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3 Case Studies in Short Term Variability

In

a recent issue of The Water Line (Fall ’04) we introduced you to the Daily Project; an
intensive 100 day sampling of three mid-Missouri reservoirs from mid-May to late August, 2004. In the article “How’s the Water Quality on the other 20 Days?” we looked at how
well volunteer Secchi transparency data from Little Dixie Lake compared to university collected data for the extended time period. In this article we will use data from the Daily Project to investigate the short term variability of a number of water quality parameters.
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Figure 1.
Top: Phosphorus and NVSS concentrations
in Lake Woodrail, May 23-31
Bottom: Corresponding rainfall in inches
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Rain, Rain – How Long
Till the Effects Go Away?
Total phosphorus in Lake Woodrail
ranged between 15 and 20 ug/L during the
middle of May. Phosphorus concentrations increased dramatically during May 25th and 26th,
with values going from 18 to 41 ug/L (Figure
1). This substantial increase in phosphorus was
a result of 3.2 inches of rain during May 23-25
(Figure 1). Runoff from the suburban watershed
supplied phosphorus to the lake. Nitrogen and
non-volatile suspended solids (soil materials)
also increased. While suspended solids values

Phosphorus (ug/L)

dropped back down to a normal level quickly (Figure 1),
phosphorus and nitrogen levels remained elevated. It took
over a week for nitrogen to return to pre-rain levels, while
phosphorus was elevated for 2 full weeks. These data
show how watershed runoff can have an impact on in-lake
nutrient and suspended solids concentrations, and how
that impact varies for different parameters.

2
ug/L. The afternoon of the 23rd and the
morning of the 24th turned out
to be very cloudy, with solar radiation values that
were ~50% and ~10% of
those from the week before,
respectively (Figure 2). Algal
chlorophyll began to drop as
quickly as it had risen, with a
decrease of 44 ug/L on the 24th.
By the 26th, three days after the
peak, chlorophyll levels were back
around 50 ug/L.

Life of a Bloom
Chlorophyll displayed the most
dramatic short-term changes,
especially in Little Dixie
Lake. Let’s look at this
short-term variability and
the possible causes for
these changes.

During this period there were slight
fluctuations in the phosphorus concentrations (range 61-78 ug/L), but not
enough to account for the large fluctuations in algal chlorophyll. Nitrogen levels
also
displayed changes, going from around 1100
ug/L to a peak of 1430 ug/L, and then back down to
1100 ug/L (Figure 2). It could be that the increase in
nitrogen fueled the growth of algae, but more likely
the growth of algae led to the increase in nitrogen.
As lake conditions change, so do the types of algae
present. Some blue-green algae (also known as cyanobacteria) are capable of fixing atmospheric nitrogen (just like legumes such as peanuts and
soy beans). If blue-green algae were responsible
1400
for the increase in algal chlorophyll, it is very
likely that the nitrogen increase came about because algae were adding it into the system. This
1200
case study demonstrates that lakes can be extremely dynamic, with algal blooms building
1000
quickly and dissipating just as fast!
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During mid-July chlorophyll levels in Little Dixie Lake
bounced between 50 and 60 ug/L. This
period was dry and solar radiation (a measure of
available solar energy) was above the overall summertime average; meaning plenty of sunlight for photosynthesis. Chlorophyll concentrations started to increase on July 17th, reaching 88 ug/L on July 20th
(Figure 2). By the next day, chlorophyll was up to 119
ug/L; a 35% increase in 24 hours! Levels continued to
climb and maxed out on morning of the 23rd at 142
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Figure 2.
Top: Shifts in Chlorophyll and Total Nitrogen
concentrations in Little Dixie Lake for the period
July 16—26, 2004

25
20
15
10
5
0

16

17

18

19

20

21

July

22

23

24

25

26

Bottom: Corresponding total solar radiation
(mega-Joules per square meter) measured at a
nearby weather station
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I Can See Clearly Now
…Wait… No I Can’t
Secchi transparency at Rocky
Fork Lake ranged from 63 to
147 inches during the first 10
days of monitoring, representing a
difference of 7 feet. Because algal
biomass and suspended soil materials
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are generally the driving forces in determining water clarity in Missouri’s lakes, we
can look to these parameters to help explain the changes we see in Secchi
transparency. The first big shift was an
increase in clarity on May 15th
(Figure 3). This 39% increase in
Secchi can probably be attributed
to the decrease in algal chlorophyll and remarkably low
NVSS levels (Figure 3). This
peak in clarity didn’t last long,
as there was a decline to 100
inches of clarity the next day when algal chlorophyll increased slightly. We see
that the minor changes in chlorophyll and NVSS
from one day to the next are reflected in differences
in clarity, and that both parameters play a
role in determining the clarity. When chlo22
rophyll increased to over 10 ug/L on May
20th the clarity responded by dropping
below 70 inches (Figure 3).
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Be aware that in lakes with high algal biomass (chlorophyll > 20 ug/L) the changes
in transparency are minimal even when
chlorophyll shifts dramatically. During the
algal bloom and subsequent die-off in Little Dixie Lake, the Secchi transparency
only fluctuated by 16 inches (ranging from
13 to 29 inches).
Figure 3.
Top: Secchi transparency values
in Rocky Fork Lake, May 13-22
Bottom: Corresponding
and chlorophyll values

NVSS

Summary
We often try to summarize lake water quality with a few numbers, but in reality these are dynamic systems
that change constantly. While we can never really know the “true average” for a given parameter, we can
make reasonable estimates.
Because of the normal, natural variation that occurs we must minimize any influence we might have on the
data. We best accomplish this by collecting and processing samples in a consistent way, by following the
proper procedures, and by collecting all eight samples during the sampling season.
Dan Obrecht
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Some of you will soon be getting a call (if you haven’t
already) from Tony as he sets up Split Sampling for
the 2005 season. Split Sampling is one way that we
monitor the quality of work that you, the volunteers,
are doing. By showing that the data generated through
volunteer efforts are of high quality, we can ensure
the continued use of LMVP data by the state to meet
monitoring requirements of the Clean Water Act.
Participating in a Split Sample is easy; Tony will
schedule a time for someone from the University to
meet with you during a scheduled sampling event.
The LMVP representative will accompany you out to

your site and observe as you make field readings and
collect a composite sample. Once you have filled your
bottle from the composite container (a.k.a.—the
bucket), the LMVP staffer will also fill their bottle
from the composite container. From here you will
process and store the sample as you normally would,
while the split will be brought back to the University
for processing and storage.
Once data are generated, comparisons will be made
between the Split Samples. Differences in results
would suggest that there was a problem with processing or storage that has had a negative impact on the
data. Similar results in Split Samples would show that
procedures used by volunteers do not influence the
data. The state currently regards LMVP data as the
highest quality. By being careful, diligent and a just a
bit retentive, volunteers can collect high quality data.
The results from Split Sampling will hopefully provide proof of that quality.

2005 is a BIG Year!
Volunteers will be monitoring several new lakes in
2005. Lakes monitored for the first time ever this year
include:
•
•
•
•
•
•
•
•

Deer Ridge—Lewis County
Henry Sever—Knox County
Labelle City Lake—Lewis County
Clearwater Lake—Reynolds County
Lake Wappapello—Wayne County
Forest Lake—Adair County
Hazel Creek—Adair County
Stephens Lake—Boone County

We also have new volunteers at several sites including
8 Table Rock sites, 2 Stockton sites, and 2 Lake of the
Ozarks sites!
Since April we have trained 18 new volunteers to
sample at 27 sites on 11 of Missouri’s lakes in 2005!

Over 100 Sites will be sampled
on 50 lakes in 2005!
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Algae, algae all year round

A Turnover

L

akes behave differently in the winter than in
the summer. We’ve already explored some of
the physical differences in our Stratification
article (Spring 2002 Waterline), now let’s discuss of
some of the biological differences between the seasons. Specifically, what happens to the algae and the
zooplankton.
Turnover
During turnover, the whole water column is approximately the same temperature. The lake “turns over”
because the water mixes from top to bottom. Algae are
diluted and mixed throughout the entire water column.
Because of this mixing, the algae are exposed to
sunlight only occasionally (depending upon lake depth
and clarity). The available nutrients and oxygen are
distributed throughout the entire water column. The
sediments release very little phosphorus in the presence of oxygen, so there is no internal loading of
phosphorus during turnover.

B Stratification

Spring
When the surface heats up enough, the lake will stratify into layers based on water temperature, with the
cooler water on the bottom. After the lake stratifies,
the algae are no longer mixing to the bottom. The algae in the epilimnion, or top layer of water, are free to
grow like gangbusters. This is called the spring bloom.
Lake stratification and the subsequent algae growth are
ultimately brought about by increasing water temperatures. As the temperature rises, so does the population
of grazers. Zooplankton eat the algae all winter long,
but the rate of grazing increases directly with temperature. So the zooplankton grow quickly during this period. Not only do they get bigger, but they reproduce at
a much greater rate. The zooplankton young are hungry and will also eat lots of algae. Both adult and juvenile zooplankton have small mouths, so they are restricted to grazing on small algae.

Continued on next page

During Turnover (A), water mixes throughout
the water column. Algae are often in the dark
and the sediments release almost no phosphorus.
During Stratification (B), layers are established based on temperature. Available nutrients in the top layer (Epilimnion) may become
depleted over the summer.
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As organic matter settles out of the epilimnion into the
hypolimnion, it decomposes. The decomposition process uses oxygen. Eventually, there will be no oxygen
in the hypolimnion and phosphorus will be released
from the sediments by a process called internal loading. Stratification not only keeps oxygen from reaching the hypolimnion, it also prevents the phosphorus
from reaching the epilimnion (Figure B). Unless
there’s a significant amount of rainfall to bring runoff
to the lake, the concentration of available nutrients in
the epilimnion will start to decline. Meanwhile, the
population of grazers is growing rapidly. Before long,
the algae will have either run out of nutrients or be
eaten by zooplankton and the lake could have its
clearest water of the year. This period is known as the
clear-water phase.
Of course, during this whole process, the fish aren’t
just sitting around on their tailfins. Many species of

Zooplankton

Zooplankton on a chlorophyll filter are seen as
small clear blobs about the size of a pinhead.

Mat of blue green algae at a Taneycomo boat dock

fish time their mating to take advantage of the abundance of zooplankton.
As the small edible algae become scarcer and newlyhatched young fish begin to feed on zooplankton, the
zooplankton population will also crash. After a time,
the algae and zooplankton populations will recover
and stabilize. There will be more types of algae and
zooplankton present in the lake now than during winter. (a more diverse community structure).
Summer
Smaller, fast growing algae dominated in the cool waters of spring. As the water warms up, larger species
of algae begin to play a more important role in the
lake’s ecology. Some types of algae grow in mats or
filaments, thus avoiding the pressure of grazing.
Among these algae are the so-called “blue green algae.”
The Blue Green Algae
The blue green algae are not actually algae; they belong to a group of bacteria, called cyanobacteria, that
can photosynthesize like plants. However, we have
called them blue green algae for so long, the name just
stuck. Blue greens are very primitive organisms, but
can do some interesting things.
Continued on next page
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Copepod

Certain blue green algae can take
nitrogen gas out of the air and convert
it into a usable nutrient (a process called
fixing nitrogen). This is VERY useful in
lakes with abundant phosphorus. While
other algae are struggling to survive due to
a lack of nitrogen, the blue greens can make
their own. Some land plants, such as clover
and soybeans can also fix nitrogen, thanks to the bacteria that live in (i.e. infect) their roots.
Many types of blue green algae can control their position in the water column. They do this by filling a portion of their cells with gas to float. As the cells photosynthesize, they gain weight and sink again. In this
way they can move vertically at a rate up to 10 feet
per hour. That’s pretty fast for such a small organism,
but it’s not fast enough to overcome even a small
wind. As a result, the floating scum of blue green algae is most often seen on very still, sunny days. On
windy days, they are mixed throughout the surface
layer.
The blue green algae are not generally edible or desirable to zooplankton, and so are controlled by other
factors. For example, the amount of blue green algae
in a lake relative to other types of algae increases as
phosphorus increases. So, if you have a lot of phosphorus in a lake, not only will you have more algae,
you will have more blue green algae.
Autumn
The young fish that hatched
in the spring have gotten
much bigger by the end
of summer. They can
now eat the largest
zooplankton, which
are the most efficient
at filtering the algae
out of the water. As the
larger zooplankton are
removed, algae blooms
in autumn are not uncommon.

Eventually, the lake will start to cool
and epilimnion will extend deeper into the
water column, eroding stratification. As this
happens, the phosphorus that was released to the
hypolimnion during stratification (see Figure B) will
begin to mix into the epilimnion. While that means
that nutrient concentrations will be higher in the surface waters, the algae will be diluted and circulated
through the dark bottom water, inducing light limitation. Thus, the lake should clear up a bit.
Winter
The typical northern Missouri lake may be covered
with ice throughout the winter. Ice covered lakes stratify, but in a different way. For these lakes the warmer
water will be on the bottom. In the absence of ice
cover, southern Missouri lakes often mix all winter
long.
Thanks to the cold temperatures, some algae and zooplankton species will have died off. Others will have
gone into “resting stages,” while a few species will
still be active. As the waters warm or conditions become otherwise favorable, the eggs or “resting” cells
on the bottom will become active and the cycle will
begin again.

Assorted zooplankton

Cladoceran

Copepod

Tony Thorpe

The Lakes of Missouri Volunteer Program
302 ABNR—University of Missouri, Columbia
Columbia, MO 65211-7240
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