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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 sediments on our lakes is to re-
duce nonpoint source pollution in the water-
shed.  
The Lakes of Missouri Volunteer Program, 
with the help of volunteer monitors, tracks 
nonpoint source pollution in Missouri’s lakes 
by measuring chlorophyll (a measure of algal 
biomass), nitrogen and phosphorus (nutri-
ents), suspended sediments (soil particles), 
and water clarity.

The Lakes of Missouri Volunteer Program
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Introduction

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 al-
gae live free-floating in the water, and many species can even 
“swim.”
Algae, like plants, create their own food through photosyn-
thesis, 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 good when it comes to the requirements 
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, car-
bon dioxide, readily diffuses into the lake from the 
atmosphere and is released into the lake 
via respiration and decomposition. 
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 feed on algae can’t 
keep up. As the uneaten 
algae die off, they sink to 
the lake bottom and decay. 
The process of decay is 

Nonpoint Source Pollution and Lake 
Ecology
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conducted by bacteria, which in turn require oxygen. 
If  there is an abundance of dead algae, bacteria use up 
too much oxygen, and there isn’t enough left over for 
aquatic creatures such as insects and fish. Too much 
algae can also give lakes an unpleasant green color, a 
surface scum, or (in the case of drinking water reser-
voirs) a “fishy” taste. 
The Nutrients
While algae must photosynthesize to store energy, 
they also have further requirements for growth and re-
production. For these processes, algae draw resources 
from their environment. Chief among these require-
ments are nitrogen and phosphorus, nutrients often 
responsible for limiting algal growth. If nutrients in 
the water are insufficient, algal growth will slow or 
stop entirely until more nutrients become available. 
An increase in the concentration of nutrients in a lake 
will typically increase the amount of algae as well. 
Nitrogen and phosphorus are natural components of 
soil but are also frequently applied on land as fertil-
izer. If these fertilizers are not taken up by terrestrial 
plants, the nutrients may be transported as nonpoint 
source pollution to our lakes. Nutrients, especially 
phosphorus, can also attach to soil particles, which 
wash into lakes as suspended sediment particles dur-
ing 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 ma-
terials decrease water clarity, limiting the amount of 
light available to algae. Suspended sediments make 
the lake look brown, reducing its aesthetic appeal. 
The suspended sediments must be removed from wa-
ter intended for drinking. Additionally, as sediment 
settles out of suspension, it falls to the bottom of the 
lake, reducing the lake’s volume. If the volume de-
creases enough, the lake will need to be dredged or 
abandoned. Dredging is the extremely expensive and 
disruptive process of mechanically removing the ac-
cumulated sediments from the bottom of the lake. 

The sediments carried by 
runoff will eventually fill in  
every single Missouri lake

We can control how fast 
that happens by managing 
our watersheds wisely
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The Watershed
To control nutrients and sediments within a lake, we 
must look to the watershed, the land area draining to 
a lake (or stream). All surface water bodies have a 
watershed, and all land is part of a complex network 
of watersheds. 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 Mis-
souri River watershed. The Missouri River’s entire 
watershed is included in the even larger Mississippi 
River watershed. 
Water (rain, snow melt, etc.) moves down the land-
scape before entering the lake as runoff. Along the 
way, runoff picks up nutrients, sediments and other 
pollutants from the watershed. Pollutants entering 
lakes and streams via runoff are called nonpoint 
source pollution. Nonpoint source pollution comes 
from  a diffuse area in the watershed, rather than a 
single (point) source. To improve water quality any-
where, you start by addressing human activity in the 
watershed.

Suspended sediments and 
algae will reduce the clarity 
of lake water

Water clarity is measured us-
ing 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

Parameter Abbreviation Unit of Measure

Water Clarity
(using Secchi disk) Secchi Inches (“)

Total Phosphorus TP Micrograms per liter (µg/L) or 
parts per billion (ppb)

Total Nitrogen TN Micrograms per liter (µg/L) or 
parts per billion (ppb)

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

Inorganic Suspended  
Sediments ISS Milligrams per liter (mg/L) or 

parts per million (ppm)

This table shows the parameters measured by the Lakes of Missouri Volunteer 
Program, the abbreviations used in this document, and the units of measure 
that the numbers represent.
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Land Use and Water Quality

According to the EPA, nutrients (particularly phosphorus and ni-
trogen) 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 non-
point 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 Missouri lakes are 
determined by nonpoint source impacts within the watershed.

Land Use

We once thought that differences in soil fertility (i.e. nutrient levels) ex-
plained regional differences in lake water quality in Missouri. Thin, nu-
trient-poor soils in the Ozark led to clear lakes with low nutrient levels. 
Deeper, nutrient-rich soils in northern Missouri equated to productive, 
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 farm-
ing ridge tops in the Ozarks! But analysis indicates that if a watershed 

in northern Missouri is mostly forested, the 
lake will look like an Ozark lake.

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 contrast, 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/ma-
nure application).

Hydrology

But land use is not the only factor that plays a role in determining lake 
water quality in Missouri. The amount (and timing) of water that flows 
into a lake during a given year, or its hydrology, plays a much larger 

Bowling Green Lake #1 is in northern Missouri where 
soils are nutrient-rich and yet has a mean Secchi 
transparency of 60 inches. Nearly half of the water-
shed of Bowling Green Lake #1 is forested.

 in Missouri Lakes
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role than we previously thought. If a lake has a large 
watershed relative to its lake volume, it will be more 
impacted by inflow 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 im-
pact on water quality.

Residence Time

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 wa-
ter quality in Missouri? If a Missouri lake has 50% 
of its watershed in agriculture, the overall phospho-
rus concentrations within the lake may range from 
as low as 40 µg/L to as high as 150 µg/L. This large 
range occurs because the residence time of our lakes 
vary greatly. The lake with 40 µg/L of phosphorus 
might have 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 
residence time could have 150 µg/L phosphorus.

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 
have lower than normal nutrient levels, while in wet 
years nutrient concentrations are higher. Differences 
in hydrology (residence time) from year to year can 
help explain why a lake’s water quality varies over 
time.

Inflowing water replaces the lake 
water, which leaves via the out-
flow. Residence time is a mea-
sure of how long the lake’s water 
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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The Quality of Volunteer Collected Data

LMVP 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 University of Mis-
souri’s Limnology laboratory 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 qual-
ity to data collected by employees of the 
University of Missouri.

Ph
os
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Phosphorus concentrations in Little Dixie Lake from samples collected by an 
LMVP volunteer and by University of Missouri staff. All samples were analyzed 
in the same laboratory.
Regular sampling intervals give a good estimate of average conditions in a lake. 
Additionally, values obtained by LMVP volunteers are comparable to values ob-
tained by “professionals”.
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Understanding the Data Graphs

The data are typically graphed in three ways for the 2007 LMVP data report. The 
first of these is a simple line graph (See 1 below). These graphs are used if there 
are fewer than three years of data to report. The parameter represented is named 

on the vertical axis, which is may be on the left or right hand side of the graph. Use the 
legend to identify the symbols used for each parameter. 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. For these data we will show a stick plot (See 2 
below). 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. Each stick plot represents 
data from a single season. These plots will always be shown with other stick plots for 
comparison among years. 

When stick plots are shown, only the “summer” data are used. For our purposes, “sum-
mer” is 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. Trimming the data like this lets us 
compare data from different years, regardless of whether the volunteer began sampling 
early or finished late.

In the stick plot below, the take home point is that the data range from a low of 13 to 
a high of 32 µg/L, but the values tended to be at the lower end of that range.  You can 
tell this because the dot representing the mean is closer to the bottom of the line than 
the top.

An example of a graph showing seasonal variation (1), a stick plot (2). The 
stick plot represents only the seasonal variation data from May 15 through 
September 15 (illustrated by the dotted lines). 
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Geometric mean is used as a measure of the central tendency of the data 
and to reduce the influence of extreme values. In this report, the geomet-
ric mean is the average of the data when ‘log10 transformed.’

*
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The nutrient criteria determination process first 
involves dividing the state into physiographic 
regions (to account for differences in soils, to-
pography and historic land cover). Reservoir 
morphology, hydrology and historic land cover 
(alone or in combination, depending on region) 
are then used to predict reservoir phosphorus 
concentrations. This allows the state to take 
into account some of the difference among the 
reservoirs (such as depth, hydrology, etc.) that 
were set in place when the impoundments were 
constructed. Finally, “reference” reservoirs 
were identified and the phosphorus concentra-
tions of these water bodies are used to gauge 
the range of phosphorus concentrations found 
in nominally impacted reservoirs. 

A target phosphorus concentration is identified 
for each reservoir using the above information. 
A reservoir’s nitrogen and chlorophyll criteria 
are then calculated using the target phosphorus 
value and desired ratios of nitrogen-phospho-
rus and chlorophyll-phosphorus. The reservoir 
nutrient criteria values have been incorporated 
into the trends graphs throughout this report 
(when applicable).

Nutrient and chlorophyll criteria are iden-
tified by a grey background within the 
trends graphs.

 Comparison of the long-term mean value 
(horizontal line within graphic) to the top 
of the white background will show you 
whether a reservoir is below, at or above the 
proposed criterion. It should be noted that 
not all reservoirs currently have proposed 
criteria. If the needed morphology/hydrol-

ogy infor-
mation is not 
available for 
a given res-
ervoir then a 
site-specific 
criterion has 
not been calculated. In these cases the values 
shown are the regional “reference” values. 
Also, criteria were designed to describe desired 
water quality at the dam site of the reservoir. 
Comparisons of water quality at sites other than 
at the dam to criteria should be made with the 
knowledge that criteria are not applicable at 
these sites. 

The determination of whether a reservoir meets 
or exceeds criteria will be made by the Mis-
souri Department of Natural Resources (DNR) 
using all available data. In many cases the Uni-
versity of Missouri has additional data, which 
may change the long-term mean value shown 
in the graphs within this report. As a result, a 
lake may be listed as “impaired” by DNR even 
though the long-term mean value shown in this 
document is below the applicable criteria value 
(and vice versa).

Reservoir Nutrient Criteria

The state of Missouri recently adopted nutrient 
criteria for reservoirs which identify when a 
reservoir has too much phosphorus, nitrogen or 

chlorophyll. The challenges in developing criteria were 
many; they included dealing with a very wide range of 
reservoirs (in terms of size, hydrology, etc.).

Nutrient Criteria
Value
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2009 Lake Data
Lake by Lake Summary

Lakes monitored by LMVP volunteers in 2009.

For both 2008 and 2009, precipitation 
was well above normal for the entire 
state. Statewide precipitation for the two-
year period was 106 inches, the highest 
recorded to date in Missouri weather re-
cords (1894 to present). In the graph to 
the right, the horizontal line represents 
the 30 year precipitation average in 
inches  (1971-2000)   and the points rep-
resent individual years from 2001-2009.

Statewide, rainfall has been above average for three consecutive years. The seasonal 
trend graphs for many lakes in this report reflect this by displaying above average con-
centrations of nutrients, suspended sediment and, in some cases, chlorophyll for the 
years 2007-2009.
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Binder Lake
Cole County

Binder Lake was sampled on four occa-
sions during the later part of the season, 
with water quality showing low variability 
from one sample to the next during this ab-
breviated period. All parameters tracked 
one another, with minor peaks occurring 
in late August.

Chlorophyll values in Binder Lake were 
high, given the nutrient levels. The chlo-
rophyll to phosphorus ratio averaged 0.7, 
compared to the normal range of 0.3 – 0.5 
for Missouri lakes. The high chlorophyll 
levels relative to nutrients may be ex-
plained in part by the low levels of inor-
ganic suspended sediment (ISS). Low ISS 
concentrations translate to more available 
light for algal growth, which would result 

in more efficient use of available nutrients 
by the algae.

Chlorophyll levels were notably higher in 
2009 relative to past summers. The com-
bination of higher than normal nutrient 
concentrations (nitrogen not shown) and 
average levels of ISS (not shown) created 
an environment for optimal algal growth. 
Long-term averages for both phosphorus 
and chlorophyll exceed calculated nutrient 
criteria (shaded area on trend graphs). 

38.6003  -92.3028

7/13 8/6 8/27 9/17 Mean
25 22 17 21 21
68 74 98 91 82
990 1140 1200 920 1057
54.4 51.7 84.5 49.2 58.5
2.4 1.9 3.9 2.9 2.7
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Blue Springs Lake
Jackson County

39.0164  -94.3375

4/21 5/11 6/2 6/23 7/14 8/4 8/24 9/14 Mean
37 40 60 62 44 32 38 36 42
36 37 17 21 27 31 37 36 29
430 580 330 400 430 560 580 560 475
10.5 26.1 3.3 8.2 18.6 35.5 34.5 33.9 16.6
6.6 3.6 2.0 1.8 2.4 3.5 2.1 2.1 2.7

Water quality in Blue Springs Lake has his-
torically shown low variability (relative to 
other Missouri lakes) due to its placement 
directly down-stream from Lake Jacomo. 
Data from 2009 indicate another stable 
season, with only chlorophyll displaying any 
notable variability (10-fold difference be-
tween minimum and maximum values). An 
interesting feature in the 2009 data was the 
low nutrient levels measured in early June. 
Minimum nutrient values in Missouri lakes 
tend to occur later in the summer, after nu-
trients have been lost to deep water through 
sedimentation.

The 2009 summertime mean values for chlo-
rophyll and Secchi transparency (as well as 
the other parameters) were at the long-term 

mean values, underlining the lack of water 
quality trends in Blue Springs Lake. Long-
term average chlorophyll is below the cal-
culated criteria level (shaded area on trend 
graph). 
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Bowling Green Lake #1
Pike County

39.3417  -91.1532

4/21 X 6/3 6/22 7/15 8/6 X 9/15 Mean
34 26 38 44 52 38 38
33 42 28 30 24 26 30
760 730 530 550 530 520 595
3.9 10.4 6.7 12.1 6.6 9.7 7.7
2.7 1.2 1.4 1.2 0.9 0.6 1.2

Results from the six samples collected 
across the season indicate stable water 
quality during 2009 in Bowling Green Lake 
1. There was a slight trend for decreasing 
nutrient and inorganic suspended sediment 
(ISS) levels during the season, but the range 
of values measured in Bowling Green Lake 1 
were minimal compared to the average Mis-
souri lake. 

2009 represents the second summer of 
higher than average nitrogen levels (about 
100 µg/L higher than past means). The chlo-
rophyll mean for 2009 was also high, with 
three of the last four summers being above 
the long-term mean. Continued sampling will 
determine if these higher values represent 
trends or reflect part of the normal year-to-
year variations associated with differences in 

the timing and amount of precipitation. The 
long-term average chlorophyll value is below 
the calculated criteria level (shaded area in 
trend graph), while nitrogen levels are above 
the criteria.
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Bowling Green Lake #2
Pike County

39.3436  -91.1615

4/21 X 6/3 6/22 7/15 8/6 X 9/15 Mean
38 24 28 44 50 40 36

122 391 384 68 45 46 117
1190 2220 2390 500 510 560 983
2.0 4.0 4.1 8.0 5.7 6.5 4.6
1.1 1.6 3.9 0.6 0.7 0.8 1.1

Bowling Green Lake 2 continues to be inter-
esting in terms of water quality, with extreme 
ranges in nutrient concentrations. The 8-fold 
difference in phosphorus concentrations dur-
ing the 2009 sample season represents un-
usually high variability for a Missouri lake. 
In contrast, chlorophyll and inorganic sus-
pended sediment (ISS) displayed low levels 
of variability in 2009. In most Missouri lakes 
both ISS and phosphorus enter the lake via 
erosional runoff, meaning these two param-
eters tend to be positively related, with an in-
crease of one equating to an increase of the 
other. This is not the case for Bowling Green 
Lake 2. Also, algal chlorophyll during the first 
half of the season was very low given the 
high phosphorus and nitrogen levels.

Water quality in Bowling Green Lake 2 has 
differed considerably during the last four sea-
sons relative to the first three years of moni-
toring. Some of the change in water quality 
can be attributed to the pumping of surface 
water from lake #2 to lake #1 during drought 
years, which in effect has led to the sampling 
of nutrient rich waters that were at the bottom 
of the lake. 
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SI
TE

S
Bull Shoals Lake
Taney County and Ozark County

Main Channel Shoal
Creek North Fork Arm

SITE 1 2 7 8 10 15 4
Number of 

Samples 5 5 8 8 8 8 8

Mean 80 84 88 90 70 88 163
SECCHI Minimum 68 62 60 63 31 66 113
(inches) Maximum 95 96 184 160 145 160 240

Mean 14 16 9 10 20 12 6
TP Minimum 11 14 5 8 12 8 5

(µg/L) Maximum 15 18 11 16 27 17 8
Mean 600 404 314 341 627 436 414

TN Minimum 280 320 200 240 420 300 280
(µg/L) Maximum 760 620 640 510 1060 750 510

Mean 2.9 10.4 5.6 5.0 8.5 6.4 2.8
CHL Minimum 1.7 9.8 2.4 2.1 5.2 2.2 1.2

(µg/L) Maximum 9.9 11.8 10.4 12.4 14.4 10.7 7.4

Seven sites were monitored on Bull Shoals 
Lake in 2009, including three main lake sites 
(Sites 1, 2 and 7), three Little North Fork sites 
(Sites 10, 15 and 4) and one Shoal Creek 
Arm site (Site 8). Because the three main 
lake sites and the Shoal Creek site had simi-
lar water quality conditions in 2009, data will 
be reported together in the following review.  
With the exception of chlorophyll concentra-
tions, the range of values observed in the 
Little North Fork sites was greater than the 
range found in the main lake.

Overall, 2009 marked a return to normal for 
most sites following the extensive flooding 
of 2008. Site 2 was the exception to this, 
recording its highest seasonal mean con-
centrations of phosphorus, nitrogen and 
chlorophyll to date in 9 years of monitoring. 
Only the mean Secchi at Site 2 was near 
the long-term average. Water clarity (as 
measured by Secchi disk) was greatest dur-
ing the third weekend in June at those sites 
reporting data. For sites 7 and 8 the water 
clarity was effectively double that observed 
during the remainder of the season.
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Bull Shoals Lake 2009 Seasonal Data

Main lake and Shoal Creek phos-
phorus concentrations were stable 
throughout the season and compara-
ble across sites. Site 2 had the high-
est concentrations of all main lake 
sites, marginally higher than at Site 1. 
Mean phosphorus concentrations var-
ied by just 7 µg/L across these 4 sites. 
Phosphorus concentrations in the 
Little North Fork Arm varied consider-
ably more than in the main lake, both 
throughout the season and among the 
sites. Mean phosphorus values varied 
more than three-fold from the site far-
thest from the main lake (Site 10) to 
the site nearest the main lake (Site 4). 
Site 10 had considerably more vari-
ability across the season than any 
other site, with a 2009 maximum that 
is 15 µg/L higher than the minimum. 
In contrast, the difference between the 
2009 maximum and minimum at Site 4 
was just 3 µg/L.

Mid-summer nitrogen concentrations 
at Site 1 were comparatively high, 
roughly double the values observed 
at the other main lake sites. However, 
early and late values at Site 1 were 
comparable to other sites and the re-
sulting mean was only 50% greater 
than the mean of Site 2. All other main 
lake sites (and Shoal Creek) exhibited 
the same seasonal trend of decreas-
ing nitrogen concentrations and had 
similar values throughout the season. 
Sites 4 and 15 on the Little North Fork 
Arm had nearly identical nitrogen con-
centrations during 2009, differing only 
in April. Site 10, the uppermost site 
in the arm, had the highest nitrogen 
values of any Bull Shoals site in 2009 
with a seasonal maximum exceeding 
1000 µg/L.
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Bull Shoals Lake 2009 Seasonal Data

Chlorophyll concentrations at three main 
lake sites peaked during September. For 
sites 1, 7 and 8 the end of season chlo-
rophyll values were roughly three times 
higher than the previous sample (late 
August). Site 2 had chlorophyll concen-
trations higher than the other main lake 
sites, more than three times higher than 
the values observed at Site 1. Sites 7 and 
8 had nearly identical chlorophyll con-
centrations and exhibited the same sea-
sonal trend, with peak values in May and 
September. Chlorophyll concentrations 
and seasonal variability increased with 
distance up the Little North Fork Arm of 
Bull Shoals Lake, albeit only slightly. Site 
4, nearest the main lake, varied by just 
6 µg/L during 2009, while Site 10 varied 
by 9 µg/L. Sites 4, 7, 10 and 15 had their 
lowest chlorophyll concentrations of the 
season during June 21-23. This period 
coincides with lake-wide water clarity 
peaks (see Secchi graphs below).

Water clarity in Bull Shoals Lake is typi-
cally among the very best in Missouri. 
Mean Secchi values at the main lake 
sites were between 80 and 90 inches, 
with peak clarity occurring June 21-23. 
On these days the Secchi values were 
13 and 15 feet for sites 8 and 7, respec-
tively. Clarity was comparatively stable 
throughout the season otherwise. Water 
clarity in the upper Little North Fork Arm 
(sites 10 and 15) showed a trend similar 
to the main lake, with stable conditions 
throughout the year, save for a peak 
Secchi value in late June. Water clarity 
at Site 4 reached 20 feet on June 21, 
and Secchi values gradually decreased 
for the remainder of the season to a low 
of less than 10 feet.
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Bull Shoals Lake Main Lake Trend Data

Phosphorus concentrations declined 
during the late 1990’s at Site 1 and lev-
eled out at around 12 µg/L by 2001. 
Since then, phosphorus concentrations 
have remained consistent, exhibiting 
comparatively little seasonal varia-
tion or year-to-year variation. This dra-
matic change is likely due to nonpoint 
source reduction efforts and phospho-
rus removal processes implemented at 
wastewater treatment plants throughout 
the White River basin. Secchi transpar-
ency values have increased by roughly 
30% during the same period. All annual 
mean Secchi values prior to 2000 were 
shallower than the long-term mean of 
68 inches. Since 2001, all seasonal 
mean Secchi values have been greater 
than the long-term mean. 2008 was a 
particularly wet year, with record flood-
ing that eliminated access to both Site 1 
and Site 2. 

Mean 2009 concentrations of both nutri-
ents and chlorophyll at Site 2 were the 
highest observed to date. Secchi  trans-
parency (not shown) was shallower 
than the long-term mean, but not atypi-
cal of this site. All 2009 chlorophyll val-
ues were comparatively high at roughly 
double the long-term mean, and varied 
little during the sampling season. High 
nutrient concentrations undoubtedly 
supported increased algal growth. Nitro-
gen concentrations appear to be trend-
ing upward, though are still among the 
lowest observed at Bull Shoals. Never-
theless, nitrogen concentrations should 
be closely monitored at this site.

Site 2

Site 1
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Bull Shoals Lake Main Lake Trend Data

Sites 7 and 8 are in close proximity to 
one another and similar water quality 
characteristics. Site 7 is located at the 
confluence of the main channel and 
Elbow Creek. Phosphorus concentra-
tions returned to normal in 2009, fol-
lowing the high values associated with 
the flooding of 2008. The 2009 sea-
sonal mean chlorophyll concentration 
was the second highest measured to 
date (behind 2008), though no trend 
is apparent. Chlorophyll and phospho-
rus concentrations track one another 
closely across the years, with 2 units 
of phosphorus typical for every unit of 
chlorophyll (chlorophyll to phosphorus 
ratio of 0.5). 

Site 8 is located in the Shoal Creek 
Arm, but its water quality conditions 
are similar to those found in the main 
channel. Phosphorus concentrations 
at Site 8 mirror those of Site 7 over 
the long term, but the high values as-
sociated with the flooding of 2008 were 
somewhat tempered by Site 8’s separa-
tion from the main channel. The mean 
2009 seasonal phosphorus concentra-
tion at Site 8 was greater than the long-
term mean and seasonal variation was 
greater than the previous two years. 
The 2009 seasonal nitrogen mean was 
below the long-term mean and the low-
est observed since 2005. Concerns of 
upward-trending nitrogen concentra-
tions at this site are reduced, but not 
eliminated.

Site 7

Site 8
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Bull Shoals Lake Little North Fork Trend Data

Bull Shoals Lake’s largest arm is the Little 
North Fork. Site 10 is located at the upper 
end of the arm, above the town of Theodo-
sia at the mouth of Barren Fork. Phosphorus 
concentrations at this site have been consis-
tently near 20 µg/L for the last 6 years. The 
flooding of 2008 had no apparent effect on 
phosphorus concentrations. Nitrogen values 
have increased for the 5th consecutive year 
at Site 10, a phenomenon that appears to be 
occurring lakewide. The seasonal mean in 
2005 was half of the 2009 seasonal mean. 

Site 15 is located below the town of Theo-
dosia. Phosphorus concentrations at this 
site are about 40% lower than found at Site 
10, and seasonal means have varied little 
in the 7 years of monitoring this site. Water 
clarity as measured by Secchi disk varied by 
nearly 7 feet in 2009 and the clearest water 
observed in 7 years was recorded on June 
21 (160 inches). The 2009 seasonal mean 
clarity was greater than the long-term mean 
for the third consecutive year. 2008 seasonal 
mean water clarity was the greatest to date, 
despite the flooding that increased turbidity 
throughout the main lake.

Site 4 is located at the mouth of Bratten 
Spring Creek on the Little North Fork Arm, 
near Pontiac, MO. This site, along with Site 
7, have a long-term average phosphorus 
concentration of 8 µg/L which is the lowest 
value found at Bull Shoals. Phosphorus con-
centrations have been at or below the long-
term mean for 6 consecutive years. This site 
has the lowest chlorophyll concentration of 
any Bull Shoals site monitored by the LMVP 
(graph not shown), and as a result has the 
greatest water clarity. Site 4 also has the 
clearest water of any site monitored by the 
LMVP, as indicated by long-term mean val-
ues. On June 21, 2009 this site had a Sec-
chi reading of 240 inches, its second highest 
value since 1997.

Site 4

Site 10

Site 15
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Cameron City Lake #3
Dekalb County

39.7734  -94.2717

4/22 5/17 6/19 7/8 7/20 8/13 9/10 9/21 Mean
20 11 19 22 18 21 18 20 18
83 160 129 107 120 148 219 144 134

1410 1720 2240 1650 1220 840 1140 830 1310
6.8 6.4 23.5 34.4 17.4 34.0 67.1 39.7 22.0
11.2 24.3 10.2 10.5 15.3 15.9 16.3 17.6 14.6

Cameron Lake #3 had high levels of nutrients 
and inorganic suspended sediments (ISS) 
during the 2009 sample season. While ni-
trogen showed a trend of decreasing values 
over the course of the season, phosphorus 
concentrations peaked in September. ISS 
values fluctuated, displaying no real pattern 
and chlorophyll levels trended upward over 
the course of the season. 

The chlorophyll/phosphorus relation in Cam-
eron Lake 3 differs from the norm in that 
summers with elevated phosphorus concen-
trations do not necessarily translate to higher 
chlorophyll levels. Long-term data show that 
the last three years have had phosphorus 
levels that were higher than the long-term 
mean, while chlorophyll has been below the 
long-term mean. Some of the non-agree-

ment can be attributed to high levels of ISS 
in the lake (long-term average of ~12 mg/L), 
which block sunlight and limits algal growth. 
Interestingly, the 2009 data does not support 
the negative influence of ISS, as late season 
ISS concentrations held steady between 15-
18mg/L, while chlorophyll increased 4-fold.
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Clearwater Lake
Reynolds County and Wayne County

20
08

 D
at

a

Date Secchi TP TN CHL ISS
 (inches) (µg/L) (µg/L) (µg/L) (mg/L)

4/23 18 20 310 3.2 10.3
5/16 41 12 250 7.3 4.0
6/3 92 8 200 3.2 1.0

6/28 71 11 220 3.8 2.1
7/22 56 13 210 12.4 2.3

8/5 86 15 210 8.4 1.3
8/24 43 13 200 6.2 3.2
10/2 42 17 260 9.3 5.2

Date Secchi TP TN CHL ISS
 (inches) (µg/L) (µg/L) (µg/L) (mg/L)

4/23 11 56 370 6.6 28.9
5/16 28 18 200 9.9 6.2
6/3 24 28 210 10.3 8.3

6/28 54 25 240 7.1 1.9
7/22 23 28 200 18.2 7.6

8/5 23 32 220 13.9 8.8
8/24 23 24 210 11.4 7.9
10/2 35 10 120 1.9 4.8

Date Secchi TP TN CHL ISS
 (inches) (µg/L) (µg/L) (µg/L) (mg/L)

4/23 11 37 280 3.5 32.0
5/16 43 18 190 8.1 4.9
6/3 27 7 120 9.9 8.4

6/28 40 32 240 9.0 2.8
7/22 23 25 170 8.4 9.9
8/5 20 26 160 8.1 8.9

8/24 24 24 210 9.7 7.7
10/2 37 9 150 2.0 9.5

37.1376 -90.7744
Latitude  Longitude

37.1478 -90.8069
Latitude  Longitude

37.1664 -90.8116
Latitude  Longitude

Site 1

Site 2

Site 3
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Site 1

Site 2

Site 3

Phosphorus, nitrogen and inorganic sus-
pended sediment (ISS) concentrations 
generally followed similar seasonal fluc-
tuations at the individual sites. Nitrogen 
levels showed relatively low variability 
at all sites, while phosphorus fluctuated 
considerably at up-lake sites (#2 and #3). 
ISS also displayed considerable variabil-
ity, with values ranging by 10-fold or more 
at each site. The ISS values measured 
at sites 2 and 3 in April were quite high. 
Corresponding phosphorus and nitrogen 
concentrations were also elevated, but 
not nearly as high as might be expected 
given the ISS levels. Erosion of stream 
banks, which would be nutrient-poor rela-
tive to farm field runoff, may account for 
the lower than expected nutrient levels 
in samples with elevated ISS concentra-
tions.   

Chlorophyll levels at sites 1 and 2 peaked 
during July (with Site 1 having a “bloom”), 
in contrast, Site 3 chlorophyll levels were 
stable through most of the season with 
six values measuring between 8 and 10 
ug/L. The chlorophyll value at Site 3 on 
June 3rd could be considered “bloom” as 
the chlorophyll concentration was high 
relative to phosphorus (CHL:TP ratio 
greater than 1). 
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Site 1

Site 2

Site 3

Summer mean chlorophyll and inorganic sus-
pended sediment (ISS) concentrations gen-
erally tracked each other over time at Site 1. 
The same year-to-year pattern was not ob-
served for phosphorus or nitrogen. ISS levels 
have been low enough to have limited impact 
on algal growth via light-limitation. Currently 
there are no identifiable trends in water qual-
ity at Site 1.  

Phosphorus concentrations during the last 
three years at Site 2 have been lower than 
those measured during the 2005 season. 
This pattern was also observed for ISS (not 
shown), which led to shallow Secchi trans-
parency readings in 2005. Chlorophyll does 
not reflect the year-to-year phosphorus pat-
tern because ISS levels in 2005 were high 
enough (>10mg/L) to limit algal growth via 
light-limitation. 

Chlorophyll and ISS levels display opposite pat-
terns over time at Site 3. Chlorophyll has gen-
erally trended upward since 2005, while the av-
erage ISS value has decreased with each year. 
ISS levels at Site 3 are often high enough to 
cause light-limitation, which tends to suppress 
chlorophyll concentrations. During years with 
lower ISS levels the algae are able to be more 
efficient and have higher chlorophyll levels. At 
this point it is hard to claim that there are water 
quality trends at Site 3 as the mean chlorophyll 
levels have only differed by 3ug/L, and the ISS 
values from the four summers overlap. 
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Creve Coeur Lake
Saint Louis County

38.7222  -90.4911

4/25 5/17 6/13 6/29 7/18 8/8 8/29 9/19 Mean
16 15 20 19 14 19 20 18 17
87 107 78 83 92 74 95 88 87
690 840 800 650 750 640 630 660 704
30.7 76.0 54.1 24.5 53.6 30.7 37.3 50.4 41.9
31.0 21.4 6.8 9.8 17.4 10.6 10.4 12.2 13.4

The nutrients phosphorus and nitrogen were 
stable in Creve Coeur Lake during the 2009 
sample season, displaying low variability rela-
tive to most Missouri lakes. Measures of wa-
ter clarity were low and stable in 2009 due to 
moderate to high levels of inorganic suspend-
ed sediment (ISS) and algal biomass (as es-
timated by chlorophyll). Interestingly, ISS and 
chlorophyll were both more variable than the 
nutrients, though the amount of variation was 
not out of the norm for a Missouri water body. 
Usually there is an opposing pattern for chlo-
rophyll and ISS, with changes in ISS resulting 
in opposite fluctuation in chlorophyll due to the 
impact ISS has on light availability. This did 
not seem to be the case for Creve Coeur Lake 
in 2009.

Summertime data from 2009 indicate that 
there was a continuation of the trend for lower 
nutrients, chlorophyll and ISS concentrations 
in Creve Coeur Lake which started in 2005. 
Lower levels of ISS and chlorophyll have led 
to an increase in water clarity during the last 
five summers. Mean chlorophyll values during 
the last two summers have been higher than 
those from the period 2005-2007 (12-20 ug/L 
higher), yet still below the long-term average. 
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Forest Lake
Adair County

40.1706  -92.6556

, Site 1

4/28/09 X X X 7/16 8/6 8/21 9/18 Mean
20 44 50 36 72 41
48 22 18 23 18 24
750 530 450 460 460 520
8.0 5.4 6.5 9.1 8.9 7.4
8.1 3.1 2.2 5.8 2.4 3.8

The highest nutrient and inorganic suspend-
ed sediment (ISS) values were measured in 
April, with lower levels during the late season. 
This is a common seasonal pattern in Mis-
souri lakes as springtime inflows often carry 
nutrients and sediment material into the lake, 
impacting the surface layer (inflows later in 
the summer tend to plunge into deeper wa-
ters, having limited impact on surface wa-
ters). Water quality from July into September 
was stable, with only ISS and Secchi showing 
any notable variability. 

Water quality has been comparable during 
the last five summers, with 2008 and 2009 
mean nitrogen, ISS and phosphorus values 
being slightly higher than those measured 
2005-2007. The small increase in nutrients 
and sediment may reflect differences in rain-

fall among the years. Long-term nitrogen 
(horizontal line on nitrogen trend graph) is 
slightly higher than the adopted nitrogen cri-
teria (shaded area of graph). If the 1993 data 
were excluded from the analysis the long-term 
nitrogen value would be within the criteria. 
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Adair County

40.1697  -92.637

Forest Lake, Site 2

4/28/09 X X X 7/16 8/6 8/21 9/18 Mean
13 16 20 21 31 19

103 42 43 50 28 48
750 730 570 530 490 605
13.0 11.7 21.9 22.9 13.2 15.9
48.7 10.2 13.8 22.1 5.6 15.3

Similar to Site 1, Site 2 had maximum 
nutrient and ISS values measured during 
April. Water quality during the late season 
was a little more variable at this up-lake 
site relative to that observed at the dam. 
This increased variability is not surprising 
given the site’s location within a tributary 
arm of the lake, which would make Site 
2 more sensitive to rain events than Site 
1. ISS levels at Site 2 were almost five 
times higher than at Site 1. Phosphorus 
and chlorophyll were twice as high, with 
Secchi being half as deep. Interestingly, 
nitrogen was only marginally higher at 
Site 2 than Site 1.

Summertime mean chlorophyll, ISS, and 
nutrient concentrations were higher in 
2009 than in previous years, probably as 

a result of higher than average rainfall. 
The total precipitation for 2009 in Kirks-
ville was 59 inches, compared to the long-
term average of 38 inches. Put another 
way, by September, Kirksville had already 
received six inches more rain than in a 
normal year. 
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Dekalb County

39.7744  -94.2952

Grindstone Lake

4/22 5/17 6/19 7/8 7/20 8/13 9/10 9/21 Mean
14 10 11 20 14 28 14 19 15
238 264 264 189 231 94 266 218 211
3440 2830 3940 2800 1830 960 1050 930 1919
64.2 8.8 11.8 60.0 55.8 63.2 11.0 23.9 28
24.8 14.3 15.2 12.2 8.3 6.5 14.1 13.1 13.0

Water quality in Grindstone Reservoir was 
dynamic and somewhat unpredictable in 
2009. Chlorophyll concentrations fluctu-
ated wildly during the season, with shifts 
that did not always relate to substantial 
changes in nutrient concentrations or in-
organic suspended sediment levels (the 
ISS impact algal chlorophyll by limiting 
light availability). The nutrients also fluc-
tuated considerably, with an amazing de-
crease in concentrations from late July to 
mid-August. 

There currently are no discernible long-
term water quality trends in Grindstone 
Reservoir. Values from 2009 were similar 
to long-term averages for all parameters 
except phosphorus, which was consider-
ably higher than the long term average 

(graph not shown). The 2009 chlorophyll 
average was lower than the calculated cri-
teria (shaded area in trend graph) for the 
third year in a row.
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Hazel Creek Lake
Adair County

40.2985  -92.628

4/28/09 X X X 7/16 8/6 8/21 9/18 Mean
24 51 38 40 40 38
34 25 28 38 35 32
910 790 630 690 750 748
4.3 7.9 23.0 31.2 33.2 15.2
6.9 1.8 4.0 3.4 2.6 3.4

, Site 1

The water quality parameters displayed dif-
ferent patterns and amounts of variation dur-
ing the 2009 sample season. Phosphorus 
and nitrogen concentrations were generally 
stable among the five samples, with ranges 
that were lower than normal for the average 
Missouri lake. In contrast, chlorophyll start-
ed out low in April and increased by almost 
8 fold by September. The increase in chloro-
phyll was not a function of changes in nutri-
ents, but instead a function of increased light 
availability relating to decreased inorganic 
suspended sediments (ISS). The maximum 
ISS value was measured in April and cor-
related with the shallowest Secchi transpar-
ency reading, underlining the influence ISS 
has on light penetration into the lake. 

The trend graph suggests that phosphorus 

may be on the rise 
at the dam site of 
Hazel Creek. Care 
should be taken 
in interpreting the 
graph as two of 
the five summers 
are represented 
by only three sam-
ples each. Three 
samples during an individual summer is the 
minimum required for water quality assess-
ment, and monitoring at this level reduces 
our ability to identify long-term changes. ISS 
trends do not reflect the increases in phos-
phorus. This is interesting because in most 
northern Missouri lakes these two param-
eters correspond tightly.
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Hazel Creek Lake, Site 2
Name of County

40.2805  -92.6045

4/28/09 X X X 7/16 8/6 8/21 9/18 Mean
13 22 24 20 24 20
55 29 44 67 46 46
930 540 730 810 790 748
16.3 9.0 23.8 46.2 35.3 22.4
20.2 6.4 10.2 16.8 8.0 11.2

All of the water quality parameters at Site 
2, with the exception of Secchi transpar-
ency, followed the same general pattern 
during the 2009 season. Nutrient, chloro-
phyll and inorganic suspended sediment 
(ISS) concentrations were low in July rel-
ative to the April sample, with an increase 
in late August. Secchi transparency was 
low in April (corresponding to high ISS) 
and stable during the late season.  Water 
quality at Site 2 did not differ from Site 1 
as much as might be expected given the 
sites are located on different ends of the 
lake. There was slightly more phosphorus 
and chlorophyll at Site 2, but not a large 
difference. ISS levels were notably higher 
at Site 2.

Chlorophyll has 
been trending up-
ward over the last 
five years at Site 2. 
It would seem that 
water clarity re-
flects the increase 
in algal chloro-
phyll, but interest-
ingly the last three 
summers have 
also registered higher ISS concentrations 
(not shown). The loss of water clarity can 
be attributed to increases in both algal 
biomass and ISS. 
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Cole County
40.2772  -92.6092

X X X X X 8/6 8/21 9/18 Mean
19 9 16 14
93 202 102 124

1000 1470 1110 1177
49.7 27.4 50.6 41.0
10.9 76.7 13.1 22.2

Hazel Creek Lake Site 3

Site 3 was only sampled on three occa-
sions during 2009, limiting any seasonal 
analysis. Nutrient, chlorophyll and in-
organic suspended sediment (ISS) val-
ues were considerably higher at this site 
compared to the other sites. The data 
do reflect how algal chlorophyll reacts 
to changes in the ISS levels, with chlo-
rophyll decreasing by about half in late 
August when the ISS levels increased 
dramatically. 

The trend graphs show that ISS and 
Secchi had been stable at this site dur-
ing 2005-2008. While the 2009 data 
seem to suggest a dramatic change in 
water quality, care should be taken as 
2009 is represented by only two summer 

samples. The ex-
treme measure-
ment from late 
August greatly 
skews the data.
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Lake Jacomo
Jackson County

38.9922  -94.3097

4/24 5/15 6/4 X X X X X Mean
54 62 69 61
16 16 16 16
490 500 540 510
8.1 8.3 8.2 8.2
1.4 1.1 1.1 1.2

Lake Jacomo was only sampled on 
three occasions during the 2009 
season, greatly limiting our ability to 
make any seasonal analysis. The wa-
ter quality parameters did show ex-
tremely stable conditions during late-
April to early-June, a period that is 
often the most variable in Missouri’s 
lakes.

Trend graphs show how algal chloro-
phyll and Secchi transparency have 
fluctuated since monitoring began in 
1992. Because the 2009 data repre-
sent only two summer values, it may 
not be completely comparable to 
other data. The long-term chlorophyll 

average in Lake Jacomo is slightly 
higher than the proposed nutrient cri-
teria value.
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Jennings Park Lake
St. Louis County

38.7384  -90.2583

4/25 5/16 6/6 6/27 7/18 X 8/29 9/19 Mean
87 64 72 81 29 26 22 47
78 82 115 175 261 330 286 164
620 810 1590 2580 1130 770 1890 1190
2.0 8.0 8.7 7.4 46.9 54.2 25.5 13.1
1.1 1.3 1.1 1.8 1.9 3.1 5.2 1.9

(Koeneman Park Lake)

Jennings Lake behaves differently from 
the average Missouri lake in that nutri-
ents and inorganic suspended sediment 
(ISS) concentrations were minimal early 
in the sample season and generally in-
creased as the summer progressed. 
The range of ISS values was fairly low 
(4.1 mg/L), while the nutrients showed 
extreme ranges (phosphorus ranging 
by 252 µg/L and nitrogen ranging 1960 
µg/L). One point of interest is that nitro-
gen peaked in late June, phosphorus 
peaked in late August and ISS reached 
maximum in September. Algal chloro-
phyll trended with phosphorus.

Phosphorus levels during 2009 were no-
tably higher than past measurements, 
with the 2009 average exceeding the 

maximum from most previous summers. 
The extremity of the 2009 phosphorus 
levels, following the 2008 data which 
were slightly higher than normal, give 
the impression that phosphorus is on the 
rise in Jennings Lake. Due to the amount 
of overlap in the data, it is hard to identify 
this as a trend. In contrast, the ISS val-
ues during the last three summers have 
been low and stable relative to the first 
three summers this lake was monitored. 
The data suggest that there has been a 
substantial change in ISS levels in the 
lake. 
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Lake of the Ozarks
Benton, Camden, Miller and Morgan Counties

SITES

Many of the LMVP volunteers at the Lake of the Ozarks are also 
active in the Lake of the Ozarks Watershed Alliance (LOWA). 
You can visit the LOWA website at www.soslowa.org.

Lake of the Ozarks Data Su  
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Average 2009 Daily Discharge from Truman 
and Lake of the Ozarks (cubic feet/second)

Many aspects of water quality at Lake of the 
Ozarks are linked to Truman Lake. Truman 
Lake is a flood control reservoir that drains to 
Lake of the Ozarks. While Lake of the Ozarks 
is maintained at a somewhat constant water 
level, Truman Lake levels vary considerably as 
it performs its flood control function. Lake of the 
Ozarks varied by about 6 feet during the 2009 
sampling season, while Truman Lake varied by 
16 feet (see top 2 graphs on right). Combined 
total discharge from both reservoirs gives an 
indication of the volume and speed of water 
moving through these lakes. When a great deal 
of water is moving through the reservoirs, sus-
pended sediment concentrations can be quite 
high. The graph on the right (bottom) shows 
that neither reservoir released substantial wa-
ter volumes from early July through the end of 
the season. The result is that suspended sedi-
ment concentrations throughout the lake were 
considerably lower at the end of the sampling 
season than at the beginning. The clearer wa-
ter allowed more sunlight to penetrate, thereby 
promoting algae  growth. The data support this, 
showing that many sites had higher chlorophyll 
concentrations during the second half of the 
season.
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Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

Site
# of 

samples
Secchi 
(inches)

TP 
(µg/L)

TN 
(µg/L)

CHL 
(µg/L)

ISS 
(mg/L)

Site 
Description

Mean 55 34 672 13.9 2.4
Main lake, 3 mile

marker
3 9 Minimum 29 24 520 5.9 1.0

Maximum 94 71 960 28.9 4.5
Mean 35 611

Main lake, 13 mile

marker
13 8 Minimum 29 490

Maximum 55 1000
Mean 23 60 775 15.0 6.3

Main lake, 45 mile

marker
45 8 Minimum 15 40 500 6.4 1.7

Maximum 43 94 1040 39.6 11.6
Mean 20 80 913 22.4 10.8

Main lake, 51 mile

marker
51 8 Minimum 12 46 530 4.9 4.1

Maximum 35 158 1380 131.7 29.7
Mean 14 63 724 15.8 20.0

Main lake, 61 mile

marker
61 8 Minimum 10 45 460 3.7 10.6

Maximum 18 118 1070 27.8 49.8
Mean 67 27 540 13.8 1.1

Gravois Arm, 2 miles

from main channel
1-2 9 Minimum 45 14 400 3.2 .8

Maximum 110 44 710 24.0 1.4
Mean 36 52 710 20.6 4.6 Linn Creek Arm

cove site, 1 mile

from main channel

31-1 7 Minimum 24 35 520 13.3 2.7

Maximum 55 74 1060 55.6 8.2

Mean 37 50 755 10.9 3.5
Niangua Arm, 3 miles

from main channel
4-3 8 Minimum 19 27 510 2.9 1.2

Maximum 68 97 960 23.5 12.1
Mean 30 58 669 20.5 4.5

Niangua Arm, 10 miles

from main channel
4-10 8 Minimum 11 37 540 5.1 2.4

Maximum 50 121 900 38.2 19.2
Mean 25 51 698 10.6 9.6

Niangua Arm, 15 miles

from main channel
4-15 3 Minimum 23 35 550 3.4 7.6

Maximum 29 71 910 42.8 12.6
Mean 34 546

Horseshoe Bend 

cove site
C1 8 Minimum 28 490

Maximum 40 810

     ummary Table

2009 SUMMARY DATA TABLE
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Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

SITE 45

SITE 51SITE 61

Site 61
Site 61 is the most up-lake site monitored by the 
LMVP. The lake is often riverine at this site, mean-
ing it has a current. Water clarity was quite stable 
here, ranging only 8 inches from the minimum 
to the maximum value recorded in 2009 (aver-
age14 inches). Nutrients were also quite stable, 
varying little from maximum to minimum. ISS and 
chlorophyll values varied with one another on all 
sample dates except May 13 and June 3 when 
the two diverged. ISS concentrations at this site 
are among the highest in the state, due to the 
discharge from Truman Dam. 

Site 51
This site, located at the 51 mile marker, exhib-
ited a dramatic peak of nutrient and chlorophyll 
concentrations on July 28. While nitrogen con-
centrations only increased by 45% over the 
previous value, phosphorus nearly tripled and 
chlorophyll increased nearly 13 fold (indicating 
a probable algae bloom). Water clarity generally 
increased with time throughout the season, and 
was strangely unaffected by the July 28 algae 
bloom. ISS concentrations decreased through-
out the season which is the likely cause for the 
increased water clarity over time in 2009. 

Site 45
Site 45 had high ISS concentrations (approxi-
mately 10 mg/L) throughout the first half of the 
sampling season. The values dropped by half 
for the remainder of the season. Chlorophyll 
concentrations showed a bimodal pattern, with 
an early/mid June peak and another peak in Au-
gust. Water clarity at Site 45 was just 3 inches 
better than Site 51, though nutrient concentra-
tions were roughly 25% lower.
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Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

SITE 3SITE 1-2

SITE 13SITE C1

Site 13 and Site C1
Site 13 is at the 13 Mile Marker on Horseshoe 
Bend, and C1 is located in a nearby cove. Wa-
ter from the main lake strongly influences water 
quality in the cove such that the two sites were 
virtually indistinguishable from one another in 
2009. Site 13 had peak nutrient concentrations 
in late April, though that peak was not apparent 
at Site C1. The glass fiber filters used to collect 
chlorophyll and suspended sediment data could 
not be located, so those data are lost.

Site 1-2
Site 1-2 is located in the Gravois Arm at the 2 
Mile Marker. This site has been monitored for 5 
consecutive seasons, and a total of 9 out of the 
last 15 seasons. Water clarity at this site was 
the best observed at the Lake of the Ozarks in 
2009; it averaged a foot clearer than even the 
dam site. The water clarity can be attributed 
to the low suspended sediment values, as the 
chlorophyll concentration was comparable to 

most sites in the lake this year. The average 
suspended sediment value at Site 1-2 was the 
lowest on the lake measuring only 25% of the 
dam value and just 5% of the Site 61 average. 
Nutrients at this site were lower than at the oth-
er Lake of the Ozarks sites, but not remarkably 
so.

Site 3
This site is the closest to Bagnell Dam of all 
LMVP sites in 2009. Typically, sites nearest the 
dam have the best water clarity as well as the 
least nutrients, sediments and algae. However, 
the Gravois Arm site (1-2) had lower concen-
trations of nutrients, sediments and algae and 
better clarity than even the dam. This could be 
a reflection of the comparatively small, mostly 
forested Gravois watershed versus the giant 
Osage River watershed.  Water clarity at Site 
3 averaged 55 inches in 2009, well over a foot 
above the statewide average.
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Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

SITE 4-3

SITE 4-10

SITE 4-15

Niangua Arm

Site 4-15
This site is located near Ha Ha Tonka State 
Park, and was sampled 3 times in 2009. The 
timing of the samples makes comparisons 
with other sites difficult. The most interest-
ing aspect of the data is the 5-fold increase in 
chlorophyll that occurred on the June 24 sam-
ple date. This dramatic change in such a short 
time frame is especially unexpected, given the 
comparatively small increases in nutrients.

Site 4-10
This site is located near Bridal Cave, at the 10 
mile marker of the Niangua Arm. The effect of 
spring rainfall is apparent here, with suspend-
ed sediment (ISS) concentrations quite high in 
April and May.  ISS values dropped 84% to 2.9 
mg/L by the first June sample date and varied 
by less than 0.5 mg/L for the remainder of the 
season. Nutrient concentrations were higher 
during the April and May sampling period than 
for the remainder of the season, dropping by 
roughly 50% by the June sample. Chlorophyll 
concentrations increased as the season pro-
gressed, reaching a maximum of nearly 40 
µg/L by the end of the season. Water clarity 
was quite low (less than 1 foot) when ISS con-
centrations were high but improved after the 
sediments settled, varying between 3 and 4 
feet for the remainder of the season.

Site 4-3
This site is located at the 3 mile marker of the 
Niangua arm, next to the Highway 5 bridge.  
Similar to Site 4-10, suspended sediment 
concentrations (ISS) were high in the April 
and May samples but the peak values were 
not as high at Site 4-3 as at 4-10. Water clarity 
averaged over 3 feet, with a maximum of 5 ½ 
feet on August 5. Chlorophyll concentrations 
averaged roughly half those at Site 4-10, even 
though phosphorus concentrations were only 
20% lower and nitrogen concentrations were 
slightly higher. 
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Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

SITE 31-1

SITE 61

Lake of the Ozark Trends
Main Channel

Site 31-1
Concentrations of suspended sediment were 
higher in the spring, but settled to roughly 3 
mg/L by late July. Except for a single high value 
on June 25, chlorophyll concentrations rough-
ly ranged between 15 and 20 µg/L throughout 
the season. Water clarity was approximately 
2 feet through June, but doubled to around 4 
feet for the remainder of the season. Concen-
trations of both nutrients generally decreased 
through the season, though phosphorus in-
creased again at season’s end.

Site 61
Site 61 has been sampled a total of 3 sea-
sons, 2009, 2006 and 1996. While this site 
was sampled 8 times in 2009, it was only 
sampled 2 times in 1996 and 4 times in 2006. 
As a result, one should be careful when draw-
ing conclusions based on previous data. 

Nutrient concentrations were at approxi-
mately the long-term mean during 2009. The 
range of values for both phosphorus and ni-
trogen was the highest of the 3 years this site 
has been sampled. Chlorophyll concentra-
tions were typical of this site, if the previous 
2 years are any indicator, and the mean was 
just slightly below the long-term average. 
Suspended sediment (ISS) concentrations 
showed a wide range in 2009, but averaged 
just below the long-term mean. Despite low-
er than average algal biomass (chlorophyll) 
and ISS, the site had less than average wa-
ter clarity.
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SITE 45

SITE 13

SITE 51
Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

Site 51
This site has been monitored a total of 7 sea-
sons since 1999. For the past 3 years, not only 
have mean concentrations of suspended sedi-
ment (ISS) averaged greater than the long-term 
mean value, the range has been greater than 
seen in the 4 previously monitored years. Maxi-
mum ISS values in the past 3 years have been 
greater than 18mg/L. Water clarity has been 
down as a result of the increased ISS values. 
Seasonal mean Secchi measurements have not 
reached the long-term mean in the last 3 years.

Site 45
Long-term graphs of the concentrations of chlo-
rophyll and suspended sediment are practically 
mirror images of one another. When values for 
one are high during a given season, the other’s 
values are comparably low. This seems to indi-
cate that the algae are frequently light limited 
due to shading by suspended sediment. The 
2009 seasonal mean concentrations of both 
parameters were comparable to the long-term 
mean values, though chlorophyll concentrations 
showed a more than six-fold range.

Site 13
This site has been monitored continuously since 
1994. The 2009 seasonal mean phosphorus 
and nitrogen concentrations were both above 
the long-term mean value, though not by a sig-
nificant amount. Ranges for both nutrients were 
low, indicating stable conditions throughout the 
“summer” season (May 15 – Sept 15). 
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SITE 3
Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

SITE 1.2

SITE C1

Site 3
Seasonal mean values for both nutrients 
(graphs not shown) exceeded their respective 
long-term means and the recently adopted nu-
trient criteria values. Lake of the Ozarks, Osage 
Arm (main channel) is named in the 2010 pro-
posed 303d (impaired waters) list for excess 
nitrogen. The 2009 mean chlorophyll concen-
tration also exceeded both the long-term mean 
and the nutrient criteria value (shaded area 
of graph). Note that differences between the 
LMVP samples and data collected via other 
sources could yield different long-term mean 
values. The mean water clarity (Secchi) for 
the 2009 sampling season was lower than the 
long-term mean, likely due to increased algal 
biomass.

Site 1-2
Located 2 miles up the Gravois Arm, this site 
has had comparatively high seasonal mean 
phosphorus concentrations for 3 consecu-
tive years. Nitrogen concentrations (graph not 
shown) have not been as comparatively high as 
phosphorus, with the 2009 seasonal mean ap-
proximately the same as the long-term mean. 
Chlorophyll concentrations, like phosphorus, 
have been high the past 3 years, with seasonal 
mean values that exceed the long-term mean. 
Overall, water quality in the Gravois Arm is 
comparable to the dam. In 2009, Site 1-2 had 
lower mean concentrations of phosphorus and 
sediment, and higher water clarity than any 
other monitored site.

Site C1
This cove site in Horseshoe bend is typically 
comparable to Site 13, and 2009 was no ex-
ception. Phosphorus and nitrogen concentra-
tions were nearly identical at the two sites. 
The primary difference between the two is the 
long-term mean, which differs only because 
Site 13 has been monitored for a longer period 
than Site C1. The range of nitrogen values in 
2009 was exceptionally low, indicating stable 
concentrations of this nutrient throughout the 
season.



44 The Lakes of Missouri Volunteer Program 2009 Data Report

Benton, Camden, Miller and Morgan Counties
Lake of the Ozarks

SITE 4-3

SITE 4-10

SITE 4-15

SITE 31-1

The Niangua Arm

Site 4-15
The number of samples per year for Site 4-15 is typical-
ly small, so care should be used when drawing conclu-
sions based on the data. The data indicate that all pa-
rameters were similar to last year, and that water clarity 
has varied little in the past 4 seasons. The exception is 
nitrogen, which has increased in each of the 4 sampling 
season.

Site 4-10
As at Site 4-15, nitrogen concentrations have increased 
in each of the past 4 sampling seasons. Phosphorus 
concentrations (not shown) were marginally higher than 
in 2008, but similar to the past 4 years. Water clarity 
has remained unchanged in the past 4 years, holding 
forth at about 41 inches. For most parameters the past 
4 years have been similar to the previously sampled 
years (1994-1996), though chlorophyll concentrations 
have increased by roughly 10 µg/L.

Site 4-3
This site has been monitored continuously since 1999. 
The seasonal mean concentration of suspended sedi-
ment (ISS) was higher in 2009 than in any previous-
ly monitored year. The range of ISS values was also 
highest in 2009, with a “summer” (May 15 – Sept 15) 
maximum more than double any previous maximum 
value at this site. As a result of the high concentrations 
of suspended sediment, the algae population was likely 
suppressed by light limitation, resulting in the lowest 
seasonal mean chlorophyll concentrations on record for 
this site. 

Site 31-1
This Linn Creek Arm site has been monitored for 4 con-
secutive years. Phosphorus concentrations continue 
to decrease after the high values recorded in 2007. Ni-
trogen concentrations in 2009 were comparable to the 
previous years’ values (graph not shown). Chlorophyll 
concentrations showed a greater range in 2009 than in 
previous years, though the seasonal mean was below 
the long-term mean. Suspended sediment concentra-
tions (ISS) continue to increase, with all 2009 values ex-
ceeding the long-term mean. The 2009 seasonal mean 
ISS value was double the long-term mean.
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Lamar City Lake
Barton County

37.4801  -94.2602

4/23 5/14 6/5 6/25 7/20 8/11 8/27 9/17 Mean
48 36 30 28 24 18 21 22 27
61 74 84 102 94 123 96 86 88
870 1000 1300 1520 1560 1320 1310 1130 1230
18.2 30.0 65.7 97.2 63.8 72.9 55.2 61.5 52.2
5.2 3.1 2.2 2.0 2.0 1.9 2.2 2.8 2.5

, Site 1

In contrast to many lakes in this report, Lamar 
City Lake started the season with above av-
erage water clarity (4 feet) and became more 
turbid as the season progressed. The Secchi 
pattern closely mirrors the pattern of increas-
ing chlorophyll concentrations, which in turn 
reflects the pattern of increasing phosphorus 
concentrations through the season. Nitrogen 
values peaked mid-season. The suspended 
sediments (ISS) were highest in the spring 
and decreased throughout the sampling 
season. The 2009 ISS average at Site 1 was 
virtually indistinguishable from the statewide 
ISS average.

Lamar City Lake’s long-term phosphorus val-
ue exceeds the state nutrient criteria value, 
and for the third consecutive year the sea-
sonal average exceeds the long-term mean. 

The 2009 summer mean chlorophyll concen-
tration also exceeded the long-term mean 
and was nearly double the nutrient criteria 
value (graph not shown). Suspended sedi-
ments (ISS) varied little in 2009 and were, on 
average, typical of this site. 2008 ISS values, 
in contrast, were quite high and varied con-
siderably.

Lamar Lake 
Sample Sites
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Barton County
37.483   -94.2451

4/23 5/14 6/5 6/25 7/20 8/11 8/27 9/17 Mean
42 24 30 26 18 16 22 21 24
75 223 86 175 144 104 78 117
890 1750 1290 1950 1750 1270 890 1340
16.9 15.5 70.5 158.1 100.0 63.3 63.7 44.6 51.9
6.7 25.0 1.5 1.7 6.3 1.4 1.7 2.5 3.4

Site 2Lamar City Lake

Suspended sediment concentrations were 
slightly higher at Site 2 than at the dam, mainly 
due to the May 14 and July 20 peaks. Measure-
ments from the remaining sample dates were 
nearly identical to (if not slightly lower than) the 
dam site. Water clarity at Site 2 differed from the 
dam site by only 3 inches on average. Secchi 
values only differed significantly from the dam on 
the dates with the suspended sediment peaks. 
Nitrogen and chlorophyll concentrations at Site 
2 were, on average, virtually indistinguishable 
from those of the dam site. Phosphorus con-
centrations were 33% higher at Site 2 than at 
the dam, with the highest value occurring on the 
same date as the suspended sediment peak.

To account for much year-to-year variation in 
spring rainfall and temperature fluctuations, 
trend graphs in this document show only “sum-
mer” sample dates between May 15 and Sep-

tember 15. The 2009 mean summer phospho-
rus concentration was well above the long-term 
mean and roughly 25% higher than at the dam. 
The difference between sites is typically clos-
er to 10%. Had the exceptionally high May 14 
sample not been excluded from this graph the 
phosphorus range would extend an additional 
30% higher. Summer chlorophyll values were 
high in 2009, with the entire range exceeding 
the long-term mean. 

Lamar Lake 
Sample Sites
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2009 DATA

 2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Lick Creek Lake
Boone County

39.1510  -92.3852

5/2 5/23 6/13 7/3 7/24 8/14 9/4 9/25 Mean
12 31 64 47 63 92 71 57 48
62 44 31 26 22 17 24 33 30
680 1080 590 730 610 550 630 690 681
14.0 11.1 6.9 6.7 7.9 5.7 13.0 32.6 10.4
16.4 3.3 1.4 1.6 1.3 0.6 0.9 1.3 1.8

CHLOROPHYLL/SECCHI

Water clarity varied considerably in Lick 
Creek Lake during the 2009 sampling sea-
son. The minimum Secchi of 1 foot occurred 
on May 2 while the maximum of nearly 8 feet 
was recorded on August 14. Throughout the 
season, chlorophyll concentrations were gen-
erally steady, though a single end-of-season 
high value extended the range of values by 
more than double. Algae were not responsible 
for the low water clarity recorded early in the 
season. The suspended sediment concentra-
tion was very high at over 8 times the season 
average, thus non-algal turbidity is the likely 
culprit for the poor clarity in May. Phosphorus 
concentrations decreased through August, 
but rose again slightly in September.

Based on the comparison of the summer (May 
15-Sept 15) mean Secchi and Chlorophyll 

values, Lick Creek Lake is capable of achiev-
ing exceptional water clarity. The graph below 
shows that Lick Creek Lake is on the clear 
water end of the chlorophyll/Secchi curve. 
Just a slight decrease in chlorophyll concen-
tration could dramatically increase the Secchi 
transparency value (assuming no additional 
inputs of suspended sediments).

2009 was the first year of LMVP sampling at 
Lick Creek Lake, so no trend graph is avail-
able.

Lick Creek Lake
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Little Dixie Lake
Callaway County

38.9064  -92.1225

4/22 5/20 6/11 7/7 7/25 X 8/21 9/13 Mean
24 24 23 22 22 20 22 22
60 55 62 67 68 63 58 62

1100 1130 1260 1060 1170 1140 1240 1155
49.3 31.9 48.1 39.0 48.2 52.5 44.4 44.2
5.9 7.0 6.8 3.7 3.5 5.1 4.1 5.0

Little Dixie Lake was sampled 7 times in 2009, 
but the volunteer collected 43 Secchi mea-
surements throughout the season. The sea-
sonal means of the 7 LMVP sample dates and 
the 43 Secchi readings varies by only 1 inch 
(22 vs. 23 inches, respectively). Among the 7 
readings taken on LMVP sampling days, Little 
Dixie Secchi values differed by only 4 inches 
throughout the season. However, among the 
43 total Secchi readings, the maximum and 
the minimum differed by 18 inches, with a clear 
period occurring at the end of June that would 

not have been apparent if only typical LMVP 
data were used. Overall, conditions were quite 
stable at Little Dixie Lake, with nutrient, chlo-
rophyll and sediment values also showing little 
variation.

Despite the stability of water clarity, nutrient, 
chlorophyll and sediment values throughout 
the season, 2009 was not a great year for wa-
ter quality at Little Dixie Lake. The 2009 sea-
sonal mean nitrogen and phosphorus values 
(graphs not shown) were both well above the 
long-term means and indicate that concentra-
tions may be trending upward. As a result of 
increasing nutrients, chlorophyll concentra-
tions have increased as well, accompanied by 
decreasing water clarity.



49The Lakes of Missouri Volunteer Program 2009 Data Report

2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Longview Lake
Jackson County

38.9210  -94.4661

4/29 5/22 X 6/17 7/8 8/5 8/26 9/16 Mean
18 25 48 49 57 48 67 41
38 36 25 18 18 20 14 23
650 650 500 380 440 430 330 469
13.4 15.1 8.0 11.4 10.7 11.8 9.6 11.2
10.4 5.1 2.6 2.5 1.9 3.1 1.8 3.2

Longview Lake, part of the Jackson County 
Park system, has been monitored nearly con-
tinuously since 1992, and was sampled 7 times 
in 2009. 

Longview Lake began the 2009 season with 
low water clarity (Secchi), but cleared by mid-
June and clarity stayed above 4 feet for the re-
mainder of the season. The low water clarity in 
the early part of the season coincided with the 
season’s highest concentrations of nutrients 
and sediments, indicating that runoff associat-
ed with spring rains likely played a role. Water 
quality in Longview Lake was quite stable from 
mid-Jun through the remainder of the season.

The 2009 mean phosphorus value was just 
below the long-term mean and well within the 
limits of the recently adopted nutrient criteria. 
Overall, seasonal mean phosphorus concen-
trations have been very consistent in Longview 
Lake, with exceptions being the flooding 
events of 1993, 1995 and 2008. Water clarity 
was better than average in 2009, but only by 8 
inches. The best clarity observed occurred in 
1992 and 2003. There are no trends apparent 
at Longview Lake.
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Mahoney Lake
Putnam County

40.4997  -93.0244

4/24 X 6/9 7/7 X 8/5 X 9/16 Mean
6 7 8 10 11 8

140 238 171 101 86 138
1840 1670 1440 1380 1200 1489
88.9 79.4 66.2 36.1 44.8 59.7
7.3 8.1 1.6 5.0 5.7 4.9

, Site 1

Mahoney Lake sampling sites
Mahoney Lake (A.K.A. Unionville City Lake) 
was sampled 5 times in 2009 at two sites. Wa-
ter quality is very similar at both sites.

Water clarity was low in 2009, never exceed-
ing one foot during the season. Exceptionally 
high concentrations of both nutrients fueled 
algae growth (measured as chlorophyll con-
centration) that remained high for the entire 
sampling season. The high concentration of 
phosphorus relative to nitrogen (N:P ratio of 
7.0) on June 9 indicates possible nitrogen lim-
itation. While lakes are generally phosphorus 
limited, nitrogen limitation can occur in certain 
lakes at certain times. 

Mahoney Lake’s highest measured chloro-
phyll concentrations to date occurred in 2009, 

marking the third con-
secutive year of above 
average algal biomass. 
While the LMVP data 
show Mahoney Lake’s 
long-term chlorophyll 
value does not yet ex-
ceed nutrient criteria 
requirements, the last 
three individual years 
have. Mahoney Lake 
appears on the 2010 proposed 303d (impaired 
waters) list for excess chlorophyll and phos-
phorus. Water clarity at Mahoney Lake was 
the poorest measured via LMVP sampling to 
date, due more to an increase in algae than 
suspended sediments (graph not shown). 
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Putnam County
40.4956  -93.0236

4/24 X 6/9 7/7 X 8/5 X 9/16 Mean
8 8 11 7 11 9
92 257 168 149 124 149

1410 1920 1580 1580 1320 1549
25.0 81.2 81.7 39.3 50.6 50.5
11.1 13.8 5.1 12.0 9.5 9.8

Mahoney Lake, Site 2

Water clarity at Site 2 was quite low in 2009, 
differing from Site 1 by just 1 inch. Nutrient 
concentrations at both sites were similar, with 
Site 2 having slightly more nitrogen and phos-
phorus. Chlorophyll concentrations at Site 2 
were slightly lower than at the dam, likely due 
to shading from suspended sediments which 
were twice as abundant at Site 2 (9.8mg/L) 
than at the dam (4.9mg/L).

For the past 3 years, phosphorus values 
have exceeded the long-term mean for Site 
2. While climate may play a significant part 
in the high values measured in recent years, 
we will watch this site closely for trends of 
increasing nutrients. While suspended sedi-
ment concentrations (ISS) may have inhib-
ited algal growth on at least on sample date, 

chlorophyll concen-
trations in 2009 were 
still the highest re-
corded by the LMVP 
at this site to date. 
The 2009 geomet-
ric mean chlorophyll 
concentration (graph 
not shown) was 
double the long-term 
mean. Suspended 
sediment concentra-
tions were greater in 2009 than the long-term 
mean and (like last year) among the highest 
to date.

Mahoney Lake sampling sites
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Mark Twain Lake
Monroe and Ralls County

39.524   -91.6478

4/18 5/10 5/30 X 7/12 8/2 8/23 9/12 Mean
16 9 17 22 40 52 54 25
139 182 177 80 36 23 24 69
2090 2090 1890 1820 1650 1450 1280 1728
3.4 24.6 4.2 13.9 6.2 7.4 9.7 8.0
10.9 16.3 7.9 5.4 1.2 1.5 1.8 4.2

, Site 1

Water clarity at Site 1 (Clarence Cannon Dam) 
was greater during the second half of the sea-
son than the first, reaching a maximum 4 ½ feet 
by September 12. Concentrations of inorganic 
suspended sediment, phosphorus and nitrogen 
followed the inverse of the water clarity pattern, 
generally decreasing as the season progressed. 
Chlorophyll concentrations varied across the 
season with no apparent pattern. The maximum 
chlorophyll value of 24.6 µg/L occurred on the 
May 10 sampling date, between the lowest chlo-
rophyll values measured in 2009.

While the 2009 seasonal mean phosphorus con-
centration barely exceeded the long-term mean, 
the season was punctuated by high variability. 
The 2009 maximum and minimum phosphorus 
concentrations at Site 1 (182 and 23 µg/L, re-
spectively) approached the entire range observed 
at this site to date. Overall, the long-term mean 
phosphorus concentration is below the recently 

adopted nutrient 
criteria value. 
The long-term 
mean nitro-
gen concentra-
tion (graph not 
shown) does not 
exceed the nutri-
ent criteria value 
when only LMVP 
data are used, however University of Missouri 
data indicates that the lake marginally exceeds 
nitrogen nutrient criteria. There was just enough 
sediment material in the lake (graph not shown) 
to inhibit algal growth at the dam. As a result, 
chlorophyll concentrations were quite low, with 
the maximum value barely reaching the long-
term mean. The 2009 Secchi transparency 
(graph not shown) averaged lower than usual at 
the dam despite the low algal biomass.

Mark Twain Lake sampling sites
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TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    
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Monroe and Ralls County
39.5395  -91.6972

4/18 5/10 5/30 X 7/12 8/2 8/23 9/12 Mean
14 8 15 24 37 44 56 23

136 176 158 65 39 23 25 66
2260 1970 1920 1730 1740 1480 1250 1736
5.2 14.9 4.8 19.9 8.8 8.7 10.0 9.2
14.3 14.9 9.8 7.8 2.6 1.9 1.1 5.1

Mark Twain Lake, Site 2

Site 2 is located in the Indian Creek arm of 
Mark Twain Lake and has been sampled since 
2002. 

Measured values and the patterns of variation 
were similar among the 3 Mark Twain Lake 
sites. Water clarity began improving mid-sea-
son, reaching a maximum of 4 ½ feet by Sep-
tember 12. Both nutrients decreased as the 
season progressed, with minimum values at 
or near the end of the season. ISS concen-
trations behaved similarly, decreasing from 
the beginning of the season through season’s 
end. As at the dam, chlorophyll concentrations 
varied across a small range.

Phosphorus concentrations at Site 2 varied 
considerably, though the 2009 seasonal mean 

was only slightly 
higher than the 
long-term mean 
(which is nearly 
identical to the 
dam). 2009 inor-
ganic suspended 
sediment values 
averaged only 
slightly higher than the long-term mean but 
(like phosphorus) varied across nearly the 
range of values measured at this site to date. 

Mark Twain Lake sampling sites
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Monroe and Ralls County
39.5066  -91.7679

4/18 5/10 5/30 X 7/12 8/2 8/23 9/12 Mean
16 8 14 19 36 50 57 23
130 185 168 91 40 28 25 72
2440 1890 1910 2000 1830 1580 1290 1818
17.4 14.2 4.2 12.0 7.8 14.7 9.9 10.5
20.2 16.2 10.3 7.7 3.5 2.2 1.5 6.1

Mark Twain Lake, Site 5

Site 5 is located in “Florida Pool,” the conflu-
ence of the North Fork and South Fork Rivers 
in the main channel.

Measured values and the patterns of variation 
were similar among the 3 Mark Twain Lake 
sites. Water clarity increased and nutrients 
and sediments decreased as the season pro-
gressed. The early season peaks tended to be 
higher, resulting in higher variability at Site 5. 
This variability won’t be apparent on the trend 
graphs, as the highest values occurred prior 
to May 15.

The seasonal suspended sediment (ISS) vari-
ability was high in 2009, with a higher maxi-
mum value than seen at this site to date. The 
mean was also high in 2009, exceeded only by 

the 2008 mean. 
Secchi trans-
parency values 
at Site 5 closely 
mimic suspend-
ed sediment 
concentrations. 
Both parame-
ters nicely illus-
trate how the flood conditions of 2008 interrupt-
ed the apparent trend of reduced suspended 
sediments and improving water clarity. 

Mark Twain Lake sampling sites
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Pomme de Terre Lake
Hickory and Polk County

37.892   -93.3108

4/22 5/11 6/1 6/23 7/16 8/6 8/29 9/27 Mean
56 49 54 42 48 45 59 50
35 38 19 19 21 21 22 24
650 590 520 440 470 460 400 498

2.9 23.6 17.0 9.3 20.4 19.1 23.0 22.5 14.7
0.9 2.7 1.6 0.5 1.1 1.2 0.6 0.9 1.0

Site 1

Pomme de Terre Lake sampling sites
Pomme de Terre Lake was sampled eight times 
at 3 sites in 2009.

At 50 inches, water clarity at the Pomme de Terre 
dam was nearly a foot greater than the state-
wide mean of 39 inches. Concentrations of both 
nutrients decreased as the season progressed, 
though the chlorophyll concentration was con-
sistent throughout much of the season. The 
ratio of chlorophyll (algae) to phosphorus (the 
nutrient primarily responsible for algal growth) 
reached 1:1 in July, where it remains for the rest 
of the season. A chlorophyll to phosphorus ratio 
this high indicates either an algae bloom or at 
the least favorable conditions for a bloom to de-
velop. Suspended sediments were low through-
out most of 2009, averaging 1 mg/L.

2008 was the only year that phosphorus con-
centrations deviated significantly from the long-

term mean. The 
long-term phos-
phorus concen-
tration is lower 
than the value es-
tablished by the 
recently adopted 
nutrient criteria. 
The long-term 
nitrogen concen-
tration is slightly 
higher than nu-
trient criteria indicate it should be. This means 
that the lake has been placed on the draft im-
paired waters list for having excess nitrogen. 
The long-term chlorophyll concentration (graph 
not shown) slightly exceeds the nutrient criteria, 
landing Pomme de Terre on the draft impaired 
waters list for chlorophyll as well.
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Hickory and Polk County
37.8357  -93.2636

4/22 5/11 6/1 6/23 7/16 8/6 8/29 9/27 Mean
12 6 22 28 18 18 22 24 17

252 80 57 79 97 88 86 94
1170 760 670 770 780 690 690 777

19.0 6.9 34.3 18.5 55.4 44.2 33.9 42.5 27.1
29.6 24.1 7.2 3.9 6.2 9.5 6.5 6.9 9.2

Pomme de Terre Lake Site 3

Pomme de Terre Lake sampling sites

Site 3 is located near the boat ramp at the 
Pittsburgh Public Use Area on the Lindley 
Creek arm.

Water clarity at this site is low, with an aver-
age Secchi transparency value of 1 ½ feet. 
Extremely turbid water on May 11 (Secchi = 6 
inches) was likely due to the excessive rainfall 
2 days prior to sampling (2.2 inches). Phos-
phorus concentrations at Site 3 are quite high, 
with a seasonal mean almost 4 times greater 
than found at the dam, and a single measure-
ment of over 250 µg/L (May 11). The ratios of 
nitrogen to phosphorus at Site 3 were low, in-
dicating the presence of abundant phospho-
rus. The abundant phosphorus was likely due 
to high concentrations of suspended sediment 
particles (ISS) throughout the season. ISS 

particles typically 
have phosphorus 
molecules bound 
to their surfaces. 
When ISS val-
ues fell to below 
10 on June 1, 
chlorophyll con-
centrations in-
creased as sun-
light penetrated 
deeper into the water column and facilitated  
additional algae growth.

Not enough data exist at this site to generate 
a trend graph.

834

837

840

843

846

849

852

4/1 5/1 6/1 7/1 8/1 9/1

Pomme de Terre Lake levels for the 
2009 sampling season
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ISS (mg/L)

Latitude:                      Longitude:    
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Hickory and Polk County
37.8337  -93.3629

4/22 5/11 6/1 6/23 7/16 8/6 8/29 9/27 Mean
18 12 27 24 28 34 37 36 25
94 132 46 48 51 29 27 32 49
860 1060 570 620 730 520 450 440 628
21.4 15.4 23.5 18.5 32.6 21.8 27.4 22.4
17.9 11.9 5.4 7.8 3.4 1.9 2.6 1.3 4.6

Pomme de Terre Lake Site 4

Pomme de Terre Lake sampling sites

Site 4 is located in the Pomme de 
Terre River Arm

Phosphorus and suspended sedi-
ment concentrations at Site 4 are 
roughly half that of Site 3. This 
translates into 8 inches more clarity 
on average for 2009 at Site 4. Nitro-
gen and chlorophyll concentrations 
averaged around 20% lower than at 
Site 3. Though nutrients, algae and 
sediment concentrations are lower 
(and water clarity higher) at Site 
4 than at Site 3, all values are still 
considerably higher than at the dam 
(and water clarity lower). Sites 3 and 
4 are both up-lake sites but differ-
ences in flow, depth and watershed 

area at the sampling 
locations prevent di-
rect comparisons of 
the two arms of the 
lake using this data 
alone. Additional sites 
or data sources would 
help in making com-
parisons. 

Only 2 years of data 
exist for this site, not enough to gen-
erate a meaningful trend graph.

834

837

840

843

846

849

852

4/1 5/1 6/1 7/1 8/1 9/1

Pomme de Terre Lake levels for the 
2009 sampling season
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Rothwell Lake
Randolph County

39.4184  -92.4616

4/24 X 6/2 6/24 7/13 8/10 8/27 9/15 Mean
34 48 32 29 24 29 29 31
63 38 43 55 43 49 36 46

1360 790 950 1310 1130 1220 1130 1111
6.4 15.8 33.9 54.9 46.6 50.5 33.5 28.4
7.4 1.9 2.2 1.7 2.2 2.4 0.8 2.2

Rothwell and Waterworks lakes are both lo-
cated in Rothwell Park in the city of Moberly 
and were each sampled 7 times in 2009.

According to the ratio of chlorophyll to phos-
phorus, Rothwell Lake was in a perpetual al-
gae bloom from the end of June through the 
end of the sampling season. Generally, there 
is less than half as much chlorophyll as phos-
phorus in the lake. However from June 24 
through the end of the season there was as 
much chlorophyll as phosphorus in the lake, 
indicating that the algae were efficiently using 
all available nutrients. Despite abundant nu-
trients, the April sample had the lowest chlo-
rophyll value, likely due to the high levels of 
suspended sediment particles (ISS).

The 2009 mean nitrogen concentration was 
the highest observed to date, though phos-
phorus concentrations (graph not shown) 
were typical of other years. There were more 
algae in the lake this year than in the past 3 
years, as reflected by the chlorophyll concen-
trations, which resulted in reduced water clar-
ity (graphs not shown). Suspended sediment 
values were right about average for Rothwell 
Lake.
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ISS (mg/L)

Latitude:                      Longitude:    
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Lake Springfield
Greene County

37.1122   -93.2608

4/16 5/21 6/1 6/23 7/16 8/4 8/28 9/14 Mean
37 32 26 26 28 26 27 30 29
34 24 33 41 48 35 45 41 37

1420 1070 1220 1160 900 850 870 650 991
2.5 16.8 17.6 14.4 28.6 18.1 27.2 29.2 16.0
6.1 7.3 10.7 10.1 13.3 9.0 12.1 7.8 9.3

Site 1

Lake Springfield is used as a cooling water 
source for James River Power Plant. Site 1 
is at the dam, just below the power plant dis-
charge.

2009 Secchi transparency varied little, with the 
water remaining turbid throughout the season. 
The April 16 lake visit revealed the clearest 
water of the season, with the Secchi reading 
barely exceeding 3 feet. Abundant suspend-
ed sediments are largely responsible for the 
below average water clarity. At 9.3 mg/L, the 
2009 mean ISS concentration was 3.5 times 
the statewide average. The seasonal mean 
nutrient concentrations are somewhat high, 
with phosphorus and nitrogen values exceed-
ing the statewide mean by 27% and 57%, 

respectively. 
Nitrogen con-
c e n t r a t i o n s 
d e c r e a s e d 
steadily as the 
season pro-
gressed, while chlorophyll concentrations in-
creased.

While still high, ISS concentrations have de-
creased in recent years, with the seasonal 
mean falling below the long-term average for 
the third straight year. Likewise, water clar-
ity (as measured by Secchi) has been great-
er than the long-term average for the third 
straight year. 

Lake Springfield Sites
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Greene County
37.1263  -93.2256

4/16 5/21 6/1 6/23 7/16 8/4 8/28 9/14 Mean
53 56 49 45 47 42 40 45 47
23 15 22 31 32 56 61 23 30

1240 1030 1220 1210 1330 1000 1180 1090 1158
2.7 3.8 1.7 2.5 3.0 32.9 44.1 3.7 5.4
7.2 5.1 4.8 4.9 4.3 3.9 3.5 4.3 4.6

Site 2Lake Springfield

Lake Springfield Sites
Site 2 is located just up-lake from the high-
way 60 bridge. The James River’s influence 
is still strong at this site, where the water is 
still transitioning into Lake Springfield.

Water clarity (Secchi) is greater at Site 2 than 
at the dam, where warm temperatures and 
mixing provide a climate conducive to algae 
growth and sediment resuspension. Concen-
trations of phosphorus are lower at Site 2 than 
at the dam, and nitrogen concentrations are 
higher. The ratio of nitrogen to phosphorus is 
quite high (38.6) indicating that nitrogen is in 
abundance and phosphorus is likely the nu-
trient limiting algae growth. Chlorophyll con-
centrations at Site 2 averaged a third as high 
as at the dam, though a doubling of phospho-
rus precipitated algae blooms on both of Site 
2’s August sample dates.

Average phos-
phorus con-
centrations at 
Site 2 have 
not varied in 3 
years, falling 
well below the long-term mean since 2007. 
Conversely, nitrogen concentrations have 
exceeded the long-term mean for 2 of the 
last 3 years. Seasonal mean algal biomass 
as measured by chlorophyll concentration 
(graph not shown) has varied nearly indistin-
guishably from phosphorus means, with the 
last 3 years’ means lower than the long-term 
mean. Secchi transparency values (graph 
not shown) reflect the same trend.
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Latitude:                      Longitude:    
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Spring Fork Lake
Pettis County

38.5678  -93.2429

4/21 5/14 6/1 6/22 7/15 8/8 8/26 9/17 Mean
10 20 19 12 24 17 16 16 16
193 180 255 265 202 135 107 112 172
1920 1530 1730 1730 1040 1340 1200 1160 1426
87.8 36.8 14.2 104.7 46.9 65.8 93.3 58.4 54.8
18.7 4.0 4.5 8.4 3.4 3.7 2.7 6.2 5.3

Site 1

Both Spring Fork sites were sampled 8 times 
in 2009. Water clarity was consistently low at 
Site 1, never reaching 2 feet. The statewide 
average Secchi depth is just over 3 feet. The 
phosphorus concentration at Site 1 is 5 times 
higher than the statewide average value, 
while the nitrogen concentration is just double 
the statewide average. Both nutrients trend-
ed downward as the season progressed. The 
2009 mean concentration of chlorophyll at the 
Spring Fork dam is 4 times greater than the 
statewide mean value. Suspended sediment 
concentrations in 2009 were double the state-
wide average. 

The 2009 mean chlorophyll and phosphorus 
(graph not shown) concentrations were com-

parable to their respective 
long-term means, indicat-
ing that 2009 was typical 
of Spring Fork. Chlorophyll 
concentrations are higher 
than predicted at the dam, 
and thus the lake exceeds 
the chlorophyll value stip-
ulated in the reservoir nu-
trient criteria. The mean 
2009 ISS concentration 
was somewhat lower than 
the long-term mean. Nitro-
gen concentrations (not shown) were some-
what higher than the long-term mean value. 
No trend is apparent.

Spring Fork Lake Sites
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Pettis County
38.5605  -93.2440

4/21 5/14 6/1 6/22 7/15 8/8 8/26 9/17 Mean
11 19 29 17 22 15 18 17 18

195 184 269 214 200 135 152 126 179
1910 1590 1690 1420 1030 1240 1310 1290 1411
81.3 48.2 6.4 46.4 52.4 62.0 75.6 71.6 46.1
14.6 4.6 5.1 6.6 3.3 3.4 4.5 6.7 5.4

Spring Fork Lake Site 2

Spring Fork

This graph shows the rela-
tion between Chlorophyll 
concentration and Secchi 
depth among Missouri lake 
dam sites. Spring Fork Lake 
is shown indicated by a solid 
black circle. 

Reducing the chlorophyll con-
centration by half would only 
increase the Secchi transpar-
ency by approximately 10 
inches.

*(only data from May 15 to Sept. 15 are shown)

Secchi at Site 2 was similar to Site 1 on all 
sample dates except June 1, when there 
was 50% more water clarity at Site 2 than 
the dam. On the same date, there was more 
than twice as much chlorophyll at the dam 
compared to Site 2. This condition con-
tinued through the next sample (June 22) 
when chlorophyll concentration at the dam 
was again double that found at Site 2. Sec-
chi on June 22 was comparable between 
sites, likely due to higher suspended sedi-
ment levels at Site 2 contributing to turbidi-
ty. Nutrients concentrations were quite high 
at both sites, with both sites having com-
parable concentrations of both nitrogen and 
phosphorus.

Not enough data yet exist at 
Site 2 to generate a mean-
ingful trend graph.

Spring Fork Lake Sites
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Stephens Lake
Boone County

38.9511   -92.3085

X X 6/16 6/24 7/17 8/12 9/3 9/28 Mean
21 30 20 28 31 40 28
58 53 74 46 46 53 54
660 600 820 550 600 500 614
25.2 20.0 13.6 19.1 20.3 12.2 17.9
9.0 5.2 8.1 4.9 5.5 5.0 6.1

Stephens Lake is centrally located in 
Columbia and was sampled 6 times 
in 2009. Water clarity exceeded 3 feet 
on only one occasion, and averaged 
well below the statewide average of 
39 inches. The ratio of nitrogen to 
phosphorus is somewhat low, at 11:1, 
indicating the presence of abundant 
phosphorus. Stephens Lake had ap-
proximately double the statewide av-
erage of suspended sediments (ISS) 
in 2009, which is likely responsible for 
the abundant phosphorus. A peak of 
nutrients and ISS on July 17 coincides 
with a decrease in water clarity and 
chlorophyll and was likely caused by 
runoff associated with a rain event.

2009 marks the fourth year of sam-
pling at Stephens Lake. The sam-
pling location was moved closer to 
the shore this year. Concentrations of 
sediments (ISS) were higher this year 
than in previous years, with the 2009 
minimum exceeding any previous 
year’s maximum. While moving the 
sampling site may have had an impact 
on the data, chlorophyll and nitrogen 
values (graphs not shown) are within 
the range of previous years. Mean wa-
ter clarity in 2009 was lower than in 
previous years, likely due to the higher 
suspended sediment concentrations.
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Cedar, Dade and Polk County
37.6863  -93.7652

X X 6/2 6/22 7/11 8/3 8/23 9/16 Mean
77 72 74 76 72 99 78
12 11 10 8 9 8 10
410 330 330 300 310 260 320
9.7 8.1 8.2 7.1 8.9 7.9 8.3
2.5 1.5 1.0 1.3 1.7 0.8 1.4

Site 1Stockton Lake

Stockton Lake sites 1 and 2 were each sampled 
6 times in 2009. Secchi transparency at Site 1 
(the dam) was consistently between 6 and 6 ½ 
feet, except for the final sample date when the 
Secchi value exceeded 8 feet. Chlorophyll, ISS 
and nutrient concentrations followed the same 
general pattern, with comparatively high values 
in early June followed by decreasing concen-
trations as the season progressed. Ratios of 
chlorophyll to phosphorus were high through-
out the season, which indicates that the algae 
were efficiently using the available nutrients. 

Mean phosphorus concentrations (not shown) 
have exceeded the long-term mean for the 
last 4 years. Additionally, seasonal mean chlo-
rophyll concentrations were greater than the 

long-term mean 
for 3 of the last 4 
years, however it 
is too early to de-
termine if higher 
values represent 
a trend or reflect 
the normal year-
to-year variation. 
Secchi transparency values reflect the in-
creased chlorophyll concentrations and have 
been at or shallower than the long-term mean 
for the last 4 years. Maximum seasonal Sec-
chi values (collected May 15-Sept 15 ONLY) 
have decreased dramatically over time, rang-
ing from a maximum of almost 24 feet in 2001 
to a maximum of less than 7 feet in 2009.
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ISS (mg/L)

Latitude:                      Longitude:    
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Cedar, Dade and Polk County
37.6248  -93.7365

X X 6/2 6/22 7/11 8/4 8/23 9/16 Mean
113 72 96 82 76 92 87
13 11 11 10 13 12 12
350 360 330 320 320 310 341
9.6 7.6 8.1 9.9 12.7 9.6 9.5
1.3 1.1 0.5 0.4 0.7 0.6 0.7

Site 2Stockton Lake

Site 2 on Stockton Lake was sampled 6 times 
in 2009. The mean Secchi value was greater at 
Site 2 than at the dam, despite slightly higher 
nutrient and chlorophyll concentrations. While 
the inorganic suspended sediments values at 
Site 2 were only half as high as those record-
ed at the dam, values at both sites were still 
quite low. 

Phosphorus concentrations have exceeded 
the long term mean for three consecutive 
years. This does not necessarily indicate a 
trend, but should be monitored closely for the 
next few years. Chlorophyll trends (not shown) 
closely mimic Site 1, with 3 of the last 4 years’ 
mean values exceeding the long-term aver-

age.  The 2009 
seasonal mean 
Secchi value was 
identical to 2008, 
and the two years 
showed a similar 
range of values. 
Mean Secchi 
values decreased in each of the previous 3 
years, indicating a possible trend of decreas-
ing water clarity. 
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Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

This site is located at the Highway 215 
bridge on the Sac Arm and this site is the 
Sac Arm’s (rough) equivalent of Site 2, 
which is on the Little Sac Arm. 2009 is the 
first year that Site 215 was sampled. 

Water clarity at Site 215 was comparable 
to both the dam (Site 1) and Site 2. An 
April sampling date recorded water clarity 
of 17 feet, considerably higher than any 
other value recorded in 2009. Sites 1 and 
2 were not sampled in April, and likely had 
similar water clarity. Nutrient and inorganic 
suspended sediment (ISS) concentrations 
were quite stable throughout the season. 
The maximum total phosphorus concentra-
tion was only 30% greater than the mean; 
similarly the maximum nitrogen concen-

tration was only 54% 
greater than the 
mean. ISS concentra-
tions were quite low, 
exceeding 1 mg/L on 
just a single date, av-
eraging 0.3 mg/L. 

Cedar, Dade and Polk County
37.6219  -93.7794

4/18 6/1 6/21 7/12 8/2 8/23 9/13 Mean
206 70 73 98 88 110 96 99
10 15 14 17 10 15 10 13
390 630 370 490 310 660 290 428
2.8 14.3 18.5 10.6 7.9 11.4 11.2 9.7
0.1 0.5 1.6 0.2 0.3 0.1 0.7 0.3

Site 215Stockton Lake

The relation between Chlorophyll concen-
tration and Secchi depth at Stockton Lake. 
Data points represent seasonal mean values 
for each year at each site monitored.* Large 
gray dots represent 2009 data.

*(only data from May 15 to Sept. 15 are shown)

Site 215

Site 3

Site 5Site 1

Site 2
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Cedar, Dade and Polk County
37.5547  -93.7832

4/22 X X 6/24 7/15 X 8/20 9/29 Mean
70 52 38 61 54 54
18 14 22 18 22 19
720 370 400 360 400 434
8.3 12.4 15.3 15.7 20.6 13.8
1.2 1.6 2.0 1.4 1.3 1.5

Site 3Stockton Lake

Site 3 is located near the Mutton Creek Pub-
lic Use Area, north of the Highway Y Bridge 
on the Sac Arm and was sampled 5 times in 
2009. 

Concentrations of both nutrients were margin-
ally higher than measured at Site 215. While 
chlorophyll concentrations were just 4.1 µg/L 
higher than at site 215, water clarity was re-
duced by half. At low concentrations of chlo-
rophyll, even small changes can result in a 
dramatic loss of water clarity (see chlorophyll 
/Secchi graph on previous page). Suspended 
sediment concentrations (ISS), while 5 times 
higher than at Site 215, were still lower than at 
most Missouri lakes. 

Nitrogen concentrations at Site 3 were among 

the lowest ob-
served in the 6 
years of moni-
toring at Site 3, 
falling below the 
long-term mean. 
Suspended sedi-
ment (ISS) con-
centrations, while 
still quite low, were the highest measured 
since 2004 and were higher than the long-
term mean. Mean 2009 water clarity (as mea-
sured by Secchi) and chlorophyll concentra-
tions were the lowest measured to date at Site 
3 by the LMVP (graphs not shown).
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Cedar, Dade and Polk County
37.4532  -93.7773

4/22 5/11 6/1 6/24 7/14 X 8/25 9/15 Mean
25 39 40 48 26 26 33
79 58 33 50 97 84 106 68

1540 1780 1100 1010 910 760 880 1092
9.6 30.7 21.4 22.2 88.8 73.0 108.4 37.2
12.9 4.7 3.6 2.5 10.5 14.5 8.9 6.9

Site 5Stockton Lake

Site 5 was sampled 7 times in 2009 and is 
located just north of the Highway CC bridge 
on the southern end of the Sac Arm, near 
the Greenfield Access. Water clarity (as 
measured by Secchi transparency) was 
low at Site 5, averaging less than 3 feet. 
Low water clarity can be attributed to high 
concentrations of both chlorophyll and sus-
pended sediments. Nutrient concentrations 
were also high at Site 5, with phosphorus 
concentrations nearly 7 times higher than at 
the dam and nitrogen concentrations over 3 
times higher. The differences in water qual-
ity are expected, as Site 5 is near the inflow-
ing river.

The 2009 mean chlorophyll concentration 
was higher than was measured in any of the 
3 previously monitored years. Additionally, 

ISS concentra-
tions were con-
siderably higher 
in 2009 than in 
previous years 
(graph not 
shown). While 
higher than av-
erage algae and 
sediment con-
centrations are associated with water clar-
ity reductions within the 2009 season, the 
long-term trend graphs show no such rela-
tion. The 2009 mean Secchi transparency 
value was slightly higher than the long-term 
mean despite the higher concentrations of 
algae and sediments.
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Randolph County
39.4740  -92.4783

4/22 5/16 X 6/21 7/12 X 8/15 9/20 Mean
15 28 43 41 29 33 30
86 60 40 40 42 42 49

1140 1130 930 650 770 740 873
11.6 21.8 8.6 22.5 35.6 31.9 19.5
11.4 7.5 4.5 4.5 4.5 2.5 5.2

Site 1Sugar Creek Lake

Water clarity ranged from a low of 15 to 
a high of 43 inches, averaging under the 
statewide mean at 30 inches for the sea-
son. The greatest clarity occurred mid-
season, during June. This date coincides 
with the 2009 minimum values of both 
chlorophyll and phosphorus.  Chlorophyll 
concentrations were highest at the end 
of the season in contrast to nutrient con-
centrations, which were highest in the first 
sample of the season. Both nitrogen and 
phosphorus values decreased through 
July and remained rather stable for the 
remainder of the season. 

Seasonal mean phosphorus concentra-
tions at Sugar Creek Lake’s dam have 
been remarkably consistent since 2001. 
Maximum and minimum values have var-

ied from year-to-year, but seasonal means 
have remained near 45 µg/L, just below 
the nutrient criteria value of 49 µg/L. Ni-
trogen concentrations (not shown) have 
varied more, increasing somewhat in the 
last two years while remaining below the 
nutrient criteria value. While seasonal 
chlorophyll means have varied 2-fold in 
the 10 years of monitoring Sugar Creek 
Lake,  in-season values show similar 
ranges for the past 5 years.
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Randolph County
39.4766  -92.4619

4/22 5/16 X 6/21 7/12 X 8/15 9/20 Mean
14 24 38 38 28 35 28
90 62 38 39 44 36 49

1180 1180 710 620 700 570 791
21.9 19.6 10.1 14.2 19.9 17.9 16.7
17.0 9.9 4.0 4.7 6.0 3.8 6.5

Site 2Sugar Creek Lake

Water quality conditions at Sugar Creek 
Lake Site 2 are very similar to conditions at 
the dam. Mean  2009 Secchi transparency 
at Site 1 differs from Site 2 by only 2 inches, 
total phosphorus means are identical, and 
the remaining parameters’ means differ by 
less than 20%. Interestingly, concentrations 
of nitrogen and chlorophyll were slightly 
higher at the dam for much of the season.

Mean chlorophyll concentrations at Site 2 
may be similar to Site 1, but year-to-year 
variability is slightly higher.  Seasonal mean 
Secchi transparency at Site 2 has remained 
consistently in the 2 and a half foot range 
since 2001 and clarity has exceeded the 
long-term mean for the last 4 years.

Sampling sites at 
Sugar Creek Lake
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Table Rock Lake
Barry, Stone and Taney County

SI
TE

S

Lake levels in Table Rock were fairly stable 
during the 2009 sample season, varying by 
less than 5 feet. Consistent lake levels sug-
gest lower and more stable inflows into the 
lake in 2009 relative to the 2008 season, 
when lake levels varied by more than 15 feet 
(see graph). The extreme flooding in 2008 
resulted in high nutrient concentrations in the 
lake (when volunteers could actually access 
their boats). The return to more normal in-
flows in 2009 led to nutrient concentrations 
in the lake that were generally lower than 
those in 2008, with mean values that were 
similar to long-term averages at most sites. 
In contrast, chlorophyll concentrations tend-

ed to be higher than long-term averages, 
suggesting more efficient use of nutrients 
by the algal community (greater chlorophyll 
production per unit phosphorus has been 
a recent trend in Table Rock Lake). Secchi 
transparency across the lake in 2009 tended 
to be shallower than normal, a predictable 
result of increased algal biomass.
 
Normal lake levels allowed volunteers to ac-
cess the lake and collect samples during the 
whole season. A total of 17 sites were moni-
tored in 2009, with most sites being sampled 
eight or more times between April – Septem-
ber. 

2008 and 2009 
Table Rock Lake 
Levels (feet above 
sea level)



72 The Lakes of Missouri Volunteer Program 2009 Data Report

SI
TE

 #
10

18
15

17
14

3
2

1
# 

of
 S

am
pl

es
8

5
7

8
8

8
5

6
M

ea
n

70
59

75
74

97
10

6
81

67
S

E
C

C
H

I
M

in
im

um
56

50
64

54
66

79
76

54
(in

ch
es

)
M

ax
im

um
82

89
94

10
3

19
0

17
2

86
86

M
ea

n
12

13
14

11
10

10
9

4
TP

M
in

im
um

8
9

11
8

8
8

8
2

(µ
g/

L)
M

ax
im

um
16

21
20

18
12

14
10

19
M

ea
n

39
9

37
6

42
1

38
0

46
1

53
5

38
6

32
6

TN
M

in
im

um
31

0
29

0
28

0
28

0
32

0
35

0
28

0
22

0
(µ

g/
L)

M
ax

im
um

65
0

47
0

66
0

63
0

85
0

87
0

76
0

93
0

M
ea

n
7.

6
10

.4
9.

3
7.

9
7.

4
7.

6
8.

2
8.

2
C

H
L

M
in

im
um

4.
1

8.
1

7.
0

2.
7

3.
3

3.
4

4.
0

5.
5

(µ
g/

L)
M

ax
im

um
15

.5
15

.9
15

.7
13

.9
12

.3
18

.0
12

.7
12

.9

SI
TE

 #
13

11
5

4.
5

7
6.

5
9

16
8

# 
of

 S
am

pl
es

8
8

8
9

8
8

8
6

8
M

ea
n

29
38

58
76

31
45

91
45

64
S

E
C

C
H

I
M

in
im

um
24

25
50

62
26

27
69

40
50

(in
ch

es
)

M
ax

im
um

38
56

70
87

42
58

14
4

52
78

M
ea

n
67

46
25

13
45

32
12

30
16

TP
M

in
im

um
42

37
16

9
30

23
11

24
11

(µ
g/

L)
M

ax
im

um
88

73
77

17
65

76
14

42
24

M
ea

n
10

39
80

9
83

3
57

9
65

0
49

5
34

9
88

3
62

1
TN

M
in

im
um

70
0

52
0

46
0

33
0

40
0

32
0

17
0

48
0

37
0

(µ
g/

L)
M

ax
im

um
18

60
15

40
16

00
14

70
20

50
10

90
55

0
24

70
11

20
M

ea
n

28
.8

29
.6

19
.7

9.
5

13
.3

15
.8

7.
4

8.
0

14
.3

C
H

L
M

in
im

um
3.

4
8.

0
10

.4
5.

9
0.

8
5.

9
3.

9
1.

0
10

.6
(µ

g/
L)

M
ax

im
um

88
.6

52
.6

48
.4

14
.2

49
.2

26
.9

11
.6

19
.2

26
.6

M
ai

n 
La

ke
 S

ite
s

Tr
ib

ut
ar

y 
Si

te
s

Ja
m

es
 R

iv
er

 
A

rm
K

in
gs

 R
iv

er
 

A
rm

R
oa

rin
g

R
iv

er
In

di
an

C
re

ek
Lo

ng
C

re
ek

2009 Table Rock Lake Summary Data
TP = Total Phosphorus
TN = Total Nitrogen
CHL = Chlorophyll

Table Rock Lake
Barry, Stone and Taney County
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Table Rock Lake
Barry, Stone and Taney County

Phosphorus concentrations were variable 
among main lake sites during the first half 
of the sample season, with individual values 
ranging from 5 - 21 µg/L. During the second 
half of the sample season all sites, with the ex-
ception of Site 1, had comparable phosphorus 
concentrations around 10 µg/L. Site 1, located 
at the dam, differed in that phosphorus con-
centrations during the later part of the season 
were about half those measured elsewhere 
in the main lake. Also, phosphorus peaked at 
Site 1 in late June, when phosphorus levels 
were decreasing at the other sites.  

Seasonal and spatial nitrogen patterns in the 
main lake mimic phosphorus, with higher con-
centrations and more variability in the first half 
of the season, and comparable concentrations 
among sites during the second half of the sea-
son. The peak nitrogen value at Site 14 (lo-
cated between the Indian Creek and James 
River arms) was measured in early May, while 
elevated nitrogen levels at Site 3 (located at 
James River Arm confluence) were not evi-
dent until early June, and the highest nitrogen 
value at Site 1 was measured in late June. 
This pattern of peak nitrogen values occurring 
over time as site location moves down-lake 
suggests a slug of high nitrogen water moving 
through the main lake channel.

The variability in phosphorus and nitrogen 
levels during the first half of the season was 
probably related to localized influences of 
inputs associated with rain events, and the 
subsequent movement of nutrient-rich wa-
ters down lake. By mid-summer the lake is 
strongly stratified and differences in water 
density cause most inputs to plunge into 
deep water where they do not influence sur-
face water quality.  During this stratified peri-
od, phosphorus and nitrogen concentrations 
tend to decrease in surface waters because 
nutrients incorporated into organic matter 

are lost through sedimentation.   

The 2009 season differed from 2008 in that 
maximum phosphorus and nitrogen values in 
the main lake were well below maximum val-
ues measured in 2008, when early season 
phosphorus concentrations in the main lake 
were as high as 80 µg/L and nitrogen peaked 
at 1250 µg/L. The overall patterns for both 
years were the same, with highest values in 
spring/early summer and decreasing values 
through the second half of the season. These 
similar patterns occurred even though the two 
years differed substantially in terms of inflow 
amounts and variability, indicating the impor-
tance stratification has on influencing surface 
water quality in Table Rock Lake. 
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Table Rock Lake
Barry, Stone and Taney County

Over the course of the sample season, 
chlorophyll concentrations at main lake 
sites tended to increase.  Upper main 
lake sites had minimum values mea-
sured in April, with maximum values for 
most of the upper lake being measured 
in September. Variability among sites 
makes generalizing spatial trends dif-
ficult. At times, such as late June, chlo-
rophyll values were similar for all sites 
(6 - 9 µg/L). In contrast, early June and 
early July samples saw much more vari-
ability among the main lake sites. 

Most Secchi transparency readings col-
lected in the main lake channel were 
between 48 and 96 inches in depth, 
with the majority of sites having read-
ings that occurred throughout that 
range. The most dramatic result from 
2009 was the extreme clarity measured 
at sites 14 and 3 during May, when Sec-
chi exceeded 14 feet in depth. Water 
clarity at Site 17 was about 8 1/2 feet in 
May, considerably shallower than that 
at the adjacent Site 14. This discrep-
ancy in Secchi transparency occurred 
even though chlorophyll concentration 
at both sites were near 3.0 µg/L. Site 
17 is up-lake of Site 14 and suspended 
sediment may account for the lower 
than expected Secchi reading.
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Table Rock Lake
Barry, Stone and Taney County

Phosphorus and nitrogen behaved differently 
over the course of the season among James 
River Arm sites. While phosphorus did vary at 
individual sites, there was no consistent sea-
sonal pattern across the sites. In contrast, ni-
trogen levels at the four sites showed the same 
seasonal pattern, high levels in April and May, 
dramatic decreases in June, followed by stable 
conditions the remainder of the sample sea-
son.

A longitudinal gradient among sites was evi-
dent, with nutrient concentrations decreasing 
as the site location moves down-lake towards 
the main channel. This spatial pattern is a re-
sult of a combination of factors including sedi-
mentation of organic matter, dilution and de-
nitrification. 

Chlorophyll concentrations at the two upper arm 
sites (13 and 11) were low on the first sample 
date and reached maximum levels late in the 
summer.  In contrast, chlorophyll peaked at Site 
5 (mid-arm) early in the sample season, while 
Site 4.5 in the lower James River Arm showed 
low variability with no true peak in chlorophyll. 
Similar to nutrient concentrations, chlorophyll 
showed a longitudinal gradient with lower val-
ues as site location moved down-arm.  

Secchi transparency readings did not show ob-
vious seasonal patterns at any of the sites, and 
did not always respond predictably to changes 
in algal chlorophyll concentrations. Most likely, 
suspended sediments also influenced water 
clarity, especially at the upper James River Arm 
sites.     
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Table Rock Lake
Barry, Stone and Taney County

King’s River Arm (Site 6.5 and Site 7)

Long Creek (Site 8)

The seasonal pattern of highest nutrient con-
centrations occurring in spring, with lower 
and more stable levels in the summer and fall 
was observed for nitrogen at both Kings River 
sites, as well as for phosphorus at Site 6.5. 
This pattern reflects how the influence of nu-
trient inputs on surface water quality changes 
during the course of the sample season due 
to lake stratification. Phosphorus at Site 7 dif-
fered from the expected pattern as peaks in 
concentrations occurred during summer. Ni-
trogen levels at the two sites were very similar, 
with the exception of the peak value at Site 7 
in May. 

Chlorophyll concentrations at both sites tend-
ed to increase as the season progressed. This 
pattern suggests that the algae were limited 
by factors other than nutrients in the spring, 
most likely light limitation associated with sus-
pended sediment and deeper mixing prior to 
thermal stratification. 

Secchi transparency values at the two Kings 
River sites fluctuated in parallel during the 

sample season, with Site 6.5 averaging about 
a foot more clarity than the up-arm Site 7.  

The maximum nutrient concentrations 
in Long Creek were measured early 
in the sample season, with lower and 
stable levels during summer and fall. 
In contrast, chlorophyll concentrations 
were lowest during the first half of 
the season, with higher values being 
measured July – September. Secchi 
transparency did not show a seasonal 
pattern, with values approaching six 
feet occurring throughout the season.
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Indian Creek (Site 9)

Roaring River (Site 16)

Table Rock Lake
Barry, Stone and Taney County

Phosphorus concentrations were low 
and stable throughout the sample sea-
son, ranging from 11 - 14 µg/L. During 
2009 the nitrogen values at Site 9 were 
lower than normal, with concentrations 
measured during June-July being ex-
tremely low. Like other tributary sites, 
there was a tendency for chlorophyll 
concentrations to increase as the sea-
son progressed. Secchi transparency 
readings reflect the algal chlorophyll 
seasonal pattern, with deepest read-
ings occurring in spring when chloro-
phyll was at a minimum. 

Phosphorus at Site 16 in Roaring 
River showed relatively low variability, 
ranging less than a factor of two. In 
contrast, nitrogen ranged more than a 
factor of five, due to an extremely high 
value measured in April. Chlorophyll 
also showed a fair amount of variabil-
ity, while Secchi values were stable 
throughout the season.
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The two sample sites located within 
Roaring River, prior to Table Rock 
Lake, showed a slight gradient in wa-
ter quality, with lower nutrient values 
at the down-stream site (average de-
creases in nitrogen and phosphorus 
were 90 and 5 µg/L, respectively). 
Phosphorus displayed no patterns 
over the sampling period, with val-
ues remaining consistent from May 
to October. Nitrogen showed more 
variability, with the maximum values 
measured in July being more than 
1000 µg/L higher than minimum val-
ues.

The maximum nitrogen value mea-
sured at Site 16 was within the 
range of nitrogen values measured 
up-stream in the river. It is probable 
that the April sample at Site 16 was 
collected before the lake stratified, 
when inflows from Roaring River 
would directly influence surface wa-
ter quality at the lake site. Once the 
lake stratified, inflows from Roaring 
River probably plunge below the sur-
face layer of the lake and do not di-
rectly influence surface water quality 
at Site 16.

Roaring River Sampling – Above and Below

Table Rock Lake
Barry, Stone and Taney County
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Site 1

Site 2

Site 3

Table Rock Lake
Barry, Stone and Taney County

Sites 1, 2 & 3 – Lower Main Lake

Mean chlorophyll concentrations dur-
ing the last two years have been higher 
than normal at all three lower-lake sites. 
Recent mean values at sites 3 and 2 
are comparable to some of the levels 
measured in the mid-1990s, while the 
means for the last two years at Site 1 
were higher than any measured in the 
previous 16 years. These higher chloro-
phyll levels have not been in response 
to increased nutrient concentrations as 
nitrogen is unchanged and phosphorus 
continues to be lower than long-term av-
erages at all three sites. 

Increased chlorophyll in the lower lake 
may reflect changes in the algal com-
munity. The various algal species have 
different nutrient requirements and also 
differ in terms of chlorophyll content 
(which is why our use of chlorophyll is 
only an estimate of algal biomass). It 
is possible that species dominating the 
algal community in recent years require 
less phosphorus than previous dominant 
species, leading to more algae even 
though nutrient levels have remained 
the same or decreased. 

Secchi transparency has been shallower 
than normal at all three sites during the 
last two seasons, with the most dramat-
ic difference at Site 1 near the dam, and 
differences decreasing towards Site 3.  
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Site 14

Site 17

Site 15

Table Rock Lake
Barry, Stone and Taney County

Sites 14, 17 & 15 – Mid Main Lake

While 2009 nutrient concentrations 
at mid-lake sites were lower than 
2008 values, they were still slightly 
higher than long-term averages. 
Mean chlorophyll values were also 
above the long-term averages at all 
three mid-lake sites during 2009. In 
response to higher than normal chlo-
rophyll levels, Secchi transparencies 
were shallower than long-term aver-
ages. None of the water quality pa-
rameters showed long term trends 
at any of the mid-lake sites.

There was a slight longitudinal gradi-
ent in water quality among the mid-
lake sites. On average, phosphorus 
was higher at Site 15, the most up-
lake of the three mid-lake sties, and 
decreased as site location moved 
down-lake. Chlorophyll followed the 
same trend, with a slight decrease 
in concentrations as site location 
moved down-lake. Secchi transpar-
ency differed in that average values 
for sites 15 and 17 were within an 
inch of each other, with Site 14 (the 
most down-lake of these three sites) 
having an average Secchi in 2009 
that was more than 20 inches deep-
er than the other two sites.
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Site 10

Site 18

Site 6.5

Site 7

Table Rock Lake
Barry, Stone and Taney County

Sites 18 and 10 – Upper main lake

Nutrient concentrations at upper-lake 
sites (18 and 10) were near the long-
term averages in 2009, with no identifi-
able trends. Though nutrient concentra-
tions were at near normal levels, mean 
chlorophyll values at both up-lake sites 
were higher than normal. This was es-
pecially true for Site 18 where mean 
chlorophyll during summer 2009 was 
twice the long-term average (8 vs. 4 
µg/L). The higher chlorophyll relative 
to phosphorus was a theme across the 
main lake in 2009. Mean Secchi trans-
parency values for 2009 reflect the 
higher than average chlorophyll levels, 
with mean transparency values being 
shallower than normal. 

Sites 6.5 & 7 – Kings River Arm. 

Mean phosphorus and nitrogen values 
at both Kings River Arm sites were sim-
ilar to their long-term averages. While 
nutrient levels do fluctuate from one 
year to the next, neither site shows long 
term trends. These sites were similar to 
main lake sites in that the mean chloro-
phyll values in 2009 were slightly high-
er than long-term means even though 
nutrient levels were not. 
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Site 5Site 
4.5

Site 13Site 11

Table Rock Lake
Barry, Stone and Taney County

Sites 4.5, 5, 11 & 13 – James River Arm

Phosphorus levels across the James River 
Arm in 2009 were below pre-2001 values, 
and below long-term averages. Nitrogen 
was within its normal range throughout 
the arm, with mean values that were be-
low long-term averages at the two upper 
sites (13 and 11) and slightly higher than 
long-term averages at lower-James River 
sites (5 and 4.5). Both nutrients display 

the expected gradient, with highest values 
up-arm. Mean chlorophyll concentrations 
across the James River Arm were slightly 
higher than long-terms averages, but well 
within the normal range. The longitudinal 
gradient of chlorophyll was not as strong 
as observed for the nutrients. Secchi trans-
parencies were normal across the arm in 
2009, with the down-arm site having twice 
the clarity as the most up-arm site.
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Site 8

Site 9

Site 16

Table Rock Lake
Barry, Stone and Taney County

Site 8 – Long Creek

Mean chlorophyll concentrations at Site 8 
have been more than twice the long-term 
average during the last two summers. Dur-
ing both summers phosphorus concentra-
tions were slightly higher than normal, while 
nitrogen values were notably higher than 
normal. Secchi transparency was shallower 
than the long-term average during the last 
two summers, but not substantially different 
from some previous measurements. The 
recent shift in chlorophyll levels without a 
notable change in Secchi may indicate a 
decrease in the suspended sediment at this 
site (ISS not measured at Table Rock).

Site 9 – Indian Creek

Mean phosphorus values have alternated 
between being above and below the long-
term average for the last nine years, rang-
ing about 10 µg/L. Chlorophyll concentra-
tions have not always followed the same 
year to year fluctuations as phosphorus. 
Secchi transparency has followed the pat-
terns displayed by chlorophyll. Overall 
there are no long-term patterns for any of 
the parameters.

Site 16 – Roaring River

Secchi transparency values have been sta-
ble at Site 16 during the seven years after 
a period of slightly clearer water during the 
2000-2002 seasons. The period of slightly 
shallower transparency overlaps with lower 
chlorophyll concentrations, suggesting that 
suspended sediment may have increased 
at this site (explaining the shallower trans-
parency readings when chlorophyll indi-
cates clarity should have increased). The 
shift in clarity and chlorophyll are probably 
not substantial enough to be considered as 
true long-term trends.   
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2008 Seasonal Trends

In general, water quality was comparable 
across all Taneycomo sites, though nitro-
gen concentrations were higher mid-lake 
(Sites 5 and 6). These two sites also had 
the greatest water clarity, though algal bio-
mass (as estimated by chlorophyll concen-
tration) did not differ significantly across 
the sites.

Many sites showed a peak chlorophyll 
value on September 15. This peak was 

typically 10 to 20 times higher than the 
preceding sample value.  Throughout the 
2009 season, lake-wide nitrogen concen-
trations tended to be higher than expected, 
relative to the concentration of phospho-
rus. Changes in nutrient concentrations do 
not sufficiently explain the increased algae 
growth. A flow reduction may have oc-
curred, however, which would allow algal 
cells time to respond to existing nutrients 
before passing over Powersite dam.

Lake Taneycomo
Taney County

SITE # 1 2 3.5 5 6 10
# of Samples 6 6 8 8 8 5

SECCHI

(inches)

Mean 114 116 115 181 186
Minimum 92 94 73 130 147
Maximum 146 141 204 281 232

TP

(µg/L)

Mean 9 6 11 7 7 13
Minimum 5 2 7 3 2 8
Maximum 12 9 19 11 21 20

TN

(µg/L)

Mean 705 746 789 954 947 636
Minimum 690 670 670 810 780 550
Maximum 720 810 1040 1370 1340 760

CHL

(µg/L)

Mean 0.9 3.1 2.3 0.9 1.0 1.8
Minimum 0.6 1.4 0.9 0.3 0.4 0.7
Maximum 1.0 4.8 20.6 8.3 11.1 5.9
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Site 6

Site 10

Site 10
Site 10 is located below Table Rock Dam, 
near the Shepherd of the Hills trout hatch-
ery. This site has the highest mean con-
centration of phosphorus observed in 
2009, but also the lowest mean nitrogen 
concentration. The chlorophyll peak on 
June 1 was three times higher than the 
seasonal mean value.  Phosphorus con-
centrations were low in early 2009, but 
nearly tripled on June 1. The Secchi val-
ues are not reported, as the water was 
generally too shallow. Only 5 samples 
were collected in 2009, with the late sum-
mer samples being omitted.

Site 6
Chlorophyll concentrations were low 
through August, generally staying near 
or below 1.0 µg/L. The September chlo-
rophyll concentration was more than 20 
times that of the previous date. Secchi 
transparency values were between 150 
and 230 inches. 

As at most Taneycomo sites in 2009, 
nutrient concentrations were generally 
stable, though some sites (including Site 
6) had peak values in June (nitrogen) or 
July (phosphorus).

Lake Taneycomo
Taney County
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Site 5

Site 3.5

Site 3.5
This site also showed the same late-
season chlorophyll peak, with the 
September value nearly 10 times 
higher than the seasonal mean. Sec-
chi values at this site were nearly 
6 feet lower than the up-lake sites 
5 and 6. However, when excluding 
the September values are excluded, 
the average chlorophyll at Site 3.5 is 
only twice that of Sites 5 and 6. This 
small difference in chlorophyll con-
centrations underscores the sensitiv-
ity lakes with very little algae, where 
small increases in algae populations 
can significantly decrease water clar-
ity.

Lake Taneycomo
Taney County

Site 5
As at Site 6, Site 5 exhibited a chlo-
rophyll peak on the last sampling 
date (September 15). This site had 
the clearest water of all the Taney-
como sites monitored in 2009, with 
Secchi transparency values ranging 
from 130 inches to 281 inches, and 
averaging 181 inches. Phosphorus 
concentrations were low, reaching 
only 11 µg/L during the season. Ni-
trogen concentrations were com-
paratively high, averaging 954 µg/L. 
The ratio of nitrogen to phosphorus 
is generally in the 20 – 50 range for 
most Missouri lakes, but at Site 5 
and Site 6 in 2009, the mean ratio 
exceeded 130.
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Site 1

Site 2

Lake Taneycomo
Taney County

Site 1
Chlorophyll concentrations 
were low all season, with a 
maximum of just 1.0 µg/L. Sec-
chi transparency value was 
comparable to Sites 2 and 3.5. 
Nutrient concentrations were 
quite stable with phosphorus 
varying by only 7 µg/L and ni-
trogen varying by just 30 µg/L 
throughout the season.

Site 2
Chlorophyll concentrations 
were comparatively low early 
in the season, but tripled in 
June, remaining higher for the 
remainder of the season. There 
was no September sample, so 
there is no evidence of an end 
of season peak, as observed 
at other sites. Secchi transpar-
ency and nutrient concentra-
tions were comparable to those 
found at Site 3.5.
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Phosphorus

Phosphorus concentrations across 
Taneycomo are trending downward. 
With the exception of 2008, Site 1 sum-
mer geometric mean phosphorus values 
have been at or below the current long-
term mean value since 2000. Summer 
mean phosphorus concentrations for all 
years prior to 2000 were at or above the 
long term mean. Site 10 shows a similar 
pattern, with a tendency toward lower 
values beginning around the year 2001. 

Lake Taneycomo Trends
Taney County

Site 10

Site 1

Nitrogen

Site 3.5, below Bull Creek has been mon-
itored consistently since 1995. Nitrogen 
concentrations at this location do not ap-
pear to be trending up or down, but sea-
sonal means have been above the long 
term mean for three consecutive years. 
At Site 10 (below Table Rock Dam) sea-
sonal mean concentrations of nitrogen 
vary, but the last 18years of data show 
no apparent trends. Seasonal maximum 
values have only exceeded 1200 µg/L 
once in the last 11 years. Of the 7 years 
prior, 3 had maximum values greater 
than 1200 µg/L.

See page 11 for help interpreting trend graphs
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TOTAL SUMMER PRECIPPrecipitation

While Taneycomo is dominated by re-
leases from Table Rock, precipitation 
ultimately dictates the volume of water 
in the White River system. The graph to 
the right shows the total precipitation for 
the months of May through September 
at Ozark Beach on Lake Taneycomo for 
the years 1992 to 2009. Precipitation 
during these months in 2009 was 5.45” 
above the 1992-2009 average and the 
2008 average was 12.5” higher. 

Site 10

Site 3.5
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Lake Taneycomo Trends
Taney County See page 11 for help interpreting trend graphs

Chlorophyll

At all but two sites (Site 2 and Site 10), 
the 2009 summer mean chlorophyll con-
centration was lower than the respective 
long-term mean. The two sites exceed-
ing the long-term means only did so by 
a small margin, with Site 2 measuring 
1.7 µg/L and Site 10 0.4 µg/L greater. At 
3 sites (3.5, 5 and 6) chlorophyll varied 
more within the 2009 season than it has 
since 2000. Higher than average precipi-
tation may have increased flow through 
Powersite Dam, flushing algae down-
stream into Bull Shoals Lake and keep-
ing the chlorophyll to phosphorus ratio 
(CHL:TP) quite low throughout most of 
the lake. A low CHL:TP indicates that al-
gae are not efficiently reproducing, given 
the amount of nutrients available.

Site 3.5

Site 6

Site 2

Site 5

Secchi

A combination of high clarity and shallow 
water impedes proper Secchi data collec-
tion at Site 10. During the 2009 summer 
season, water clarity was greater than the 
long-term mean at all sites where Secchi 
transparency data were collected. In fact, 
during the May 15-September 15 period, 
even the minimum Secchi measurement 
exceeded the long-term mean at all sites. 
At Site 5, both the maximum and mean 
water clarity in 2009 were the best record-
ed to date.
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Boone County
39.1904  -92.2085

5/2 5/23 6/13 7/3 7/24 8/14 9/4 9/25 Mean
12 30 33 32 29 32 35 28 28
140 59 62 65 58 55 45 41 61
1300 910 960 890 870 880 820 910 934
57.8 26.1 31.4 22.0 31.6 43.1 31.5 22.8 31.7
13.8 2.7 3.3 2.4 2.7 1.9 1.8 1.7 2.9

Tri City Lake

Tri City Lake was sampled 8 times during 
2009. Save for the April sample (when nu-
trient, chlorophyll and sediment concentra-
tions were high), conditions at Tri City Lake 
were consistent throughout the season.  
When the April value is excluded, water clar-
ity varied by just 7 inches, total phosphorus 
by 24 µg/L, total nitrogen by 140 µg/L and 
ISS (sediments) by less than 2 mg/L. Chlo-
rophyll concentrations varied roughly 2-fold 
throughout the season (excluding April), a 
somewhat low range (but not low values) for 
Missouri lakes.

Phosphorus concentrations were higher than 
expected at Tri City Lake, exceeding both 
the long term mean and the proposed crite-
ria for the 3rd consecutive year. Phosphorus 
binds very readily to sediment particles, and 

increases in phosphorus concentrations are 
often associated with erosion and runoff. 
However, ISS concentrations have been at 
or below the long term mean for the last 4 
years, implying that the elevated phospho-
rus concentrations observed in recent years 
may be the result of internal loading rather 
than runoff. Internal loading is the introduc-
tion of phosphorus from the lake bottom to 
the water column. Phosphorus that was in-
troduced to the lake years earlier can reap-
pear in the water, confounding efforts to curb 
algae growth by addressing nutrient inputs 
to the lake.
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Butler and Wayne County
37.4532  -93.7773

SITE 1 5/12 6/11 SITE 2 5/12 6/11 SITE 3 5/12 6/10
58 58 64 38
26 24 25 27 28 43

310 280 310 290 360 430
9.4 13.1 15.7 15.8 3.4 5.6
1.6 2.2 2.4 4.1 6.2 23.0

Lake Wappapello

SITE 1: 6/11/2009
Bottom N: 310
Bottom P: 31
Bottom ISS: 1.8

SITE 2: 6/11/2009
Bottom N:470
Bottom P:43
Bottom ISS:5.5

Three locations at Lake Wappapello were sampled twice in 2009, once 
in May and again in June. Sites 1 and 2 were additionally sampled near 
the bottom using a vertical sampling device in an attempt to determine if 
the lake mixes throughout the summer. Not enough data were collected 
to make a determination of the lake’s thermal stability.

The samples collected show water quality was stable in May and June 
at the dam (Site 1). Site 2 water clarity differed by 2 feet, while other 
parameters were comparable. At Site 3, June showed a nearly 4-fold 
increase in suspended sediments compared to May. Values for both 
dates were otherwise similar at Site 3.

Only one sample falls within the  May 15-September 15 window, so no 
trend data are shown.

Lake Wappapello 
Sample Sites
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TREND GRAPHS2009 GRAPHS

2009 DATA Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Randolph County
39.4162  -92.4646

4/24 6/2 6/24 7/13 8/10 8/27 9/15 Mean
25 47 43 44 61 61 59 47
88 50 39 39 30 28 32 41

1000 780 760 840 680 670 730 773
38.1 7.1 10.1 20.6 9.3 10.0 17.7 13.7
8.7 1.7 2.6 2.1 1.8 1.5 1.4 2.3

Waterworks Lake

Waterworks and Rothwell lakes are both lo-
cated in Rothwell Park in the city of Moberly 
and were each sampled 7 times in 2009.

Aside from the April values, conditions in Wa-
terworks Lake were rather stable in 2009. 
Likely due to spring rains, the April sample 
had 5 times more chlorophyll than the sea-
son’s minimum, 3 times more phosphorus, 
and 6 times more suspended sediment mate-
rial.  The Secchi transparency value was low-
est in April (2 feet), increasing to 5 feet for the 
last 3 samples. 

While phosphorus concentrations have been 
below the long-term mean for the last two 
years, there is no trend apparent for either 

nutrient (nitrogen not shown). Aside from 
marginally higher values in 2007, phosphorus 
concentrations have been quite consistent in 
both range and seasonal average. Chlorophyll 
concentrations (not shown) have decreased 
for 4 consecutive years, resulting in modest 
increases of water clarity (as measured by 
Secchi transparency).
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2009 DATA

TREND GRAPHS2009 GRAPHS

Date
Secchi (inches)
TP (µg/L)
TN (µg/L)
CHL (µg/L)
ISS (mg/L)

Latitude:                      Longitude:    

See pages 10-11 for help interpreting graphs

St. Louis County
38.5561  -90.3688

4/21 5/12 6/4 6/24 7/12 8/4 8/25 9/15 Mean
87 132 141 46 64 35 35 33 61
49 43 40 36 37 49 37 45 42
780 760 690 880 720 1060 1150 1160 882
16.4 3.5 12.2 28.3 19.2 62.3 50.2 65.8 23.0
0.4 0.1 0.1 2.0 1.7 1.2 1.3 1.0 0.6

Whitecliff Park Lake

Whitecliff lake’s water clarity ranged from 
nearly 12 feet to less than 3 feet in 2009, 
with most of that range represented in June.  
Nutrient values varied comparatively little 
through the season, with the 2009 maximum 
phosphorus concentration that was only 30% 
higher than the minimum concentration. It is 
common for a Missouri lake’s phosphorus 
concentrations to range two-fold within a 
given season. In late June, the chlorophyll 
concentrations doubled, and more or less 
increased as the season progressed. Based 
on the low concentrations of chlorophyll rela-
tive to available phosphorus in the early sea-
son, and the more typical relationship later in 
the season, it is likely that grazing by spring 
zooplankton was suppressing algae growth. 
Fish predation of the zooplankton community 
accelerated by late June, allowing increased 

algae growth. The increased nitrogen and 
stable phosphorus concentrations of August 
and September imply that a blue-green al-
gae bloom occurred. Many blue-green algae 
(cyanobacteria) are capable of “fixing” atmo-
spheric nitrogen into their cells.

Variable chlorophyll concentrations are not 
unique to 2009. Interestingly, the chlorophyll 
values of 2009 were nearly identical to the 
previous 2 years, with both seasonal means 
and ranges varying little. Nitrogen concen-
trations in 2009 were the lowest to date, but 
still quite similar to 2008.


