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LMVP Data In Action
Environmental Protection Agency Uses LMVP
Data
Lakes of Missouri Volunteer Program data, which
have been benefiting Missouri since 1992, are now
contributing to water quality improvements on a larger regional scale. As reported in a previous issue of
The Water Line, individual states are working toward
developing criteria that will identify lakes with excess
phosphorus and nitrogen. The U.S. EPA is assisting
states by developing guidelines for criteria development. The guidelines to assist U.S. EPA Region 7 states (Iowa, Kansas, Missouri and
Nebraska) are being established by a
Technical Work Group made up of resource professionals from the region.
The first task of the Work Group
was to gather lake water quality
data, and information about Missouri’s lakes was represented by LMVP data. This use and acceptance is
evidence of the high quality of data generated through
the LMVP. Volunteers
should be proud that
their efforts are helping
not only Missouri, but the
entire Midwest in managing lake water quality issues.
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Fall 2005

Presentation to James River Basin Partnership reaches wide Audience
Water quality improvements documented with the
help of volunteers on Table Rock Lake recently
made headlines around the state. The findings were
presented at a lunchtime meeting of the James River
Basin Partnership, held at Uncle Buck’s Auditorium
in Springfield’s Bass Pro Shop. Instead of witnessing a scuba diver feed giant bass, the usual lunchtime entertainment at Uncle Buck’s, the 70 attendees
watched a presentation documenting improvements
in the James River Arm of Table Rock Lake (see the
Fall 2004 issue of the Water Line for details). Along
with the presentation, LMVP staff gave interviews to
three local television stations and a local newspaper.
The story went out on the AP wire where it was
picked up by media in St. Louis and Kansas City.
Surprisingly, the news of water quality improvements in Table Rock Lake was included in the USA
TODAY’S Across the USA section of the paper on
September 6th.
Read about the presentation on the web at:
www.lmvp.org/jamesriverstudy
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T

he Lakes
of
Missouri Volunteer Program
tests for nitrogen
and phosphorus,
the nutrients primarily responsible for algae
growth. We tell
anyone who will
listen that if you
want to control
algae, you must control the nutrients. However, it is
possible to alter the amount of algae in a lake by manipulating fish populations.

To understand how this works, it’s important to understand the role of various organisms in the food
web.

Nutrients:
For algal growth in lakes, nutrients of
primary concern are nitrogen and phosphorus, “macronutrients” that establish
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The Trophic Cascade
Each box in the graphic to the right represents a
“trophic” level, or food group from nutrients to piscivores. Altering the higher trophic levels (e.g. piscivores) can lead to a “cascade” effect on the lower
trophic levels. For example, a lack of
piscivores usually results in an abundance of zooplanktivores and algae (top
NUTRIENTS
row), while an increase in the number
of piscivores eventually results in a decrease in the number of zooplanktivores
and, theoretically, algae (bottom row).
By adding piscivores, the grazing pressure is removed from the zooplankton
and their numbers should increase. As a
result, the algae population is more
thoroughly grazed. The nutrients are
generally not affected by this
“biomanipulation.”

the upper limit for algae growth in a lake. Factors
such as grazing by zooplankton, temperature and
available sunlight can prevent algal growth from
reaching its maximum potential, but high levels of
algal biomass will not occur in the absence of sufficient nutrients.
Algae:
These organisms are the base of the aquatic food web.
Lakes receiving excess nutrients from human impacts
tend to have too much algae. This abundance causes
numerous problems, many of which have been outlined in previous issues of the Water Line.
Zooplankton:
This group of small animals eats algae and provides
forage to small planktivorous fish. In some cases,
zooplankton can filter the entire volume of water in a
lake in just a few days. In the presence of planktivorous fish, the zooplankton tend to be small because
bigger zooplankton are easier to see (and therefore
easier to eat). In the absence of grazing pressure by
zooplanktivores, the zooplankton community will
shift toward larger species. It is important to note that
Continued on next page
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zooplankton don’t usually eat blue green algae, filamentous algae or algae attached to rocks or other
structures.
Zooplanktivores:
This trophic level includes shad and shiners. These
fish will consume the zooplankton that keep algae
populations in check. Reducing the numbers of these
fish will theoretically increase the number (and size)
of zooplankton in the lake and ultimately lead to
lower concentrations of algae.
Piscivores:
“Fish eaters”, like largemouth bass or walleye, are at
the top of the freshwater aquatic food chain. Piscivores can eat zooplanktivorous fish in great enough
quantities to affect the zooplankton population.
Thanks to reduced pressure from the zooplanktivores,
the zooplankton increase in number and size and can
more readily consume algae, resulting in clearer water
in some cases.
Top Down vs. Bottom Up
Each group, such as the algae, zooplankton or piscivores, has a functional role in the ecosystem. When
you attempt to reduce nutrients to control algae, you
are working from the “bottom-up,” the method that
most consistently works for controlling algae. However, it is possible to approach the problem from the
other end and work from the “top-down.” Increasing
or decreasing the numbers of consumers (organisms
that eat other organisms) to control the numbers of
lower level organisms is called biomanipulation.
Biomanipulation Techniques:
One way to reduce the numbers of zooplanktivores is
to poison the lake. While this option is generally unappealing, it is the most reliable biomanipulation technique for increasing zooplankton and reducing algae.
Another method is to drag a trawl net through the lake
and sort the undesirable from the desirable fish; however, this is a labor intensive approach. Yet another
method of bolstering the zooplankton community is to
add bigger fish (i.e. piscivores) to eat the zooplanktivores.
The approach of adding more piscivores is very ap-

pealing to lake managers, because of the benefit of
additional fishing opportunities. However, the success
rate of this management approach as an algae control
technique is questionable. One of the issues is that
nearly all fish eat zooplankton at some point in their
lives. Even largemouth bass fry will eat zooplankton
until they grow enough to eat larger food items. Another concern is that the inherent variability in natural
systems is amplified with each trophic level involved
in the process. As a result, the effect of biomanipulation decreases with each trophic level that exists between the intended target and the manipulated species.
For example, if you want to decrease algae via biomanipulation, you will likely have a stronger response if
you directly alter zooplankton rather than piscivores.
In some cases, increased zooplankton abundance can
result in reduced phosphorus concentrations. Zooplankton consume algae and the nutrients contained
within the algae. As the zooplankton die, they sink to
the bottom, taking whatever nutrients they have in
their bodies with them. However, the impact of these
nutrient reductions is negligible in most cases.
Top-down efforts to control algae aren’t always successful when used alone, and when they are successful, the results aren’t reliably predictable. This is especially true in the eutrophic (nutrient rich) lakes typically found in Missouri. In the presence of both excess
nutrients and numerous zooplankton, the algal community is likely to be restructured rather than reduced.
As zooplankton consume green algae and diatoms,
less desirable blue green algae may begin to dominate
the algae community. The overall consensus seems to
be that biomanipulation efforts are most successful
when executed in conjunction with “bottom-up” controls, such as reducing the inputs of nutrients to the
lake.
It always seems to come back to the nutrients!
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dance of limestone generally ensures that the pH is
high and phosphorus is readily available to algae.
Fertilization efforts are expensive and labor intensive. Fertilized lakes must be monitored frequently
and fertilizer needs to be applied multiple times per
growing season to provide a stable environment for
fish populations. The heavy biological loads associated with fertilization require careful attention to dissolved oxygen concentrations. To avoid fish kills in
cases of very high fertility, aeration may be required.

Lake Fertilization

I

n Missouri, reducing nutrient inputs is central to
our efforts dealing with nonpoint source pollution. Though it seems counterintuitive, some lake
managers in the U.S. intentionally put nutrients into
lakes, a process known as lake fertilization. By fertilizing, lake managers hope to increase the harvest of
sport fish that lake users spend so much time and
money to catch.
Fish yield and lake trophic state are highly correlated,
meaning that greater nutrient concentrations in a lake
equate to greater fish biomass. Adding nutrients to a
lake will directly increase the amount of algae present, and the algae in turn provide food for zooplankton, many of which become food for fish (see the article Bottom Up—Top Down on page 2).

People love to catch big fish, but before you decide to
pour your lawn fertilizers into the lake, read on. Lake
fertilization is generally only recommended in a
handful of U.S. states where soil fertility is very low
and fishing pressure is high. In addition to fertilization, some U.S. lakes are so acidic that lime must be
added to increase both the pH and the chemical availability of the phosphorus. In acidic water, any added
phosphorus will quickly bind with sediments on the
lake bottom. Typically, Missouri lakes aren’t blessed
with the problem of too little algae, and our abun-

Fertilization is really only a viable option for lakes
where fishing is the primary use. Swimmers, divers
and municipal water users would certainly be upset
to find that considerable money was spent to turn
their lake into a green algae soup! Considering a
lake’s existing uses is important for any management
plan, and favoring one lake use (fishing) to the exclusion of another (swimming, water supply) may
not be legal.
The level of fish biomass that a lake can support is
ultimately determined by the lake’s fertility. The
concentration of chlorophyll (the algal pigment
measured by the LMVP), is one measure of lake fertility. In a study of Missouri and Iowa lakes, Jones
and Hoyer (1982) showed the concentration of chlorophyll explained about 83% of the variation in fish
harvest.
A 2004 study of Iowa lakes by Egertson and Downing shows that Catch Per Unit Effort (measured as
weight of fish caught in a net each night) increases
as chlorophyll concentration increases. However,
with the increase in algae, the species of the fish captured shifts from traditional sport fish to benthivorous (i.e. “bottom feeding” see page 5) species like
the common carp and the black bullhead. So, a lake
with more algae can support more fish than a lake
with less algae, but those fish may not be the desired
species.
Ironically, in some Northwest U.S. waters, human
activities have resulted in too few nutrients. Salmon
fry hatch in fresh waters and grow as they move
Continued on next page
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Below are some of the cautionary lake fertilization recommendations from the Mississippi Department of Wildlife and Parks:

Continued from previous page

downstream to the sea. After a few years, the
salmon have grown large by feeding in the ocean,
and they return to freshwater to spawn and die. Historically, most of those salmon bodies would rot in
the stream or lake, depositing nutrients in the process. As human fishing pressure has increased, more
and more nutrients are taken out of the water as fish
meat, leaving inadequate nutrients in the stream to
support the flora and fauna upon which the salmon
depend. For this reason, fertilization programs have
begun in some northwestern lakes.
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DO NOT FERTILIZE IF YOU HAVE ANY OF FOLLOWING CONDITIONS:
•
•

•
•
•
•
•
•

•

Muddy water
Any species except bluegill, redear, channel catfish and largemouth bass in the pond (these fish
would be crappie, bullheads, green sunfish, gizzard shad, carp, gar)
An undesirable amount of green algae or any
other aquatic plants.
Crowded or stunted bream populations (usually 35" in length)
A pond is only fished by a few families or individuals and/or most fish are released.
Swimming and skiing are frequent pond activities.
You intend to fertilize only once or twice a year or
not fertilize every year.
You don't fish enough or don't want to HARVEST
20-40 POUNDS of Largemouth Bass PER ACRE
PER YEAR under 14 inches long.
You don't intend or cannot afford to apply fertilizer
every 3-5 weeks from March through September
each year.

From the Mississippi Department of Wildlife and Parks:
http://www.mdwfp.com/forums/topic.asp?TOPIC_ID=8155

MORE FISH TERMS!
Common Carp, Uncommon Terms
more words to learn!

S

ome fish can have a direct negative impact on
water quality. Benthivores, one such group, are
animals (fish in this case) that survive by eating
“benthic” organisms (those that live at the bottom of
the lake).
One benthivore is the common carp, Cyprinus carpio,
an introduced species, not native to North America.
As carp feed, they suspend sediments from the bottom, a process called “bioturbation.” These sediments
cloud the water and carry phosphorus, which will encourage algae growth. Large zooplankton have diffi-

culty feeding in turbid water, hindering their ability to
remove algae. In addition, juvenile carp will feed on
larger zooplankton, resulting in a zooplankton community dominated by smaller species that are much
less efficient at eating algae than larger species.
Aquatic plants don’t fare well in the presence of carp.
Not only do carp eat some plants, but will disturb the
roots as they feed. The sediments suspended by the
feeding process block the sunlight needed by submersed plants. Aquatic plants provide a refuge for
some zooplankton species and remove nutrients that
would otherwise be used by algae. Shade created by
aquatic plants further hinders algae growth. Carp and
aquatic plants don’t mix, so if you like clear water,
carp aren’t the fish for you!

