value a visitor places on this water quality improvement is about
$100. Note that this is a value per visitor household, not per trip. Thus, to arrive at a total value
for all visitors, we need an estimate of the number of visitors (households) who visit the lake
annually.

The 1999 Clear Lake Creel Survey conducted by Jim Wahl, Bruce Ellison and Gary
Vonderohe indicated that 34,800 anglers used Clear Lake in 1999. Of that number, about 77%
were from outside the towns of Clear Lake or Ventura; thus, 26,796 (rounded to 26,800) visitors
are from outside of the two towns (it is important not to double count residents here as their
values are incorporated above). However, this number represents an estimate of anglers only. To
estimate the total number of households that use the lake, it is assumed that each angler
represents a separate household. The survey asked visitors to indicate the percentage of their
time they spent at various activities. On average, visitors report spending 15% of their time at
Clear Lake fishing. That is,

0.15(Total time) = Fishing time, or
Total time = Fishing time/(0.15).

The angler data collected in the 1999 Creel Survey assumes that fishing trips are the sole
purpose of the trip. If so, or if the relationship between fishing time and total time can be
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extended to fishing trips and total trips, then an estimate of the total number of visitors engaged
in all activities at the lake is provided by

Total number of households visiting the lake = 26,800/(0.15) = 178,650.

Multiplying this estimate of the number of households visiting the lake by an average value of
about $100, yields a total value to visitors of avoiding the water quality deterioration of about
$17, 865,000. The total value of avoiding the deterioration to both residents and visitors is about

$19,500,000 over a 5-year period.

The previous estimate is, of course, very dependent on the estimate of the number of
households who visit the lake (178,650). If more accurate estimates of the number of visitors are
available, the total value could easily be recomputed. Finally, it is important to note that there is
statistical uncertainty associated with these estimates since they are based on a sample of the
population. Although it is difficult to precisely compute confidence intervals due to combining
data from various sources (survey data and angling visitors), it is suspected that confidence
intervals of plus or minus 40% are not unreasonable.

The survey also provides information on a substantive improvement in the conditions of
the lake. Performing the same set of calculations as described above, and using the same
estimates of household numbers, generates a total value estimate of about $40,200,000 over 5-

years.

Finally, we have attempted to estimate a total value for the current users of Ventura
Marsh. Guy Zenner (IDNR waterfoul biologist, pers. comm.) has estimated that there are about
1330 hunter days at the Marsh. Using data from previous wetland research conducted by the
authors (lowa Wetlands: Perceptions and Values by Azevedo, Herriges, and Kling. Available
online at http://www.card.iastate.edu/publications/texts/00sr91.pdf), it was estimated that hunters
made up 32% of the users of lowa wetlands. Therefore, an estimate of the total number of users
of Ventura Marsh is 4156. From the same wetlands research, the value of a visitor day to a
wetland was estimated to be about $8 - $17 per day. Therefore, a rough estimate of the annual
value of the marsh in its current condition is somewhere between $33,250 and $70,650.

In addition, it is important to emphasize that this represents one year's benefits in a

continuing stream, as opposed to the values reported above that represent the total value
associated with a project to improve or prevent degradation of the water quality.
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TABLE 1. Itemized summary of 1991-1992 recreational activities at Clear Lake, from Bachmann et al. (1994).
Data reflect estimates made by IDNR district fisheries biologists, and were based on a combination of

existing reports and professional judgment.
Activity Total Visits | Use/Hectare | Use/Acre | % of
Total Use

Fishing

From boats 16000 10.7 4.3 3

Shore or ice fishing 24000 16.1 6.5 4
Swimming 105000 70.4 28.5 19
Pleasure boating 160000 107.3 43.3 28
Hunting 1200 0.8 0.3 0.2
Picnicking, camping, other activities prompted 250000 167.7 67.9 44

by the lake’s presence
Snowmobiling 8000 5.4 2.2 1.3
Ice-skating and cross-country skiing 3000 2.0 0.8 0.5
Total 567200 3804 154.0
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TABLE 2. Total visits and camping activities at Clear Lake State Park and MciIntosh Woods State Park, 1996-
2000. Data from Jim Scheffler, IDNR (pers. comm.) as reported to him by local IDNR park staff.

Clear Lake State Park Mclntosh Woods State Park
Year Total Individual Total Visits | Individual
Visits Campers Campers
1996 197,600 25,941 269,700 10,577
1997 206,275 16,489 301,800 11,230
1998 176,250 23,982 307,000 9,953
1999 201,100 25,588 349,000 8,038
2000 300,300 31,935 361,500 9,225
TABLE 3. Comparison of 2000 recreational use of Clear Lake’s state parks with other state parks within an 80 km
radius (Jim Scheffler, IDNR, pers. comm.).
Lake County Total use Individual Campers
A.A. Call Kossuth 71,900 370
Beeds Lake Franklin 275,000 19,092
Clear Lake Cerro Gordo 300,300 31,935
Mclintosh Woods Cerro Gordo 361,500 9,225
Pilot Knob Hancock 128,500 4275
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TABLE 4. Comparison of 1991-1992 recreational use of Clear Lake with other lakes within an 80 km radius. Data
are from Bachmann et al. (1994) reflecting estimates made by IDNR district fisheries biologists, and
were based on a combination of existing reports and professional judgment.

Lake County Lake Size | 1991-1992 | 1991-1992
(ha.) Total Use Visits/ha.
of Lake
Beeds Lake Franklin 41.0 231,700 5651.2
Clear Lake Cerro Gordo 1491.0 567,200 3804
Lake Cornelia Wright 98.0 87,500 892.9
Crystal Lake Hancock 108.6 13,979 128.7
Eldred Sherwood Lake [Hancock 8.0 8,063 1007.9
Lake Hendricks Howard 16.0 30,534 1908.4
Silver Lake Worth 128.0 3,475 27.1
Lake Smith Kossuth 24.0 12,690 528.8

TABLE §. Itemized summary of 1994-2001 hotel/motel tax receipts and calculated annual impact of tourism for
Clear Lake. Data were provided by the Clear Lake Area Chamber of Commerce.

Hotel/Motel Annual Impact

Fiscal Year | Tax Receipts of Tourism

1994-1995 $147,732.21 $27,357,816
1995-1996 $163,041.92 $30,192,947
1996-1997 $177,169.69 $34,071,094
1997-1998 $199,007.04 $36,183,098
1998-1999 $214,758.04 $39,046,916
1999-2000 $205,124.65 $35,366,319
2000-2001 $203,681.72 not available

20




Clear Lake Diagnostic & Feasibility Study
Chapter 1 — An Introduction

FIGURE 1. Location of Clear Lake within Cerro Gordo and Hancock counties and the state of lowa.
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FIGURE 2. Location of Clear Lake within Cerro Gordo and Hancock counties.
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FIGURE 3. Map of Clear Lake watershed representing prairie and forest derived soils.
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FIGURE 4. Distribution of common soil series in the Clear Lake watershed.
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FIGURE 5. Distribution and percentage of soil hydrogroups in the Clear Lake watershed.
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CHAPTER 2

Valuing Preservation and Improvements
of Water Quality in Clear Lake



Valuing Preservation and Improvements of Water Quality in Clear Lake
Christopher Azevedo, Joseph Herriges, and Catherine Kling S

A. Abstract

This report presents summary statistics and other results of a survey of Clear Lake
visitors and residents. The purpose of the survey was to collect information concerning use and
value of water quality improvements at Clear Lake. Support for the survey was provided by the
lowa Department of Natural Resources.

B. Introduction

This report describes the results of a study on Clear Lake as a recreational resource. It is
intended to provide information on recreational usage of the lake, attitudes of recreators and
local residents toward possible watershed management changes, as well as estimates of visitor’s
and resident’s willingness to pay for water quality improvements at the lake.

C. Survey Design and Implementation

In this section of the report, we provide an overview of the procedures used in selecting
the samples and designing the Clear Lake Survey, the implementation procedures used to
administer the survey, and the final survey response rates.

1. Sample Selection. Two groups of respondents were targeted to receive the survey:
recreational users (visitors) of the lake and local residents. Although other population segments
may value water quality improvements at Clear Lake, for example to protect the wildlife habitat
the lake provides to migratory birds, we believed that the largest values would be associated with
those who actually visit the lake or live in its vicinity. However, it is important to note that all of
the information provided in this report relates only to those two population segments: those who
have visited the lake at least once, and those who have residences in the cities of Clear Lake or
Ventura, [owa.

To obtain addresses of visitors to the lake, potential respondents were intercepted while
engaging in recreational activities at the lake. This occurred during the months of May, June,
July, August, and September of 2000. A total of 1,024 recreators agreed to participate in a mail
survey that was scheduled for October of that year. They were informed that everyone who
returned a completed survey would receive five dollars. The sample of local residents was
provided by Survey Sampling, Inc., a sampling firm located in Connecticut. The sample of 900
names was randomly drawn from the white page listings for the cities of Clear Lake and

Ventura, lowa.

It is important to note that the sampling of visitors on site, as was done here, will produce
a sample that does not accurately represent the true population of visitors. This is because
individuals who take more than the average number of trips have a higher chance of being
intercepted and interviewed than their true representation in the population. Likewise,
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individuals who take fewer than the mean number of trips will be under-represented in the
sample. It is thus necessary to adjust the data by re-weighting the observations so that they
appropriately represent the actual population. All summary statistics reported here have already
been appropriately adjusted.

2. Structure of the Survey. The surveys mailed to the two groups (visitors and resi-
dents) were very similar. The survey was designed to focus on how the respondent values
different levels of water quality at Clear Lake. In order to provide a baseline level of quality for
the respondent, current conditions at Clear Lake were described. This description was developed
in consultation with limnologists John Downing and Jeff Kopaska of the Department of Animal
Ecology at Iowa State University, both of whom have studied the water quality conditions at
Clear Lake. Both versions of the survey contained the following description of the current
conditions at the lake.

Ovardl, the aurent andiition of Clear Lake aan be summariz ed in tams of

Water clarity objects distinguishable 6 inches to 1
foot under water
Algae blooms 10 to 12 per year
Water color bright green to brown
Water odor mild odor, occasionally strong
I Bacteria possible short-term swim advisories
Feh low diversity, good walleye

Respondents were then presented with various plans, each describing a different overall
condition of the lake (as defined by the above attributes), and were asked about their willingness
to pay for the plan. Plan A described a decrease in water quality, and Plan B described an
increase in water quality. Data pertaining to both of these plans will be summarized below.

In addition to the valuation questions, both versions of the survey also contained ques-
tions pertaining to the respondents’ support for various projects for improving water quality,
their opinion concerning various land use changes, and the water quality attributes most
important to them. Finally, socioeconomic information was gathered from all respondents.

The visitor’s and resident’s versions of the survey differed in that the visitor’s version

collected information on the number of recreation trips the respondent took to the lake in the past
year, as well as information on the number of trips the respondent planned to make in the coming
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year under various scenarios. The visitor’s and resident’s versions of the survey are contained in
Appendices 2 and 3.

3. Response Rates. The visitor’s version of the survey was mailed in mid October while
the resident’s version was mailed in early December. For both versions, respondents who did
not return the survey were sent a reminder postcard approximately two weeks after the initial
survey was mailed. After approximately two more weeks, survey recipients who still had not
returned the survey were sent a second copy of the survey. Of the 1,024 surveys mailed to the
group of visitors, 26 were returned by the post office as undeliverable. Of the deliverable
surveys, 662 were returned, resulting in a 66 percent response rate. Of the 900 surveys mailed to
the group of local residents, 132 were returned as undeliverable. Of the deliverable surveys, 443

were returned, resulting in a 58 percent response rate.

D. Survey Results

In this section of the report we provide summary statistics from the Clear Lake survey,
focusing on (/) reported visitation, (2) spending patterns, (3) attitudes toward various watershed
and land use changes and (4) implied valuations.

1. Visitation. On average, visitors reported a high usage of Clear Lake between
November 1999 and October 2000. The average total number of trips taken was 6.6. Of those
trips, an average of 2.67 were multiple day visits (i.e. the respondents spent at least one night in
or around Clear Lake). Respondents indicated that they expected to make an average of 6.63
trips to Clear Lake over the next year. Respondents reported having visited Clear Lake an
average of 3.63 times over the past five years. Table 1 shows the average number of trips (both
multi-day and single-day) reported by time period, while Figure 1 shows the average percentage
of time devoted to various activities reported by respondents. As expected, a majority of trips were
taken during the summer months. The most popular recreation activity engaged in by visitors was
recreational boating.

Table 2 shows the average number of trips taken from November 1999 through October
2000 to other lakes and reservoirs. Minnesota lakes, Saylorville Lake, the Mississippi River, and

other unlisted lakes appear to be the main alternatives to Clear Lake.

TABLE 1. Average number of trips by time period

Time Period Number of Visits
November 1999 through February 2000 0.62
March 2000 through May 2000 1.13
June 2000 through August 2000 3.70
September 2000 through October 2000 1.13
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Picnicking

Camping
Snowmobiling

Nature Appreciation
Swimming/Beach Use
Recreational Boating
Salling

Flshing

30%

Average percentage of time engaged in the activity

FIGURE 1. Clear Lake activities

TABLE 2. Average number of trips taken to other lakes and reservoirs

Lake or Number Lake or Number
Reservoir of Visits Reservoir of Visits
Lake Okoboji-East and West  0.98 Lake Odessa 0.05
Lost Island Lake 0.03 Rathbun Reservoir 0.97
Rice Lake 0.36 Mississippi River 0.77
Spirit Lake 0.23 Minnesota Lakes 1.76
Storm Lake 0.10 Wisconsin Lakes 0.19
Tuttle Lake 0.04 Lake Red Rock 0.40
Saylorville Lake 1.96 Other 2.78
Coralville Reservoir 0.12

2. Spending. Respondents reported spending an average of $51 in or near the town of
Clear Lake on a typical visit. Respondents from lowa reported spending an average of $48 per
trip, while out-of-state respondents reported spending an average of $93 per trip.

Spending can also be categorized by the type of trip taken. Respondents who took only
single-day visits reported spending an average of $26 per trip, while respondents who took only
multi-day visits reported spending an average of $98 per trip. .

3. Opinions. Respondents were asked to allocate 100 importance points to the lake
characteristics listed in Figure 2. The average point allocation is shown for both visitors and
residents. Safety from bacterial contamination is the most important characteristic for both
visitors and local residents. As expected, those characteristics associated with water recreation
are slightly more important to visitors, while water clarity and lack of water odor are slightly
more important to local residents.
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Safety From Bacterial Contamination
Quantity of Fish Caught

Diversity of Fish Species/Habitat

Diversity of Wildlife Seen

Lack of Water Odor

Hard, Clean, Sandy Lake Bottom

Water Clarity

0% 5% 10% 15%  20% 25% 30% 35%
FIGURE 2. Importance points

Figures 3, 4, 5, and 6 show respondent’s opinions toward various water quality projects
and land use changes. In general, both visitors and local residents appear to either support, or are
indifferent to, most projects and land use changes. Very few respondents in either group oppose
repair of storm drains or restoration to Ventura Marsh. Restrictions on residential development
are supported by roughly 75 percent of local residents surveyed, with fewer than 10 percent
opposing restrictions.

The issue that generated the most opposition among respondents was the institution of
non-motor boat days. Roughly 40 percent of visitors oppose non-motor boat days, with about 34
percent supporting them. In the case of local residents, roughly 30 percent oppose non-motor
boat days, while about 45 percent support them. Increased no-wake zones are supported by
about 60 percent of local residents and about 43 percent of visitors. Roughly 70 percent of local
residents and only about 37 percent of visitors support limiting motor horsepower. There
appears to be wide support for restoration of woodlands, prairies, and wetlands in both groups.

Increased Park Lands
Building Nature Center
Purchase of Easements
Increased Land ldling
Restore Ventura Marsh
Non-Motor Boat Days
Increased No-Wake Zones
Limit Motor Horsapower
Residential Dev. Restrictions

Repair Storm Drains

0% 10% 20% 30% 40% 50% 60% 70% B80% 80% 100%
FIGURE 3. Projects: visitors
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Increased Park Lands
Building Nature Center
Purchase of Easements
Increased Land Idling
Restore Ventura Marsh
Non-Motor Boat Days
increased No-Wake Zones
Limit Motor Horsepower
Reslidential Dev. Restricions
Repair Storm Drains

0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%
FIGURE 4. Projects: local residents

Park Lands

Additional CRP

Restore Woodland
Rastore Prairie

Restore Wetlands
Nature Conserv. Area
Constructed Ponds
Hunting Reserves
Restored Riparian Zones
Perennial Agricutture

0% 10% 20% 30% 40% 50% 60% 70% 80% 80% 100%
FIGURE 5. Land use changes: visitors
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Park Lands

Additional CRP

Restore Woodland
Restora Prairie

Restore Wetlands
Nature Conserv. Area
Constructed Ponds
Hunting Reserves
Restored Riparian Zonas
Perennial Agriculture

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
FIGURE 6. Land use changes: local residents

4. Valuation. One important goal of the survey was to estimate the value that both
visitors and local residents place on the preservation and/or restoration of Clear Lake.
Conservation budgets are tight and there are more projects than there is money to fund them.
Thus, society must decide where to focus the available resources, both private and public
sources. To help with these decisions, economists have devised methods to measure the value
people place on environmental goods as measured by their willingness to pay for the goods.
Two of these techniques are employed in this study. The first method is based on observing the
public use of a natural resource (visits to the lake) and inferring visitors” willingness to pay for
the resource from their behavior. The second method is based on directly asking whether people
are willing to pay various sums of money to support a particular project.

The first value estimated in this study is the willingness to pay for the existing level of
Clear Lake visits. This can be thought of as providing a baseline of the value visitors place on
preserving the existing level of the resource in terms of how much enjoyment they get from
Clear Lake at its current level of water quality. Based only on the reported single-day trips data,
the average recreational value per season of Clear Lake is $28 per visitor. Analysis of multiple-
day trips has not been completed to date and is not represented in this value. Since 25 percent of
the reported trips to the lake were multiple-day trips, they represent a potentially significant
source of value. '

Next, the value of various water quality changes was estimated. Both the visitor’s and
resident’s version of the survey contained a scenario entitled Plan A. The description of the plan
stated that if nothing is done to improve the water quality of the lake, it is likely to deteriorate
over the next decade. Specifically, respondents were told to suppose that the conditions at Clear
Lake were as follows:
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Water clarity objects distinguishable 1 inch to 5
AR inches under water
Algae blooms constant
- Watercolor ©  fluorescent green.
 Waterodor  always strong :
Bacteria frequent swim advisories and/or beach

Fish low diversity, mostly rough fish

general water color — 3

They were then asked the following question, “Would you vote yes on a referendum to
maintain the current water quality of Clear Lake and avoid the deteriorated water quality as
described under Plan A? The proposed project would cost you $B (payable in five [$B/5]
installments over a five-year period). In this question, the value of “B” was varied so that
different respondents were faced with different project costs.' Figure 7 plots the relationship
between the percentage of visitors indicating they would be willing to pay the stated amount
along the horizontal axis. Roughly 85 percent would be willing to pay $30 toward this plan ($6
annually for five years), but only about 20 percent would be willing to pay $150. Based on these
data, the average willingness to pay is approximately $104 per visitor in support of Plan A.’

:

% willing to pay x
=) a‘ S 888383388

T T T

$15  $30 $60 $75 $90 $135 $150

X
FIGURE 7. Willingness to pay for Plan A: visitors
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" .~ Figure 8 plots the relationship between the percentage of local residents indicating they
would be willing to pay the stated amount along the horizontal axis. Though the trend is
somewhat less pronounced for the local residents, statistical analysis clearly indicates that fewer
people are willing to contribute at the higher bid levels. On average, local residents would be
willing to pay approximately $568 in support of Plan A. This significantly higher value for
residents is not surprising given their continuous exposure to the lake and its attributes.

While Plan A focused on the respondent’s willingness to pay to avoid a deterioration in
water quality, Plan B focused on willingness to pay for improvements in water quality. Two
versions of Plan B were created: the first described a program that would result in a moderate
improvement in water quality over the next five to ten years, while the second described a
program that would result in a substantial improvement in water quality over the next ten to
twenty years. Both versions are shown below.

1001I

4

% willing to pay x
coB8B8EEZ3BIE 8

$45 $90 $180 $225 $270 $405 $450

X
FIGURE 8. Willingness to pay for Plan A: Local residents
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~ Water clarity objects distinguishable 2 to 4 feet
S e e AR R
. Algacblooms 6108 peryear
Water color green to brown
Waterodor  occasional mild
Bacteria occasional swim advisories

Fish ) lgv,,' diversity, good walleye

 objects distinguishable 10 to 12 fect I
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Figure 9 shows the data from the visitor’s survey for the low quality improvement. As
before, the relationship between the percentage of respondents indicating they would be willing
to pay the stated amount of the horizontal axis is plotted. Based on these data, visitors would, on
average, be willing to pay approximately $85 in support of the low quality improvement
described in Plan B.

This value is actually less than the $104 visitors were willing to pay for Plan A, which
simply maintained the current lake conditions. However, the two results are not statistically
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different, suggesting that visitors are willing to pay roughly $100 to maintain the lake, but little,
if any, for modest improvements.

Figure 10 shows the data from the local resident’s survey for the low quality improve-
ment. Based on these data, local residents would, on average, be willing to pay approximately
$550 in support of the low quality improvement described in Plan B. Again, this value is slightly
lower than the $568 local residents were willing to pay for Plan A, though the two are not
statistically different. This indicates that local residents are willing to pay roughly $550 to
maintain the lake, but little, in any, for modest improvements.

3888

1

% willing to pay x

c3B8588

$45 $75 $202 $300 $390

X
FIGURE 9. Willingness to pay for Plan B, low improvement: visitors

100

% willing to pay x
8 8 8

0+ T T T T 1
$225 $450 $675 $900 $1,150

X
FIGURE 10. Willingness to pay for Plan B, low improvement: local residents
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Figure 11 shows the data from the visitor’s survey for the high quality improvement. Based
on these data, visitors would, on average, be willing to pay approximately $425 in support of the
high quality improvement described in Plan B.

In addition to the values described above, visitors indicated that the quality changes
described in the survey would affect the number of trips they would expect to take. As described
above, visitors indicated that they took an average of 6.60 trips between November 1999 and
October 2000. They also reported that over the course of the next year they expected to make
6.63 trips to Clear Lake. After each quality change plan was described, the respondent was
asked to consider all the recreation trips they made to Clear Lake in the past year, and report the
number of trips they would have made if conditions were as described in the plan. This
information is summarized in Figure 12.

The response to the decreased water quality described in Plan A is dramatic. With the
decrease in water quality, visitors would take an average of about two trips. Visitors also
responded to the higher water quality scenarios by indicating that they would increase the
number of trips they would take. With the low quality improvement, respondents would take an
average of 7.03 trips, while with the high quality improvement, respondents would take an
average of 10.32 trips.

The average income level reported for the visitor’s survey was $45,000. Average house-
hold size was about 3 people, and about 61 percent of the respondents were male.

70

1 [ S ot

40 -
30
20 -
10
0 -

% willing to pay x

$200 $340 $435 $560

X
FIGURE 11. Willingness to pay for Plan B, high improvement: visitors
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Trips Taken From Nov 99 to Oct 00

Expected Trips Next Year

Trips Taken Under Deteriorated Quality
(Plan A)

Trips Taken Under Low Quality
Improvement (Plan B)

Trips Taken Under High Quality
Improvement (Plan B)

0 5 10 15 20
FIGURE 12. Number of trips taken at varying quality levels

The average income level reported for the local resident’s survey was $40,000. Average
household size was about 2.5 people, and about 67 percent of the respondents were male.

E. Conclusions

Clear Lake is very important as a recreational resource, with visitors reporting high,
persistent usage of the lake. Both visitors and residents indicated a high willingness to pay to
avoid further deterioration of the lake. When asked about their willingness to pay for
improvement, respondents indicated that they are willing to pay only moderate amounts for a
low quality improvement to the lake, but they are willing to pay substantially more for a
significant quality improvement to the conditions at the lake.

This strong preference for the high quality improvement over the low quality improve-
ment is also borne out by the number of trips visitors expect to take under each scenario. With
the current conditions, visitors reported that they expect to take 6.63 trips next year. The
expected number of trips falls to about 2 trips under Plan A (deteriorated quality). With the low
quality improvement, the expected number of trips is 7.03, not much different than the expected
number of trips under current conditions, which is consistent with the relatively low values
reported for Plan A. However, with the high quality improvement, the expected number of trips
jumps significantly to about 10. Thus, respondents appear to value highly avoiding further
deterioration to the lake, and if quality is to be improved at the lake, they indicate a strong
preference for a high quality improvement.

Finally, it is important to remember that the value estimates presented in this paper are
point estimates. That is, though they are not reported in this paper, there is a sampling error
associated with each estimate. For example, the point estimate for the local resident’s
willingness to pay for Plan B is $550 with a margin of error of + $226.
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1. The value of “B” varied between $15 and $150 for visitors and between $45 and $450 for

local residents.
2. The value of $104 was generated via a formal statistical model.
3. This margin of error represents a 90 percent confidence interval.
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Attitudes and Perceptions Regarding Water Quality and Community

Mimi Wagner, Iowa State University--Department of Landscape Architecture

A, Introduction

The beliefs, attitudes and values of residents are accepted as an informal part of planned
change in any community—whether it be locating a new soccer field or proposing changes for a
longtime city park. Designers and resource planners also seek this information when
contemplating landscape change—particularly when the changes may directly or indirectly affect

- people.

A critical goal of the Clear Lake Diagnostic / Feasibility Study was to develop both an
understanding of water quality conditions in the lake as well as strategies for enhancing water
quality conditions. This research contributed to that goal by identifying the broad range of
beliefs, attitudes and values as they relate to water quality and the community of Clear Lake.
Water quality researchers then used this understanding of community values to assemble
alternative strategies for water quality enhancement.

The goal of this research was not to quantify the number of residents who hold various
beliefs and values. This study gave an indication of what residents value socially and
behaviorally about the lake and how these values are structured. The study also indicated what
elements they believe enrich their lives and how change in the landscape has affected them.

B. Methods

This report serves as a summary of interviews conducted during the 2000-2001 winter in
and near Clear Lake. The land immediately surrounding the lake edge was the primary focus of
discussions. This research included residents from Clear Lake’s urban area as well as its
agricultural watershed; it did not include significant representation from Ventura. As such, the
conditions described are limited to Clear Lake and its agricultural watershed.

Residents were selected to reflect a broad range of experiences and connections with the
lake and community. Income, gender, education, occupation and years lived in the area were
balanced. Interviews were conducted individually using photographs of the area as discussion
points. The names of residents interviewed, as well as interview transcripts, are confidential.
Occasional excerpts from statements are included in this report and are intended to serve as
examples.

This research focused on four aspects: (1) residents relationship to Clear Lake as a
central element of the community, (2) organizational and social aspects of Clear Lake, (3)
perceptions of water quality and (4) a summary of community needs, as they relate to the lake
and water quality. Several suggestions for community action are included in the section,
“Appropriate Considerations for Future Action.” These suggestions were developed in response
to needs, attitudes and perceptions found in this investigation that are beyond the scope of the
Diagnostic / Feasibility Study.
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C. The Lake as a Central Element in the Community

Clear Lake is clearly the focal point of the community and the region. It is an active
element—changing and responding to climate, season and management in very dynamic ways.
Residents are watchful of the lake and are very connected to its condition. Visual changes are
watched in great detail including water clarity, water level fluctuations, fish population (size,
diversity and quantity) and fish kills.

The lake is perceived as having shifted from being a ‘public’ lake in the past to being
more ‘private’ today. Although public accesses and lands are available for use, local residents
sense a change in the lake’s availability for those other than shoreline property owners. Fewer
open, unbuilt sections of shoreline have contributed to this perception.

1. Attachment to the Lake. The term ‘attachment’ describes the relationship between
people (or a person) and a place. Attachments to a place or object can be strong or weak,
positive or negative. Understanding attachments to landscape elements, such as Clear Lake,
illustrates a great deal about what the community values and why they make the decisions they
do. v

Understanding local attachments was important in this project because it can guide
researchers and decision-makers in creating alternatives to enhance water quality. This guidance
is important to consider so valuable elements of the place or community aren’t unnecessarily
disrupted or destroyed to meet water quality objectives.

This research identified two types of attachment in the Clear Lake community. The first
type, ‘Internal,’ relates to the quiet respect and admiration people have for the lake. The second
type, ‘External,’ is the connection residents make between the lake and the outside—visitors, for
example. Both are described in more detail below.

a. Internal Attachment to the Lake. Clear Lake has strong personal importance to
the community. Residents had a consistently solid understanding of the geologic uniqueness of
the lake and its watershed. They have a deep sense of pride for the natural elements of the lake
including the shoreline, the forested vegetation surrounding the lake, its marshes and the
watershed topography. There is a strong sense of reverence and respect in maintaining the
character of these elements—although many changes have occurred over time.

This internal attachment represents a strong emotional bond between people and the lake.

It is present among residents who use the lake regularly as well as those that enjoy the lake only

from a visual standpoint. The following anecdotes illustrate this bond:

o The same public beaches and parks have been used for successive generations in their family.
Also, land—agricultural and nonagricultural—and homes have remained in the same families
for multiple generations.

o Sunrises and sunsets across the lake are a valued event.
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 Residents enjoy driving around the lake just to see the water. The visual ‘availability’ of the
lake from surrounding roads is a aspect that has changed greatly over the years as larger
homes continue to replace cottage-style homes.

o Physical closeness to the lake is highly valued—this is separate from wanting to use the lake
for a functional purpose such as fishing, swimming and boating.

o Many value the quiet, isolated public areas on the lake—particularly at times when the visitor
population isn’t high.

The respect and reverence observed for the visual aspects of the lake are also present for
cultural landmarks in the community. These landmarks include longtime businesses (such as the
Ritz), the cottage-style of housing common in the early to mid 1900’s and older specimen trees
such as those in the city park. When change occurs to landmarks—either intentionally such as
the replacement of cottages with new homes, or unintentionally such as the fire at the Ritz—the
community senses a loss in its physical character. Residents expressed a desire for the lake and

~ the community to “be as in their memory,”—realizing also that some changes are necessary,

inevitable and uncontrollable.

The lake is a sacred element internally to many people. Residents find value in both
active use and a passive closeness. This internal form of attachment was found consistently
through most interviews, however it is often a quietly held, personal reflection and value. This
contrasts with the second form of attachment identified, External Attachment.

b. External Attachment to the Lake. Above and beyond the internal or personal
importance of the lake, residents also maintain a separate form of attachment or relationship to
the lake via the ‘external’ world—uvisitors and tourists to the lake and community.

The Clear Lake community is largely organized around tourism. Events and
opportunities are created to attract people to the water for purposes of economic development.
The elements of attraction are often related to direct contact with the lake / water, such as
boating, fishing, snowmobiling, hunting and swimming. The revenue generated by outside
visitors to the lake region is substantial, and the community realizes that they are able to

* maintain the “physical-ness” and infrastructure they have as a result of these revenues. As such,
~ they have a strong attachment to sustaining the attraction of visitors to the lake. Decisions about

change and development in the community include strong consideration of the needs and desires
of visitors and other active-users of the lake.

2. Attachment Summary. Residents value both their internal and external attachments
to the lake. A combination of these values guides decision-making about changes in the
community and the lake edge. External attachments sometimes override the quieter, more
personally held internal attachments. The following examples illustrate the difficulty in
balancing the two.

o Agricultural land in the watershed has been converted to subdivisions to allow population

growth. This change compromises the rural character of the land residents value.
e It’s more difficult to see the lake when driving around it, because the new houses are so
much larger than those they replace and views are more restricted. One resident remarked,
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“Local people, like me, like to drive around the lake and look at it. It needs to be accessible
for the people of Iowa.”

o Fewer lots and areas left undeveloped in the watershed.

o The sense that access to the lake is restricted for those not living on it—even the boat
launches at the street dead ends are rented out as boat slips.

o Replacement trees in the city park are trees that grow more quickly rather than the slow-
growing native species they replace.

« Emergent vegetation is removed for aesthetic reasons and boat access, even though residents
realize it is important for fish habitat.

D. Organizational and Social aspects of the Clear Lake community

Residents discussed many aspects of the community and how decisions are made. Over
and over, they described it as a great place to live and work. Many residents of the community
choose to live in Clear Lake because it is where they want to be—rather than because it is where
their job is, for example. This strong connection to ‘place’ included descriptions of the
community as ‘a special place,” and as having a ‘sense of magic.’

1. Aspects of the Community. As commonly observed in Midwest communities,
residents perceive change in the social connection between the agricultural and urban
communities. The presence of agriculture in the lake’s watershed is perceived as diminished as
compared to fifty years ago. Urban growth—residential, commercial and industrial—has likely
contributed to this change in perception.

There is a sense of satisfaction with the community. As one resident indicated, “People
are pretty happy with the physical-ness of Clear Lake.” Clear Lake has long favored continued
growth and development as a means to stabilize this physical infrastructure. Some factions
within the community are beginning to question the long-standing belief that continued growth
will always lead to prosperity. There is concern that the community may reach a point where its
size may actually be detrimental to the elements of the community they value—such as a lack of
traffic congestion, well-maintained streets and infrastructure and the tight-knit social connections
between residents.

2. Working Relationships Inside and Outside the Community. The community
leadership structure was described as fair and trustworthy, with a history of making decisions
that take into account many situations and individuals. Changes undertaken in the community
were described as being from the “bottom-up,” rather than “top-down.”

Clear Lake is a great example of a community that takes action on its own when there is a
need—rather than relying on organizations outside of the community to do something for them.
This long history of self-initiative is evident at both the individual level and within organizations.

Residents perceive well-established and strong working relationships with other
communities, agencies and outside organizations. There has not been a strong history of
dialogue with the community of Ventura—but residents indicated they believe communication
channels with Ventura are open and that past joint efforts between the two communities have
been successful.
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The IDNR is seen as the overall decision-maker for the lake. The community also
believes that is has the ability to help shape decisions made by IDNR regarding the lake.
Residents interviewed perceived that IDNR has been fair in their decisions and actions regarding

the lake.

3. Communications. All communities have the ability to communicate information
within them, although this ability ranges in effectiveness. The structure for these
communications is both formal (newspaper and radio stations, for example) and informal (coffee
shop discussions, public meetings and working committees, for example). The communication
structure within Clear Lake appears incredibly well functioning. The local press was credited for
communicating current issues and information about the lake. There is also a very functional
informal communications network, enabling information to be passed between different groups
of residents and neighborhoods. An example of this informal communication structure is most
obvious in the consistency of local knowledge pertaining to the lake.

4. Local Knowledge of the Lake. There is a high level of awareness about the lake
system in a general sense. For example, there is a strong understanding of the importance of
emergent vegetation for fish habitat and wetlands—even though residents report that less of it
remaining today than in previous years.

Residents acknowledge the somewhat large amount of ‘natural’ vegetation occurring in
the watershed—marshes, unmanaged woodlands and prairies. Most interviewed accepted the
aesthetic qualities of these landscapes—even though they wouldn’t want it in their own yard—
because they recognize its importance for wildlife habitat. These ‘natural’ areas were also
valued for the primitive, quiet experience they offer people.

5. Physical Change in the Community. Residents indicated that a large amount of
change has occurred in the physical nature of the landscape over the past fifty years. Individual
property owners along the lakeshore have made a majority of the changes discussed in the
interviews. Examples of these changes include the following,

o Demolition of cottage-style homes and replacement with large homes with a different
architectural style,

Land around the edge of the lake is completely built up—there are no vacant lots,
Disappearance of rental cottages and boat rental facilities on the lake,

Conversion of farmland to condominiums and single family housing, and

Loss of local businesses, such as the Ritz, and their failure to rebuild in the same location.

Public perceptions of these changes range from broad acceptance to alarm at their fast
pace. These changes have contributed to a significant amount of visual change over time—in
some cases very quickly.

The community as a whole tends to make decisions about visual or physical change on

public property slowly and deliberately. There is a high value on new features or elements
looking like they have always been there. The new seawall is an excellent example of this from
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a materials and construction standpoint. It also illustrates the cautious, “bottom-up” decision
making processes employed by the community.

E. Water Quality Perceptions

The Clear Lake community, particularly the urban residents, holds the Clear Lake
Diagnostic / Feasibility Study in high regard. They helped sponsor this study to clarify the
existing water quality conditions and recommend future management strategies. This study has
been incredibly visible to residents of both the urban and agricultural communities. Residents
have observed and interacted with field personnel conducting sampling and met personally with
Dr. Downing at public events. This high level of contact with the project has given residents a
sense of confidence about the study, the personnel conducting it and the outcomes.

Residents expressed concern with the quality of lowa’s water in general--they realize that
clean water is a critically important to human health. There is a wider range of beliefs about
water quality conditions in Clear Lake itself. Some residents interviewed were deeply concerned
about water quality conditions in the lake and believe there is a real problem. Others were less
sure there is a real problem, stating they believe the lake “has always been this way” and that “it
can take care of itself.” There was also confidence expressed that the lake will “always be here”
and available to them.

A similar range of beliefs exists regarding their hope for improvement in water quality
conditions in the lake. Many residents have a high sense of optimism that conditions can be
improved through changes in behavior and land management. For example one resident stated,
“All is not lost here, but we need answers—our future is promising.” Others believe that people
have significantly less control over water quality conditions. When responding to their beliefs
about human ability to impact water quality in the lake, responses included, “it’s tough to make
change” and “our hands are tied.”

The amount of money that may be required to enhance water quality conditions is a
concern locally. Some view that the necessary changes will likely be expensive and not
effective—*a lot of money will be spent and not much will be accomplished.” Others are certain
that improvements can be affordably made, citing the construction of stormwater filtration boxes,
reduced lawn chemicals and sanitary sewer improvements already undertaken.

There is a high level of knowledge about the steps the Clear Lake urban area has taken to
improve water quality conditions. The Clear Lake Enhancement And Restoration Project
directed water quality education and improved public awareness in a role of lake water quality
representative to the urban watershed. Because the scope of the CLEAR Project was limited to
the urban landscape, community understanding about the role of the agricultural watershed is not
clearly defined.
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F. Community Needs As Related to the Lake

Residents were questioned about additional community needs specifically related to use
of the lake and water quality conditions. All responses centered on recreation and use of the
lake. Four distinct needs were communicated.

1. A bike trail around the lake—this was the most frequently mentioned need,

2. More public docks for day visitors,

3. Additional parking for boat trailers and vehicles while boating, and

4. Small pocket parks on lakeshore land suitable for picnics, viewing the lake and

general relaxing.

Some individuals indicated that there are no needs stating, “I can’t think of anything we don’t
already have, besides there’s no land left.”

G. Opportunities for the Diagnostic / Feasibility Study

The Clear Lake community and watershed are positioned well to respond to the
challenges and needs identified by the Diagnostic / Feasibility Study. This research concludes
that there is an enormous potential within the community to make and adjust to the changes
necessary to enhance water quality conditions. Several conditions presently exist in Clear Lake
that support this conclusion:

o Residents care about Clear Lake very deeply. They have both a personal attachment to the
lake as well as an economic need to maintain its integrity.

e Clear Lake, on an individual and a community scale, has a long local history of taking action
locally to facilitate changes they believe are important.

¢ Most community members already acknowledge a water quality problem in Clear Lake and
they wanted this study to identify contributing factors to the conditions and suggest
alternatives.

o The community already has a high understanding of water quality basics and has taken action
locally in response. They have also responded positively to past awareness and education
efforts regarding water quality.

e The level of communication within the community is very high—supporting the effective
dispersal of study results and alternatives.

o Although some residents question the community’s ability to impact water quality conditions
in the lake, many residents and decision makers are convinced that conditions can be
improved and are willing to support IDNR’s efforts to enhance water quality conditions.

o The community is largely tolerant of the visual aspects of landscape elements contributing to
enhanced water quality—wetlands, prairies, grassed waterways, filter strips and riparian
buffers. Residents will be able to rationalize the importance of these elements if they are
included in the final solutions selected by IDNR and the community.

e The youth and future generations of the community possess an enormous opportunity to
bring new energy and momentum to the issues present in the community.
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Appropriate Considerations for Future Action

Three opportunities emerged as a result of this portion of the Diagnostic / Feasibility
Study. They are presented here as considerations for future community action that are unrelated
to water quality. Each is connected with strengthening the relationship between people and the
‘place’ of Clear Lake—in different ways. These considerations include (1) Community ‘Sense
of Place,’ (2) Interpretation of Local History and (3) Perceptions of Public / Private Ownership.

1. Community Sense of Place. Close relationships between a place or landscape
element foster a high sense of satisfaction for residents. These relationships include deliberate
attempts to identify the often-intrinsic features that give a place its specific identity. Once
identified, these elements or features can be protected and even strengthened. The elements and
features then become the trademarks or characteristics that set the community and watershed
apart from others in the state. Articulating and enhancing a community or region’s sense of
place has benefits for both residents and visitors.

Community responses to the loss of long-time physical features in Clear Lake illustrate
the appropriateness of sense of place studies. Although some choices and changes related to
physical elements of a community are inevitable and uncontrollable, others can be planned for.
An example would include the visual appearance of City Beach and the adjacent city park.
Residents have significant internal attachment to both of these landscapes and value the fact that
they have changed little over generations. The identification of other specific characteristics or
places in the community would allow the community to make active decisions about their
management rather than react to change after it occurs.

2. Interpretation of Local History. There is an enormous amount of local history in
and adjacent to the lake. Local residents value this history but often don’t articulate its
importance. A legible interpretation of the past 200+ years in Clear Lake would be a benefit to
residents, including youth, who enjoy remembering the past and learning more about their home.
Visitors would have an additional type of experience to choose from. The interpretation could
also be linked with a bike trail around the lake, adding value to both experiences.

A sample of potential elements that could be interpreted include:

e The geologic history of Clear Lake and its watershed,

e Pre-history, European settlement and recent history,

o History of agriculture in the region, and

o Water quality topics relating to the lake: changes over time and efforts to enhance water
quality.

3. Perceptions of Public / Private Ownership. The perception that the lake is becoming
more privatized is an important concern. More research is needed to identify the factors
contributing to the perception. Community elements, such as pocket parks on the lakeshore, are
a beginning step in shifting this perception.

Pocket parks are small, neighborhood-scale places that are set aside for everyday types of
passive activity, including picnics, relaxing in the shade, people watching and looking at the
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lake. These types of activities occurred in informal ways more frequently before the lakeshore
was built up. Pocket parks, and other similar efforts offering residents and visitors more
opportunities to experience the lakeshore, would be a positive contribution to the community’s
concern with change from a “public” lake to a “private lake.”
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Historical Changes in the Clear Lake Waterscape

Kenneth Carlander, David Knoll, Carol Elsberry and John A. Downing

Special Acknowledgment. Dr. Ken Carlander, a well-known emeritus scientist at lowa State University
and long-time analyst of the Clear Lake ecosystem, began to chronicle changes in the Clear Lake
shoreline in the early 1950s by establishing a photographic record. We re-discovered Dr. Carlander’s
photographs in the Carlander Library of the Department of Animal Ecology at lowa State University, and
repeated as many as possible in late 2000. David Knoll took the 2000 photographs and Carol Elsberry
selected views that offer the most coherent look at the changed landscape. The 2000 photos were taken in
autumn so the vegetation is somewhat different, but aquatic plants would still be quite visible if present.
This series of photos offers a unique view of ways in which the shoreline, landscape and waterscape of
Clear Lake have changed over the last half-century. Notes are offered below to highlight some of the

changes.

Plates #1.

Plates #2.

Plate #3.

Plate #4.

Plates #S.

Plate #6.

Plates #7.

Plate #8.

Plates #9.

Plates #10.

Although emergent rushes are still visible in 2000, their extent is much smaller. In the
foreground, note the current complete lack of shallow water vegetation.

This wave-swept beach has changed little since 1965 although background shore
development is greatly increased.

No current image available.
No current image available.

The 1961 photo shows widespread emergent plants in the foreground and across the bay.
The dark patches on the lake surface to the left and right show very dense submerged
macrophytes growth. The current photograph shows that low water clarity has eradicated
all emergent and submergent macrophytes.

No current image available.

This open water series does not show enough detail to allow comparison of water quality,
but one can note a large amount of new shore development in the background.

No current image available.

The 1952 image shows dark patches on the water surface that indicate extensive
submergent macrophytes growth. Further, although trees in Ventura are smaller, shore
vegetation was allowed to grow. Riparian vegetation is important for protecting the shore.
The current photograph shows no submergent or emergent macrophytes and a lawn-like
shore. These indicate poor shore management and greatly reduced water clarity.

The 1954 image shows completely wooded shores, while the current image shows a great

deal of shore clearing. Wooded riparian zones are important for the protection of water
quality and provide good buffer zones.
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Plates #11.

Plate #12.

Plates #13.

Plates #14.

Plates #15.

Plates #16.

Plates #17.

Plates #18.

Plates #19.

Plates #20.

Plates #21.

The 1966 photograph shows well-developed shore vegetation that is quite diverse and
abundant. The 2000 photograph shows no shore vegetation at the same site. Riparian
vegetation is essential for the protection of water quality.

No current photograph available but the 1952 photograph shows extensive, dense and
diverse patches of submerged macrophytic vegetation. This vegetation can no longer grow
in Clear Lake due to reduced water clarity. Submerged vegetation keeps sediments from
resuspending and provides excellent fish habitat.

The current photograph shows that Mclntosh Point currently has more vegetation and is a
more substantial geographical feature than it was in 1955.

The striking difference in emergent and submergent vegetation shows a radical degradation
in water clarity since 1958. This is a profound change that decreases the quality of the
habitat for aquatic and terrestrial organisms and increases the nutrient loading through
resuspension of nutrient-rich sediments.

Although there is still some emergent vegetation at left in the current photograph,
submerged vegetation has completely disappeared and the entire bed of rushes at right has
been eradicated.

Shore disturbance has removed near-shore vegetation. Short macrophytes near shore at
left in 1962 indicate that plant biodiversity has changed considerably since this time.

Although some of the rushes that existed in 1966 are still present, the density and extent of
the plants is now greatly reduced. Note also the current poor condition of riparian
vegetation.

Near-shore vegetation has been eradicated (likely due to reduced cover from wave-action)
and the density and extent of emergent plants is now greatly reduced over 1960 conditions.
Note also the nearly complete removal of riparian vegetation.

The 1966 photograph shows well-developed cattail and bulrushes. The current photograph
shows complete eradication of this important riparian vegetation.

The 1960 photograph shows extremely dense beneficial emergent plant growth and wide
and well-developed riparian plants along the grade. The current photograph shows a
complete lack of aquatic vegetation and a very thin riparian buffer.

The band of bulrushes in 1956 was wide and quite dense in the deep waters. This
vegetation shielded the shallow waters from extreme wave-action, allowing emergent
plants to remain rooted near shore. The current photograph shows a narrower band of
bulrushes and a denuded band near shore due to reduced offshore plant density and extent.
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Plates #22.

Plates #23.

» Plates #24.

Plates #25.

Plates #26.

Plates #27.

Plates #28.

Plates #29.

Plates #30.

The 1962 photograph shows dense and diverse riparian, emergent and submerged
vegetation, which supported abundant wildlife (note muskrat houses). The current
photograph shows that vegetation has been reduced to patches of the most resistant
emergent plants. No submergent macrophytes are currently visible in photographs of this
site.

The shore zone in 1956 was stabilized by a dense band of beneficial rushes and other
emergent plants at this site. Nearly all of these plants have now been eradicated.

This very exposed site had a dense band of emergent macrophytes beyond the surf zone in
1962, but nearly all of these stabilizing plants are now gone.

This is the sole site that seems to indicate more extensive aquatic vegetation now than in
1962. This is perhaps due to the denser and more developed riparian woodland.

This site still shows some of the extensive emergent macrophytes beds that were present in
1962, but it is important to note that whereas many plants grew close to shore in 1962, the
reduced plant density has apparently allowed wave-action to uproot macrophytes in the
surf-zone near shore.

Although it is somewhat difficult to discern beyond the unwise piles of soil near shore in
1958, one can discern beds of submerged aquatic plants among the docks. Little of this
vegetation now remains.

In 1956, this site showed dense and well-developed emergent macrophytes beds reaching a
great distance from shore. These shore- and bottom-stabilizing macrophytes beds have
been completely eradicated.

These plates show the current poor condition of the carp-control structure in Ventura
Marsh.

This wave-swept shoreline near the island has changed little since 1962.
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#1 - FROM FARMER’S BEACH, CLAUSEN’S COVER,
LOOKING TOWARD LONE TREE POINT
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#3 — McINTOSH WOODS - MAMMOTH BRIDGE IN
CENTER BACKGROUND (TAKEN FROM BOAT)




#4 — LONE TREE POINT FROM WEST END
(TAKEN FROM BOAT)
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#5 — LOOKING EAST TOWARD McINTOSH ON LEFT AND
LONE TREE ON RIGHT FROM GRADE
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#7 - KASTER’S KOVE IN CENTER BACKGROUND
FROM HESSER’S DOCK
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48 — WEST OF BOY SCOUT CAMP TAKEN FROM BOAT
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#9 - VENTURA FROM ACROSS LAKE
(FROM HESSER’S DOCK)
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#10 - FROM VENTURA HEIGHTS BANK
TOWARD LONE TREE POINT

RPN 4 oo > O
D R S ARy A Y

et o
R AT L

61



#11 — FIN AND FEATHER BOAT DOCK NEAR GRADE
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#12 - KASTER’S IN RIGHT BACKGROUND
(TAKEN FROM BOAT)

63




#13 - McINTOSH POINT WEST SIDE OF SANDBAR
(TAKEN FROM BOAT)
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#14 - LOOKING SOUTHEAST ALONG WEST SIDE OF McINTOSH
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#15 - GRADE IN RIGHT BACKGROUND FROM
McINTOSH BLUFF NEAR POINT
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#16 - SOUTH BAY LOOKING TOWARD ISLAND
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#17 — SOUTHEAST TOWARD CLAUSEN’S COVE
FROM McINTOSH BLUFF NEAR POINT
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#18 — DEAD MAN’S CURVE LOOKING TOWARD ISLAND

69



Il T

E=a

R e

I e e s =

[ T

|

I - E s

- .

#19 - FROM HESSER’S LOOKING TOWARD SANDBAR
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#20 — SOUTHWEST CORNER OF WEST END. HESSER’S DOCK
IN BACKGROUND - TAKEN FROM GRADE
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#21 - FROM EAST END OF BLACK RUSHES
LOOKING TOWARD CLAUSEN’S COVE
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#22 — LOOKING SOUTH FROM BRIDGE CULVERT
BETWEEN WILLOW INN AND ELLM BEND
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#23 — STATE DOCK LOOKING WEST
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#24 —- GARNER BEACH LOOKING SOUTHEAST
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#25 - FROM STATE DOCK TOWARD BUEHLER’S
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#26 — LOOKING FROM EAST CORNER (FENCE)
OF McINTOSH WEST TOWARD SANDBAR
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#27 — LOOKING SOUTHWEST FROM HATCHERY
(ISLAND CENTER BACKGROUND)
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#28 — WEST SIDE OF McINTOSH LOOKING FROM BANK
AT SOUTH END OF McINTOSH WOODS TOWARD
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#29 - VENTURA MARSH — CARP TRAP
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#30 — WEST SIDE OF ISLAND FROM PRINCESS DOCK
DRIVE DOWN BY RITZ CLUB
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Limnology of Clear Lake
John A. Downing, Jeff Kopaska, Rebecca Cordes, and Nicole Eckles

A. Introduction.

Clear Lake is typical of a large, shallow, corn-belt, kettle lake. The very shallow
depth (maximum about 5.9 m or 19 ft) means that wind mixing and fish activities return
nutrients from the sediments into the water column during the warm, summer season.
This large input of nutrients from the watershed and the remobilization of sediment
nutrients give Clear Lake a very high concentration of nutrients such as nitrogen and
phosphorus. The mixed agricultural and urban watershed furnishes very high nutrient
loads to the lake, some of which has been deposited into the sediment layers. These high
nutrient inputs, coupled with the fish- and wind-induced mixing of sediments, are
significant impediments to restoration efforts, since they have turned Clear Lake into a
hypereutrophic ecosystem.

B. Physical Characteristics.

Lake surface area: 1,468 hectares (3625 Ac)
Maximum depth: 5.9 meters (19.2 ft)

Mean depth: 2.9 meters 9.6 ft)
Volume: 42,054,656 m® (34,080 Ac-ft)
Length of shoreline: 22.7 kilometers (14.1 mi)
Shoreline development index: 1.60

Watershed area: 4,888 hectares (12,079 Ac)
Watershed area/Lake area ratio: 2.3

Hydraulic residence time: 1.6 years

C. . Historical Data.

Clear Lake was one of fifteen lowa lakes and reservoirs studied in the National
Eutrophication Survey performed by U.S. EPA in 1974-1975. This survey indicated that
Clear Lake was eutrophic, based on a combination of the following parameters: total
phosphorus, dissolved ortho-phosphorus, inorganic nitrogen, Secchi disk measured water
clarity, chlorophyll a and dissolved oxygen. Water samples were collected April 18, July
3, and September 23, 1974 from one or more depths at three locations in Clear Lake.
From those samples, mean total phosphorus was 59 pg/L (N=13), mean inorganic
nitrogen was 0.19 mg/L (N=13) and mean Secchi disk depth was 0.89 m (N=8). This
survey ranked Clear Lake fourth out of fifteen lakes on a least to most eutrophic gradient
according to measured in-lake parameters.

From data collected in Iowa’s 1979 lake classification survey, Clear Lake was
classified as a eutrophic lake. The mean total phosphorus concentration was 110.5 pg/L
(N=8), mean total Kjeldahl nitrogen was 1.3 mg/L (N=2), and mean Secchi disk depth
was 0.7 m (N=5). Summer fishkills were estimated to be rare, but winter fishkills were
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estimated to occur in one year out of 100. An extensive winter fishkill occurred in 1978,
and this was the first large-scale fishkill that had occurred in recorded history. A water
quality index was calculated for the 106 Iowa lakes sampled in the 1979 lake
classification study based upon Secchi disk depth, total phosphorus concentration, algal
chlorophyll concentration, total suspended solids and winter fishkill frequency. The
index ranked Clear Lake as the 28th poorest water quality of all lakes in the survey.
Clear Lake’s major problems were water level maintenance, water removal by the city of
Clear Lake and nonpoint source pollution from soil erosion and agricultural chemicals.
This was suggested to be due to soil erosion from agricultural land in the watershed,
considering that 76.9% of the watershed was under row crop production.

From data collected for Iowa’s 1994 lake classification survey (field collections
occurred in 1990 and 1992), Clear Lake was classified as a eutrophic lake. The mean
total phosphorus concentration was 155 pg/L. (N=9), mean total nitrogen was 4.1 mg/L
(N=9) and mean Secchi depth was 0.4 m (N=3). Winter and summer fishkills were
estimated to be rare. A numerical system was developed to rank all Iowa lakes with
mean depths of less than 4 m. It was based on a point system to rank lowa lakes based on
public benefit, need for restoration and restoration effectiveness. This system gave Clear
Lake a ranking of 18th in terms of priority for restoration projects. A summary of lake
nutrient changes over time is shown in Table 1.

Additional monitoring studies have occurred in recent years. In the summer of
1992, ISU was involved in a study on Clear Lake. Roger Bachmann, along with several
Clear Lake residents, took samples on a weekly basis from May 1992 until August 1992.
Average Secchi depths typically ranged from 0.305 m to 0.45 m. Chlorophyll
concentrations were typically high at 84 ug/L relative to the lowa average of 47 pg/L.
The average summer phosphorus concentration was 100 pg/L, while the average total
nitrogen and nitrate concentrations were 2.1 mg/L and 0.17 mg/L, respectively. In
addition to the 1992 study, monitoring of Clear Lake was carried out by Dr. William
Crumpton’s laboratory at ISU in both 1995 and 1996 (Appendix 4). Average chlorophyll
concentration was 52 pg/L and average summer phosphorus concentration was 153 pug/L.
As a result of these and other previous studies, long-term lake monitoring was
recommended.

These data, taken together with the recent diagnostic work, show that Clear Lake
has increased in nutrient concentration by nearly 3-fold since the early 1970’s, and has
decreased in water clarity by nearly 3-fold during the same period (see Fig. 1). The most
rapid drop in water clarity arose around 100-120 ppb (between 1980-1985). Currently,
Clear Lake is increasing in total phosphorus concentration at a rate of 4 ppb/year. At the
current rate of increase in total phosphorus, the concentration in Clear Lake would likely
be 216 ppb by 2010, and 340 ppb by 2040. Projections such as this make many
assumptions but are only meant to indicate the very rapid rate of change being seen in the
water quality in this important lake.
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D. Limnological data from diagnostic study.

a. Sampling Scheme. Clear Lake limnology was analyzed by sampling at three
points, distributed from west to east across the lake (Fig. 2). This approach was used
because Clear Lake has three somewhat distinct basins that function slightly differently.
For example, the Little Lake can be considered a nearly separate waterbody. Analyses
were, therefore, performed separately for each basin and the aggregate trends in water
quality were examined by calculating volume-weighted averages for the entire lake. The
baseline survey was conducted from July 1998 to September 2000. Previously
established methods for diagnostic surveys were followed in regard to sampling
frequency, and analytical techniques outlined in Standard Methods for the Analysis of
Water and Wastewater (APHA 1994) were used. Average values of the measurements
made in this study are presented in Tables 2-5. Additional tables of raw data are
presented in Appendix 5.

b. Physics and Chemistry. Clear Lake is polymictic, meaning that it is nearly
continuously mixed to the bottom by wind and wave action. The relative lack of
stratification compared to other lowa lakes is due to a somewhat shallow basin and broad
expanse of water over which the wind can create turbulence due to wave and current
energy. Relatively homogeneous water column temperatures are indicated by the nearly
vertical lines on the isotherm graphs in Figure 3. Temperature decreases sharply and
transparency increases in the autumn as the lake is cooled rapidly by wind mixing.
Generally, temperatures are quite extreme in the lake, varying from >25°C in mid-
summer to <4°C in winter. These extremes in heating and cooling result from the
shallow depth and extreme degree of wind mixing of the water column, and are
instrumental in the weathering and breakdown of sediments. In general, water clarity
during the summer season averages between 0.3-0.4m (ca. 1 foot, Fig. 4).

Because of the intense mixing of the water column, surface oxygen concentrations
are generally adequate throughout the year (Fig. 5). Because of intense sedimentary
decomposition during warm weather and very weak stratification of water layers near the
bottom, bottom waters are frequently somewhat low in dissolved oxygen during the
summer and winter months. Concentrations of dissolved oxygen near the bottom rarely
fall beneath the minima required to safely sustain sport fish.

Clear Lake is well buffered, containing an average of about 150 mg/L of calcium
carbonate alkalinity (range of averages 130-180). Alkalinity generally increases
throughout the summer in the Little Lake, likely owing to evaporative loss of water and
resultant concentration of dissolved salts in Ventura Marsh and this shallow basin (Fig.
6), but declines somewhat in the main lake due to extremely high rates of primary
production during late summer. Lake pH becomes quite high in mid-summer as the
phosphorus-driven primary production uses CO; more rapidly than the alkalinity
buffering system can supply it (Fig. 7). Maximum summer pH approaches 9.0. Some
low pHs are observed in the bottom waters during mid-summer, due to intense
decomposition of organic materials and bottom sediments, and declines rapidly
throughout the autumn. Total dissolved solids peak in the spring as runoff dissolves

84



Clear Lake Diagnostic & Feasibility Study
Chapter 5 - Limnology

terrestrial salts (Fig. 8), declining through dilution after spring rains, then declining
further as alkalinity is depleted in late summer. Silicon (a dissolved mineral essential to
the growth of beneficial algae) was highest near the beginning of the study and generally
declined over the analysis period (Figs. 9-10). The silicon concentration declined fairly
steadily over the study period, probably in response to intense inputs from heavy rains at
the beginning of the study followed by steady sedimentation of algae.

In spite of the relatively small size of the watershed, Clear Lake has a very high
concentration of suspended solids. The average for lowa lakes (including natural and
artificial lakes) is about 20-30 mg/L (0.02-0.03 g/L), with natural lakes usually
containing less suspended solids than artificial impoundments (Fig. 11). Clear Lake
averages much greater than this, with frequent lake-wide averages of >30 mg/L (0.03
g/L) (Fig.s 11-12). Highest suspended solids concentrations were found in mid-summer,
indicative of the resuspension of lake sediments by wind and fish action. The lake
sediments and watershed erosion are almost certainly the source of suspended solids
during the summer months. This is indicated by the tendency for highest concentrations
to be near the bottom (Fig.s 13-14) and the fact that one can observe the movement of
sediment loads associated with high rainfall in June-July 1999 sequentially along the
lakes axis from the Little Lake in June to the eastern-most sampling station in August
(Figs. 12, 15).

¢. Nutrient Concentrations. Nitrogen and phosphorus are the most important
essential nutrients to the growth of algae and other organisms in lakes. Although Clear
Lake is far from the most nutrient-rich lake in the state, it is extremely rich in nutrients
when compared to some of lowa’s other lakes (Fig. 16, Table 6) and lakes elsewhere in
the world (Fig. 17). The rich nutrient environment is likely due to significant nutrient
inputs from the agricultural watershed, as well as the regeneration of sedimentary
nutrients throughout the summer season. Total nitrogen trends are characterized by large
peaks of nutrient concentrations during periods of high run-off with concentrations
highest in the Little Lake where most of the hydraulic load is received (Fig. 18). Late
summer nitrogen concentrations generally decline, probably due to denitrification loss to
the atmosphere under warm conditions at the oxic/anoxic interface near the sediment
surface. Generally, however, the source of nitrogen is clearly indicated by the fact that
total nitrogen concentrations decrease as water masses move from west to east. A paired
t-test shows that total nitrogen concentrations in the Little Lake are an average of 0.7-0.8
mg/L higher than those in the central or eastern basins, respectively (p<0.0001). Total
nitrogen levels decrease through autumn and winter as cool conditions slow nitrogen
inputs from the watershed. Because the lake is large with respect to its watershed, algae
growth is quite high and only a small fraction of the nitrogen occurs in the form of nitrate
(Fig. 19), except in spring and early summer when watershed efflux is high. Generally,
however, dissolved nitrogen is dominated by ammonium, because it is liberated from
decomposing sediments (Fig. 20) and is mixed into the water by wind and fish. Under
the current nutrient scenario, ammonia is likely to have adverse impacts on fish and other
organisms in Clear Lake because unionized ammonia concentrations peak beyond the
levels normally responsible for severe fish damage (Fig. 21). Unionized ammonia levels
in Clear Lake are much higher than would be desirable for sustaining optimal sport
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fisheries. The prevalence of ammonia as a nitrogen form imply a constant supply of
reduced nitrogen from decomposition or from other nutrient-rich, low oxygen sources.

Trends in total phosphorus are dominated by inputs from the watershed and the
regeneration of phosphorus from decomposing sediments, summer wind mixing and fish
activities. Normally a lake will show maximum phosphorus levels near ice-out,
decreasing throughout the summer until a second phosphorus peak is observed in autumn.
In Clear Lake, however, phosphorus concentrations are lowest in winter and early spring,
reaching high levels during the warm-water season, then declining when cold weather
begins (Figs. 22, 23). Unlike many other lakes, there is no marked trend in phosphorus
concentration across the season, but lake-wide total phosphorus hovers between 150-200
ppb. These levels now place Clear Lake within the hyper-eutrophic category. It is likely
that much of the supply of phosphorus originates in the watershed, since much of the
watershed is at the western end of the lake and a paired t-test of inter-station differences
in total phosphorus shows that concentrations in the Little Lake are generally around an
average of 33 ppb higher than that in the central basin (p<0.0001). Nutrient
concentrations generally decline as the water masses move from west to east across the
lake.

The concomitant decrease in total nitrogen in mid-summer and increase in total
phosphorus from summer sediment mixing means that conditions favor the excess growth
of nuisance algae. Ratios of total nitrogen to total phosphorus (N:P) are most frequently
below the acceptably high range (>30 as mass units) that would favor the growth of most
useful forms of phytoplankton. N:P falls to very low levels by the end of summer (Figs.
24, 25). This is due to the excessively high rate of input of phosphorus that keeps N:P
quite low. This favors the growth of nitrogen fixing forms such as the cyanobacteria
(formerly “blue-green algae”) that can be a nuisance and health hazard when they grow in
excess.

d. Phytoplankton Community Structure and Biomass. Phytoplankton in Clear
Lake follow a seasonal pattern that is typical of temperate, shallow, hypereutrophic lakes
(Fig. 26). Algal biomass is generally highest in mid-summer when it forms conspicuous
“blooms” of algae coloring water an intense green color. Cyanobacteria (“blue-green
algae”) and diatoms (Bacillariophyceae) make up the majority of the phytoplankton
biomass for much of the active growing season (Figs. 27-31). Cyanobacteria dominance
is especially acute in mid- to late-summer, when cyanobacteria make up >80% of the
algal biomass. The dominance of Cyanobacteria gives Clear Lake a sometimes
fluorescent green color. The taxa of Cyanobacteria involved in summer blooms are
Anabaena, Spirulina and Oscillatoria (Figs. 29-31). These are taxa that are known to be
able to produce some toxic materials, and these potentially toxic taxa compose between
27% of the phytoplankton in the Little Lake to 47% of the phytoplankton biomass at the
central sampling station (overall average during the summer season: 35%). It is likely
that the Cyanobacteria in Clear Lake exude some degree of toxin during growth,
senescence or decay (Falconer 1999). Because such toxins can be harmful to
invertebrates, fish, wildlife, livestock and humans, reduction of nutrient levels to
eliminate Cyanobacterial dominance would be welcome. Cyanobacteria dominance in
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mid-summer arises due to very high nutrient concentrations and very low N:P ratios.
Overall, about 38% of the phytoplankton in the lake is composed of Cyanobacteria on an
annual basis (Table 7). Figure 32 shows that, when compared to world lakes in general,
Clear Lake develops somewhat less Cyanobacteria than would normally occur at this
high a level of total phosphorus concentration.

E. Trophic condition of lake.

Based on both the historical data and the data collected during this study, Clear
Lake is classified as hypereutrophic. This is reflected in the relatively high values for
total phosphorus and total nitrogen, and low Secchi disk transparencies.

F. Algae.

The ratio of mean total nitrogen to mean total phosphorus concentration on the
lake is 13:1. This indicates that Clear Lake algae are phosphorus limited throughout
much of the ice-free season, but potentially nitrogen limited at the height of summer
stagnation.

G. Macrophytes.

Aquatic macrophytes were surveyed during the summers of 1999 and 2000.
Transects perpendicular from the shoreline to the outer edge of macrophyte beds were
established at 20 m intervals. Macrophytes were then quantified at 20 m intervals along
each transect using a 1m? quadrat. From this survey, we were able to determine species
present and abundance of each species. These data were then compared to historical data
collected from Clear Lake over the past 100 years.

Results for Clear Lake show that there exists a total of 12 different species of
aquatic macrophytes in the lake. Species frequency of occurrence in quadrats show that
Scirpus (Rush) is the most common 68%, followed by Typha (Cattail) 21%, Nuphar a.
(Yellow Lily) 4.2%, P. nodosus (Floating Leaf Pond Weed) 3.4%, Nymphaea t. (White
Lily) 2.2%, P. pectinatus (Sago Pond Weed) 0.4%. The rest were <1%.

To see changes in macrophyte distributions over the years, these results were
compared to results from seven other surveys conducted on Clear Lake dating back to
1896. Results show that species abundance has steadily decreased from a maximum of
35 species surveyed in 1952, to 21 species in 1981, and is now 12 species. Frequency of
occurrence of species in each quadrat was compared to data from 1981, which was the
last time an aquatic survey was completed on Clear Lake. Results show a decrease in all
of the species listed above except P. nodosus and Nuphar a., which show increases. The
areal extent of macrophyte beds was measured by digitizing aerial photographs of Clear
Lake from 1979 to 1999. Results show that there has been an overall decrease in
macrophyte bed size by 49%.
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We compared these data to historical Secchi disk readings and found a dramatic
decrease in water clarity from 2.4 m in 1896 to 0.4 m in 2000 (Fig. 33). An increase in
water clarity would lead to an increase in macrophyte species diversity and abundance in
Clear Lake. If water clarity continues to degrade, macrophyte species diversity and
abundance will continue to decrease. Macrophytes help stabilize sediments and create
very useful fish and wildlife habitat.

H. Hydraulic budget for lake.

The method used in the analysis is based on the equation of continuity.

Fundamental Equation: AS = Inflow - Outflow
The equation in more detail is: AS=P+R-0-E+GW
Where:

S = change in storage (m3)

P = the precipitation falling directly onto the lake (m®)
R = the surface runoff from the watershed (m®)

E = the evaporation from the lake surface (m®)

O = the outflow over the spillway (m°)

GW = the groundwater seepage (m3 )

P and R are positive quantities, E and O are negative quantities, GW and S may
be either positive or negative. Precipitation records from the Mason City Municipal
Airport (July 1998-September 2000, source: http://nndc.noaa.gov/?home.shtmt).
Evaporation records are from the National Weather Service, Climatological Data (May
1998-April 1999) for Ames. A pan coefficient of 0.74 was used (Kohler et al., 1959).

Runoff was determined using a rainfall volume and runoff coefficient method.
Runoff coefficients were derived from measurement of rainfall and runoff in two
subbasins (one agricultural, one urban) that were continuously monitored using flow
meters. These runoff coefficients were directly assigned, or combined to determine, a
runoff coefficient for the other subbasins in the watershed based upon percentages of
agricultural or urban land use in the other subbasins. The entire study length was broken
down into different time periods that had similar runoff coefficients. Water flux from
each subbasin was determined by multiplying rainfall volume, drainage area and runoff
coefficient for each time period. Periodic water fluxes (m®) were summed to determine
total annual runoff.

Outflow was determined using discharges measured on the outflow stream.
Outflow was measured in the field periodically (two times per month in April-September,
once per month in October-March). Instantaneous outflow (m3/s) were multiplied by
86,400 to determine daily outflow (m*/day). These results were compared to lake stage
data from the USGS gauging station at Clear Lake. From these results, a stage-discharge
relationship was built for lake stage data for Clear Lake.
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Groundwater seepage and other groundwater information are discussed in detail
in Chapter 8 (page 180) of this report.

Table 8 summarizes the hydraulic budget for Clear Lake for a period of two years,
ending July 31, 2000. The lake derives 49% of its water from rainfall onto the lakes
surface and 43% of its water from runoff. Clear Lake loses 61% of its water through
evaporation and 28% of its water through outflow. The lake flushes 0.69 times per year
for a hydraulic retention time of 1.45 years. These data indicate that the lake overall has
a positive water budget. The period that this budget covers is short due to the lack of
inflow and outflow data other than that which was collected during the course of this
study.

L Lake bathymetry

A bathymetric survey of Clear Lake was conducted in July 2000. The survey was
performed using digital, discriminating sonar and differentially corrected Global
Positioning Systems (GPS). Lake elevation at the spillway crest was used as the baseline
for lake depth, and over 77,000 distinct locations with their associated depths were used
to create the new bathymetric map seen in Figure 34. These data were imported into
SURFER™, a commercial geostatistical mapping package, to calculate the lake volume
and generate bathymetric maps The volume of the lake at spillway height in 2000 was
found to be 42,054,656 m® (34,108 ac-ft), and the surface area was 1,468 hectares (3,625
ac). The maximum depth of the lake was 5.9 m (19 ft), and the mean depth was 2.9 m
(9.6 ft).

A bathymetric survey of Clear Lake was also completed in 1935. This map is
shown in Figure 35. This earlier survey was digitized using ArcView and the data was
exported for use in SURFER™. Usmg this data set, SURFER™ determined the volume
of the lake in 1935 to be 45,669,742 m® (37,010 ac-ft) with a mean depth of 3.1 m (10.3
ft). An original lake volume was calculated using sediment depths from borings taken in
1935. The depths of soft sediments were added to the water depths recorded for the 1935
bathymetric survey to calculate original lake water depths. This map is shown in Figure
36. The original lake volume was determined to be 68,121,176 m® (55,248 ac-ft) with a
mean depth of 4.7 m (15.5 ft).

Sediment deposition in Clear Lake from 1935 to 2000 is shown in Figure 37.
This figure was created by subtracting the 2000 depth map from the 1935 depth map.
The change in depth between the two years is the result of sediment deposition.
Sediment deposition from the original lake to 2000 was also calculated i m the same
manner and shown in Figure 38. Between 1935 and 2000, 3,537,706 m® (2869 ac-ft) of
lake volume was filled with sediment. Between the original lake and 2000, 25,990,520
m® (21,079 ac-ft) of sediment was deposited with 2,731,853 m’ (2,216 ac-ft) of that
sediment accumulatmg in the Little Lake (Fig. 39). This indicates an annual sediment
deposition of 54,426 m> (44 ac-ft) into Clear Lake between 1935 and 2000. The present
volume represents an 8% reduction in lake volume from 1935 to 2000. From the original
lake to 2000, Clear Lake has lost 38% of its volume. It is expected that sediment
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deposition rates will decrease with time, as trap efficiency of the lake declines. However,
assuming constant rates of sediment delivery and deposition in the future, Clear Lake
would completely fill with sediment in approximately 775 years.

Sediment deposition has resulted in the loss of one foot of mean depth since 1935.
Considering that annual sediment deposition has been 54,426 m’ (44 ac-ft), and the
surface area of the lake is 1,468 hectares (3,625 ac), the lake has been losing 3.7 mm/yr
(0.94 in) of depth if this sediment were evenly distributed. This sediment has a density of
1440 kg/m’, which when multiplied by annual sediment deposition rate gives a result of
just over 78 million kg/yr (>85,000 tons/yr) of sediment added to the lake. Thus, the
Clear Lake watershed has lost 22,910 kg/ha/yr (10 tons/acre/yr) of sediment on average.
This figure represents, of course, the aggregate of all erosional transport in the watershed
(e.g., gully, sheet, rill, streambank, etc.), exclusive of shoreline erosion, less the sediment
retransported down stream. It also does not account for erosional losses redeposited
within the basin that were not yet transported into the lake. This figure thus represents a
minimal estimate of erosional soil loss in the watershed. During the course of this study,
tributary monitoring showed the sediment transport to the lake to be somewhat more than
1.1 million kg/yr (see Chapter 10), which equates to 327 kg/ha/yr (0.2 ton/acre/yr).
Because these sediment loss flux rates are less than the overall average sediment
accumulation rate, it seems that the rates we measured during 1998-2000 are lower than
those over the lifetime of the lake. The decrease in watershed sediment loss rates may
result from climatic variability and improved agricultural conservation practices
implemented throughout the watershed.

J. Impact of Lake Degradation and Outlook for Lake Improvement

Drastically increased phosphorus concentrations in Clear Lake have resulted in
decreases in many aspects of the quality of the Clear Lake ecosystem. Judging from
trends in water clarity, Clear Lake was likely oligotrophic-mesotrophic at the turn of the
century, mesotrophic until the mid 1970s, then moving from eutrophic in the mid-1970s
to near hyper-eutrophic in the late 1990s. The implications of this change for many
aspects of the Clear Lake ecosystem are listed in Table 9. Phosphorus concentrations of
the magnitude seen in Clear Lake during this study are very poor for continued quality of
recreational use. If trends continue in this vein, users of Clear Lake should expect further
degradation of water clarity, reduced oxygen levels, frequent blooms of toxic algae,
increased survival and persistence of fecal and potentially pathogenic bacteria,
accelerated filling and siltation, mobile toxins, increased impacts of ammonia on the
quality of fish and other aquatic organisms, continued declines in biodiversity and year-
to-year stability, degraded fish and wildlife habitat, decreased fish production and a fish
community highly dominated by rough fish.

The increase in total phosphorus concentration in the lake has yielded a profound
increase in algal abundance. The dense algae that have bloomed in Clear Lake have
decreased water clarity to the point that rooted aquatic vegetation has declined
substantially. Turbid waters with toxic algae favor the growth of resistant fishes like carp
and bullhead that perturb sediments and uproot vegetation. Sediment resuspended by fish
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and increased wind mixing in the absence of rooted vegetation further decreases water
clarity further reducing the ability of aquatic plants to cleanse waters and stabilize
sediments. Resuspended sediments lead to increased phosphorus concentrations that
have favored even more algae growth. Projected increases in phosphorus concentrations
indicate that, in the absence of remedial measures, Clear Lake will continue to decline in
quality and utility as a recreational resource.

In order to improve Clear Lake, three fundamental changes would need to take
lace:
P o Reductions in phosphorus loading to the lake from all parts of the watershed.
e Reductions in silt input and resuspension by fish, wind and boat action.
o Reductions in inputs of bacteria from the watershed surrounding the lake.
Such changes would give rise to gradual improvements in the lake, the course of which is
likely to span 5-30 years before substantial improvements would be achieved.

Knowledge of the hydraulic and nutrient budgets as well as various limnological
details allow computation of future water quality under various scenarios of improved
watershed characteristics. First, it is important to understand that the phosphorus
concentration in the lake is principally a function of the rate of phosphorus input and the
rate of flushing of the lake, and secondarily a function of return of sedimentary
phosphorus to the water column. One can thus calculate the expected change in water
quality (i.e., phosphorus concentration) by calculating the impact of a reduction in
phosphorus input. There are many models that enable these calculations but normally it
is wise to fit several of them to find which yields the best prediction of the current total
phosphorus concentration from calculated inputs and hydrology. We examined the fit of
more than a dozen such models and found that the Canfield/Bachmann (Canfield &
Bachmann 1981) yields a prediction of current phosphorus concentration at spring
circulation that is the best, and is within 2% of the actual phosphorus concentration. This
model is thus likely to predict the phosphorus concentration under future remedial states.

Next, it is possible to alter the parameters of the equations to examine the
predicted change in total phosphorus concentration that would result from various levels
of decrease in phosphorus inputs (Fig. 40). Apparently, it would take around a 60%
reduction in total phosphorus inputs to bring the lake back to the total phosphorus
concentrations that were seen in the late 1970s and early 1980s. Using the normal
relationship between water clarity and total phosphorus seen in other Iowa lakes
(Bachmann et al. 1994), we can predict changes in water clarity that would be expected
following these scenarios (Fig. 41). This analysis suggests that a 60% reduction in total
phosphorus loading to Clear Lake should bring water clarity to the 0.8-1.2 m level, once
lake conditions equilibrate. This water clarity level is somewhat conservation because
increased water clarity and carp management taken together would greatly reduce
suspended solids in the water column, affording even greater increases in water clarity. It
is likely, therefore, that such a management scenario could bring water clarity in Clear
Lake back to pre-1970 levels, allowing marked increases in the entire lake as an
ecosystem and recreational resource.
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TABLE 1. Summary of historical nutrient data collected on Clear Lake.

Parameter 1974 Study 1979 Survey 1990 Survey
Total Phosphorus 59 pg/L 110.5 pg/L 155 pg/L
Nitrogen 0.19 mg/L (inorganic N) | 1.3 mg/L (TKN) | 4.1 mg/L (TN)
Secchi depth 0.89 m 0.7m 04 m

TABLE 2. Summary table of measurements made on all Clear Lake sampling stations during the
diagnostic study between July 1998 and September 2000. All dates, depths and stations

combined.

Parameter Units Mean Standard Error | n

Total Phosphorus g/L as P 188 4] 659
Total Nitrogen mg/L as N 2.39 0.06 | 659
Nitrate-Nitrogen mg/L as N 0.29 0.01 | 475
Ammonia-Nitrogen mg/L as N 0.20 0.02 | 475
Chlorophyll a g/L 42 6] 111
Secchi depth m 041 0.01 111
Alkalinity mg/L as CaCO; 143 2{ 390
Dissolved Oxygen mg/L 9.2 04 ] 611
Specific Conductance ‘umhos/cm 331 5] 636
Total Suspended Solids | mg/L 60 13] 579
pH neg. log H” conc. 8.40 0.02 | 636

TABLE 3. Summary table of measurements made on the Little Lake Site in Clear Lake during the

diagnostic study between July 1998 and September 2000. All dates and de

diagnostic study between July 1998 and September 2000. All dates and de

Parameter Units Mean Standard Error | n

Total Phosphorus ug/L as P 184 71 252
Total Nitrogen mg/L as N 2.25 0.07 | 252
Nitrate-Nitrogen mg/L as N 0.26 0.01 | 183
Ammonia-Nitrogen mg/L as N 0.21 0.03 ] 183
Chlorophyll a _ug/L 33 9 36
Secchi depth m 0.45 0.03 37
Alkalinity mg/L as CaCO, 144 31 147
Dissolved Oxygen mg/L 8.37 0.18 ] 234
Specific Conductance pmhos/cm 341 111 243
Total Suspended Solids | m 66 27§ 219
pH neg. log H” conc. 8.38 0.02 | 243

94

ths combined.

Parameter Units Mean Standard Error | n

Total Phosphorus pg/L as P 210 10} 156
Total Nitrogen mg/L as N 29 02| 156
Nitrate-Nitrogen mg/L as N 041 005} 110
Ammonia-Nitrogen mg/L as N 0.23 0.05] 110
Chlorophyll a g/L 49 11 39
Secchi depth m 0.34 0.02 37
Alkalinity mg/L as CaCO; 143 4 94
Dissolved Oxygen mg/L 12 2] 145
Specific Conductance pmhos/cm 308 71 149
Total Suspended Solids | mg/L 62 10| 137
pH neg. log H” conc. 8.54 0.03 | 149

TABLE 4. Summary table of measurements made on the Central Lake Site in Clear Lake during the

ths combined.
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TABLE 5. Summary table of measurements made on the East Lake Site in Clear Lake during the

diagnostic study between July 1998 and September 2000. All dates and depths combined.

Parameter Units Mean Standard Error | n

Total Phosphorus pg/L as P 180 6] 251
Total Nitrogen mg/L as N 2.19 0.06 ] 251
Nitrate-Nitrogen mg/LasN 0.26 0.01 | 182
Ammonia-Nitrogen mg/L as N 0.19 0.03 | 182
Chlorophyll a 1] 45 12 36
Secchi depth m 0.43 0.02 37
Alkalinity mg/L as CaCO, 142 3] 149
Dissolved Oxygen mg/L 831 0.19 } 232
Specific Conductance pumhos/cm 336 3| 244
Total Suspended Solids | m 53 2] 223
pH neg. log H” conc. 8.32 0.03 | 244

TABLE 6. Summary table of summer measurements made on Clear Lake during study period (1998-
2000), during the 1990 and 2000 state lake surveys and on all lowa lakes during the 1990 and

2000 state lake surveys.
Parameter Units Clear Lake | Clear Lake | lowa lakes Clear Lake | Iowa lakes
1998-2000 1990 average 1990 | 2000 average

2000

Total ug/LasP | 188 155 163 129 187

Phosphorus

Total Nitrogen | mg/L asN | 2.39 4.1 34 1.97 2.15

Chlorophyll a ug/L 42 53.4 48.1 31 28

Secchi depth m 041 0.4 1.1 0.4 1.0

TABLE 7. Fraction of total biomass composed of different algae taxa in Clear Lake, lowa during 1999
and 2000. Total biomass data were calculated directly from volumetric approximations of
algae counts. The data represent the average for all stations and all dates sampled.

Overall

Taxon Average

% Bacillariophyceae 44
% Cyanobacteria 38
% Chlorophyceae 12
% Chrysophyceae 4
% Cryptophyceae 1
% Dinophyceae <1
Total Biomass (mg/L) 47.0
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TABLE 8. Hydraulic budget for Clear Lake.

Month (Precip. |Pan Evap. [Change in ([Precip. [Runoff [Evap. Groundwater |Outflow
Storage
(cm)  |(cm) (m’} {m’) {m’) (m’) im’} (m’)

Aug-98 14.0 16.2 1985720 2060273 2460529 -1758944 -48050| -728088
Sep-98 4.6 17.9 -547569 674339 805345| -1943661 -46500 -37092
Oct-98 8.8 82 1895531 1289068| 1539499| -884986 -48050 0
Nov-98 2.8 0.0 860611| 413545| 493886 0 -46500 -319
Dec-98 1.0 0.0 410277 152751 305576 0 -48050 0
; Jan-99 3.6 0.0 1516969 521588 1043431 0 -48050 0
| Feb-99 4.1 0.0 1756372 599826 1199946 0 -43400 0
Mar-99 3.2 0.0 1166813| 473155 946541 0 -48050, -204833
Apr-99 20.8 10.9 2769206 3043839| 3591777 -1179981 -46500[ -2639928
May-99 19.2 8.7 350207| 2820301| 3327999 -2029126 -48050| -3720916
Jun-99 13.1 18.2 -898881| 1914973| 2259698 -1976744 -46500{ -3050308
Jul-99 28.3 22.0]  1249376| 4154076 1629469| -2393046 -48050] -2093073
Aug-99| 5.5 17.8] -1701496| 808461| 224886| -1927119 -48050| -759675
Sep-99 5.5 14.8 -799738| 804736 52094| -1610068 -46500 0
Oct-99| 2.8 16.7 -1423028| 409819| 26529| -1811326 -48050 0
Nov-99] 1.9 0.0 254977| 283148 18329 0 -46500 0
Dec-99 1.9 0.0 778713 271971, 554792 0 -48050 0
Jan-00, 2.7 0.0 1175107| 402368 820789 0 -48050 0
Feb-00 4.1 0.0 1801111| 607277 1238783 0 -44950 0
Mar-00 3.1 0.0 725231 450801| 322480 0 -48050 0
Apr-00 43 17.7]  -1021026] 633357] 310965| -1918848 -46500 0
May-00 12.1 23.9 7303| 1777125 872532 -2594304 -48050 0
Jun-00 13.2 21.2 95663| 1929876| 517110 -2304823| -46500 0|
Jul-00 14.3] 422| -2069334| 2093803| 561035 -4582076 -48050 -94046
Total 194.9 266 10338116|57180951|25124021| -28915052 -1133050] -13328278

TABLE 9. Tabular representation of the usual changes in aquatic ecosystems corresponding with
alterations in the phosphorus concentrations of freshwater lakes.

Parameter Oligotrophic Mesotrophic Eutrophic | Hyper-eutrophic

Total P (ppb) 0-20 20-70 70-200 >200

Clarity Excellent | Good Poor Very Poor
@@n Abundant Adequate Hy pn\i'c Anoxic

Toxic Algae Absent Absent Frequent Constant

Bacteria Rare Rare Abundant | Very Abundant

Silt / Filling Vervy Slow Slow Rapid Very Rapid

Toxin Mobility Bound Bound Mobile Very Mobile

NH3 Toxicity Improbable Intrequent Frequent Constant

Biodiversity & High Good Poor Very Poor

Stability

Fish Habitat | Good Fxeellent | Poor Very Poor

Wildlife Habitat Good Excellent Poor Very Poor

Fish Production Low Moderate High Moderate

Fish Community ' High Quality Good Quality " Poor Quality Rough Fish
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FIGURE 1. Trend in total phosphorus and Secchi disk transparency since the early
1970’s. Data are from EPA and State of lowa surveys. The dashed line is a linear
regression analysis (r2=0.70) showing a slope of around 4 ppb/year.
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FIGURE 2. Open water sampling points in Clear Lake, Iowa.
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FIGURE 3. Trends in water temperature in Clear Lake, lowa during 1998-2000.
Temperature data are averages of measures taken at each sampling point in the lake. The
dots indicate dates and depths of sampling. Vertical lines indicate that the lake is mixed
from top to bottom, while the more horizontal lines indicate periods of relative

stratification.
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FIGURE 4. Trends in water clarity in Clear Lake, lowa from 1998-2000. Larger
numbers indicate greater water clarity.
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FIGURE 5. Trends in oxygen concentrations in Clear Lake, lowa during 1998-2000.
Data are averages of measures taken at each sampling point in the lake. The dots indicate
dates and depths of sampling. Vertical lines indicate that the lake is mixed from top to
bottom, while the more horizontal lines indicate periods of relative stratification.

Little Clear L.ake Dissolved Oxygen (mg/L)

0
054 e v o 5 oa
£
£ qd..... . s & aaasanns
a 1
&
-1.54
s ] I I I 1 |
Sept. ‘98 Jan.’99 Mar. June Aug. Jan."00 May
Month
Central Clear Lake Dissolved Oxygen (mg/L)
T
-1 L . L—‘ . (2
E
g._z ﬁ e b e ).
-3 W al - /%
- I | | T
Sept. ‘98 Jan.'99 Mar. June Aug. Jan.”00 May
Month
East Clear Lake Dissolved Oxygen (mg/L)
T
A . fd ﬁ . v doeoo
£
£ . . oje® b .
a 2
3 ©
A

|
Sept. ‘98 Jan."99 Mar. June Aug. Jan."00 May

Month

101



Clear Lake Diagnostic & Feasibility Study
Chapter 5 - Limnology

FIGURE 6. Trends in alkalinity concentrations in Clear Lake, lowa during 1998-2000.
Data are averages of measures taken at each sampling point in the lake. The dots indicate
dates and depths of sampling. Vertical lines indicate that the lake is mixed from top to
bottom, while the more horizontal lines indicate periods of relative stratification.
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FIGURE 7. Trends in pH of Clear Lake, Iowa during 1998-2000. Data are averages of
measures taken at each sampling point in the lake. The dots indicate dates and depths of
sampling. Vertical lines indicate that the lake is mixed from top to bottom, while the
more horizontal lines indicate periods of relative stratification. Numbers below 7
indicate acid conditions.
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FIGURE 8. Trends in total dissolved solids (TDS) in Clear Lake, lowa during 1998-
2000. Data are averages of measures taken at each sampling point in the lake. The dots
indicate dates and depths of sampling. Vertical lines indicate that the lake is mixed from
top to bottom, while the more horizontal lines indicate periods of relative stratification.
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FIGURE 9. Trends in silicon in Clear Lake, lowa during 1998-2000. Data are averages
of measures taken at each sampling point in the lake. The dots indicate dates and depths
of sampling. Vertical lines indicate that the lake is mixed from top to bottom, while the
more horizontal lines indicate periods of relative stratification.
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FIGURE 10. Trends in whole-lake, volume weighted concentrations of silica in Clear
Lake, Iowa during 1998-2000.
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FIGURE 11. Comparison of total suspended solids concentrations in Clear Lake with
those found in the 2000 Towa Lake Water Quality Survey (Downing & Ramstack 2001).
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FIGURE 12. Trends in total suspended solids (TSS) in Clear Lake, Iowa during 1998-
2000. Data are averages of measures taken at each sampling point in the lake. The dots
indicate dates and depths of sampling. Vertical lines indicate that the lake is mixed from
top to bottom, while the more horizontal lines indicate periods of relative stratification.
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FIGURE 13. Volume weighted trends in suspended solids in Clear Lake, Iowa during

1998-2000.
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FIGURE 14. Trends in inorganic suspended solids (ISS) in Clear Lake, Iowa during
1998-2000. Data are averages of measures taken at each sampling point in the lake. The
dots indicate dates and depths of sampling. Vertical lines indicate that the lake is mixed
from top to bottom, while the more horizontal lines indicate periods of relative
stratification.
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FIGURE 15. Trends in volatile suspended solids (VSS) in Clear Lake, lowa during
1998-2000. Volatile suspended solids represent the organic fraction of the suspended
sediment and therefore contain algae, detritus and soil particles. Data are averages of
measures taken at each sampling point in the lake.
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FIGURE 16. Comparison of total phosphorus concentrations in Clear Lake with those
found in the 2000 Jowa Lake Water Quality Survey (Downing & Ramstack 2001).
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FIGURE 17. Comparison of total phosphorus and total nitrogen concentrations in Clear
Lake with those found in the 1990 (Bachmann et al 1992) and 2000 lowa Lake Water
Quality Surveys (Downing & Ramstack 2001), as well as world lake data (Downing and
McCauley 1993).
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FIGURE 18. Trends in total nitrogen in Clear Lake, lowa during 1998-2000. Data are
averages of measures taken at each sampling point in the lake. The dots indicate dates
and depths of sampling. Vertical lines indicate that the lake is mixed from top to bottom,
while the more horizontal lines indicate periods of relative stratification.
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FIGURE 19. Trends in nitrate in Clear Lake, lowa during 1998-2000. Data are averages
of measures taken at each sampling point in the lake. The dots indicate dates and depths
of sampling. Vertical lines indicate that the lake is mixed from top to bottom, while the
more horizontal lines indicate periods of relative stratification.
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FIGURE 20. Trends in ammonia nitrogen in Clear Lake, Iowa during 1998-2000. Data

are averages of measures taken at each sampling point in the lake. The dots indicate dates
and depths of sampling. Vertical lines indicate that the lake is mixed from top to bottom,

while the more horizontal lines indicate periods of relative stratification.
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FIGURE 21. Trends in volume weighted concentrations of various forms of nitrogen in
Clear Lake, Iowa during 1998-2000.
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FIGURE 22. Trends in total phosphorus concentration in Clear Lake, lowa during 1998-
2000. Data are averages of measures taken at each sampling point in the lake. The dots
indicate dates and depths of sampling. Vertical lines indicate that the lake is mixed from
top to bottom, while the more horizontal lines indicate periods of relative stratification.
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FIGURE 23. Trend in volume weighted concentrations of total phosphorus in Clear
Lake, Iowa during 1998-2000.
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FIGURE 24. Trends in the volume weighted ratio of total nitrogen to total phosphorus
concentration in Clear Lake, lowa during 1998-2000.
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FIGURE 25. Trends in the volume weighted chlorophyll a concentrations in Clear Lake,
lowa during 1998-2000.
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FIGURE 26. Trends in percentage taxonomic composition of phytoplankton in Clear

Lake, Iowa during 1998-2000 (by biomass).
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FIGURE 27. Photograph of Bacillariophycaca (Melosira sp.) from Clear Lake.

FIGURE 28. Photograph of Bacillariophycaea (4sterionella sp.) from Clear Lake.
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FIGURE 29. Photograph of Cyanobacteria (Spirulina sp.) from Clear Lake.

FIGURE 30. Photograph of Cyanobacteria (Oscillatoria sp.) from Clear Lake.
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FIGURE 31. Photographs of Cyanobacteria (4nabaena sp.) from Clear Lake.
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FIGURE 32. World trend in Cyanobacteria abundance as related to the total phosphorus
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concentrations in lakes. The percentage Cyanobacteria composition of
phytoplankton in Clear Lake, lowa during 1998-2000 (by biomass) is
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FIGURE 33. Secchi disk measurements and macrophyte abundance in Clear Lake from

1896 to 2000.
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FIGURE 34. Clear Lake bathymetric map, 2000.

kEa

[

==

i A

1SU Limnology

128




E B EE EE B ES B B B B BN N Ew = Bl BN = ¥

Clear Lake Diagnostic & Feasibility Study
Chapter 5 - Limnology

FIGURE 35. Clear Lake bathymetric map, 1935.
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FIGURE 36. Clear Lake bathymetric map, original post-glaciation estimate.
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FIGURE 37. Clear Lake sediment deposition map, 1935-2000.

4776000m- o -
qu -

4775000mH

4774000m—=

0.5m

4773000m—

| | | | | I |
462000m 463000m 464000m 465000m 466000m 467000m 468000m

ISU Limnology +

131




Clear Lake Diagnostic & Feasibility Study
Chapter 5 - Limnology

FIGURE 38. Clear Lake sediment deposition map, original lake basin estimate-2000.
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FIGURE 39. Little lake section of Clear Lake sediment deposition map, original lake basin estimate-2000.
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FIGURE 40.
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Changes in ambient total phosphorus concentration in Clear Lake
predicted from the Canfield/Bachmann model for various levels of
reduction in phosphorus input from the watershed. The upper (red) line is
an approximately upper 70" percentile of predictions, while the lower
(green) line is an approximately lower 70™ percentile of predictions. The
black line indicates the approximate expected phosphorus concentration in
an average year, given a certain level of decrease in phosphorus input.
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FIGURE 41. Changes in ambient water clarity in Clear Lake predicted from the

Canfield/Bachmann model for various levels of reduction in phosphorus
input from the watershed. The upper (red) line is an approximately upper
70™ percentile of predictions, while the lower (green) line is an
approximately lower 70" percentile of predictions. The black line
indicates the approximate expected water clarity in an average year, given
a certain level of decrease in phosphorus input. Water clarity is predicted
for Clear Lake based on relationships between total phosphorus and water
clarity observed in other lowa Lakes (Bachmann et al. 1994).
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Environmental Microbiology and Bacteriology of Clear Lake, Iowa
John A. Downing and Nicholas Schlesser

Special Acknowledgment. We would like to acknowledge the special financial assistance of the
City of Clear Lake for portions of this analysis, as well as the willing help of many volunteers
and city employees who collected samples for preliminary analyses leading to these
microbiological studies. Special action taken by the Mayor Kirk Krafi, City Manager Tom
Lincoln and the entire City Council in August and September of 1998 was instrumental in
stimulating this work.

A. History.

Bacteria are essential to the function of aquatic ecosystems and a natural part of the biota
of all environments. Certain bacteria, usually called “enteric bacteria” or “coliforms” enter
aquatic systems from fecal matter produced by humans and other warm-blooded animals, and are
thus used as indicators of potential disease-causing organisms in freshwaters. Shallow, warm-
water systems such as Clear Lake frequently receive coliform bacteria from the surrounding
watershed during rain events, and the very rich nutrient and sediment environments found in
eutrophic and hypereutrophic lakes allows these bacteria and probably the pathogenic bacteria to

survive for relatively long periods.

It is quite likely that coliform bacteria have been found in Clear Lake and other Iowa
lakes for quite a long time. Analyses performed routinely by the University Hygienic Laboratory
(UHL) on the intake water of the old Clear Lake city water system show frequent detections of
coliform bacteria dating from as far back as records are available (i.e., early 1960s). Therefore,
fecal coliform bacteria have been a part of the Clear Lake environment for decades.

In the summer of 1998, however, a health incident precipitated the testing of the beaches
of Clear Lake for coliform bacteria, and some high readings were detected. Prior to this time
there had been little routine beach testing by IDNR so beach closings were attempted as a
reaction to these high levels. Some of the samples were taken just following rain events, so
some high values would normally have been expected. As agencies acquired more information
on fecal bacteria levels and testing protocols, however, it became clear that fecal bacteria levels
were quite variable but that averaged measurements in Clear Lake were not consistently high.

Because of their concern for the well-being of Clear Lake and its safety as a recreational
resource, Clear Lake City Council contracted intensive bacterial analyses of the lake, other lakes,
and storm drain effluents to gauge the best route to efficient and effective remediation. The
sought to answer three questions: (1) How do coliform levels in Clear Lake compare to those
found in other recreational lakes in the region? (2) Are storm drains a potential source of
bacteria? (3) Do spatial analyses of bacteria in the lake indicate the greatest potential sources?
The City of Clear Lake has commendably already taken action toward using these data to reduce
the City’s contribution of fecal bacteria to the lake.

136



Clear Lake Diagnostic & Feasibility Study
Chapter 6 — Environmental Microbiology

The first question was approached by testing several lowa beaches immediately
following Labor Day weekend. All showed levels of fecal coliform bacteria within the
acceptable norms for recreational waters. Clear Lake beaches were all in the high 25% of tested
beaches, but were all within the acceptable range. Sampling was performed following the
standard protocols indicated in Standard Methods for the Examination of Water and Wastewater.
Samples were taken in a way that represents the exposure of swimmers and other recreational
users to lake water. Five sets of samples were taken at each site, halfway between the surface
and bottom in approximately three feet of water. Samples were all taken on September 8, 1998,
immediately following Labor Day weekend. The results below show the average level of fecal
coliform bacteria found at each site. It should be noted that fecal coliform levels can vary greatly
with time and are especially sensitive to rainfall events.

Concentrations
CFUs/100ml)
Lake Site Rep.1 |Rep.2 |Rep.3 [Rep.4 |Rep.5 | Average*
Clear Lake Mcintosh Woods 50 70 20 50 <10 38
Rathbun Lake (Island View 10 <10 10 18 50 18
Clear Lake City Beach <10 <]0 50 10 <10 12
Big Creek beach 20 10 10 <10 <10 8
Clear Lake State Park 20 100 <10 10 <10 8
West Okoboji  |Gull Point <10 <10 <10 30 <10 6
Rathbun Lake [dam beach 20 <10 <i0 <10 <10 4
Storm Lake beach <10 <10 10 10 <t0 4
West Okoboji  |Terrace Park 10 <10 <10 10 <10 4
Spirit Lake Marble Beach <10 <10 <10 10 <10 2
Big Blue Quarry |Mason City <10 9 <10 <10 <10 2
Spirit Lake Crandall Park <10 <10 9 <10 <10 2
Crystal Lake beach <10 <10 <10 <10 <10 0
Saylorville Lake |Sandpiper <10 <10 <10 <10 <10 0
Spirit Lake Orleans Beach <10 <10 <10 <10 <10 0
Spirit Lake Waterworks <10 <10 <10 <10 <10 0
Beach

West Okoboji  |Arnolds Park <10 <10 <10 <10 <10 0
West Okoboji  |Emerson Bay <10 <10 <10 <10 <10 0
West Okoboji  |Pikes Point <10 <10 <10 <10 <10 0
West Okoboji  |Triboji Beach <10 <10 <10 <10 <10 0

Federal standards for bacteria are exceeded when fecal coliform counts are greater than 200
colony forming units (CFU) per 100 mL of water.

The Ambient Water Quality Criteria for Bacteria - 1986 (USEPA, 1986) had the
following recommendations for recreational bathing waters:

Based on a statistically sufficient number of samples (generally not less than five samples
equally spaced over a 30-day period), the geometric mean of the E. coli concentrations
should not exceed 126 per 100 mL.
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Therefore, all Iowa beaches tested following a period of high use and low rainfall had acceptable
levels of coliforms. Clear Lake's beaches had among the highest levels, but were comparable to
those found in Rathbun Lake, Big Creek Lake, and at West Okoboji's Gull Point Beach.

The second question (storm drain contributions of bacteria) was examined by applying a
battery of diagnostic tests assess bacteria levels and attempt to discriminate animal fecal from
human sewage bacteria. Most input of fecal bacteria from storm drains would potentially occur
shortly after runoff events. Storm drain effluents were analyzed immediately after a storm-event
on September 23, 1998. Water samples were analyzed for bacterial constituents including fecal
coliforms, Escherichia coli, and enterococcal bacteria. The indicator-ratios of fecal
coliforms/enterococci and E. coli/enterococci were calculated since higher ratios indicate that
coliforms are likely of human origin. Indicator chemical species including caffeine, nitrogen and
phosphorus were also measured. Data indicate that significant amounts of bacteria derive from
storm drains and that materials of human origin are most abundant in lakeside storm drains
between 7™ Avenue South and 4™ Avenue North near downtown Clear Lake, and along the north
shore between Fareway Drive and Clark Road. Isolated strong indicators were also present near
the 2100 block of North Shore Drive. Fecal coliforms of animal origin apparently dominate
along much of the north shore between 5" Avenue North and Reely Point. Notably, similar
batteries of tests were not performed on county storm drains or those of the City of Ventura.
Based on storm drain nutrient data, it is quite likely that storm drains from other residential and
commercial areas around the lake would yield similar conclusions.

1. Methods

a. Field collections. Storm drain grab samples were collected by employees of the City
of Clear Lake, and each storm drain outlet to the lake proper was sampled. Employees were
asked to catch the first flush of water through these systems for analysis. Five samples were
taken for microbiological analysis, and one sample for chemical analysis. Microbiological
samples were collected directly into glass bottles provided by the University of lowa Hygienic
Laboratory (UHL). These five samples were spaced at one-minute intervals. A time-integrated
sample was taken between filling the glass bottles, using a 20-liter chemically clean water
container. Some situations did not allow placement of the water container under the storm drain
outfall, so a cleaned and modified one-gallon milk jug was used to collect the water sample and
transfer it to the water container. Care was taken to avoid contamination of the water samples
with anything other than the effluent flowing from the outfall.

b. Analytical methods. We used standard protocols (APHA 1995, Hach Company 1992)
to perform sample bottle and glassware preparation, sample preservation and laboratory
procedures. Steps taken for quality assurance and quality control included taking replicate water
samples in the field and analyzing triplicate samples in the laboratory. Assays using these
protocols included pH, conductivity, chloride, total alkalinity, total-, volatile-, and inorganic-
suspended solids and total phosphorus. Specifically, pH and conductivity were measured
directly using digital meters, chloride was measured by use of an ion-selective electrode, and
total alkalinity was measured by titration. Total, volatile and inorganic suspended solids were
measured by mass difference after filtration, evaporation and combustion of the sample. Total
nitrogen assays were performed using the second derivative spectroscopy technique of Crumpton
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et al. (1992). Microbiological determinations of fecal coliform bacteria, E. coli and enterococci
were conducted by UHL and followed the membrane filtration procedure with confirmation.
Total phosphorus was determined by spectrophotometry using the acid persulfate digestion,
ammonium molybdate method, and all samples were run in triplicate for quality asurance/quality
control purposes. Caffeine analyses were performed by methylene chloride extraction and
concentration followed by detection using a gas chromatograph / mass spectrometer.

2. Results. The analytical results of the storm drain samples are shown in Table 1.
Normally, storm drain water should be mostly composed of rainwater and the nutrient materials
picked up as the water runs off of streets and lawns. Most water therefore should be of neutral
pH (ca. 7.0) or slightly lower; alkalinity and conductivity should both be low. Clear Lake's
storm drain water is extremely heterogeneous, reflecting diverse sources, including some higher
alkalinity measurements that suggest that storm waters are mixed with ground water or pass
through soils before they are discharged.

a. Microbial Analyses. Fecal coliform concentrations in storm drain effluent were high
across the board. No sample yielded concentrations lower than 2700 colony forming organisms
per 100 mL of water sample (safe lake water must consistently have <200 colony-formers per
100 mL). Highest concentrations of fecal coliforms were found in drains along the north shore,
especially toward the western extreme of the city limits (Fig. 1). A very similar pattern was seen
in the concentrations of E. coli (Fig. 1). Most of the fecal coliforms were probably natural
enteric forms of E. coli. Another group of bacteria derived from the digestive systems of all
warm-blooded animals, the enterococci, also showed a very similar distribution among the storm
drains along the north shore of the lake (Fig. 1).

Because enterococci are less abundant in human sewage than in animal excrement, the
ratios of fecal coliforms or E. coli to enterococci can be used to indicate human inputs. Higher
values of these ratios are typical of human sewage while most other animals would show lower
ratios. These ratios both show that human inputs are most likely in storm drains numbered 5-14
and 25-30 in Table 1. These drains were located along the downtown waterfront and at the
extreme west of the city, west of the Harborage. Thus, bacterial inputs from storm drains were
considerable, but downtown and extreme western drains were likely to have a human
component. Much of the bacteria between these areas probably derives from yard, animal and
pet waste. Concentrations of bacteria from all these drains are likely to contribute substantially
to the bacterial concentrations seen in tests of lake water.

b. Chemical Analyses. Alkalinity measures the buffering capacity of water and is
therefore a good indicator of how much contact there has been between drainage water and soil.
Several of the drains showed significant alkalinities (>20 mg/L; lakewater measures 130-150
mg/L). Storm drains showing higher bacterial ratios had higher alkalinities indicating that these
waters had been in contact with soil or have a groundwater or surface water component of 10-
50%. This could result from overflow of rivers, streams or holding tanks, or from the discharge
of saturated groundwaters. Chloride (Cl) is a conservative tracer of human sewage because salt
(NaCl) is common in the human diet, relatively rare in the environment, and is not broken down
or absorbed once it is dissolved. Chloride measurements show probable human inputs around
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downtown Clear Lake, in drainage water near 33" Street West, as well as near Reely's Point and
near the Fish Hatchery (Fig. 2).

Caffeine was analyzed because it is a reliable indicator of human sewage inputs. Urinary
caffeine levels in caffeinated soda drinkers (2 per day) are about 1500 pg/L (Bernardot 1996).
Considering that normal urine volume is an average 1400 mL/day, adult urinatation frequency is
an average five times/day (Berkow 1977), and normal flush volume is about 2.6 gallons (9.8
liters), raw urinary sewage should contain about 41,000 ng/L of caffeine. Our minimum
analytical level for caffeine (40 ng/L) therefore can reliably detect raw sewage diluted up to
1000-fold. The Mississippi River below the Twin Cities' sewage outfall contains about 70 ng/L
of caffeine (Meade 1995) and therefore corresponds to about a 600-fold dilution of raw urinary
sewage.

Caffeine was detected in all of the Clear Lake storm drains (Fig. 2). Concentrations
ranged from 24 to 780 ng/L (Table 1). These concentrations correspond to sewage dilution rates
of 50- to 1700-fold. Highest caffeine concentrations were found clustered around downtown
Clear Lake between 7™ Street South and 1% Avenue North, and at the western extremity of Clear
Lake's storm drain system between 33" Street West 3800 block of North Shore Drive (Fig. 2).
An isolated high concentration was found in the 2100 block of North Shore Drive near Reely
Point. These areas of concentration correspond well to the areas with high
coliform/enterococcus ratios, indicative of human inputs (Fig. 1).

Nitrogen and phosphorus concentrations in storm drain inputs show similar patterns to
those indicated by bacterial ratios, alkalinity and caffeine. Phosphorus averaged 2.5-times the
concentration found in lake water and was most concentrated at the south and north ends of
downtown, near the fish hatchery, at the tip of Reely Point, and at the extreme west end of Clear
Lake (Fig. 2). This pattern was repeated for nitrogen concentrations in storm drains as well as
total suspended solids (an indicator of erosion). N:P ratios in storm drain water were generally
in the range seen for sewage, manure and other excretory products (Downing and McCauley
1992), but greatly below those that would result from drainage of agricultural fields.

Several of the storm drains show signatures that make them likely to supply substances
like bacteria and nutrients derived from human activities. These substances can enter storm
drains due to line breaks yielding cross contamination through soil percolation, through
overflows of sanitary systems or fields during rain storms, through saturation of relict septic
systems within the city, through backups of sanitary systems by indirect connections (e.g.,
leakage of domestic sewage through sump systems), through accidental direct connection of
sanitary drains to the storm drain system, or through other pathways. All of the storm drains
showed high fecal coliform concentrations, so other avenues, such as pet waste control and
elimination of potential livestock inputs might also serve to decrease fecal coliform
concentrations at routine lake monitoring stations. Again, it should be stressed that these
analyses concerned only City of Clear Lake storm drains, but all other storm drains around the
lake are likely to show very similar signatures.

A third bacterial analysis was undertaken in 1998 to determine whether all parts of the
lake had equal bacterial concentrations of bacteria, to use bacterial patterns to indicate probable
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sources, to examine sediments as a source or sink for bacteria and to examine depth profiles of
bacteria. A regular grid of sampling sites, five series of water-column profiles and 20 sediment
grid samples were used to determine spatial patterns in fecal coliform bacteria, E. coli,
enterococci, chloride and nutrients. Maps were made to indicate spatial patterns and directions
of concentration gradients. Spatial trends in bacteria concentrations echo the results of storm
drain analyses along city shores, but suggest several other potential bacteria sources outside of
city limits. Bacteria were most concentrated along the north shore of the lake, but also near the
City of Ventura and in South Bay. Bacterial ratios suggest that downtown Clear Lake, city lands
west of Reely Point, the City of Ventura and developed property in South Bay and along the
south shore of Clear Lake constitute potential sources of human input. Depth profiles of bacteria
and nutrients show that bacteria are mixed throughout the water column. Sediment bacterial
numbers are sometimes high, and are most concentrated near shore, near the cities of Clear Lake
and Ventura, and in the center of the lake north of the Island. Spatial patterns across the lake
point to the same areas of the City indicated by storm drain analyses, but suggest several other
areas of significant potential input. These analyses were expanded in the Diagnostic / Feasibility
Study in 1999 to examine the spatial pattern of bacteria at monthly intervals across the open-
water season.

3. Methods.

a. Sampling Design and Field Collections. The perimeter of Clear Lake was measured
to determine an appropriate spacing for sampling sites. The shoreline length of Clear Lake is
approximately 22 kilometers, and one hundred sampling sites around the perimeter were desired.
Thus, sampling sites were located approximately 220 meters apart, and samples were taken at a
distance of 20 m from shore. An arbitrary point on the western end of Clear Lake was chosen as
the starting point, and two teams moved around the perimeter in opposite directions to complete
the perimeter sampling. Location of sampling points were determined and recorded using
differentially-correcting GPS. In addition to the perimeter sites, samples were taken from sites
across the body of the lake. A grid with 500 m by 500 m blocks was overlain on the lake, and
one sample was taken from each. Fifty samples were taken from this grid, with sampling sites
again being located and recorded using differential GPS. All samples were taken at a depth of
0.25 meters below the lake surface. All perimeter samples were taken on October 14, 1998,
while the grid samples were taken on October 15, 1998.

Water profile and sediment samples were also taken on October 15, 1998. Depth profiles
of bacteria and nutrients were determined by sampling at the surface and one-meter depth
intervals with a 5-liter Van Dorn bottle rinsed continuously with ambient lake water. Nutrient
samples were collected into chemically clean, opaque bottles and were transported cold to the
laboratory for analysis. Bacterial samples were collected into sterile bottles and refrigerated until
analyzed. Sediments were collected with a clean Ponar grab at 20 different sites and bacterial
analyses were performed on elutriates and by the most probable number (MPN) method on solid
sediment samples.

b. Analytical methods. We used standard protocols (APHA 1995, Hach Company 1992)
to perform sample bottie and glassware preparation, sample preservation, and laboratory
procedures. Steps taken for quality assurance and quality control included taking replicate water
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samples in the field and analyzing triplicate samples in the laboratory. Assays using these
protocols included chloride, total nitrogen and total phosphorus. Chemical analyses were
performed as discussed above. Microbiological determinations of fecal coliform bacteria, E. coli
and enterococci were conducted by UHL and followed the membrane filtration procedure with

confirmation.

c¢. Mapping methods. Surface concentration contour maps of the different constituents
analyzed were created by interpolating the data collected at the different sampling sites by
standard geostatistical techniques. These maps were created using Surfer™ (Golden Software,
Golden, Colorado). The interpolation method used was a geostatistical procedure called kriging,
which allows data trends to be accurately approximated. This procedure assigned values to 10 m
by 10 m blocks of the lake, which allowed fine details of trends to be estimated. These lake
surface maps were then overlain on topographic maps to allow visualization of the relationship
between in-lake trends in concentrations and watershed characteristics.

4. Results.

a. Microbial Analyses. Fecal coliform concentrations varied significantly across the lake
(Fig. 3) with low concentrations in open waters, and higher concentrations along the shore. Very
strong concentrations were found near the City of Ventura and plume-like concentration
gradients occurred along the north shore from the extreme west of Clear Lake city limits to the
southern side of downtown Clear Lake. Other significant concentrations were found just west of
the Clear Lake State Park near Lekwa Marsh, and northwest of the Park toward Grand View
Point. E. coli concentrations echoed the distribution of fecal coliforms with very similar levels
of concentration (Fig. 3). This suggests that much of the fecal coliform bacteria found in Clear
Lake is E. coli. Enterococci were most concentrated near Ventura, but also showed points of
concentration along the north shore. Along city shores, bacterial abundances are strongly
correlated with the points of concentration seen in the storm drain effluents measured in
September.

b. Water Column Profiles of Bacteria and Nutrients. Bacteria were distributed
throughout the water column, probably because high wind and wave exposure can mix bacteria
to the bottom of a lake the depth of Clear Lake. The profiles echo the general west to east
gradient in bacterial numbers seen in Figure 2. Some of the highest fecal coliform and E. coli
concentrations were found at 4 meters depth (13 feet). The mixed nature of Clear Lake does not
allow water column profiles to shed further light on the potential sources of bacteria.

c¢. Sediment Bacteria Distributions. Under certain conditions, enteric bacteria can
survive and even reproduce in warm, nutrient rich sedimentary environments. We therefore
sampled twenty random sites to estimate the degree of coliform concentration in sediments.
Virtually all sediment elutriate samples showed very low concentrations of fecal coliforms, E.
coli and enterococci, but direct test of sediments for fecal coliforms (using the “most probable
number” method) showed very high, often extreme concentrations of fecal coliforms. Nine out
of the fourteen nearshore stations showed fecal coliform concentrations >100 colonies per 100
ml. All of the stations showing >1000 colonies per 100 ml were in the eastern basin of Clear
Lake, toward the City of Clear Lake. The highest sediment concentration (>10,000 colonies per

142



Clear Lake Diagnostic & Feasibility Study
Chapter 6 — Environmental Microbiology

100 ml) was found in the deepest part of the lake, off the island near Grand View Point. The
source of sediment fecal coliforms is not known but high concentrations near shore near areas
such as downtown, the west end of the City of Clear Lake, and Ventura (areas showing high
surface water fecal coliforms and/or high fecal coliform concentrations in storm drain effluent)
suggest human origins, while the very high concentration found in the center of the lake could

indicate avian or human origins.
B. Seasonal Variation in the Spatial Distribution of Enteric Bacteria.

Initial work in 1998 stimulated an analysis within the Diagnostic / Feasibility study of the
seasonal variation of spatial distributions of bacteria. Therefore, using similar methods to the
spatial analyses discussed above, maps of fecal coliforms, E. coli, and fecal enterococci were
created during May, June, July, August, September and October of 1999.

1. Fecal Coliforms. The maps of bacteria in Fig. 4 indicate several important points.
First, the fact that concentrations are high near shore and low in the center of the lake indicates
that bacteria originate on shores, moving into water. It is unlikely, therefore, that aquatic
animals such as water birds are a significant source of bacteria to Clear Lake. Second,
concentrations across the lake become quite elevated in mid-summer, especially after periods of
protracted rainfall, such as July 1999. Third, source areas along shores are quite consistent in
where bacteria are concentrated, suggesting that there are source areas that could be localized for
remediation. Fourth, bacteria seem most concentrated in the Little Lake. This is quite
reasonable since much of the water load arises in the west and the periods of intense rainfall
apparently bring in substantial watershed bacteria. Finally, although some concentration is found
in the west of the basin, much of the residential and commercial shoreline appears to be a
bacteria source. Therefore, remedial measures taken in the urban area of the shoreline could
have a substantial impact on decreasing bacteria concentrations in Clear Lake.

2. E. coli. Patterns of spatial distribution of E. coli were similar to those seen for fecal
coliforms (Fig. 5). Concentrations were, however, substantially lower and rarely increased
above the limits suggested by EPA for long-term average concentrations. Even during mid-
summer when some very high, very localized concentrations were observed, lake-wide
concentration of E. coli were quite low. One surprising result is that these bacteria can spread
completely across the lake (e.g., August, Fig. 5). This is counter-intuitive, since they are
supposed to have a very short survival time in freshwater. The warm temperatures and rich
nutrient and organic matter environment is likely to prolong their survival and potentially those
of other enteric bacteria.

3. Fecal Enterococci. Fecal enterococci are more abundant in the excrement of non-
human animals so concentrations of it may indicate higher animal inputs. Fecal enterococci
distributions are generally similar to those seen for E. coli, except that strong concentrations are
seen around North Beach and in the Little Lake (Fig. 6). Some of the fecal bacteria especially in
the west end may therefore be of animal origin. Again, these organisms spread out to fairly
uniform distributions across the lake in August and September when temperatures are fairly
warm and organic matter abundant.
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4. General Comments on Spatial Analyses of Bacteria. Although the aggregate from
these maps (Fig. 7) suggests that much of the shoreline is a source of bacteria to the lake, darkest
areas are quite consistent in their placement. This suggests that remediation might be achieved
by seeking out and pinpointing the sources of bacteria and correcting a series of localized
problems. It is important to note that E. coli concentrations are very localized within the lake
and that few very high levels were observed throughout the study. The water is generally quite
safe from a bacteriological point of view, but most caution should be exercised at specific high-
risk areas during very warm weather.

C. Beach Analyses.

During 2000, the IDNR monitored fecal bacteria weekly at the two state beaches on Clear
Lake. Fecal coliforms only exceeded the suggested 200 CFU/100 ml limit at one of the beaches
(McIntosh Woods) on one occasion. E. coli was only monitored for five weeks, but never
exceeded the EPA suggested limit at either beach, while fecal enterococcal abundance exceeded
the limit (26 CFU/100 ml) three times out of 18 weeks at State Park Beach, and six times out of
18 weeks at McIntosh Woods Beach. State monitoring indicated that bacteria concentrations
were routinely higher at McIntosh Woods than at State Park Beach. The reason for this is clear
from Figs. 4-6.
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TABLE 1. Analytical results from tests of water collected from thirty storm drain sites in the City of Clear Lake, lowa on September
23, 1998. Data highlighted in red indicate high values indicating human and/or animal input.

Site Location Fecal E. coli Enterococci | FC/ent | Ec/ent Total Total TN:TP | Alkalinity |Conduct-| pH | Caffeine Chloride Total
Coliforms | (colonies/ (colonies/ Nitrogen | Phosphorus mg/L ivity (ng/L) (mg/L) Suspended
(colonies/ 100 mL) 100 mL) (TN; mg/L) | (TP; ug/L) (umho/ Solids (g/L)
. 100 mL) cm)
1|2700 block, S. 5726 3630 32474 0.18 0.11 175 316 56 0 68| 2.6 120 42 0.02468
Lakeview Drive .
2]2200 block, S. = 3659 4185 21646 0.17 0.19 1.27 277 46 0 50r 23 76 1.4 0.04209
Lakeview Drive |
3|7th Ave. S, 2736 2924 16074 0.17 0.18 220 480 4.6 37 104, 6.8 780 3.6 0.02970
south side of
public approach
4|7th Ave. S., 3903 5487 11846 0.33 0.46 237 628 3.8 35 99| 6.8 220 83 0.20188
north side of
____|public approach_ — e
5|6th Ave. S., 4127 4878 8640 0.48 0.56 3.88 696 5.6 28 92| 6.8 85 89 0.12054
south side of
public approach . _ | 1K =
6/6th Ave. S, 4199 5624 4967 o085 113 206 571 36 23 58| 7.5 100 3.8 0.09750
north side of
public approach
7|4th Ave. S. and 6902 6874 6680 1.03 1.03 1.28 291 4.4 0 56| 3.7 240 28 0 05877
S. Lakeview
Drive . !
8[1st Ave. S. and 8290 10144 7441 1.11 1.36 251 326 7.7 21 63| 7.1 550 9.5 0.09489
S. Lakeview
Drive, south side ot
9|1st Ave. S. and 5578 5407 8712 0.64 0.62 161 420 38 34 57| 8.2 240 8.3 0.06744
S. Lakeview
Drive, north side w0 [
10|Main St. Boat 5785 4707 6010 0.96 078 1.09 72 15.2 0 53| 3.8 430 8.7 0.01078
Ramp
11]1st Ave. N. and 5650 4852 7341 0.77 0.66 1.17 228 51 0 44| 3.2 190 8.7 0.03278
N. Lakeview Dr.,
south side
12]|1st Ave. N. and 5346 4039 5092 1.05 0.79 1.21 250 4.8 0 38| 3.5 99 1.8| 0.03086
N. Lakeview Dr.,
north side
13|2nd Ave. N. and 6569 2884 3317 1.98 0.87 0.86 396 22 0 35| 3.4 86 14 0.01044
N. Lakeview Dr.
14)4th Ave. N. and 9063 3330 4123 2.20 0.81 1.48 413 3.6 0 57| 3.2 84 33 0.07766
N. Lakeview Dr. o el |
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Site Location | Fecal E. coli Enterococci | FC/ent | Ec/ent Total Total TN:TP | Alkalinity [Conducti] pH| Caffeine | Chloride Total
Coliforms (colonies/ {colonies/ Nitrogen Phosphorus mg/L vity (ng/L) (mg/L) Suspended
(colonies/ 100 mL) 100 mL) (TN; mg/L) | (TP; pg/L) {(#mho/c Solids (g/L)
100 mL) m)
15{1101 N. Shore 10411 4302 19774 0.53 0.22 1.94 809 2.4 29 84| 7.6 24 10.2 0.07308
Drive
16[{IDNR Fish 14065 4174 15754 0.89 0.26 1.49 359 42 0 54| 3.0 100 2.6 0.04078
Hatchery
1711615 N. Shore 13775 4304 19234 0.72 0.22 1.17 160 73 0 37 2.6I 37 1.0 0.01758
Drive
18(18th St. W. 13357 6714 18301 0.73 0.37 1.14 273 42 0 38| 26 40 3.7 0.01216
Public Approach
1912100 block N. 10122 6504 20769 0.49 0.31 2.82 409 6.9 82.5 335| 7.5 440 151 0.10245
Shore Drive
2012300 block N. 7511 7813 20769 0.36 0.38 1.15 276 42 0 63| 3.4 58 3.2 0.03592
Shore Drive
21|West 2401 N. 7747 8640 26370 0.29 0.33 1.18 195 6.1 0 32 2.2 57 1.4 0.01113
Shore Drive
2212510 North 7910 9106 14877 0.53 0.61 1.22 175 7.0 0 44| 2.2 67 1.7 0.01053
Shore Drive
23|North Shore 8271 9521 16732 0.49 0.57 0.90 135 6.7 0 32| 2.3 37 2.1 0.01117
Drive and
Orchard Lane ) I
2412700 block N. 10012 10776 15524 0.64 0.69 1.91 241 7.9 26 74| 7.3 83 2.8 0.03365
Shore Drive -
25(2906 N. Shore 15090 11599 14057 1.07 083 1.33 252 53 30 771 7.7 130 24 0.03137
Drive
26(3308 N. Shore 15499 12985 12842 121 107 1.88 317 59 24 61] 6.7 190 1.2 0.01953
Drive
27(3805N. Shore | 21791 17281 18059 1.21] 096 1.01 186/ 54 0 32| 3.9 190 07 0.20974
Drive |
28(34th St. W | 27146 20701 19536 1.39 1.06 2417 863 2.5 21 60| 6.9 380 2.9 0.05205
29|N. Shore Drive | 36860 22334 12094 3.05 1.85 0.65 101 6.5 0 34| 2.3 30 1.7 0.00520
and N. 9th St. |
SW |
30)33rd St. W | 38468 26742 20787 1.85 1.29 1.96 675 29 34 75| 8.1 37 94 0.06977

146




Clear Lake Diagnostic & Feasibility Study
Chapter 6 — Environmental Microbiology

FIGURE 1. Color-coded bacterial concentrations in storm drains around the City of
Clear Lake. Note that storm drain analyses were funded directly by the City of Clear
Lake so dozens of storm drains from other residential and commercial areas were not

tested but would likely yield similar values.

Fecal Coliforms in Clear Lake Storm Drains, Sept. 23, 1998
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FIGURE 2. Color-coded chemical concentrations in storm drains around the City of
Clear Lake. Note that storm drain analyses were funded directly by the City of Clear
Lake so dozens of storm drains from other residential and commercial areas were not
tested but would likely yield similar values.
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FIGURE 3. Spatial patterns of bacterial concentrations in Clear Lake, lowa. These

analyses were funded directly by the City of Clear Lake.
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FIGURE 4. Spatial patterns of fecal coliform concentrations in Clear Lake, [owa across
the open water season of 1999. The arrows point up-gradient in bacteria concentration so
point toward the likely source of the bacteria. The larger and darker arrows indicate a

steeper gradient.
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FIGURE 5. Spatial patterns of E. coli bacteria concentrations in Clear Lake, lowa across
the open water season of 1999. The arrows point up-gradient in bacteria concentration so
point toward the likely source of the bacteria. The larger and darker arrows indicate a
steeper gradient.
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FIGURE 6. Spatial patterns of fecal enterococcal bacteria concentrations in Clear Lake,
Towa across the open water season of 1999. The arrows point up-gradient in bacteria
concentration so point toward the likely source of the bacteria. The larger and darker
arrows indicate a steeper gradient.
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FIGURE 7. Aggregate patterns of fecal coliforms across the season. Red lines are
drawn along shore in areas where the vectors in Figure 4 indicate shore origin of fecal
coliforms. A new stripe was drawn for every month when the shore appeared to be a
source. Six stripes offshore indicate that the shore is a likely source in all of May-
October.

Cross-Season Summary of Fecal Coliform Distribution (1999)
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Physical Limnology of Clear Lake
James Anthony, Jordi Morell Farre, and John Downing

A. Introduction

Although analyses of external nutrient loads dominate lake restoration research, internal
nutrient loads (nutrient loads arising from sources within the lake), have received comparatively
little attention (Hamilton and Mitchell 1997). In shallow aquatic systems, however, internal
nutrient loading may contribute significant proportions of the total nutrient load by diffusive flux
of nutrients through the sediment-water interface (Sendergaard et al. 1999) as well as through the
mobilization of nutrients by turbulent resuspension of sediments and nutrient-rich pore water
(Kristensen et al. 1992; Reddy et al.1996; Noges and Kisand 1999). Large-scale resuspension of
sediments in shallow, lacustrine systems may be driven by wind-induced waves (Kristensen et al.
1992; Reddy et al.1996; Noges and Kisand 1999) and recreational boat traffic (Yousef et al.
1980; Garrad and Hey 1987). The resuspension of benthic sediments may contribute to
increased nutrient concentrations in the water column (Kristensen et al. 1992; Reddy et al.1996,
Noges and Kisand 1999), increased algal growth (Galicka 1992; Hawley and Lesht 1992;
Sendergaard et al. 1992) and degradation of the light climate (Somlyody 1982). Turbulent
resuspension of sediments may also negatively impact macrophyte and fish communities
(Jeppesen et al. 1990; McQueen 1990; Meijer et al. 1990) and sediment-mediated light limitation
may facilitate domination of the phytoplankton community by potentially toxic cyanobacteria
(Sendergaard et al. 1992).

In addition to negatively impacting aquatic communities, frequent resuspension of
sediments may also maintain elevated trophic status long after external nutrient loads have been
drastically reduced. This is due to the substantial concentrations of nutrients stored in lake
sediments from periods of high external loading (Sendergaard et al. 1999). For example, total
phosphorus concentrations in eutrophic Lake Sebygaard, Denmark remained unaltered 15 years
after 80-90% reductions in external nutrient loads (Sendergaard et al. 1999). This persistence of
elevated trophic status by diffusive flux and turbulent resuspension has been noted in other
shallow, eutrophic lakes and is likely to be a common, although often overlooked, problem
facing the management of these systems (Kristensen et al. 1992, Reddy et al. 1996; Ndges and
Kisand 1999; Sendergaard et al. 1999).

Unfortunately, the mechanisms of diffusive flux and, especially, of turbulent
resuspension of nutrients in shallow lakes are poorly understood (Phillips et al. 1994; Welch and
Cooke 1995), making identification and quantification of internal nutrient loading quite difficult
(Hamilton and Mitchell 1997; Sendergaard et al. 1999). Still, those studies that have been
conducted on wind-induced resuspension indicate that rapid mobilization of phosphorus (P) and
ammonium nitrogen (NH4-N), enhanced by photosynthetically-elevated pH levels (Bouldin et al.
1974), may be a common occurrence in shallow, eutrophic systems (Sendergaard et al. 1999). In
fact, substantial wind-induced resuspension of sediments and nutrients may occur over 50% of
the time in some shallow systems and may lead to variable nutrient and light limitation
(Hamilton and Mitchell 1988).
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Just as wind-induced waves may contribute to sediment resuspension, turbulence induced
by recreational boat traffic may resuspend sediments and interstial water in some shallow lakes
and rivers (Yousef et al. 1980; Garrad and Hey 1987). Boat-induced turbulence has been
correlated to rapid increases in total dissolved solids, soluble reactive phosphorus, total
phosphorus (Yousef et al. 1980), and turbidity (Yousef et al. 1980; Garrad and Hey 1987). It is
therefore probable that, like wind, recreational boat traffic may lead to persistence of elevated
trophic status, suppression of macrophyte and fish communities, and domination of the
phytoplankton community by harmful cyanobacteria.

Because of their importance to internal nutrient loading, lake restoration time-scales,
water quality, phytoplankton community structure, macrophyte suppression and fish community
dynamics, we have examined the contributions of wind and recreational boat traffic to sediment
resuspension in shallow, eutrophic Clear Lake, Iowa. These analyses not only elucidate potential
means for sediment and nutrient resuspension in Clear Lake, but also provide insight into the
degree of resuspension present. Our objectives are (1) to determine the influence, if any, of
wind and recreational boat traffic on sediment resuspension, (2) to establish the frequency and
degree of resuspension occurring in the lake and (3) to provide estimates of nutrient flux via
sediment resuspension.

B. Methods

1. Long-term field data collection. A submersed YSI 6500 multiparameter sonde was
used to measure chlorophyll a (ug-L") and turbidity (NTU) at 5 minute intervals in Clear Lake,
Iowa between July 25, 2000 and October 19, 2000. The data logging sonde, located
approximately 80 meters from the northeast shore of the lake (UTM coordinates: 4-68-778, 4-77-
5537, Fig. 1) was suspended from a buoy at a depth of approximately 1.5 meters. The lake depth
at the site was approximately 3.3 meters. Weather data consisting of wind speed and direction
were gathered at ten-minute intervals between August 25, 2000 and October 19, 2000 usinga -
Young Wind Sentry anemometer and vane with a Campbell Scientific CR10 data logger. The
wind unit was located at a height of approximately ten meters atop the Clear Lake Municipal
Water Treatment Facility on the immediate shore of the lake (Fig. 1). Data were downloaded at
weekly intervals from both the sonde and the CR10 data logger. Additional weather data
including resultant wind direction and average daily wind speed were obtained from the National
Climactic Data Center (NCDC) for the National Weather Service meteorological station number
135235 at the Mason City, Iowa Airport, located approximately 4.5 km from Clear Lake.

2. Wind event data collection. Weather forecasts for September 27, 2000 indicated
high winds were expected at Clear Lake. Consequently, water samples were gathered from the
lake throughout the day in order to ascertain the impact of wind on nutrient flux from
resuspended sediments. Beginning at 7:30am, water samples were gathered at 30-minute
intervals from a depth of approximately 1.5 meters in the immediate vicinity of the primary data
collection sonde described above (Fig. 1). To avoid disturbing this sonde, however, we used an
additional sonde suspended from a boat at a depth of 1.5 meters to measure turbidity.

3. Laboratory water quality analyses. Water samples. collected on September 27, 2000

were analyzed in the laboratory for total phosphorus (TP) and ammonium-nitrogen (NH,").
Triplicate samples were analyzed for TP using a persulfate digestion followed by an ascorbic
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acid colorimetric analysis. Analyses for NH," were performed in triplicate using the Nessler
Method.

In addition to analyses of lake water samples for ammonium and total phosphorus
concentrations, we wished to establish a relationship between total phosphorus and turbidity as
measured by the YSI 6500 sonde. Three superﬁc1al sediment samples were taken at the site of
the submersed sonde (See Fig. 1) using a 0.0225 m” Ekman grab These sediment samples were
mixed and homogenized. Sediments were then added in increasing amounts to samples of water
from Clear Lake in order to create a gradient of turbidity that might be representative of
increasing degrees of resuspension in the lake. These samples were subsequently analyzed for
total phosphorus as described above and for turbidity using a YSI 6500 sonde in order to
establish a predictive relationship between turbidity and TP in Clear Lake. This relationship was
used to provide estimates of total phosphorus flux that may be attributed to resuspended benthic
sediments in the lake.

4. Calculations of wave and wind parameters. We evaluated the ability of wind-
induced waves to resuspend benthic sediments near the data logging sonde as well as at a lake-
level scale. Records of wind speed and direction were used to calculate several wave
parameters, including wave height, period, celerity (or rate of advancement of wave crests),
wavelength, and maximum orbital velocity, as well as the maximum effective fetch (Ly), at the
site of the sonde and at 3700 points throughout the lake for which for which latitudinal (X),
longitudinal (Y), and depth (Z) coordinates were known (Fig. 1). In addition to calculations
pertaining to the recorded wind speeds and directions, we calculated wave and wind parameters
(described in detail below) for hypothetlcal wind speeds of 5, 10, 15, 20 and 25 m-s™ along the
prevailing Northwest-Southeast wind axis (330°-170°) and for commonly occurring wind events
(10 and 15 m's) along North-South (0°-180°), East-West (270°-90°), and Northeast-Southwest
(45°-225°) axes. These calculations allowed us to directly compare characteristics of wind-
induced waves to water quality parameters measured by the submerged sonde as well as to
explore the potential for wind resuspension throughout the lake for a variety of hypothetical wind
speeds and directions.

In order to ascertain the impact of wind direction on the prevalence of sediment
resuspension, we calculated the maximum effective fetch (Ly), a measure of the water surface
that may be acted upon by wave action, following Hékanson and Jansson (1983). We measured
the distance to the lakeshore from the sonde and the 3700 points throughout the lake along a
radial of each recorded and hypothetical wind direction (discussed above) as well as along 14
additional radials deviating from the selected wind direction by +6°, £12°, +£18°, +24°, +30°, +36°,
and +42°. The maximum effective fetch was then calculated as:

L= (Zx; * cos vi)/(Zcos ¥;) (D),

where L; is the maximum effective fetch in meters, y; is each ith deviation angle, where y;
=+6°+12°,...+42° and x; is the distance in meters of the yith radial from the given site to land.

Characteristics of wind-induced waves including wave height, period, wavelength,

celerity and the maximum orbital velocity at the lake bottom were calculated according to Airy
wave theory for irrotational waves traveling over a horizontal bottom at any water depth. The
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assumption of irrotationality simply requires that the individual particles comprising the water
retain their orientation in space rather than spinning. Therefore, in the open water, there is no net
transport of water particles but, rather, a transfer of energy (i.e. energy, not water, is actually
displaced). It is this transfer of energy that becomes important in the translocation of sediments
and erosion of shorelines (Komar 1972).

The wave heights, the distance from trough to crest, induced by a given wind speed and
direction were calculated according to Airy wave theory as:

H= w-[0.0026+(g'Ls/ w?)**')/g ),

where H is the wave height in meters, w is the wind speed in m's™', g is the acceleration due to
gravity (9.8 m's™), Lt is the maximum effective fetch in meters, and 0.0026 and 0.47 are
constants (Hakanson and Jansson 1983). Wave heights were calculated at the position of the
sonde for all recorded wind speeds and at the 3700 points throughout the lake for the
hypothetical wind speeds described above.

Estimates of wave period, the time interval between successive wave troughs or crests,
induced by a given wind speed and direction were calculated as:

T = w-[0.46-(g'Ls/ w?)*?]/g 3),

where T is the wave period in seconds, w is the wind speed in m-s'l, g is the acceleration due to
gravity (9.8 m's™), L¢is the maximum effective fetch in meters, and 0.46 and 0.28 are constants
(Hakanson and Jansson 1983). Wave period calculations were performed for waves at the sonde
and for the 3700 points throughout the lake as discussed above for wave height.

The wavelengths for wave groups passing the sonde and the 3700 lake-wide points were
calculated as:

A=156T ),

where A is the wavelength in meters, 1.56 is a constant, and T is the wave period in seconds
(Hakanson and Jansson 1983). Estimates of wave celerity, or rate of advancement of wave crests
were then calculated as:

c=A/T ),

where c is the celerity in m-s™, A is the wavelength in meters and T is the wave period in seconds
(Hakanson and Jansson 1983).

The orbital diameter of surface waves decline exponentially with depth. Since we were
interesting in benthic sediment resuspension, we needed to calculate the orbital velocity of these
waves near the lake bottom. The maximum orbital velocity of waves near the lake bottom at the

sonde and at the 3700 points throughout the lake were therefore calculated as:
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v=mH/Te* (6),

where v is the maximum orbital velocity in m-s™, &t is pi (3.1416), H is the wave height in
meters, T is the wave period in seconds, d is the water depth in meters and A is the wavelength in
meters (Smith and Sinclair 1973).

5. Boat Traffic Monitoring. Boat traffic near the submerged sonde was monitored
between August 25, 2000 through September 3, 2000 using time-lapse videography. A video
camera and a 960-hour time-lapse videocassette recorder were mounted inside the Clear Lake
Municipal Water Treatment Facility (See Fig. 1) facing the sonde’s position in the lake. The
videocassette recorder recorded camera images every 1.4 seconds. We then documented the
approximate size, speed (i.e. wake vs. no wake), and location of each vessel passing the buoy
from which the sonde was suspended. Trends in parameters measured by the sonde (discussed
above) were then analysed with trends observed in boat traffic to evaluate the role of boat traffic
in the resuspension of benthic sediments.

C. Results

During the course of our examination of sediment resuspension in Clear Lake, lowa,
measurements of turbidity varied from a maximum of 1202.1 NTU to a minimum of 9.4 NTU
around a mean of 33.9 NTU. It is likely, however, that the 1202.1 NTU maximum is an aberrant
observation due to interference in the measurement instrument’s path. Chlorophyll
concentrations over the same period varied from a maximum of 49 pg-L'to a minimum of 14
pg-L'around a mean of 25 pg'L™!. Time-trends in both variables show considerable variability
(Fig. 2). It is important to note, however, that measurements of turbidity are inextricably tied to
those of chlorophyll a because the algal cells containing chlorophyll a are themselves a
component of turbidity. Additionally, if resuspension is occurring, it is likely that a large
proportion of the chlorophyll a indicated by the sonde is actually comprised of recently
sedimented, rather than planktonic, algae. This close relationship is evident in the similarities in
time-trends, or spectra, of both variables (Fig. 2).

Although variability in chlorophyll and turbidity measurements may superficially appear
somewhat random (Fig. 2), closer examination of both time-trends reveals that, superimposed
upon larger fluctuations, are notable diel patterns in both variables, with low values generally
present during the evening and early morning and rising to daily maxima by early afternoon (Fig.
2). Although some of these diel patterns in turbidity may be strongly influenced by daily
production of algae, the confounding of chlorophyll and turbidity measurements prevents a
definitive diagnosis and it is possible that the rapid increases in chlorophyll concentrations are
indicative of sedimented algal cells resuspended by wind or boat traffic. Variable and generally
high values of turbidity early in the study may have been the result of the use of a turbidity probe
that was subject to fouling. This probe was subsequently replaced with one that employs a
cleaning mechanism to avoid such variability. Also notable is that the sonde ran out of battery
power between September 9, 2000 and September 15, 2000 and all data for this period were lost.

Wind was variable with a mean of 6.8 m-s”!, a minimum recorded speed of 0.2 m-s", and
a maximum record of 27.8 m's”. Wind direction was generally unstable at Clear Lake.
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Although the mean observed wind direction was 169.5°, sustained winds were observed from
throughout a range from 0° to 360°. These values are representative of wind speed and direction
records measured by our wind station atop the Clear Lake Municipal Water Treatment Facility
(See Fig. 1). When daily mean wind speed data from the National Climactic Data Center were
examined for the period of April — October in 1998, 1999, and 2000, the mean wind speed near
Clear Lake was found to be 4.6 m-s” with a maximum record of 11.3 ms™ and a minimum daily
average wind speed of 0.6 m's”. The period between April and October was chosen to provide
information representative of the seasonal no-ice state of the lake. It is only during this period
that wind may influence the lake’s benthic sediments. Just as observed with chlorophyll and
turbidity measurements, wind speed generally showed similar diel patterns superimposed upon
larger, more long-term fluctuations (Fig. 3). Again, wind speeds tended to rise through the
morning hours, before declining in late afternoon and evening (Fig. 3).

Unfortunately, the characteristics of the water quality and meterological variables
measured do not lend themselves to straightforward statistical analyses. For example, the lack of
independence between turbidity and chlorophyll is likely to mask a clearly defined and
repeatable predictive relationship between wind and turbidity, even if one exists, since we cannot
distinguish turbidity peaks caused by algal blooms from those induced by wind events. Variable
and, likely, very slow settling velocities of small, unconsolidated particles as well as varying
algal composition in the lake may also contribute to a varying background turbidity level that
prevents the application of most statistical analyses. It is therefore not surprising that no
significant relationships were observed among wind or estimated wave parameters and turbidity
in the lake.

Despite the inadequacy of conventional statistical measures to treat these complex data,
examination of spectral trends makes it increasingly plausible that wind may influence sediment
resuspension in Clear Lake (Fig. 3). The locations of peaks and troughs in wind speed are, in
many cases, remarkably similar to those of turbidity, indicating that much of the diel and long-
term variability in turbidity in Clear Lake may be related to wind events (Fig. 3). Calculations of
wave orbital velocities near the bottom of the lake for the 3700 lake-wide points corroborate the
implications of spectral analyses by indicating that large proportions of the lake bottom may
become prone to wave velocities strong enough resuspend sediments ranging in size from silts to
pebbles (Table 1; Figs. 4 — 12).

Maps of wave velocities near the bottom of Clear Lake indicate that large portions of the
lake bottom may become prone to wave velocities capable of substantial resuspension. At wind
speeds near the mean daily wind speed indicated by NCDC data (~5 m-s™), little wind-driven
resuspension is likely to occur in Clear Lake when winds are along the prevailing wind axis (Fig.
4) or along the other wind axes examined. Bottom velocities capable of resuspending sediments
become prevalent along the lake margins and in the shallow, western basin of the lake when
wind speeds along the prevailing wind axis reach 10 m's™ (Fig. 5). Dramatic increases in bottom
velocities and the area of the bottom involved in sediment resuspension (Table 1) are notable,
however, when wind speed along the prevailing wind axis climbs to 15 m-s™, 20 m's™ and 25
m-s” (Figs. 6-8). At these wind speeds, a majority of the lake bottom becomes mobile, and
wind-induced sediment resuspension may become a lake-wide phenomenon. The same dramatic
increase in the potential for sediment entrainment is notable for 10 m-s™ and 15 ms™ winds along
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North-South, East-West, and Northeast-Southwest axes (Figs. 9-11). The potential for sediment
resuspension is particularly notable in areas where fetch becomes large or where depth becomes
shallow. This is especially true for the shallow margins of the lake as well as for the small
western basin of the lake, which is exposed to strong potential for resuspension even at relatively
low wind velocities.

The rate of occurrence of substantial resuspension events such as those described above
is difficult to quantify. Our wind data, however, indicate that winds during our study period
ranged from 5 - 10 m's™, 10- 15 m's”, 15 - 20 m's”, and 20 — 25 m's”, 43.4%, 14.9%, 5.8% and
1.1% of the study period, respectively. This implies some degree of resuspension occurring over
60% of the time at Clear Lake. These estimates may be slightly biased, however, as our data
may include substantial wind gusts which, if present only in short duration, may not lead to
large-scale wind resuspension. Data from the NCDC suggest mean daily wind speeds from 5 -
10 m-s’may occur 45.1 % of the time while winds exceeding 10 m-s™ occur only 2.3 % of the
time. This may, however, lead to a large underestimate of the frequency and magnitude of
resuspension occurring at the lake, however, as these daily mean wind data, may mask the
presence of some high wind periods.

During September 27, 2000, wind speeds at Clear Lake ranged from a minimum of 14
m-s” at 7:30 AM to maximum of 24 m-s"'at 3:00 PM (Fig. 12a). Winds increased throughout the
day before beginning to diminish after the 3:00 PM maximum (Fig. 12a). Sonde measured
turbidity ranged from a minimum of 30 NTU at 7:30 AM to a maximum of 48 NTU at 3:00 PM,
before declining thereafter (Fig. 12a). Similar patterns were observed in ammonium-nitrogen
concentrations, which increased from a minimum of 739 pg-Lat 7:30 AM to a maximum of
1052 pg-L"at 2:00 PM (Fig. 12b). Concentrations of unionized ammonia (NH3) increased from
61to115 ug-L'l. Although these concentrations are just below those necessary for acute fish
damage (120 ug/L) they are low only due to the low temperatures in the lake in September
(~13°C). Had the water temperature been closer to that observed in the summer months
(~25°C), unionized ammonia would have increased from 126 to 221 pg-L™, reaching
concentrations far beyond those necessary for acute fish damage. Concentrations of total
phosphorus in the lake increased from a minimum of 82 pg-L™ at 7:30 AM to a maximum of 186
pug-L'at 2:00 PM before declining (Fig. 12c). The similarity in trends of the 71% increase in
wind speed and the 60% increase in turbidity, 42% increase in ammonium and 126% increase in
total phosphorus support the role of wind in sediment resuspension and substantial increases in
water column nutrient concentrations. In fact, on September 27, 2000, statistical analyses of the
data reveal positive correlations between wind speed and turbidity (x'2 = 0.65), ammonium (r* =
0.27), and total phosphorus (* = 0.51).

Concentrations of total phosphorus increased rapidly when benthic sediments were added
to water taken from Clear Lake. The turbidity gradient created ranged from 32 to 160 NTU,
while TP concentrations ranged from 143 to 876 pug-L™'. The relationship between the two
variables, with TP as the independent variable (y = 3.975x + 55.4) was used to estimate TP
concentrations in the water from turbidity measurements provided by the sonde. These
predictions are, however, based upon turbidity comprised primarily of sediment and are unlikely
to account for variability of background phosphorus from other sources. The slope of the
laboratory-derived relationship between turbidity and TP (4.0), however, is very similar to that
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derived in situ (3.9) on September 27, 2000. It is therefore likely that the magnitude of change in
phosphorus (ATP) predicted by the laboratory-derived relationship is an accurate depiction of the
change in TP in the lake, while predictions of the actual TP concentrations may be slight
overestimates. Total phosphorus concentrations predicted from turbidity in Clear Lake through
our study period are quite variable with a daily phosphorus flux often surpassing 100 pg'L! (Fig.
12d). Some very rapid fluctuations and very high concentrations of TP are likely related to
turbidity spikes that may have been erroneously high due to bubbles or other obstructions in the
instrument’s path.

Although substantial evidence seems to support the role of wind in the resuspension of
sediments and nutrients in Clear Lake, not all of the flux of turbidity and TP may be attributed to
wind-induced wave energy. Through the analysis of the passage near the buoy (generally within
100 meters) of 2287 boats, it appears as though recreational boat traffic may play an important
role in the entrainment of benthic sediments. Most of the 2287 boats observed were traveling at
a sufficient velocity to produce wakes. Violations of the no wake zone (91.5 meters from shore)
were frequent (Fig. 13a and b) and many boats traveled at high speeds along the margin of the no
wake zone (Fig. 13¢c). Although the same problems that plague statistical analyses of wind-
induced resuspension preclude a direct statistical analyses of boat traffic (no significant
correlations exist), spectral trends in mean hourly turbidity do appear to be closely related to
those of the mean number of boats passing the sonde per 10 minute interval (Fig. 14a). While
spectral trends in wind over the same period seem to follow those of turbidity with some
correspondence, it is important to note that wind speeds during the period are generally low and,
over time, wind generally decreased while turbidity and boat traffic show overall increases
through time. The role of boat-induced turbulence in the resuspension of sediments in Clear
Lake is also anecdotally supported by observations of sediment plumes following the passage of
boats (Fig. 14b).

D. Discussion

Although the nature of the time-series data we collected prevents direct statistical
analyses among wind, recreational boat traffic, and turbidity, spectral analyses of these data
support the potential for wind and boat traffic to influence sediment resuspension in Clear Lake.
Downing and Ramstack (2001) have also shown turbidity maxima near the lake’s bottom
indicating that resuspension of sediment may be prevalent. Maps of wave velocity near the
lake’s bottom also indicate that, during strong wind events, sufficient energy may exist to lift
even relatively large sediment particles from a large proportion of the lake bottom. Turbulent
resuspension of benthic sediments and nutrients may therefore be frequent occurrences that,
without remediation, may lead to increased restoration time-scales as resuspended nutrients
maintain the lake’s elevated trophic status.

The degree of nutrient flux evident during wind resuspension events is of substantial
magnitude. Concentrations of total phosphorus may more than double, increasing by over 100
pg-L", in less than 12 hours, leading to rapid reductions in N:P ratios. Fortunately, as observed
in other shallow, eutrophic lakes (Kristensen et al. 1992), resuspended total phosphorus seems to
drop out of the water column with turbidity during times of low wind, implying that suppression
of wind-induced waves could suppress phosphorus flux from the sediments. The resuspension of

161



|

Clear Lake Diagnostic & Feasibility Study
Chapter 7 — Physical Limnology

unionized ammonia, however, represents perhaps a more insidious threat to the aquatic
community as concentrations may frequently exceed levels dangerous to fish and wildlife.
During the summer months, when water temperature and pH are high, turbulent resuspension of
high concentrations of unionized ammonia could lead to ammonia-, rather than oxygen-mediated
fish kills.

Areas of the lake characterized by shallow depths and long fetch may be particularly
sensitive to resuspension from wind-induced waves, especially as wind speeds surpass 10 m's™.
This is perhaps most evident in the lake’s small, shallow, western basin. Resuspension here is
likely to be a common occurrence even at relatively low wind velocities due to the basin’s
shallow depth and fine, unconsolidated sediments. In fact, the frequent brown hue of the water
in this smaller basin suggests sediments are often in suspension. Nutrient flux from resuspended
sediments and phosphorus- and ammonia-rich pore water is likely to be high here and it is
probable that prevailing currents transport large sediment and nutrient loads from the smaller
western basin into the lake’s larger basins to the east. This is, in fact, observable in the sediment
plumes that may often be observed passing through the narrow strait between basins.

Shallow areas of Clear Lake may also be quite susceptible to sediment resuspension
induced by recreational boat traffic. It is important to note, however, that increased resuspension
due to boat traffic was evident even in relatively deep water (over three meters) at the site of the
sonde. Because maps of bottom velocity also indicate that wind-driven sediment resuspension
may be most prevalent in the shallow areas around the lake’s margin and in the small western
basin, it is plausible that the frequent violation of the no wake zones in these areas may enhance
and contribute to resuspension or may prevent resuspended particles from resettling. Through
this mechanism, wind and boat traffic may act together to resuspend benthic sediments and
maintain their suspension in shallow water.

Internal nutrient loading through turbulent resuspension of sediments is a substantial
problem in Clear Lake and, without change, will likely lead to further degradation of the lake’s
water quality, recreational value, and its fish and wildlife communities. Potentially hazardous
blooms of cyanobacteria may become more common as resuspended sediments degrade the light
climate, suppress macrophyte growth, and lower N:P ratios. As sediments continue to fill the
lake, reducing water depth, more of the lake’s bottom will become susceptible to resuspension,
thereby increasing water column nutrients including total phophorus, ammonium, and toxic
ammonia. Lake restoration time-scales may also be prolonged if sediment resuspension
continues to occur unabated in the lake.
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TABLE 1. The area (m?) of the bottom subject to wave velocities capable of resuspension and the total % of the bottom capable of resuspension
and, for the prevailing wind axis (*), the % bottom capable of resuspending particles of increasing diameters. Estimates of the area
and % of the bottom prone to mobility during wind events are based <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>