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Algae in lakes are 
similar to grass on 
the prairie. Not 
every animal spe-
cies on a prairie 
eats the grass, but 
all life on the prai-
rie is ultimately 
dependant upon it. 

Nonpoint Source Pollution 
and Lake Ecology 

Energy captured from the sun through photosynthesis 
drives all life on this planet. This statement is true for 
both terrestrial and aquatic ecosystems.  

The Algae 
Algae are a diverse group of aquatic organisms that can be mi-
croscopic, or in the case of kelp, more than 50 feet long. Some 
algae are attached to rocks or other submerged structures.  This 
is the slippery green stuff most people call “moss.” Other algae 
live free-floating in the water, and many species can even 
“swim.” 

Algae, like plants, create their own food through photosynthe-
sis, the process by which the sun’s energy is captured by the 
pigment chlorophyll and used to combine carbon dioxide and 
water to form simple sugars. The algae can later break the sugar 
molecules apart, releasing the stored chemical energy for 
growth and reproduction. Other organisms are also welcome to 
those sugars; all they have to do is eat the algae. 

Requirements for photosynthesis – light, CO2 and water 

Algae have it pretty darn good when it comes to the require-
ments for photosynthesis. As long as they stay near the surface 
of the water, they can find plenty of sunlight. There generally 
isn’t much shade out on the lake. The exception to this is when 
water clarity is reduced by suspended sediments or excessive 
algae. The second requirement for photosynthesis, carbon diox-
ide, readily diffuses into the lake from the atmosphere and 
is released into the lake via respiration and de-
composition. There is plenty of water in a 
lake, which takes care of the final re-
quirement for photosynthesis.

Algae are necessary for a healthy lake 
ecosystem, but there can be too much 
algae. When this happens, the grazers 
who eat the algae can’t keep up. As the 
uneaten algae die off, they sink to the 
lake bottom and decay. The process of 
decay requires bacteria, which in turn 
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require oxygen. If  there is an abundance of dead algae bac-
teria use up too much oxygen, and there isn’t enough left 
over for all of the animals, like insects and fish. Too much 
algae can also give lakes an unpleasant green color, a sur-
face scum, or (in the case of drinking water reservoirs) a 
“fishy” taste.

The Nutrients 
While algae must photosynthesize to store energy, they 
also have further requirements for growth and reproduc-
tion. For these processes, algae have further requirements 
of their environment. Chief among these requirements are 
nitrogen and phosphorus, nutrients often responsible for 
limiting algal growth. If nutrients in the water are insuffi-
cient, algal growth will slow or stop entirely until more nu-
trients become available. An increase in the concentration 
of nutrients in a lake will probably increase the amount of 
algae as well.

Nitrogen and phosphorus are natural components of soil 
but are also frequently applied on land as fertilizer. If these 
fertilizers are not taken up by terrestrial plants, the nutri-
ents may be transported as nonpoint source pollution to our 
lakes. Nutrients, especially phosphorus, also attach to soil 
particles, which wash into lakes as suspended sediment 
particles during rain events. To truly control algae in lakes, 
you must control the nutrients. 

The Sediments 
While nutrients encourage algal growth in a lake, sus-
pended sediments can restrict growth. These soil materials 
decrease water clarity, limiting the amount of light avail-
able to algae. Suspended sediments make a lake brown, 

reducing its aesthetic appeal. As the sediments settle 
out of suspension, they fall to the bottom of the 
lake and eventually fill in its bottom, requiring 
that the lake be abandoned or dredged. Dredg-
ing is the extremely expensive process of scoop-
ing out a lake’s bottom and taking the removed 
soil away. Additionally, suspended sediments 
must be removed from lake water that is to be 

used for drinking.

The Watershed 
To control nutrients and sediments within a lake, we must 
look to the watershed, the land uphill from a lake (or 
stream). All surface water has a watershed, and all land is 

Sediments in runoff will 
eventually fill in a lake 

To truly control algae in 
lakes, you must control 
the nutrients. 
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part of at least one watershed. Tavern Creek and the Lake 
of the Ozarks each have watersheds. Their watersheds are 
part of the larger Osage River watershed. The Osage River 
watershed is a part of the much larger Missouri River water-
shed. The Missouri River’s entire watershed is included in 
the even larger Mississippi River watershed.  

Water (rain, snowmelt, etc.) moves down the landscape be-
fore entering the lake as runoff. Along its way downhill, 
runoff can pick up nutrients, sediments and other pollutants 
from the watershed. Those pollutants that enter lakes and 
streams are called nonpoint source pollution. Nonpoint 
source pollution comes from  a diffuse area in the water-
shed, rather than a single (point) source. To improve water 
quality anywhere, you start by addressing human activity in 
the watershed. 

The Lakes of Missouri Volunteer Program 
Nutrients and sediments are two of the top three pollutants 
in lakes, according to the EPA. These pollutants often enter 
our lakes as nonpoint source pollution, through runoff. The 
way to reduce the impact of excessive nutrients and sedi-
ments on our lakes is to reduce nonpoint source pollution in 
the watershed. The Lakes of Missouri Volunteer Program 
uses volunteer monitors to track nonpoint source pollution 
in Missouri’s lakes by measuring chlorophyll (a measure of 
algal biomass), nitrogen and phosphorus (nutrients), sus-
pended sediments (soil particles), and water clarity.

Parameter Abbreviation Unit of Measure 
Water Clarity 

(using Secchi disk) Secchi Inches ( “ ) 

Total
Phosphorus TP Micrograms per liter (ug/L) or 

parts per billion (ppb) 

Total
Nitrogen TN Micrograms per liter (ug/L) or 

parts per billion (ppb) 

Chlorophyll CHL Micrograms per liter (ug/L) or 
parts per billion (ppb) 

Inorganic Suspended 
Sediments ISS

Milligrams per liter (mg/L) or 
parts per million (ppm)
1mg/L = 1000 ug/L 

The parameters measured by the Lakes of Missouri Volunteer Program, the abbrevia-
tions used in this document, and the units of measure that the numbers represent. 

Water clarity is measured 
using a Secchi disk. The 
Secchi disk is lowered into 
the water until it is no 
longer visible and the 
depth is recorded. Clear 
water has a greater Secchi 
depth than murky water. 

Suspended sediments 
and algae will reduce the 
clarity of lake water. 
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According to the EPA, nutrients (particularly phosphorus and 
nitrogen) are the top pollutants that impair the country’s 
lakes and reservoirs. Some nutrients come from point sources 

such as sewage treatment plants, but the majority enter our lakes 
through nonpoint source runoff from urban areas and agriculture. In 
Missouri, the number of lakes that have point source pollution are few 
and generally limited to large reservoirs. Nutrient levels in most Mis-
souri lakes are determined by nonpoint source impacts within the wa-
tershed.

We once thought that differences in soil fertility (i.e. nutrient levels) 
explained regional differences in lake water quality in Missouri. Thin, 
nutrient-poor soils in the Ozark led to clear lakes with low nutrient 
levels. Deeper, nutrient-rich soils in northern Missouri equated to pro-
ductive, nutrient-rich lakes. With continued analysis we identified the 
differences in land use across the regions of the state (the Ozarks have 
forest, while agriculture dominates in northern Missouri). The quality 
and amount of soil definitely helps determine land use, as nobody has 
much luck farming ridge tops in the Ozarks! But analysis indicated 
that if a watershed in northern Missouri looked like a southern Mis-
souri watershed (that is, mostly forested), the lake would also look 

like an Ozark lake even though it 
was surrounded by nutrient-rich 
soils.

We now realize that land cover 
within a lake’s watershed plays a 
larger role in water quality than the 
background nutrients within soils. In 
Missouri (and elsewhere) more agri-
culture in a watershed leads to more 
nutrient inputs into the lake. In con-
trast, a forested watershed generally 
equates to less human impact and 
therefore lower nutrient inputs into 
the lake. Grass and pasture land do 
not show a strong relation to in-lake 
nutrients, probably because these 
land types range from low impact 
(e.g. Conservation Reserve Program 
land) to highly managed (litter/
manure application). 

Land use and water quality in Missouri Lakes 

Bowling Green Lake #1 is in northern Missouri, 
where the soils are nutrient-rich and yet has a 
mean Secchi transparency of 60 inches. Nearly 
half of the watershed of Bowling Green Lake #1 
is forested. 
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But land use is not the only factor that plays a role in 
determining lake water quality in Missouri. The 
amount of water that flows into a lake during a given 
year, or its hydrology, plays a much larger role than 
we previously thought. If a lake has a large watershed 
relative to its lake volume, it will be more impacted 
by inflows from the watershed. On the other hand, if 
a lake has a small watershed relative to lake volume, 
inputs from the watershed will have less impact on 
water quality. 

One way of looking at hydrology is by calculating 
what is known as residence time, a measure of how 
long water remains in the lake before new inflows 
replace it. If a lake has a volume of 100 acre/feet and 
the annual inflow is 200 acre/feet, then residence 
time equals 6 months. That means, on average, the 
volume of the lake is replaced every 6 months.  Resi-
dence time is a theoretical measurement, but a valu-
able one all the same. 

How much of a factor is residence time on lake water 
quality in Missouri? If a Missouri lake has 50% of its 
watershed in agriculture, the overall phosphorus con-
centrations within the lake may range from as low as 
40 μg/L to as high as 150 μg/L. This large range oc-
curs because the residence time of our lakes vary 
greatly. The lake with 40 μg/L of phosphorus proba-
bly has a residence time of over 18 months. A lake 
with a residence time of 6 months might have 100 
μg/L phosphorus, while a lake with a 3 month resi-
dence time would have close to 150 μg/L phospho-
rus.

The three factors that determine residence time are 
lake volume, watershed area, and the amount of pre-
cipitation. Of these, precipitation is not a constant. 
Dry years produce less inflow into the lake, so the 
residence time is, in effect, longer than normal. Dur-
ing wet years the opposite is true; more inflow leads 
to a shorter residence time. We find that dry years 
usually have lower than normal nutrient levels, while 
wet years have higher than normal nutrient concen-
trations. Differences in hydrology (residence time) 
from year to year can help explain why a lake’s water 
quality varies from year to year. 

Inflowing water replaces the 
lake water, which leaves via the 
outflow. Residence time is a 
measure of how long the lake’s 
volume “resides” in the lake. 

Lakes with a long residence 
time tend to have lower concen-
trations of nutrients than lakes 
with a short residence time. 
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Our volunteers monitor at 3-week 
intervals from late spring to early 
fall and process the samples in 

their homes. The processed samples 
are stored in volunteers’ freezers until 
LMVP staff can pick them up. The 
samples are then analyzed at the Uni-
versity of Missouri’s Limnology labo-
ratory following accepted standard 
methods. LMVP data are “research 
quality”, and have been used in several 
scientific journal articles. One study 
(Obrecht et al. 1998) shows LMVP 
data to be of comparable quality to 
data collected by employees of the 
University of Missouri. 

Water clarity, represented by Secchi depth (inches), in Little Dixie Lake. Bars show Univer-
sity of Missouri employee collected data, dots show volunteer collected data. Please note 
that zero is at the top of the vertical (“Y”) axis, as the values represent depth. 

Regular sampling intervals give a good estimate of average conditions in a lake. Addition-
ally, values obtained by LMVP volunteers are very comparable to values obtained by 
“professionals”. The MU data averaged 30 inches, the volunteer data averaged 28 inches. 

The quality of volunteer collected data 
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The data are typically graphed in three ways for the 2004 LMVP data report. The most 
common graph shows seasonal variations (See 1 below). The parameter represented is 
named on the vertical axis, which is usually on the left. These graphs will show all 

data collected last year, with the date of collection shown at the bottom of the graph. 

Some data are shown as trend graphs. Depending upon the amount of information, we either 
use a stick plot (2) or a box plot (3). The stick plot features a “stick” that reaches from the 
high value to the low value and a dot that shows the geometric mean for that year. Box plots 
convey more information than stick plots. The “caps” at the top and bottom show the maxi-
mum and minimum values for the year. The “box” surrounds the middle half of the data. Fi-
nally, the line within the box shows the median, or middle, value. 

Each stick or box plot represents data from a single season. These plots will always be shown 
with other stick or box plots for comparison among years. When stick plots or box plots are 
shown, only the “summer” data are used, for our purposes defined as the period between May 
15 and September 15. This period is shown in section 1 of the figure below with the dotted 
lines, so in this case the samples from early May and early October would not be used. Trim-
ming the data like this lets us compare data from different years, regardless of whether the 
volunteer began (or finished) sampling early (or late). 

In the stick and box plots below, the take home point is that the data range from a low of 13 to 
a high of 32 ug/L, but most of the values are at the lower end of that range.  You can tell this 
because the dot (in the case of the stick plot) and the median line (for box plots) are closer to 
the bottom than the top. 
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An example of a graph showing seasonal variation (1), a stick plot (2) and a box plot (3). 
The stick and box plots shown represent only the seasonal variation data (1) from May 
15 through September 15.
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Understanding the data graphs 
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Off the
Scale

A New Graph for 2005—Relative Rank 

This new graph shows the ranking of lake sites 
compared to all Missouri lakes. 

The dot on each box plot shows how a given parame-
ter measured at that lake site compares to the long-
term average values observed in 146 Missouri lakes. 
The shaded bar on the left side of each graph roughly 
indicates expected water clarity.
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Stockton Lake, Site 1 

Grindstone Reservoir 

Each box plot in the figure represents the 
long term averages of 146 Missouri lakes 

for which we have at least four years of data.
The line in the center of the box represents the 
median, or middle value. Half of the data 
points (73) are above the median and half are 
below it. If you were to divide each half in half 
again, you would have 4 groups, each repre-
senting 25% of the data. The box is simply 
drawn around the two middle quarters.  
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Secchi values (inches) 
for 146 Missouri Lakes 

The Secchi value for Table 
Rock Lake is among the clear-
est 25% of Missouri lakes. 

The Box Plots 

A dot occurring at the bottom of 
the box plot indicates clear water 
with few nutrients, sediments or 
algae (e.g. Stockton Lake, Site 1).  

A dot occurring at the top of the 
box plot indicates murky water 
with high concentrations of nutri-
ents, chlorophyll or sediments (e.g. 
Grindstone Reservoir).


