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Every few years, the LMVP surveys our volunteers to
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find out what water quality issues are most important to
Another Approach to Chlorophyll
6
them and whether or not they read the things we write.
What follows is a discussion of the most recent survey of our 120 or so regular LMVP volunteers, 71% When asked what they do on the lake, most LMVP
of whom answered the 27-question survey (85 surveys volunteers like to appreciate the view (85%) and more
returned).
specifically, view wildlife (71%). Many like boating
(78%), fishing (62%), and swimming (58%). Other
Volunteers and Their Lakes
common activities are canoeing and kayaking, hiking
and hunting.

“Are your lake’s surroundings urban or
rural?”

“Where is your lake located?”
LMVP Lakes by Ecological Region

Half of our volunteers monitor lakes in the Ozark Highlands region of Missouri (see map). Roughly a quarter monitor in the Glaciated Plains, and the remaining
quarter are in either the Ozark Border or Osage Plains
region. We currently have no volunteers in the Mississippi Lowlands region.
On average, LMVP volunteers spent 161 days on their
lake last year. The 57% of volunteers who live on their
lake spent considerably more days on the water (249
days) than those who have to travel to the lake (57
days). Only 13% of volunteers identified their lakes’
surroundings as “urban”. Most consider their lakes’
surroundings to be either “rural” (58%) or a combination of urban and rural (29%).
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US Environmental Protection Agency Region VII, through the
Missouri Department of Natural Resources, has provided partial
funding for this project under Section 319 of the Clean Water Act.
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Survey: Continued

“Which best
describes water
quality at your
lake?”

limited their use of the lake, other boats were high on
the list. Problems caused by large boats, their wake,
their speed, and the erosion caused by the turbulence
were specifically cited. Volunteers suggested methods
to address the problems. Many wanted to limit boats
in some way, either by size, speed, or engine size. One
volunteer suggested dividing their lake into zones for
different boat types.

Percent of Volunteers Considering
Issue to be a Problem

The other common problems that limited volunteers’
lake use were changing water levels and the influx of
sediments from the watershed. Low water levels left
some boats high and dry, or made navigation hazardous. Sediments from the watershed cause muddy water
in the lake and reduce the depth of coves by filling in
When asked about their lake’s water quality, nearly all
the lake bottom. Dredging may be the only recourse,
volunteers think it is at least average. Only 2 volunteers
and it is a complicated and expensive endeavor.
thought their water quality was “Poor” or “Very Bad.” A
full 70% consider their water quality to be “Excellent” Lake Management
or “Good.” Only a few volunteers (15%) think their
Volunteers think that their lakes are generally wellwater quality has improved in the last 5 years, nearly
managed and are sympathetic to budget and staff limihalf the percentage found in 2008 (26%), but twice that
found in 2002 (8%).
Lake Problems as indicated by volunteers (2002, 2008, 2013)
Lake Problems
Volunteers indicated the following issues were problems. Each bar
We showed volunteers a list represents a survey year (2002, 2008, and 2013) and shows the perof general lake problems and centage of volunteers responding.
asked them to indicate for each
“No Problem,” “Slight Problem,” “Serious Problem,” or
“I Don’t Know.” There were
not many “Serious Problem”
responses. The most common
were sediment in the water
(18%), nonpoint source pollution (aka runoff, 17%) and
other boaters (17%). Many of
the choices were considered a
“Slight Problem.” The broad
range of responses likely reflects the different lake users
and types of lakes monitored.
Pesticide levels and the effects
of climate change had the highest “I Don’t Know” ranking
When asked what problems

Each bar represents the percentage of respondants in a survey
year who considered an issue to be at least a slight problem.
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Survey: Continued

91% of volunteers
preferred the new
Data Report format over the old.
The new report is a
short format in full
color, with individual lake data available online.

tations of the managing entities. When asked to rank
the responsibility of various groups for managing lake
water quality, federal, state, and local government were
evenly split across “No Responsibility,” “Low Responsibility,” “Moderate Responsibility,” and “High Responsibility.” In contrast, 53% of volunteers felt that
individuals/citizens have a “High Responsibility” for
water quality in their lake.

“How did you
hear about the
LMVP?”

digitally. Our goal was to provide the “big picture” in
a way that was easy to understand and could be shared
with others. When asked, 91% of volunteers preferred
the new format to the old format. Some volunteers
didn’t receive the data report, probably a failing of our
contact list.
Our newsletter, The Water Line, is regularly read (at
least in part) by 86% of our volunteers, and 74% find
it very informative. Two-thirds of volunteers discussed
information from the articles with other people. As with
the data report, some volunteers aren’t receiving the
newsletters, a problem we hope to correct soon.

The survey confirms that we rely heavily on word of
Many of our volunteers are involved in other water mouth for recruitment. The largest proportion of our exquality stewardship activities. A few volunteers con- isting volunteers heard about the program from a friend
duct bacteria testing for their lake, several are involved (44%). Some learned about us during a water quality
in trash pickups, and many are involved in Missouri presentation (28%), and others from the internet (22%).
We received many suggestions for newly recruited
Stream Team.
volunteers, including “have fun,” “ask questions,” and
The Lakes of Missouri Volunteer Program
“shake it, baby.” All good advice, in my opinion!
The LMVP is the primary source of water quality information for most (63%) of the volunteers, but several
listed the Missouri Department of Conservation (11%)
and the Missouri Department of Natural Resources
(9%) as their primary source.

The last question on the survey asked what volunteers
would change about the program. Many people indicated they would like to have a “meet and greet” event
and educational session. One volunteer even suggested
a pot luck to keep the cost down. Several suggested we
pursue more media coverage to spread the word about
the LMVP. A few folks want faster data turnaround,
which should be improved by the new data report format. We’ll be working on many your great suggestions.

Each year, the LMVP produces a report summarizing
its water quality data. For many years we have written
up water quality descriptions for each lake site, but the
process was time consuming and expensive to print and
mail. For the 2012 report, we moved to a shorter, all- I’m afraid I can’t help with that request for a 24-foot
color print format that summarized water quality at the Boston Whaler, however.
statewide level and distributed the lake data and graphs
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Estimating Algae:
Chlorophyll Analysis
Chlorophyll may be one of the most important molecules on earth. This combination of carbon, hydrogen, oxygen, nitrogen, and magnesium is capable of
taking light-energy from the sun and turning it into
sugars, a form of stored energy that the cells of the
plant can use. Organisms that cannot photosynthesize
ultimately need the energy produced by photosynthesis to survive.

chlorophyll concentration is used as an estimate of
algal biomass across the planet.
The method used by the lab to analyze chlorophyll involves placing the filters processed by volunteers into
a test tube with ethanol and then heating the tubes in
a hot water bath. This process breaks the algal cells
open, releasing the chlorophyll pigment into the ethanol. The ethanol is then analyzed in a fluorometer
to determine chlorophyll concentrations. The fluorometer shines 430 nanometers (nm) light into the
sample, ‘exciting’ the chlorophyll pigment, which in
turn emits a quantity of 663 nm light. The fluorometer measures the intensity of emitted 663 nm light to
quantify the chlorophyll concentration. See the Fall
2003 Water Line article for more information (http://
www.lmvp.org/Waterline/fall2003/chlorophyll.htm)

Not only is chlorophyll responsible for the energy
that drives life on earth, it is also the source of another requirement for life: oxygen. During photosynthesis oxygen is produced as a waste product and released into the water or air. This is important because
oxygen is chemically reactive, readily bonding with
other atoms and molecules. Without the continuous
re-supplying associated with photosynthesis, our atmosphere would run out of the free, un-bound oxyThe wavelengths used in this method focus on detectgen that we need to live.
ing chlorophyll-a because it is the dominant chloroChlorophyll is actually a group of closely related phyll pigment. Chlorophyll-b can interfere with the
pigments, differentiated as chlorophyll-a, -b, -c, -d, analysis because it gives off some 663 nm light when
and -f. The chlorophyll pigments differ slightly in excited with 430 nm light. Thus the presence of this
molecular structure and in the wavelength of light accessory pigment will lead to an overestimate of
energy they absorb. Chlorophyll-a is the dominant chlorophyll-a. Studies have shown that, at most, prespigment, existing in all algae, while the other forms
of chlorophyll are not universal and are considered
accessory pigments. Not all species of algae contain
other forms of chlorophyll and the various taxonomic
groups have different accessory pigments; for example the blue-green algae may contain chlorophyll-d
and -f, while diatoms may only have chlorophyll-c
as an accessory pigment. The presence of accessory
pigments increases the range of light energy that can
be used for photosynthesis.
Ultimately, the LMVP is interested in the amount of
algae growing in Missouri’s lakes. One might wonder why the program focuses on chlorophyll pigment.
The answer is simple; chlorophyll analysis is much
easier, quicker, and cheaper than actually counting
and measuring the algal cells in a water sample. Studies have shown that the relation between chlorophyll
content and algal biomass is strong, and therefore

Ruth Ann measures chlorophyll-a concentrations in the MU Limnology Laboratory in
Columbia.
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Estimating Algae: Continued

Using a fluorometer, chlorophyll is “excited” by light at 430
nanometers (nm). The intensity of light emitted by the chlorophyll molecules at 663nm is measured and recorded.

ence of chlorophyll-b could lead to a 10%
overestimate of chlorophyll-a. This worst- Chlorophyll-b and pheophytin absorb and emit light at wavecase scenario involves a monoculture of a lengths that somewhat overlap chlorophyll-a.
species that produces chlorophyll-b. Given
that Missouri lakes tend to have a mix of algal species present, the amount of error associated with the presence of chlorophyll-b
is much lower than 10%.
As chlorophyll degrades, parts of the molecule break off. When the magnesium atoms
at chlorophyll’s center are lost, it becomes
pheophytin. Pheophytin-a and -b (breakdown products of chlorophyll-a and -b, respectively) also emit light at 663 nm when
excited with light at 430 nm. A sample with
high levels of pheophytin can lead to an
overestimate of chlorophyll-a.
The methodology used by the LMVP requires lab technicians to make two measurements on a given sample. The first measure
is what we refer to as total chlorophyll. This
terminology can cause some confusion, because we are not really measuring all the
different chlorophylls (-a through -f), but
instead are measuring chlorophyll-a with some potential for interference from chlorophyll-b, and the breakdown pigments pheophytin-a and -b. After completing
the initial measurement, lab techs add a small amount
of acid to the remainder of the sample. This acidification strips the magnesium atoms from the chlorophyll,
converting it into pheophytin. A second measure is
taken, this time only measuring pheophytin. By plugging these two values into a formula we can calculate
how much of the initial measurement was due to chlorophyll and how much was pheophytin. Thus we generate three values: Total Chlorophyll (or uncorrected
chlorophyll), chlorophyll-a (corrected by accounting
for the pheophytin), and pheophytin.

break-down pigment is negligible. Samples collected
in 2013 averaged 3.5µg/L pheophytin, which means
the difference between our total or uncorrected chlorophyll and our chlorophyll-a values is small, averaging 1.4µg/L for 2013 season.

As with all environmental data, LMVP data are actually estimates. No measurements are perfect and we
have to accept some level of error. Any interference
due to the presence of chlorophyll-b pigment is minor
relative to the other sources of variation in estimating chlorophyll concentrations in Missouri lakes. The
methodology used by the MU Limnology Laboratory
to generate chlorophyll data is precise in terms of its
ability to measure low concentrations. Quality assurance and controls are implemented to assure the highIn most LMVP samples the amount of pheophytin est quality data.
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Another Approach to Chlorophyll
Chlorophyll data are used by the LMVP to estimate
productivity in Missouri lakes. To date we have not
used chlorophyll to directly estimate the weight of the
algae in the lake. We will look at this in the near future,
but here are some preliminary results.
From most of the lakes monitored, volunteers collect
samples to be analyzed for the weight of particles suspended in the water. During our analysis we measure
both the inorganic and organic components (see Winter
2003 Water Line). The inorganic component (inorganic
suspended solid/sediment, or ISS) is primarily made up
of soil particles. Algae comprise the largest share of the
organic component (organic suspended solids, or OSS).
Both components together represent the total suspended solids (or TSS).
By examining the relationship between OSS and algal chlorophyll in LMVP data (more than 5000 data
points!) we can describe the relationship and generate
a formula to translate chlorophyll into OSS. This step
could be useful for lakes such as Table Rock, Taneycomo, and Bull Shoals where the LMVP does not measure suspended solids (ISS levels in these lakes are often so low, volunteers would have to process more than
a liter of water per filter to generate useful data). By
converting chlorophyll concentrations into an estimate
of suspended solids we can compare particulate levels
in all LMVP lakes.

A

B

C

The three boxes represent water samples from lakes
with similar Secchi readings. Each sample contains
a comparable amount of particulate matter.
Sample A is nearly all organic matter (algae).
Sample B is nearly all inorganic matter (sediment).
Sample C has roughly equal parts of organic and
inorganic material.

sured by Secchi, was similar for all three sites. In contrast, the average chlorophyll concentration differed
nearly 5-fold. If we convert the chlorophyll at Table
Rock Site 13 (where OSS is not measured) to an OSS
value and assume minimal ISS, we end up with a total
suspended solids (TSS) weight of 5.9 mg/L. Calculating algal biomass for Longview and Blue Springs results in values nearly identical to their respective OSS
concentrations.

To truly understand why water clarity can range between a few inches to more than 30 feet in the state’s
lakes, one has to consider both the inorganic and organic materials. Using chlorophyll concentrations to
The table below contains data from three LMVP lake- estimate OSS will allow inclusion of all LMVP lakes in
sites monitored in 2011. Average water clarity, as mea- a more in-depth analysis of Secchi transparency.
Avg.
Secchi
(inches)

Avg.
CHL
(ug/L)

Calculated
Algal Biomass
(mg/L)

42

45.4

5.8

na

0.1(est.)

5.9

Longview

40

9.3

*

2.1

3.6

5.7

Blue
Springs

43

15.3

*

3.1

3.2

6.3

Lake-site
Table Rock
13

Avg.
Total
OSS Avg. ISS Material
(mg/L) (mg/L)
(mg/L)

* Calculated algal biomass: Longview (2.2 mg/L), Blue Springs (3.1 mg/L)

This table shows how lake sites with
similar Secchi values can be quite
different from one another.
Secchi, chlorophyll (CHL), organic
suspended solids (OSS) and inorganic suspended solids (ISS) values are geometric mean values
from the 2011 LMVP sampling season. Calculated algal biomass was
estimated using the relationship between OSS data and the chlorophyll
concentrations of LMVP data.

