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Fapms 2004 Conference
First Call For Papers!!

The FAPMS 28th Annual Conference
will be held at the Hilton Hotel, Deer-
field Beach on October 18 - 21, 2004.

You don't have to be a professional
speaker in order to give a paper!

We are looking for papers on
herbicide application and mechanical
techniques (aquatic and right-of-way),
mixtures, innovative control measures,
revegetation projects, new plant intro-
ductions, research projects, etc.

Remember that this Society
was formed for the applicator and
the annual meeting is a chance to
share what you have learned with
other members. Each year the
Society awards all field applica-
tors who present a paper, with a
plaque.

The field applicator present-
ing the best paper will receive a
plaque and $300!!

See Page 20 for details on submit-
ting a paper to the FAPMS Confer-
ence.

Visit this year’s 2004 on-site Equip-
ment Demonstration and see the latest
in aquatic plant control technology and
all of the latest products and services
from a wide variety of vendors.

So, come join us in Deerfield Beach
and earn CEUs in Aquatics, Natural
Areas, Right of Way and Core. Don't
miss this opportunity to visit with other
Plant Managers and share your ideas
and concerns as they relate to all areas
of Aquatic Plant Management.

For more information and a pre-reg-
istration form visit: www.homestead.
com/fapms/meeting.html

Continued on page 20

FAPMS Website: www.fapms.org

“Hey, I know

the guy with the
camera doesn’t see
me, especially if

I pretend to be a
plant.” This reclusive
N American Bittern
was photographed
displaying its typical
concealing behavior
on the lower
Oklawaha River.
Photo by Jim Kelly
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Understanding Fish Kills
in Florida Freshwater Systems

This article was edited from the
seventh in a series of educational pub-
lications produced by Florida LAKE-
WATCH © 2003 and The University
of Florida - [FAS Extension, Informa-
tion Circular 107 A Beginner’s Guide
to Water Management — Fish Kills

For more information or to obtain
copies of the entire 16 page publica-
tion, call 1-800-LAKEWATCH (525-
3928) or (352) 392-4817. Free copies
are also available for download from:
http:/flakewatch.ifas.ufl edu/

Fish kill in a Central
Florida Lake.
Photo by Drew Leslie

Floridians are proud of the
diversity and abundance of fish life
found throughout the state, and for
good reason. More than 225 different
species of fish can be found in fresh-
water systems, including about 150
native species and approximately
75 non-natives. Of course, this
doesn’t even include the abundance
of saltwater species! With such a
variety to choose from, it’s easy to
see why Florida is considered the
Fishing Capital of the World — a
place where virtually every day,
thousands of anglers take to the
water to land a trophy bass, catch
a delicious fish dinner or enjoy the
therapeutic qualities that fishing has
to offer. In fact, freshwater anglers
contribute nearly two billion dollars

! According to the National Survey of Fishing,
Hunting and Wildlife-Related Recreation. U.S.
Census Bureau. 2001.

to the state’s annual economy. ! How-
ever, anglers aren’t the only people
who care about fish. There are just as
many individuals who enjoy feed-
ing or watching them school under a
dock. Some lake residents have even
“adopted” or named individual fish
that are seen on a regular basis. Still
others feel good simply knowing that
there are fish living in their neighbor-
hood lake, pond, or canal, serving

as indicators of the ecosystem’s
health. Such strong connections to
the aquatic environment may help
explain the concern that surfaces
when reports of a fish kill appear in
the local media — especially if large
numbers of fish are involved. Often
the first assumption is that some-
thing is terribly wrong with the lake
or waterbody. Suspicions are raised
as to whether human activity, such
as a chemical spill, may have caused
the fish to die. Sometimes these
suspicions are warranted but often
they are not. What many people
don’t realize is that the vast major-

ity of fish kills in Florida are due to
natural causes.

The Bad News

* Fish kills occur frequently in Flor-
ida and most of them are natural.

¢ Itis difficult to predict when a
fish kill will occur.

* Evenif a fish kill is predicted,
there is not much that can be
done to prevent it, especially in
larger waterbodies.

The Good News

e In the event of a fish kill, you
may see a lot of dead fish but
there are usually a lot more that
are still alive.

* [If water quality should change for
the worse, there are often many
refuges for fish to escape to.

¢ Because fish are known to lay
many eggs, their reproductive
potential is usually strong. As a
result, they are generally able to
rebound from a fish kill within a
couple of years.

Volume 26, No. 2



Too Many Weeds Spoil the Fishing

Exotic invasive aquatic plants such as Hydrilla,
Eurasian Watermilfoil, Curlyleaf Pondweed,
Water Chestnut and Water Hyacinth can
be detrimental to a healthy fishery in lakes

across the country.

These invasive plants when left unmanaged
can alter the ecosystem of lakes and reservoirs,
causing a decline in the fishery, as well as

interfering with other valued uses of waterbodies.

The Authoritative Leader
in Aquatic Habitat Management

Successful aquatic habitat management
is all about achieving a balance in the
aquatic ecosystem. Cerexagri offers
assistance and a full line of aquatic
products for properly managing exotic
and invasive plants and algae to
achieve and maintain a healthy aquatic

environment for native aquatic plants.

Aquathol® K and Aquathol® Super K Aquatic Herbicide
For selective control of Hydrilla, Curlyleaf Pondweed,
Coontail and other Invasive and Nuisance aquatic plants.

Aqua-Kleen® Aquatic Herbicide

One of the most tested and proven herbicides known
today for control of Eurasian Watermilfoil, Water Chestnut
and other Invasive aquatic weeds.

Hydrothol® 191 Aquatic Herbicide & Algicide

A broad-spectrum herbicide and algicide. Hydrothol® 191
provides a companion product or an aiternative to copper
algicides when controlling difficult algae species.

To obtain a copy of our video, Cj

Aquatic Plant and Habitat Management,
call 1-800-438-6071 cerexagri
www.cerexagri.com

Cerexagri, Inc. is a wholly-owned subsidiary of ATOFINA Chemicals, Inc.



Naturally Occurring
Fish Kills

Naturally occurring fish kills can
be related to physical processes (e.g.,
rapid fluctuations in temperature),
water chemistry changes (e.g., lack of
oxygen or changes in the pH), or they
can be biological in nature (e.g., stress
from spawning activity, viruses, bac-
terial infection, parasites, etc.). Such
processes are common to every lake
in Florida and generally become
lethal only after a fish is weakened
by stress. As described later in this
article, stress is usually caused by a
number of factors — in addition to
the daily challenge of living in an
aquatic environment and continu-
ously having to hide from predators.
In Florida, the vast majority of fish
kills are caused by one or more natu-
ral causes. The most common are

2 Dissolved oxygen refers to oxygen gas that is
dissolved in water.

3 Fish kill data reported to the South Florida
Water Management District documents that
87% of the fish killed in South Florida (i.e,
from 1991 to 2001) occurred when surface DO
was 3 mg/L or less. Measurements were taken
during or shortly after each fish kill event.

low dissolved oxygen levels, spawn-
ing fatalities, mortality due to cold
temperature, and fish parasites or
diseases. On occasion, toxic algae
blooms may be suspect. The follow-
ing segments provide basic descrip-
tions of these factors and how they
can adversely affect fish health.

Low Dissolved Oxygen Levels
Fish absorb oxygen from the
water as it passes over their gills.
For optimum health, warm water
fish generally require dissolved
oxygen (DO) concentrations of
at least 5 parts per million, also
expressed as 5 milligrams per liter
or 5 mg/L. Just like humans, fish
can endure brief periods of reduced
oxygen. However, if DO levels drop
below 2 mg/L, they aren’t always
able to recover.” When concentra-
tions fall below 1 mg/L fish begin
to die.? The periodic depletion of
dissolved oxygen in a lake or water-
body is by far the most common
cause of fish kills in Florida. These
events are easy to recognize because
they usually affect many different
sizes and species of fish, whereas

Introducing
£ GreenClean

= Granular Algaecide

g ¥ LS

A new, copper-free alternative for
algae control in lakes and ponds.
) - Biodegradable, fast-acting and
non-hazardous to fish and aquatic
life, GreenClean is your new tool

in the fight against algae.

For more information, call BioSafe Systems toll-free at
888.273.3088 or visit us on the web at biosafesystems.com

cold temperature related or spawn-
ing-related fish kills tend to affect
only one or two species. If itis a
DO-related fish kill, large fish tend
to be affected first and more severely
than other fish. Another clue: small
fish can be seen gulping or gasping
for air at the surface just before a fish
kill occurs. When it comes to under-
standing the dynamics of oxygen
and water, the most important thing
to remember is that the amount

of dissolved oxygen found in an
aquatic system changes constantly,
day and night. It is affected by
weather, temperature, the amount of
sunlight available, and the amount
of plants and animals living in the
water. Each of these factors can
influence the amount of oxygen
released or removed from the water
at any given time.

Oxygen enters water from two
main sources:

The atmosphere: The same
oxygen that we breathe from the
atmosphere is also slowly and con-
tinuously being dissolved into our
oceans, lakes, rivers, streams, and
ponds through a process known as
diffusion. Wind and wave action
can accelerate this process.

Photosynthesis: Photosynthesis is
a process whereby algae and aquatic
plants use carbon dioxide, water,
and sunlight to make their own food.
Oxygen is a by-product of this activ-
ity. Therefore, as long as photosynthe-
sis is taking place, oxygen is continu-
ously being released into the water.

At the same time that oxygen
enters the aquatic environment,
it is also being removed by the
following natural processes:

Biological activity in the water
column - refers to the regular
day-to-day functions carried on by
various aquatic organisms in a lake
including algae, aquatic plants, bac-
teria, fish, insects, zooplankton, etc.
Just as you and I use oxygen from
the air, these organisms are con-
stantly using or removing oxygen
from the water. This is usually not
a problem during daylight hours

Volume 26, No. 2



because the algae and submersed
aquatic plants generally produce

a surplus of oxygen via photo-
synthesis. However, once the sun
goes down, algae and plants are

no longer able to photosynthesize
and they become oxygen consumiers,
instead of oxygen producers. After a
long night of limited oxygen pro-
duction, the organisms in a lake are
ready for some fresh DO.

Water temperature — affects
how much oxygen water can hold
at a given time. As a general rule,
warm water holds less oxygen than
cool water.* In fact, not only does
warmer water hold less oxygen, it
also speeds up a fish’s metabolism.
Of course, this dynamic puts fish
in double jeopardy; as the water
becomes warmer, fish need more
oxygen for respiration,® but are get-
ting less because warm water holds
less oxygen.

Decomposing aquatic plants
and/or algae — can result in the loss
of oxygen in a waterbody and it
works like this: once the plants or
algae die, a feeding frenzy is often
triggered within the detrital aquatic
community,® as bacteria begin to
break down or “decompose” the
dead vegetation. The increased
activity can result in a loss of oxygen
because these organisms are work-
ing harder and therefore using more
oxygen. If there is a large amount
of dead vegetation or algae, such
activity can result in a severe loss of
dissolved oxygen and, consequently,
a fish kill. Lakes or ponds with heavy

* There are times when cooler water may not

necessarily hold more dissolved oxygen than
warm water. See Lake Turnover section
described on page 5.

5 (i.e., the act of breathing)

(i.e., microbes and/or insects that feed on rot-

ting vegetation and debris)

A Beginner's Guide to Water Management

- The ABCs (Information Circular 101). 1999.

Florida LAKEWATCH. University of Florida/

Department of Fisheries and Aquatic Sciences.

Page 12.

8 While cooler water has the potential to hold
move oxygen, there are times when dissolved
oxygen levels are lower in cool water — espe-
cially at greater depths where there is no access
to atmospheric oxygen and photosynthesis is
limited due to a lack of sunlight.

? Some fish spawn year round in Florida, but
the peak season is generally from January
through April.

Summer 2004

populations of aquatic plants or algae
are more susceptible to this type of
event and can result in large numbers
of dead fish. That is why, when using
chemicals (i.e., algicides or herbi-
cides) to remove algae or aquatic
weeds from a lake, it’s recommended
that treatments be staggered in order
to avoid large amounts of algae or
plants dying all at once.”

Lake turnovers — generally occur
in the fall but can sometimes occur in
the summer. During hot weather, the
surface water of a lake warms much
faster than deeper water. This results
in a temporary layering effect, with
warm water on top and cool water
underneath. This layering is referred
to as stratification. Because the top
layer has constant access to the atmo-
sphere, it tends to have more oxygen
than the bottom layer — even
though it’s warmer.? If a heavy wind
or cold rain should occur during
these conditions, the stratification
may be broken, causing the two
layers to mix. Once this happens,
oxygen-rich surface waters are sud-
denly mixed with the low-oxygen
bottom waters. If the volume of low
oxygen water (i.e., from the bottom
of the lake) is much greater than
the oxygen-rich surface layer, this
mixing action can result in low DO
levels throughout the water column,
and potentially result in a fish kill.

To summarize: Although oxygen
depletions can happen at any time,
they are most likely to occur during
warm summer months due to the
factors described above. A combina-
tion of hot weather and cloudy skies
can be particularly deadly for fish,
as the decrease in sunlight (i.e., from
cloud cover) makes it difficult for
algae and plants to photosynthesize.
The reduction in photosynthesis
results in a decrease in oxygen being
released into the water column.
When overcast skies persist for sev-
eral days, oxygen levels can become
severely depleted.

Heavy thunderstorms can also
have an adverse effect on oxygen
levels, especially after extended
periods of dry weather or during
hot weather. If conditions have been
dry for a long time, heavy rains tend

to wash large amounts of organic
matter such as dried leaves, grasses,
etc. into nearby canals, lakes, and
ponds. As bacterial organisms
begin to decompose the new mate-
rial, oxygen is used at a faster rate
than normal. This can be a problem
during hot weather as there is less
oxygen in the water.

Spawning Fatalities

Another type of fish kill event
that is both natural and common
in Florida waterbodies occurs after
fish spawning activities. This is
usually due to exhaustion from
courtship behavior, nest building,
and the release of eggs or milt. Fish
have also been known to suffer fatal
injury from defending their young,.
During and after spawning, fish are
often quite weak and any change in
the environment can stress them sig-
nificantly and lead to death. These
type of events are most common in
the springtime and early summer
when the majority of the fish are
spawning.?

They are generally identified by the
deaths of adult fish (only), belonging
to one or two different species.

Mortality Due to Cold
Temperatures

Fish kills can also be the result of
a dramatic drop in air, and conse-
quently, water temperature. This
type of event is easily identified
because it generally happens after
extended periods of cold weather
and almost all of the dead fish will
be cold intolerant species. In almost
every instance, these cold intoler-
ant species are “exotic” fish that
have accidentally been introduced
to Florida waters. One example
is the blue tilapia (Tilapia aurea)
from Africa’s Nile River. This fish
was inadvertently introduced into
Florida waterbodies in 1961 and is
now successfully reproducing in
18 counties. Because they are from
a tropical region of the world, blue
tilapia don’t fare well in cold tem-
peratures; they stop feeding when
water temperatures drop to about 60
degrees Fahrenheit and die when it
reaches approximately 45 degrees.



Those who worry about the further
spread of exotic tropical fish species
can take some comfort in know-

ing that their distribution is often
naturally limited by their sensitivity
to low temperatures. This natural
control mechanism was recently
demonstrated at Lake Alice, a small
waterbody on the University of Flor-
ida campus in Gainesville in North
Central Florida. For several years, the
lake supported a population of blue
tilapia estimated to be around 12,000.
However, in early January 2001, a
severe cold front passed through
Gainesville bringing temperatures
that were considerably colder than
the tilapia’s native African habitat.
Within a week, dead tilapia began to
float to the surface. By the middle of
the month, thousands of these fish
had died, while native species sur-
vived the cold snap just fine. Several
more cold fronts have effectively
reduced the tilapia population to
almost nothing.

Stress in Fish

As you've read, there are many

factors that can contribute to a fish
kill. However, stress seems to be a
common element linked with virtu-
ally every one of these events. The
term “stress” is used to describe the
physical changes that fish experi-
ence as they adjust to a changing
environment. While it may not be
the actual cause of disease or death,
it is always a predisposing factor.
As with humans, there are numer-
ous degrees of stress and a fish can
recover from many of them, espe-
cially if it can remove itself from the
negative events it is experiencing.
However, if it cannot escape, or the
events increase in severity or dura-
tion, the fish may be pushed beyond
a level from which its system can
recover. The typical stresses that a
fish may experience on a daily basis,
such as predator/prey interactions,
are natural situations that fish are
designed to deal with. However,
continuous stress tends to break
down a fish’s immune system and
can lead to disease or death. Exam-
ples of continual stressors include
poor nutrition, poor water chem-

istry, and overcrowding. Multiple
stresses occurring at the same time
can have a magnified effect and often
represent the fatal blow to a fish’s
health.

Diseases and Parasites

Fish diseases (i.e., from viruses,
bacteria, and fungi) and parasites
(i.e., protozoans, crustaceans,
flukes, and worms) occur naturally
in Florida lakes and under certain
circumstances, fish can contract
one or more of these afflictions. Of
course, a healthy fish is usually able
to fend off such problems, but if a
fish is weak from spawning or from
extreme water quality conditions, it
has a much greater chance of getting
sick or possibly dying. Fish infected
with parasites or diseases may have
physical clues on their bodies or
they may display abnormal behav-
ior. Some physical clues can be
obvious, such as open sores on the
body, missing scales, lack of slime,
or strange growths on the body,
head, or fins. If a fish is large enough
(e.g., alargemouth bass), the careful

Your professional aquatics and vegetation management specialists:

Government account manager

South Florida account manager

PROSOURCE

Go where the Pros shop.
With 10 Florida locations to serve you —

ProSource One is “THE” One Source for all your
aquatic and vegetation management needs.

Stephanie Linton

Jorge Menocal

Phone 800-962-8902
Mobile 407-466-8360
Mobile 305-797-6308
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observer may even notice parasites
crawling on its skin or gills. Abnor-
mal behavior may include swim-
ming weakly, lazily, erratically, or
in spirals; scratching or rubbing
against objects in the water; twitch-
ing, darting, or convulsing; failure
to flee when exposed to fright stim-
uli; gasping at the water surface

or floating head, tail, or belly up.
These types of fish health problems
are perhaps a little more difficult

to spot in the natural environment
whereas fish farmers are all too
familiar with it. In channel catfish
aquaculture ponds, for example, a
protozoan known as Aurantiactino-
myxon ictaluri is known for causing
the dreaded Hamburger Gill Dis-
ease. In some instances, it has killed
up to 100% of the fish in an infected
pond. Fish with this particular
problem may exhibit a reduction

in feeding habits and can be seen
swimming lethargically.

They may also be gasping for air
at the surface and frequently will
congregate around aeration equip-
ment. Their gills will be swollen and
mottled with red and white colored
streaks, closely resembling ground
hamburger meat, hence the name.

Toxic Algae Blooms

The appearance of large amounts
of algae or scum floating on the sur-
face of the water is often referred
to as an “algae bloom” or “algal
bloom.” Such occurrences can be
smelly, unsightly, and — depending
on the species of algae — the color
of the water may even change. In
some instances, a number of dead
fish may be seen floating on the
surface or washed up on the shore-
line. As alarming as these events
may seem, there are several factors
to consider before assuming that an
algal bloom is toxic:

10 Coastal residents are perhaps familiar with
toxic-algae related fish kills that occur periodi-
cally in coastal waters (i.e., in the form of red
tides).

A class of single-cell organisms such as a
flagellate protozoan or alga.

12 In addition to their sensitivity to changes in
temperature and dissolved oxygen, fish can
also be detrimentally affected by rapid changes
in the pH of the water.
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¢ In Florida’s freshwater systems,
there are relatively few species of
algae that are known to produce
toxins." The most common spe-
cies found here are the blue-green
algae Microcystis, Cylindrospermop-
sis, Anabaena and Aphanizomenon,
as well as the microflagellate Prym-
nesiam." It’s important to note that
not all of the species within these
algal groups produce toxins; those
that do, produce toxins in varying
amounts, depending on prevailing
conditions.

* While toxins produced by these
algae have the potential for kill-
ing fish, there are very few cases
that have been definitively linked
to toxins. (This will most likely
remain an important focus of
research for years to come.)

* Algae blooms are a natural com-
ponent of nutrient-rich lakes and
rivers, particularly those with
high levels of nitrogen and phos-
phorus.

* Algae blooms are fairly common
in Florida either because of natu-
ral geologic conditions (nutri-
ent-rich soils) or human induced
increases in nutrients.

¢ It’s thought that most algae-
related fish kills are the result of
oxygen depletion, as opposed to
toxicity problems.

Human Induced Fish Kills
There is no doubt that human
impacts can lead to fish kills. How-
ever, in the United States, it is also
true that point source pollution prob-
lems have been reduced dramatically
since the turn of the 20th century,
or even as recently as the 1960s,
when raw sewage and industrial
waste were routinely dumped into
rivers, lakes, and oceans. (Remember
the Hudson River fires?) In recent
decades such practices have been
virtually eliminated. Nowadays, if a
human-induced fish kill does occur,
it’s usually the result of contami-
nants unintentionally being spilled
or leaked into a nearby waterbody.
Obviously, the goal should be to
prevent these occurrences in the first
place. But accidents happen and they

can happen in any number of ways:
Highway accidents involving tanker
trucks full of fertilizers or other toxic
substances have resulted in chemicals
spilling into nearby waterbodies.
Barges have been known to run into
things, rupturing storage tanks and
releasing oil or other contaminants.
Gas pipelines have also been known
to crack and leak oil into various
aquatic environments. In some
instances, a spilled substance may
not even be toxic, but if enough of it
is introduced into a system, it can be
detrimental in another way such as
causing a shift in water temperature
or a change in pH. As far as toxic
spills are concerned, the effects of
such an event often depend on the
toxicity of the spilled substance and
the surface area and volume of the
waterbody. In other words, if a lake
is large enough, it may be able to
dilute the substance enough so that
aquatic organisms, including fish,
are able to avoid any detrimental
effects. Of course, this isn’t always the
case. One example of a catastrophic
human-induced fish kill involved a
phosphate plant in Mulberry, Florida
in December 1997. Nearly 60 million
gallons of acidic process water from
the plant was accidentally dumped
into Skinned Sapling Creek, a tribu-
tary to the Alafia River. In five days,
the spill traveled 36 miles down river
and changed the pH of the water
from around eight to less than four.”
A fish kill occurred along that entire
stretch of river, killing an estimated
1,300,000 fish. Fortunately, such
occurrences are rare.

Sometimes, human-induced fish
Kills can occur from the sheer amount
of foreign substances entering a
waterbody. When this happens, fish
die mostly from low oxygen levels
that have resulted from an increase
in biological activity in the water.

A related example of this involved
an explosion at the Wild Turkey
whiskey factory located along the
banks of the Kentucky River, near
Lawrenceburg, Kentucky. The explo-
sion resulted in many thousands of
gallons of bourbon flowing into the
river. Officials were unsure whether
it was the bourbon that killed the
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fish or a lack of oxygen from the
millions of aquatic microbes that
rapidly began to devour the liquor,
essentially sucking all the dissolved

oxygen from the water. Hundreds of

thousands of fish died in that event.
If a human-induced spill or fish kill
event should occur, there are often

clues that will help bring attention to

the problem: A “film” or “slick” can
sometimes be seen on the surface of

the water, or the color or clarity of the

water may change.” Strange odors

might also be noticeable or there may
even be more obvious evidence such

as large containers of the substance

sitting near the shoreline. A thorough

3 An oily sheen on the water is not always an

indication of a human-induced spill. There is a
naturally occurring algae, known as Botryococ-

cus, that produces an oily substance that can
be seen on the surface of the water. In Florida,

Botryococcus algae blooms are fairly common,
especially during the summer months. Its pres-

ence has caused some alarm among lnkefront
citizens, as the algal cells are ved or burnt

investigation of the local area, along
with written observations of changes
in water quality, can direct investiga-
tors to the possible contaminating
source. Observers should look for
evidence of other wildlife species
being affected such as birds, frogs,
snakes, turtles, etc.

What You Can Do If You
Observe a Fish Kill

¢ Record the date and approximate
time you first noticed dead fish.

* Observe and record the weather
conditions from the past three
or four days (e.g., temperature,
amount of rainfall, cloud cover,
wind strength and direction).

* Record any changes in the color
of the lake water (e.g., did the
water change from green to
brown or black?).

* Record the type of dead fish, by
species name, if possible.

Note: If the dead fish are too numerous
to count, try to estimate the number by
first counting the number of dead fish in
a 10-foot X 10-foot area. Then estimate
the total distance along the shoreline and
out into the water in which dead fish are
present. These numbers can be used to
estimate the extent of the kill.

¢ If possible, take a few minutes to

study the appearance of the dead

fish and record the following

observations:

— Size, to the nearest inch;

— The condition of the bodies
(e.g., thin, bloated);

— Are one or both eyes normal,
sunken in, or popped out ?

— Are the fins clamped down,
bloody, or frayed?

— Are the gills discolored,
bloody, or frayed?

— Are there lesions or growths
on the fish?

— What else looks abnormal on

orange in color and, i large enough concentra-
tions, they have been known to temporarily
change the color of a lake from green to orange.
Also, in some instances, it will look very much

Record the number of dead fish
and, if possible, categorize them

the fish?
Talk to your neighbors. Ask
them if they’ve noticed anything

like a gasoline spill or oil slick.

by species.

Does your aquatic herbicide

stick around?

IBngslyr‘l’aEl!:i‘onal
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Contact the Adjuvant Experts
for more information on I’'VOD.

Toll Free: 800-228 1833

PO, BOX 690037 - YERD BEACH, FL 32969-

Summer 2004

+ Help your hetbicide stick
to target leaves

+ Resist wash-off from rain
or surface waters

+ Control drift by inverting oil and
water creating a mayonnaise
like droplet

*Aid in leaf penetration
for a more complete kill
This adds up ig perfor-

Ir herbicide

including I'VOD or
Lovert invert oils.

I'VOD and Lavert formulated from
ingredients aquatically approved

0037 - WHW.BREWERINT.COM - FAX:

unusual about the lake in the
past few days. Were fish gulping
air at the water’s surface? Were
there unfamiliar containers near
the shore? Was there a “film” or
“slick” present on the surface of
the water? Were there any strange
odors coming from the lake?

* (Call the Florida Fish and Wild-
life Conservation Commission
(FWC) Fish Kill Hotline to report
the event and they will pass it
along to the appropriate regional
biologist or enforcement officer.

FWC Fish Kill Hotline
(800) 636-0511

Florida’s 24-hour Hazardous
Substance Hotline
(800) 320-0519 or (850) 413-9911
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Managing Natural
Aquatic Plant
Communities

In Manatee Springs:

C ¢
T B al

);. : 829"

The Effects of Manatee

Grazing, Nutrient
Pollution And Flooding

(Above) Manatee Springs run historically supported dense
growth of Vallisneria americana and other aquatic vascular
plants. (Above right) Spring systems support dense SAV
communities that provide valuable forage for manatees and
other large aquatic grazers.

by Kent Smith and

Ron Mezich
Florida Fish and Wildlife
Conservation Commission

Aquatic plant management
efforts generally focus on maintain-
ing or reestablishing a native aquatic
plant community in those systems
where cultural eutrophication or
non-native species invasions have
altered the historic floral com-~
munity. When nutrient pollution
or exotic species affect our waters,
they often create systems that are
low in diversity, non-representative
of natural communities and/or are
algae-based rather than macrophyte-
based. Impaired systems such as
these are much less resilient when
natural disturbances, such as large
grazing populations or floods affect
the abundance and distribution of

*first magnitude springs are those that flow at a
rate of over 100 cubic feet per second
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remaining aquatic flowering plants.
This is especially true if the commu-
nities persist in a confined area with
unique water quality conditions
relative to adjacent waters such as is
found in spring runs.

Manatee Springs in Dixie County,
Florida is one such system. This
spring is managed as part of the
Florida State Park system as Mana-
tee Springs State Park. The main
spring is a first magnitude spring*
that delivers 91 million gallons
of artesian spring water into the
lower Suwannee River each day.
The spring run is approximately
400 meters long by 20 meters wide,
and has crystal clear waters that
average about 1.5 meters in depth
with a constant temperature of
23°C. This system has supported
an extensive tapegrass (Valisneria
americana) community that flour-
ished along the length of the run.
Submerged aquatic vegetation in
the run included other species of

flowering plants and an increasing
amount of green algae. In the fall of
2000, a group of up to 22 manatees
entered the spring and consumed
much of the vegetation in the run
over a 10 day period. Smaller num-
bers of manatees had been observed
feeding on vegetation in the run in
past years during the cold season,
but this was the largest group of
foraging manatees ever reported
from this system. Manatees were
first documented in the spring run
by John Bartram in 1766 a (Bar-
tram, 1766 and 1791). These large
herbivorous aquatic mammals use
the warm spring waters as a refuge
from the cold river waters during
the cold season. Manatees gener-
ally enter the spring run early in the
cold season, but remain in the spring
plume at the mouth of the run later
in the season or migrate south before
dispersing during the warm season.
Regional populations of manatees
have been documented to reduce
submerged aquatic vegetation (SAV)
abundance when adequate numbers
of these large herbivores aggregate
in a given area (Packard, 1981 and
1984; Lefevbre and Powell, 1990;
Provancha and Hall, 1991; Lynn
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Lefevbre U.5.G.S. Sirenia Project,
Gainesville, FL, and Jane Provan-
cha, Dynamac Corporation, Mer-
ritt Island, FL, unpublished data).
Hartman (1971) observed manatees
tunneling through dense exotic SAV
beds in Crystal River and found
individuals which would return to
specific patches of eelgrass, which
were reduced in biomass, but
would recover after manatees left
the system. Bengston (1981, 1983)
found that any aquatic plants found
in Blue Spring, Volusia County
were quickly consumed by mana-
tees seeking thermal refuge in this
system.

In the recent past, only a few
manatees were observed grazing
on the healthy aquatic vegeta-
tion communities in the Manatee
Springs run, but monitoring of the
manatee population using the run
in the late 1990s showed an increase
in the abundance of manatees in
the system (Figure 1). Surveys of
the grazed vegetation showed only
remnant populations of small new

plant growth or cropped shoots
after the manatees left the run.
Within a month of the reduction

of macrophyte cover, the already
abundant green algae Vaucheria sp.
began to dominate the aquatic plant
community and cover the bottom
of the run. This may be due to the

Springs by Year

almost four fold increase in nitrate
concentrations (from 0.4 mg/1in
1946 to 1.5 mg/1in 2003) in spring
waters attributed to agricultural
and municipal activities within the
spring recharge basin. The system
remained dominated by this dense
green algae monoculture until the
late summer of 2001, when
the tapegrass community
dramatically returned to

No. Manatee Sightings

20
)
w0 e | R
©
©
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Figure 1: Manatee Springs in the
Florida Big Bend region shows the
seasonality typical of a warm water
refuge use by manatees. Sighting data
indicate the cold season (November-
March) as the period of peak manatee
use for the spring run.

‘J.
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its former abundance over
a short 2 month period.
Despite this rapid com-
munity shift, green algae
remained a significant
component of the flora in
the spring run and covered
most of the larger macro-
phytes.

Based on these observa-
tions and at the request of
the Park manager, we set
out to examine the effect of seasonal
foraging by a small population of
manatees on the tapegrass com-
munity in Manatee Springs. Our
goal was to determine, 1) if seasonal

UUA
Tim
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manatee foraging reduced tapegrass
abundance, 2) if the tapegrass com-
munity recovered during the grow-
ing season, and 3) if limited caging
of areas of tapegrass could be used
as a management tool to protect
mature stands from grazing and
provide the aquatic plant commu-
nity with a “jump start” to seasonal
recovery.

Methods:

We designed a limited study
that was based on excluding mana-
tees from small caged areas that
would be monitored before, during
and after the cold season to allow
comparisons between grazed (open
controls) and ungrazed (caged treat-
ments) areas. Due to the sensitive
nature of the State Park and small
size of the spring run, we estab-
lished a series of 3,1.25 x 1.25 m
cages to exclude manatees and other
large grazers from an area of the
run with similar depth (0.7-0.85 m)
and sediment characteristics along
a bank adjacent to the northern
shoreline of the lower run (Figure
2). Cages were constructed out of
steel garden fence posts inserted
into the sediment with 1/8"” steel
garden fencing of 3” diameter rect-
angular mesh attached with cable
ties to a 6-8 post frame (Figure 3).
The cages were constructed so as to
allow a central 1m? area of eelgrass
to be sampled without edge-effect
interference. As light limitations
and shading effects were a concern,
cages were constructed to rise to
the surface of the water to preclude
access by grazers from above and
still remain uncovered. Control areas
were established at a distance of 40
cm down current from each cage.
Locations of the controls and cages
were not randomized, due to the
distribution of tapegrass along and
limited size of the shallow bank. This
region of the run was also the only
area within the run of similar depth
and sediment characteristics where
our replicate design would fit. A .25
m? quadrat constructed of 1 inch
diameter PVC pipe and divided into
four equal squares with neon-orange
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Figure 2: Map of the study area in Manatee
Springs run.
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Figure 3: Experimental cage with tapegrass
protected from large grazers.

nylon grass trim-

mer cord was

used to sample

the central area *
of the cages and
controls. Sampling
both cages and
controls consisted
of counting all
shoots within each
of the 4 quadrats
and haphazardly
measuring the
total length and
width of 5 blades
of tapegrass
within each quadrat to obtain an
estimate of available plant volume
[volume (m3/0.25m2) = no. total
shoots x mean blade length (m) x
blade width (m) x 0.07 m or 0.03 m
(average shoot “width” for large

or small plants)] for each sampling
period (Figure 4). Non-destruc-

tive sampling was conducted on

a monthly basis from November
2002 to May 2003. Data obtained for
pre-and post-grazing periods were
tested for statistical assumptions and
analyzed using single factor ANOVA
statistical software (Excel, Microsoft,
Inc.).

No. of Shoots per 0.25 m2

Nov-02 Pre-grazing

Figure 4: Sampling involved measuring
individual blade length and width for 5
haphazardly selected blades in each 0.25
m2 quadrat. The 0.25 m2 quadrat used for
measuring shoot abundance is visible in the
adjacent background.

Figure 5: Tape grass shoot counts before and
after grazing by manatees. During initial
set-up and prior to manatees entering the
run and grazing, Vallisneria shoot counts
were statistically similar between open and
caged treatments. After extensive manatee
grazing, open plots demonstrated a 95%
reduction in plant abundance compared to
caged plots. Error bars are 1 SE.

Manatee Springs:
Pre- and Post Grazing Valfisneria
Shoot Counts
F=1.673
df=23 m Caged

Dec-02 Post-grazing

Results:

Manatees entered the spring run
and began foraging on available
tapegrass within days of our pre-
liminary sampling effort in Novem-
ber of 2002. A group of 14 manatees
remained in the small run area over
a 10 day period to escape the effects
of a series of cold fronts passing
through north Florida during the
last two weeks of November. Data
for shoot counts for the 3 cage and
3 control treatments were found
to be statistically similar and were
pooled for a comparison between
the pre- and post grazing sampling
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Figure 6: Cages protected enclosed stands
of tapegrass, while grazed areas outside
the cages were vulnerable to the effects of
sustained manatee foraging.

periods of November and December
2002. Tapegrass shoot counts in the
open control areas and the caged
treatments were not significantly
different during the November
sampling period (Figure 5). One
month later in December, after sus-
tained manatee grazing in the spring
run was observed, tapegrass shoot
counts were significantly reduced
(by 95%) in the open grazed controls
when compared to caged tapegrass
areas (Figure 6). The same relation-
ship is apparent in the estimates of

Manatee Springs:

Pre-and Post-Grazing  Vaflisnerla Volume

F=0.29
p=0.59

aots |

*p<0,0001

Acw *ermaxn )

FNquatics

= Caged
BOpo

F=22.73

Figure 7: The same
relationship as that for
tapegrass shoot counts is
also evident for estimated
plant volume, indicating

a significant reduction in
overall plant biomass post-
grazing. Estimated plant
volume was reduced by

Nov-02 Pre-grazing
Sampio Date

plant volume. Tapegrass volume
in the open grazed controls was
significantly reduced (by 99%) when
compared to the estimated volume of
tapegrass within the cages (Figure 7).
In order to assess the possible sea-
sonal recovery of the tapegrass com-
munity, monthly sampling continued
through May of 2003. Two of the cage
treatments were compromised by
manatees, which lifted the cages up
from the bottom and grazed on the
formerly protected tapegrass, by the

Dec-02 Post-grazing

99% when open plots were
compared to caged plots
after manatee grazing.

January sampling effort. Only one
uncompromised cage remained aftex
this time. Although no statistical infer-
ences can be made due to the loss of
the other cage replicates, the trend
for shoot counts in the remaining
open grazed control plot showed a
recovery in number from December
through February (Figure 8). This
trend was also observed in the

cage treatment. During the Janu-
ary and February sampling efforts,
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Estimated Vallisneria Volume over Time:

Mean Shoot Counts
Cage Treatment 3
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Figure 8: Treatment 3 was the only cage not accessed by
manatees to some degree during the study period. After a slight

recovery trend, tapegrass plants still succumbed to the effects of
flood waters as demonstrated by the reduced shoot counts in the
May sampling period. This was presumed to be largely due to

light limitation.

produced new apical rhizomes and
new shoots that in two of the cages,
extended outside the cages onto the
adjacent hydrosoil. In the uncom-
promised cage, 25 new shoots were
observed around the perimeter of
the cage in February.

Tapegrass volume showed a
trend similar to that for shoot counts
within the remaining cage, but plant
volume in the open grazed control
did not (Figure 9). Declines in shoot
counts and tapegrass volume in
the remaining cage treatment and
associated control thereafter resulted
from the breaking of a long standing
drought with 20 inches of rainfall
within a month, which forced over
2 meters of darkly tannic stained
water (Secchi disc depths averaged
0.7-0.9 m) over the study area for
over 2 months (Figure 10). Sampling
could not be conducted during
this time and commenced again
in May, at which time only a small
number of residual tapegrass plants
remained throughout the study area.
The study sites appeared scoured
during this time with little remain-
ing vegetation of any kind apparent.
Sampling in August revealed 8 plants
in the one remaining caged treatment
square meter. All plants had blade
heights of 5-15 cm and widths of
4-8 mm with clusters of between 3-5
blades per plant. The study area and
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most of the spring run were covered
in a 20-50 cm deep blanket of green
algae (Vaucheria sp.).

Discussion and
Recommendations:

The relatively large number
of manatees feeding in the con-
fined area of the spring run for an
extended period of time during
November and December of 2002
significantly reduced the physical
amount of tapegrass within the open
areas of the study site. These find-
ings are similar to those of Haux-
well, et al. (2004), who attempted to
use cages to protect planted stands
of tapegrass from large grazers
including manatees in Kings Bay,

Pl
001 i i\‘-.
| N\

Cage Treatment 3

Nov-02  Dec-02

Jan-03 Feb-03 Mar-03 Apr-03 May-03

Sample Date

Figure 9: Estimated plant volume in Treatment 3 showed an initial
trend toward recovery within the cage after manatee grazing.
Estimated volume then declined to near zero after the flood event.

Florida. In the latter study, trans-
planted tapegrass plants were absent
from 80% of open plot treatments,
which were subject to grazing by the
abundant cold season population of
manatees using the springs net-
work in Kings Bay, one month after
initial planting. Tapegrass plants
were, however, relatively abundant
and continued to grow in all of the
completely fenced plots at the same
time in the Hauxwell and cowork-
ers study. Caging proved an effec-
tive means of preserving patches of
mature tapegrass from manatee and
other large herbivores in both the
Kings Bay study and our Manatee
Springs study (at least for the first
month in the latter case). In our
study, the cages were designed to be
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Figure 10: Heavy rainfall of greater than 20 inches begin-
ning in mid-February caused the Suwannee River to flood
to approximately 2 m above mean river stage. This flood
brought dark tannin-stained and turbid water into Manatee
Springs run and over our experimental sites. On March 17,
2003, the spring itself began to flow “black.” Stained water
issued from the spring boil until May 10, 2003. This led to
decline of all vegetation in the spring run including benthic
algae. Secchi disc depths over the experimental sites were
0.7 m when sampled in mid-March.

as light and therefore inconspicu-
ous as possible in order not to be
obvious to State Park visitors, and

as such, they were not
sturdy enough to com-
pletely prevent mana-
tees from accessing the
tapegrass within all but
one of the treatments.
Although we can not
definitively determine
if tapegrass community
recovery was occurring
after manatees grazed
in and left the spring
run, the data from the
remaining cage treat-
ment and its associated
control do indicate that
the plants were begin-
ning to put forth new
growth and expand. We
documented increas-
ing numbers of shoots
within the cages and
adjacent control areas.
The same was true for
plant volume estimates,

but volume had been reduced to a
level in the open control that did not
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Aquatics

allow detection of measurable recov-
ery over the sampling period.

Manatees and other large grazers,
such as the numerous aquatic turtles
(Chrysemes spp.) and non-native grass
carp (Ctenopharangeodon idella) that
we observed in the run, can act to
alter the submerged aquatic vegeta-
tion community in Manatees Springs
and other spring systems. Grass carp
in Manatee Springs come from the
Suwannee River, where individuals
escaped from stocked systems within
the drainage basin of the river (Dave
Eggeman, Florida Wildlife Commis-
sion, pers. com.). Foraging activity
of large grazers stimulates increased
productivity and maintains diversity
in targeted plant communities. Their
actions also increase plant biomass
turnover rates and nutrient cycling.
Large grazers, despite their beneficial
ecological actions, can more nega-
tively affect systems already placed
under stress.

Recovery of the tapegrass com-
munity is far more problematic
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than we first recognized. Manatee
Springs has experienced an almost

4 fold increase in nitrate concentra-
tions in spring waters. This has

led to changes in the community
structure of the system, favoring an
algae-based plant community over
one dominated by tracheophytes.
The advantage provided to the
green algae community shows in the
observed complete dominance of
Vaucheria sp. as a dense blanketing
coverage throughout the run. Graz-
ing by manatees and other foraging
animals leaves viable plant material
behind from which a community can
regenerate. Regeneration is, how-
ever, greatly reduced by the effects
of competition with other species
and natural disturbances. Green
algae was observed covering small
tapegrass plants left behind after
manatees were finished grazing. The
thickening layers of algae blocked

light from getting to the blades of
tapegrass reducing the potential for
photosynthesis and growth. There
are also likely issues related to
anoxia above the sediment surface,
where decaying dead algae depletes
dissolved oxygen needed for
tapegrass survival and growth. The
effect of continued non-native grass
carp grazing during a period when
other native large grazers would be
absent from the system also reduces
the rate or likelihood of recovery. We
observed schools of over 20 grass
carp of about a meter in length feed-
ing along the study site at various
times. Grass carp consume large
amounts of aquatic vegetation and
can greatly affect the abundance
and biomass of native plant com-
munities. In addition to this, a major
long-term flooding event, which all
but eliminated available sunlight to
benthic plants, caused all vegetation
to disappear from the main chan-
nel and study area of the spring
run. The result was that the bottom
of the run was virtually devoid of

&€

My Favorite Airboat

Editor’s note: If you have a favorite
airboat adventure you'd like to share
please contact Judy Ludlow, Aquatics
Editor. Airboats are an integral tool of our
trade, and demand respect. Many of us
have “favorite” stories that, if shared, may
educate and enlighten others so that they
may avoid the situation you were in, or
learn new tricks to get out of a jam!

Favorite repairs

Once I had to siphon some gas
into a jar (not beer bottle) because
my fuel pump busted. 1held the
jar up over my head to feed the fuel
into the engine and putted all the
way back to the ramp.

Aw ¢’mon just one more trail...
One late summer afternoon,
while surveying 448,000 acre Lake

Okeechobee, two DEP biologists,

18

one rookie, one veteran, spotted an
un-surveyed trail into the marsh.
After completing a bat-turn in the
rim canal that nearly swamped
them, they raced into the marsh
down the trail, which just happened
to be directly across from Uncle
Joe’s bar. Meanwhile storm clouds
were building, but they were far off
(yup, you've heard that one before!).
Having gathered the needed data
they turned to head back out, that

is until the boat died. Darn, there
goes the pizza dinner! Performing
every first aid trick in the book, the
frustrated biologists could not start
the boat. That distant storm was
now crackling over their shoulders
and being the tallest, metal object for
miles around they wisely decided to
abandon ship. Through the marsh
they marched in deepening waters

both tracheophytes and algae during
our survey of the run in May 2003
shortly after the flood abated and
clear spring water once again flowed
the length of the spring run.

Springs are often viewed as stable
systems that support plant communi-
ties in relative abundance. Environ-
mental conditions in Manatee Springs
are far from stable at a seasonal scale,
however. This greatly influences
the composition and biomass of the
standing aquatic plant community.
Grazing, nutrient contamination and
inter-annual rainfall conditions act in
concert to control the aquatic plant
community dynamics. Our study
does, however, indicate management
can address one element of this eco-
logical interaction.

Small areas of cages (10s of square
meters in area) designed to keep
manatees and other large grazers
at bay can be established to protect
established mature tapegrass and
perhaps other natural macrophyte
beds. The plant communities within
strategically placed arrays of such

)

until they stopped at the edge of

the rim canal. The bar patron who
ferried the biologists to safety told
them they were standing on the very
corner that a 13 foot ‘gator nick-
named ol’ Joe likes to lie on. “Oh
sure” they thought to themselves
with a grin, but as the two biolo-
gists finally left, there was ol Joe,
seemingly all of 13 feet, sitting there,
on that very corner, hungry. “Oh
%$#&*” they thought to themselves
with a grimace! Of course, these
biologists were luckier than the two
other DEP biologists, one rookie, one
veteran, who spent half that night
feeding mosquitoes in the company
of their dead airboat, on the banks
of the Old Moorehaven canal. And
yet, to them, a day in the field is still
better than a day in the office!!
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cages will provide healthy plants,
which are more resistant to algae
overgrowth and have below ground
energy stores to survive protracted

Interference
light limitations caused by floods.
These protected beds can then act f l
as a source from which recovery O N atura aled
can progress at an accelerated rate. o '
Unless otherwise required, non- Reglll at_lon Of
native grass carp should be removed
from this natural system when iden- ﬂl S
tified to reduce the grazing impact (& Aquatlc
to recovering communities. This

management approach could help weed MO SqUitO

to allow seasonal regeneration of

the natural tapegrass community in ll
Manatee Springs and perhaps other Fem (AZO a
springs systems in Florida.
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Distribution of
Azolla caroliniana

B Axolle caroliniana

Saurce Wunderiia of al. 1993

Figure 2. Distribution of mosquito
fern, Azolla caroliniana, in Florida

(Source Wunderlin and Hansen 1995,
updated 2003).

The leaves of mosquito fern are
small, bilobed and scalelike, and its
stem is branched (Figure 3). Plants
are green when young but turn red
or brown as they age. Reproduction
can occur through spores or vegeta-
tive propagation. Species of Azolla
reproduce rapidly and under ideal
conditions can increase their bio-
mass daily by more than 15% (Hill
1999). At that rate, mosquito fern is
capable of doubling its biomass in
just 5 to 7 days.

Mosquito fern is considered an
economically important species in
some parts of the world, primarily
Asia. It acts as a nitrogen fixer in
small bodies of water in association
with the blue-green alga Anabaena
azollae Strasburger (Buckingham and
Buckingham 1981), and is used as a
fertilizer for rice fields in Vietnam
and China (Sutton 1981). Mosquito
fern also may be a good food source
for grass carp production (Sutton
and Vandiver 2000). However,
when populations of mosquito

Rt

Figure 3. Close-up view of individual
plants of mosquito fern, Azolla
caroliniana (Photo credit: K.L.

Langeland).
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fern increase to form large floating
mats in Florida’s waterways, the
plants become a general nuisance by
interfering with livestock watering,
impeding navigation and fishing,
and displaying an unsightly appear-
ance. In the United States, mosquito
fern is considered a weed because

it has very little economic benefit
(Sutton, 1981). This aquatic plant
also may contribute to public health
problems because disease-vectoring
mosquitoes of the genus Mansonia
are known to deposit their eggs on
mosquito fern (Gerberg 1970).

waterfern weevil, Stenopelmus
rufinasus (Photo credit: USDA, ARS).

Natural Enemies of
Mosquito Fern

Biological control involves the
planned use of undomesticated
organisms to manage weeds or other
pests. In contrast, natural regulation
{or natural control) occurs when one
organism suppresses another organ-
ism without human intervention. At
least three native insects are associ-
ated with the natural regulation of
mosquito fern in Florida: the water-
fern weevil [Stenopelmus rufinasus
Gyllenhal (Coleoptera: Curculioni-
dae: Curculioninae: Erirrhinini)],
the waterfern flea beetle [Pseudol-
ampsis guttata (LeConte) (Coleop-
tera: Chrysomelidae: Alticinae)],
and the waterlettuce moth [Samea
multiplicalis (Guenée) (Lepidoptera:
Pyralidae)]. All three insects are
highly destructive leaf feeders that
complete their life cycles entirely on
the plant. Under normal conditions,

large populations of these insects
can cause the rapid collapse of mos-
quito fern mats (Buckingham 1994).

The waterfern weevil (Figure 4)
feeds and reproduces on the leaves,
consuming several plants a day in
the larval stage (Hill 1999). Adults
are usually about 1.7 mm in length.
The larvae are leaf miners and have
three instars. After completing
the larval stage, the mature larva
spins a cocoon on the leaf surface
in which to pupate. Allowing for
variations in temperature, the entire
life cycle is completed in 11 to 18
days (Richerson and Grigarick 1967).
The waterfern weevil has four to six
generations a year and overwinters
as an adult.

The waterfern flea beetle (Figure
5) feeds extensively on the upper
leaf lobes. Adults range from 2 to
2.5 mm in length and are strong
jumpers. A single adult is capable
of consuming an entire plant in
approximately 1.5 to 2 days. Like
the waterfern weevil, larvae of this
flea beetle undergo three instars
before pupating in a cocoon on the
leaf surface. The entire life cycle,
once again accounting for tempera-

Figure 5. Adult waterfern flea beetle,
Pseudolampsis guttata (Photo credit:
USDA, ARS).

ture variation, can last from 24 to 34
days (Center et al. 2002). Continu-
ous generations occur in Florida.
The waterlettuce moth (Figure
6) feeds on mosquito fern and two
other host plants in Florida: water-
lettuce, Pistia stratiotes L. and water
spangles, Salvinia minima Baker. The
larval stage of the waterlettuce moth
has five or six instars and the life
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Figure 6. Larva and feeding damage

of waterlettuce moth, Samea

multiplicalis (Photo credit: USDA,
ARS).

cycle of this insect is completed in 23
to 28 days, depending on the tem-
perature. The effect of this species
on mosquito fern can vary depend-
ing on the season, as populations

of the waterlettuce moth are not as
persistent on the plant as are the two
beetle species (Center et al. 2002).

The Red Imported Fire Ant

The red imported fire ant, Sole-
nopsis invicta Buren (Hymenoptera:

UAP-Timberland LLC
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Formicidae; Myrmicinae) (Figure 7)
was accidentally introduced to the
Mobile, AL, area from Argentina or
Brazil about 70 years ago (Hedges
1997). 1t now infests more than 320
million acres (128 million hectares)
in Puerto Rico and 12 states from
Florida to California (Williams et al.
2001, Core 2003). All 67 counties in
Florida are infested with fire ants.
Worker fire ants commonly
observed in the field are 5 to 7 mm
long and red in color, as their name
suggests. They are social insects,
living in colonies of as many as

o owa . g s
Figure 7. Red imported fire ant
worker, Solenopsis invicta (Photo
credit; J.L. Stimac).

For More Information:

L. Marshall, Ph.D.
Biosorb, Inc.

St. Charles, MO
(636) 936-1400

200,000 to 300,000 (Vinson 1997).
Colonies can include multiple
queens, winged males and females,
workers, pupae, larvae and eggs.
The life cycle from egg to adult,
including the four-instar larval
stage, takes 22 to 38 days to com-
plete (Hedges 1997).

Fire ants are omnivorous, feed-
ing on plant and animal matter.
Insects and other invertebrates
make up a substantial portion of
their food (Vinson 1997). Because
of their feeding habits, fire ants
have been considered beneficial in
certain situations where they may
help to control other pests. Under
other circumstances, however, they
can disrupt the process of natural
regulation by reducing the abun-
dance and diversity of beneficial
arthropod herbivores, predators and
parasitoids. This fact occasionally
counteracts whatever status they
may have garnered as “beneficial”
(Vinson 1997).

Fire ants will build mounds in all
types of soil habitats — including
pastures, forests, roadsides, urban
areas, cultivated crop fields and rec-
reational areas — but they prefer
moist soil conditions, and often build
mounds on the edges of lakes and
ponds, especially during dry periods.

Indirect Effects of the Red
Imported Fire Ant on
Mosquito Fern Populations

In the 1990s, a pond experiment
was conducted at the UF/IFAS
Center for Aquatic and Invasive
Plants on biological control of the
invasive aquatic weed hydrilla,
Hydrilla verticillata (L.f.) Royle
(Hydrocharitaceae). We did not
anticipate having a problem with
mosquito fern mats covering the
experimental ponds because of
the existence of the plant’s natural
enemies in Florida. Before long,
however, mosquito fern completely
covered the ponds, preventing the
growth of the hydrilla by shading
out this submersed weed. On more
than one occasion, the mosquito fern
mats had to be physically removed
from the surface of the ponds but
would return to a thick cover within
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a matter of days (see Figure 1). Upon
closer examination, we observed fire
ants actually foraging on the surface
of the mosquito fern mats; they were
removing caterpillars of the water-
lettuce moth. At this point, we sus-
pected that fire ants might be inter-
fering with the process of natural
regulation of the mosquito fern. A
decision was made to control the fire
ant mounds located in close prox-
imity to three of the ponds with an
experimental disease-causing fungus
Beawrveria bassiana (Balsamo) Vulle-
min (Deuteromycetes) that was being
developed as a biopesticide after lab-
oratory studies showed the fire ants
were susceptible to infection by the
fungus (Figure 8) (Stimac et al. 1993).
Beauveria bassiana was presented to
the foraging fire ants in paper bags
containing the fungus formulated in
a peanut butter bait (Figure 9).
Before the bait treatment, the dry
weight biomass of mosquito fern
averaged 95 grams per square meter
of pond surface (n=2 samples per
pond) (Figure 10). In addition, an
average of 85 fire ants was collected
in plastic vials baited with a small
piece of hot dog randomly placed

Tl

Figure 8. Red imported fire ant,

Solenopsis invicta, infected with the

fungus Beauveria bassiana (Photo
credit: J.L. Stimac).

on the mosquito fern mats along the
shoreline (n=4 samples per pond)
(Figures. 10 & 11). Nine days after
the Beauveria bait treatment, the
number of fire ants declined dramati-
cally to less than 10 per sample vial.
Overall, a 79.4% reduction in fire
ants was observed following the bait
treatment, and the mosquito fern had
completely disappeared from the sur-
face of the ponds (Figures 10 & 12).

Conclusions

Fire ants are the dominant insect
predators in disturbed terrestrial eco-
systems and cause significant nega-
tive ecological effects on biodiversity
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Figure 9. Paper bag bait station
containing Beauveria bassiana
formulated with peanut butter
(Photo credit: |.L. Stimac).

(Wojcik et al. 2001). They are known
to prey on all life stages of inverte-
brates, including the eggs. Recent
studies have shown that arthropod
species diversity declined by 30%
and the number of non-fire ant indi-
viduals decreased by 75% at fire ant
infested sites (Woijcik et al. 2001).
The presence of fire ant mounds
in close proximity to ponds or lakes
completely covered with mosquito
fern for extended periods of time
suggests that predation by forag-
ing fire ants may be interfering with
the process of natural regulation
of this aquatic plant. Our observa-
tions have shown that in these situ-
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Hquatics

BAZOLLA (gm/m2)

B RIFA (no / bait station)

=

POST-TREATMENT

PRE-TREATMENT

Figure 10. Dry weight biomass
(gm Im?) of mosquito fern, Azolla
caroliniana, and the number of red
imported fire ants (RIFA) caught
per sample vial before and after the
Beauveria bassiana bait treatment,
Center for Aquatic and Invasive
Plants, October-November,
1994. A zero value for the azolla
biomass was recorded after the bait
treatment.

ations, controlling fire ant mounds
adjacent to ponds or small lakes with
an approved treatment method (Col-
lins and Scheffran 2001) may help to
restore the ecological balance between
the plant and its insect herbivores.
Recently, the USDA Agricultural
Research Service funded and imple-
mented a new biologically-based
area wide management program to
reverse the negative effects of fire ants
on ecosystem functions such as the
disruption of the natural regulation
of waterfern by it native herbivores
described here (Williams et al. 2003).
This new program that includes an
IPM approach integrating natural
enemies of the fire ant with chemical
insecticides may finally provide a per-
manent solution to the fire ant prob-
lem across entire landscapes in the
southeastern United States (Williams
et al. 2003). For more information
about the area wide fire ant program,
go to www.ars.usda.gov /fireant/.
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Figure 11. Plastic vial baited with
a piece of hot dog shown on the
surface of a dense mosquito fern mat
near the bank of one of the three
sampling ponds. The vials were
used to monitor fire ant populations
during the course of the experiment
(Photo credit: J.L. Stimac).
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FAPMS 28" Annual Conference!

Qctober 18 - 21, 2004, Hilton
Hotel, Deerfield Beach, visit www.
homestead.com/fapms/meeting.
html for more information.

SePRO Corporation enters
into Development and
Supply Agreement with Dow
AgroSciences

On May 5, 2004, Dow AgroSci-
ences announced the signing of a
development and supply agree-
ment with SePRO Corporation of
Carmel, Ind., for the development of
a new herbicide for use in non-crop
aquatic environments. SePRO has
code named this new developmen-
tal product SP-1019. The product
use patterns would include selec-
tive invasive weed control in lakes,
reservoirs, ponds, irrigation canals,
rivers, marshes and wetlands. SP-
1019 will be fully characterized for

Figure 12. Research pond in Figure
1 shown 9 days after deployment
of the fire ant bait containing the
fungus Beauveria bassiana. The
mosquito fern mat dropped out
completely after the treatment,

the public at the upcoming National
Aquatic Plant Management Society
(APMS) meeting in July. The prod-
uct is currently being tested under
an Experimental Use Permit issued
by the U.S. Environmental Protec-
tion Agency (EPA).

Changes at the Center for
Aquatic and Invasive Plants

On March 22, 2004, Dr. Bill
Haller assumed the position of
Acting Director of the UF/IFAS
Center for Aquatic and Invasive
Plants. Dr. Randall Stocker, who
was the Center’s director, has taken
on new responsibilities in the new
UF School of Natural Resources
and Environment and is also Acting
Chair of the UF Department of
Fisheries and Aquatic Sciences.
Good luck to you both!

USDA Invasive Plant Research
Laboratory(IPRL) online
Reports

The US Department of Agri-
culture’s Invasive Plant Research
Laboratory(IPRL) in Fort Lauder-
dale, Florida is actively working on
many projects to control invasive
plants in the U.S. You are invited to
read the reports on current activi-
ties at the IPRL. To view the report,
follow the link below to the TAME
Melaleuca project internet site.
http:/ /tame.ifas.ufl.edu/media/
docs /IPRLOffshootsMay04.pdf
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For water this clean, count on new Avast! brand fluridone to keep out undesirable aquatic plant growth. Avast!
poses no threat to fish, waterfowl and desirable plant species, while at the same time posing no inconvenience
to recreational use. Easy to apply to virtually all fresh water bodies, Avast! provides excellent residual control
of hydrilla and Eurasian watermilfoil, plus other undesirable species, for up to 12 months. This slow residual
allows desirable growth to be reestablished without oxygen deprivation or fish kill. It also makes Avast! an
essential tool in waterfowl management and habitat restoration programs. Avast! is now available in both
liquid and Slow Release Pellet (SRP) formulations.

See your dealer, or call Griffin at 1-800-237-1854.

r-— -
Avast! srp

No threat to waterfowl No threat to fish No restrictions
on recreational use

A Helps nature
Griffin. cutfinLLC take its course.

Idosta, GA 31601
www.griffinllc.com

© 2001 Griffin L.L.C. Avast! ™ Griffin L.L.C 5002-01-6/01
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With Reward® aquatic herbicide, it's easy to restore habitats and preserve species that live near waterways. Reward herbicide
controls a broad spectrum of weeds — including submersed, marginal, and floating — starting within hours of application.
But itisn't harmful to fish or wildlife. No wait. No worry. For more information, call your Syngenta rep at 1-800-395-8873.

¥ REWARD'

Landscape and Aquatic Herbicide

www.syngentaprofessionalproducts.com

Important: Atways read and follows label instructions before buying or using this product. £2004 Syngenta. Syngenta Professional Products, Greensboro, NC 27419, Reward® and the Syngenta logo are trademarks of a Syngenta Group Company.






