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EXECUTIVE SUMMARY 
 
It is well known locally that nonnative invasive aquatic plants have infested Watts Bar Lake and 
the Tennessee River ecosystem. This is a significant issue for nearly every state in the U.S. The 
Watts Bar Ecology and Fishery Council (WBEFC) was created at the request of the Aquatic Weeds 
Committee of the Roane County Commission to provide advice on the impacts and control 
measures. This report is the result of extensive research, compilation, and assessment efforts, and 
is based on factual evidence and decades of published research on more than 300 lakes. 
 
This report describes the invasive aquatic species of concern in Watts Bar Lake (e.g., Hydrilla, 
Eurasian Milfoil, and Spiny Leaf Naiad), the lake’s current aquatic ecosystem (eutrophic/aging 
with built up concentration of nutrients including; carbon, phosphorus, and nitrogen), and impacts 
on fish species and fish population growth. The discussion of the lake’s aquatic ecosystem includes 
the topics of ecosystem dynamics, littoral zone dynamics, fish reproduction, and ecological 
impacts of invasive aquatic plants. Research showed that while some amount of aquatic plants is 
beneficial to the ecosystem (< 40% coverage), invasive plants quickly overtake the littoral zone 
(>40% coverage). The ecosystem then becomes uninhabitable by fish, water circulation is 
prevented, dissolved oxygen is severely depleted, water temperature increases greatly, and fish 
food organisms are killed. Fish populations ultimately undergo a major decline in number and 
diversity. The invasive aquatic plant becomes the sole occupant of the ecosystem. 
 
A major report section provides the lessons learned in Hydrilla management, compiled from large 
amounts of available data and information, such as communications with aquatic weed control 
groups/lake management professionals at similar lakes and written research, surveys, and articles. 
Watts Bar Lake is compared with similar lakes in Southeastern reservoirs, including Santee Cooper 
reservoirs (Lakes Moultrie and Marion), Lake Gaston, Guntersville Lake, Walter F. George 
Reservoir (Lake Eufala). It is concluded that the balanced use of approved herbicides applied by 
licensed applicators along with triploid (sterile) grass carp are the best methods of control. The 
economic costs of using these methods, while somewhat expensive, provide benefits that far 
outweigh the negative effects of non-control, such as the losses of fish, recreational use, tourism, 
fishing tournaments, tax revenue, just to name a few. 
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The impact on property values due to the presence of invasive aquatic plants is also explored. 
Property value decline is known to result. Hedonic modeling uses many factors and is used to more 
accurately determine property value. Tax implications must be addressed as lake property owners 
experience a decline of property value and therefore, pay a reduced amount of taxes. Comparably, 
non-lake property owners experience an increase of property value and then must pay more taxes 
to make up the shortfall to ensure the overall county tax base remains neutral. 
 
The impacts on tourism, recreation, and sport fishing are further explored. The economic gain 
brought about by recreation on TVA’s reservoir system amounts to almost $12 billion a year (2017 
dollars). Another study shows a local/county/city benefits by about $1 million per shoreline mile. 
Approximately 130,000 jobs are associated with these activities.  The existing presence on invasive 
plants on Watts Bar has not yet resulted in significant negative impacts. However, without 
balanced management and control very soon (next 2-3 years), the local economy would suffer 
significantly from the loss of sport fishing in the forms of reduced hotel occupancies, boat sales, 
cabin and boat rentals, RV park usage, tackle and equipment purchase, marina use, restaurants, 
etc.  
 
Options for the control and reduction of invasive aquatic plants are given, including their 
advantages and disadvantages. Options include chemical control (e.g., herbicides), biological 
control (e.g., triploid/sterile grass carp), and mechanical harvesting (e.g., use of machines/tools). 
Herbicide risks are described in detail as to why the use of approved herbicides by licensed 
applicators pose no risk to people or pets. The only restrictions are those associated with irrigation. 
As previously stated, herbicides, along with triploid grass carp used together in a calculated 
combination, provide the best control of invasive weeds. It is important to understand that these 
weeds cannot be eradicated, only controlled and managed. 
 
Six recommendations are made by the WBEFC (for greater detail please see Section X). 
 
The Roane County Commission, Aquatic Weeds Committee Should: 
 

1. Develop a detailed, integrated, five-year management plan/strategy to control and 
reduce invasive aquatic plants on Watts Bar Lake through the utilization of two 
components:  

Chemical -- herbicide application 
Biological -- triploid grass carp stocking  

2. Petition the TVA and TWRA to determine the extent of invasive aquatic plant 
incursion on Watts Bar Lake 

3. Petition the TVA and TWRA to determine location for stocking grass-carp in Watts 
Bar Lake, calculate stocking number for each area, design long-term monitoring 
program 
 

4. Request the Governor of Tennessee to: 
a. Prohibit Harming Crass Carp 
b. Establish a State Aquatic Invasive Species Advisory Board, inclusive of 

funding 
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5. Sponsor Public Education Workshops for Roane, Meigs, Loudon, Rhea, and 
Anderson Counties regarding the ecological and fishery impacts brought about by 
invasive aquatic plants and the invasive silver carp 

 
6. Encourage Meigs, Loudon, Rhea and Anderson Counties to designate representatives 

to join the WBEFC to Address Both Invasive Plants and the Invasive Silver Carp 
Threat, and Develop an Ad-Hoc Invasive Species Funding Committee 

Regarding a path forward, decades of invasive weed problems in other lakes have shown that 
control and reduction of infestations is a labor-intensive activity that requires dedicated staff and 
adequate funding. The WBEFC recommends that the Roane County Commission invite 
representatives from Claytor Lake and Lake Gaston to address the commission members with a 
detailed presentation on past efforts, accomplishments, successes and failures. These 
representatives have extensive experience in successfully managing invasive aquatic plants. 
 
The WBEFC thanks the Roane County Environmental Review Board (ERB) for its support and 
assistance. The Council appreciates the opportunity to provide sound advice and recommendations 
to the Roane County Commission and the Roane County Executive. As well, we are available for 
further information, answer questions, and will provide the Commission and the public with 
educational workshops or presentations as desired. 	

I. INTRODUCTION 

Nonnative invasive aquatic plants have entered and infested the Tennessee River Ecosystem as 
they have in nearly every state in the U.S. To address the impacts on Watts Bar Lake and determine 
the best course of action, the Roane County Commission -- Aquatic Weeds Committee, asked for 
the establishment of a formal organization to advise the Commission on the impacts and control 
measures. In 2017 the Watts Bar Ecology and Fishery Council (WBEFC) was founded. The 
Council has a 15-member Board of Directors, five working-groups, and a Chairman with a PhD in 
Fisheries Biology with over 45-years years of fisheries and ecological experience. The mission of 
the WBEFC is to protect the ecology and fishery of Watts Bar and the other lakes/reservoirs that 
comprise the Tennessee River ecosystem. Their informative web site is: wbefc.org 

This report is the culmination of an exhaustive research and investigative effort conducted over 
many months. A significant contribution to these efforts was the information available from 
decades of existing research and implementation efforts undertaken at other lake ecosystems 
plagued with the same invasive aquatic plants. The efficacy of their long history with this problem, 
their successes and failures, provided a solid foundation for the efforts of the WBEFC. 

Every effort has been made to avoid speculative assertions or unfounded claims, for they have no 
merit or value. This document is based on sound, factual, ecological, fisheries, and economics, 
from over five-decades of published research studies on more than 300 lakes.  

WATTS BAR LAKE  

Watts Bar Lake, a Tennessee River reservoir, extends 72.4 miles northeast from Watts Bar Dam 
in Spring City, TN, to Fort Loudoun Dam in Lenoir City, TN. Upstream from Kingston is the 
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Melton Hill Dam on the Clinch River. Watts Bar Dam is located about midway between Knoxville 
and Chattanooga and is one of nine Tennessee Valley Authority (TVA) dams on the Tennessee 
River. The reservoir provides popular recreational outdoor activities for boating, fishing, 
swimming, camping, etc. The reservoir has 722 miles of shoreline and over 39,090 acres of water 
surface, and a flood-storage capacity of 379,000 acre-feet. Watts Bar Dam has one 60x360-foot 
lock that lifts and lowers barges and other yachts/boats as much as 70 feet to Chickamauga 
Reservoir. The lock handles more than a million tons of cargo a year.  

It should be noted that although the technical discussions in this report have been written with 
specific reference to Watts Bar Lake, everything discussed is valid for the entire Tennessee River 
reservoir ecosystem. The only difference lies in the size parameters of each reservoir, which were 
all created through the dam system. The biology and aquatic ecology of these reservoirs are 
essentially identical. There is a slight difference in the fishery of each, which is simply a factor of 
species diversity and population dynamics, but even these factors are quite similar. Thus, this 
report is material and comparative for the entire Tennessee River ecosystem.  

II. INVASIVE AQUATIC PLANT SPECIES OF CONCERN IN WATTS BAR LAKE 

Invasive species are defined within U.S. government Executive Order 13112 as being “non-native 
(or alien) to the ecosystem under consideration and whose introduction causes or is likely to cause 
economic or environmental harm or harm to human health”. Most invasive species can be 
attributed to human activities and once introduced to an ecosystem, they are capable of rapidly 
taking over due to their ability to adapt to their new environment. Since invasive species do not 
have any natural predators to keep them in check, they propagate quickly, grow rapidly, and 
outcompete native aquatic vegetation. They hinder recreational activities, such as boating, 
paddling, swimming, and eventually, significantly hinder fishing. 

A. Hydrilla 

Hydrilla is a nonnative submersed aquatic perennial plant that has gained the name as the 
“perfect aquatic weed” due to its ability to aggressively invade an aquatic ecosystem. It is 
believed to have originated from Sri Lanka and arrived in the U.S., by way of Florida in the 
early 1950s, through the aquarium industry. There are two types of Hydrilla found in 
Tennessee, a dioecious form (male and female flowers on separate plants) and a monoecious 
form (male and female flowers on the same plant). The plant has a small potato-like tuber 
that remains in the sediment and is difficult to kill, even in cold winters. Hydrilla forms long 
stems with leaves that grow in whorls—usually four to eight leaves per whorl along the stem. 
The leaves are typically .6 inches in length, oblong, and have serrated leaf margins. Very 
small flowers form at the end of each stem at the water’s surface.  

Hydrilla has several characteristics that make it such a successful invasive species. It requires 
limited light, needing only one-percent (1%) of sunlight to grow. This ability to survive and 
flourish at such low light requirements enables the plant to grow up underneath other plants 
and to survive at depths up to 20 feet depending on the turbidity of the water. Hydrilla spreads 
primarily by fragmentation. The plant breaks apart very easily when disturbed and pieces as 
small as 1 inch can produce new plants. The tubers of the plant can survive as long as seven 
years in the sediment before sprouting even if water is absent for a prolonged time. It is a 
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rapid grower extending up to four inches a day until it reaches the surface where it begins to 
branch out producing a large mat of vegetation. It can double its biomass in two weeks.  

Hydrilla will have a large impact on the ecology and fishery of the water system it invades. 
Large masses of growth on the water surface will change the water chemistry, making it less 
suitable and often impossible for native aquatic plant and animal species to survive. Hydrilla 
has also been linked to avian vacuolar myelinopathy (AVM) in eagles, coots, and ducks. 
AVM, a fatal neurological disease caused by cyanobacteria, has been documented to have 
killed thousands of these waterfowl and 160 bald eagles in six area states. 

 
B. Eurasian Milfoil 

Eurasian Milfoil is a submersed, bottom-rooted, evergreen perennial. The plant is believed 
to have originated from Europe and Asia, then arriving in the U.S. in the 1940s by ship ballast 
emptying and the aquarium industry. Eurasian Milfoil has multiple stems that arise from root 
crowns that take root in the sediment. Stems are branched with “feather-like” leaves typically 
in whorls of four. The leaves are 0.6 to 1.6 inches long. Flowers form on stems that extend 
slightly above the water surface.  

Eurasian Milfoil thrives in water under 15 feet deep, though if the water is extremely clear, 
it can be found at depths up to 30 feet. It spreads primarily through fragmentation, but also 
spreads by root division. Natural fragmentation usually occurs at two points; after the plant 
has flowered, and near the end of the growing season. Fragmentation also occurs as a result 
of recreation activities (e.g., boating). It has an earlier growth season than most native 
species, and thus, has the ability to establish itself, form dense masses at the water surface, 
and crowd out native species that have later growing seasons. These two characteristics, 
fragmentation and an early growing season, have allowed Eurasian Milfoil to flourish in 
Watts Bar Lake. 
Like Hydrilla, Eurasian Milfoil’s large masses of growth on the water surface change the 
water chemistry, making it less suitable for native aquatic plant and animal species. The large 
masses can clog hydropower turbines; compound flooding; and impact recreational activities 
such as boating, swimming, and fishing and the economies that support them. The masses of 
vegetation also create an environment ideal for mosquitos.  

C. Spiny Leaf Naiad 
This invasive aquatic plant has numerous varieties. It is a true annual producing a slender, 
branching stem with leaves less than two inches long and only about a tenth of an inch wide, 
with spiny saw-like margins. The plant is dioecious, with inconspicuous male and female 
flowers occurring on separate individuals. It can grow to over eight feet, and spreads rapidly 
from seeds and roots each spring. The minute flowers are solitary in the leaf axils. The female 
flowers produce tiny ovoid seeds less than two-tenths of an inch long. 	
Seeds are dispersed easily by currents and carried long distances. One acre of plants will 
produce tens of millions of seeds per season. During the late summer or early fall, the stems 
become brittle and break up allowing the wind and currents to disperse the fragments. Naiad 
is readily eaten by waterfowl, and the seeds of the plant have been shown to germinate after 
digestion. This means plants are easily spread by waterfowl. Seeds are long-lived in the 
seedbank, which means they can easily survive periods of lake drawdown.	
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D. Curly Leaf Pondweed 
Curly-Leaf Pondweed is a submersed, bottom-rooted, perennial. The plant is native to 
Eurasia, Africa, and Australia and was first reported in the U.S. in the mid-1800s. The plant 
generates long, flattened, spaghetti-like stems with alternate, wavy, oblong shaped leaves 
that are 0.8 to 4 inches long. The leaves are also finely toothed along the leaf margins. 
Flowers appear on short stalks of the upper leaves near or above the surface of the water. 
Curly Leaf Pondweed is a very aggressive plant with a wide range of growing conditions. It 
is found in water depths varying from 3-20 feet. The plant can grow in low light areas and 
water temperatures as low as 34°F and can survive in polluted waters. The plant spreads 
through production of turions (small potato like tubers) and rhizomes. Turions lie dormant 
during the summer, then sprout in the fall, and remain fully intact through the winter. In early 
spring, plants grow up to four inches a day reaching the water surface and forming dense 
masses. This unique life cycle and rapid growth gives the plant a distinct competitive edge 
over native species. The large masses of this invasive species have the same detrimental 
effects as Hydrilla and Eurasian Milfoil. 

III. AQUATIC ECOSYSTEM 

A lake’s trophic state is based on the fertility of the water (the root “troph” means nutrients). Lakes 
are characterized by the nutrient content of its water, for the nutrient load (phosphorus and 
nitrogen) has a major influence on its ecology and fishery. Oligotrophic lakes have a very low 
nutrient content, while eutrophic lakes have a heavy load of nutrients. Watts Bar Lake is a 
eutrophic lake. Eutrophication is a natural ecological process that occurs in an aging aquatic 
ecosystem as it steadily builds up nutrient concentrations. Most often, this process occurs when 
human activity introduces increased amounts of nutrients through sources that include agriculture 
fertilizer runoff, septic system effluent, farm animal runoff, and atmospheric fallout from burning 
fossil fuels. These nutrients enter bodies of water and fuel the growth of algae which reduces light 
penetration and results in low visibility and murky water, lowering water quality. Low visibility 
and murky water can prevent native aquatic plants from photosynthesizing just as shading does for 
land plants. 
As algae populations increase, water 
quality decreases. An algal bloom 
severely depletes the oxygen level in the 
water and can cause widespread death of 
insects and other aquatic organisms, and 
lead to fish-kills. The dead organisms sink 
to the bottom, decompose, and add even 
more nutrients. The microbes that break 
down these dead organisms use oxygen to 
do their work. Therefore, in addition to the 
lack of oxygen for photosynthesis, there is 
also a lack of oxygen for the 
decomposition process. The same is true 
for dying growth of invasive aquatic 
plants. A low oxygen level prevents rapid 																																Figure	1.		Algae	Bloom 
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decomposition, leaving the plants to cover the bottom, killing any organism that may still be 
present. The slowly decomposing plants can remain for many mouths. It is difficult to remove 
nutrients from a eutrophic aquatic ecosystem, but slowing down the nutrient loading also slows 
the lakes aging process and benefits the health of the ecosystem. Large, dense areas of dead 
invasive aquatic plants not only kill vast numbers of benthic invertebrates (fish food organisms), 
but also rapidly advance the eutrophication process. 
 
Watts Bar Lake is a “Eutrophic” lake. Eutrophication is a natural ecological process that occurs in 
an aging aquatic ecosystem as it steadily builds up concentration of nutrients such as carbon, 
phosphorus, and nitrogen. Most often, this aging process occurs when human activity introduces 
increased amounts of these nutrients through sources that include fertilizer runoff, septic system 
effluent and atmospheric fallout from burning fossil fuels. These nutrients enter bodies of water 
and fuel the overgrowth of algae that reduces water quality and light penetration and results in low 
visibility and murky water. Low visibility and murky water can prevent native aquatic plants from 
photosynthesizing just as any land plant does in order to live. 
 
The table below shows how the two trophic states differ: 
	
Characteristic Oligotrophic Eutrophic 
1. primary production low High 
2. diversity of primary 

producers 
high species diversity, with low 
population densities 

low species diversity, with 
high population densities 

3. light penetration into 
water column 

high Low 

4. toxic algal blooms rare Frequent 
5. plant nutrient 

availability 
low High 

6. animal production low High 
7. oxygen status of 

surface water 
high Low 

8. fish makeup salmonids, walleye Bass, sunfish, perch, carp  
 

A. ECOSYSTEM DYNAMICS 

To fully comprehend the detrimental consequences of invasive aquatic plants, one needs a 
basic understanding of the dynamics of a healthy aquatic ecosystem. As previously stated, 
Watts Bar Lake (and the entire Tennessee River ecosystem) is a eutrophic body of water, 
meaning it has excessive nutrients, especially phosphates, nitrates, and organic nutrients. 
These nutrients promote a proliferation of phytoplankton, algae, and zooplankton. This high 
productivity reduces the clarity of the water. 

A lake has three major zones; littoral, limnetic, and benthic. Relative to light penetration, it 
has two zones; euphotic, where there is enough light to support photosynthesis, and the 
aphotic zone where light will not support photosynthesis. The littoral zone is the area from 
the shoreline to the depth where light penetration will not support photosynthesis. Watts Bar 
is eutrophic with high nutrient loading, supporting a rich algal population which reduces light 
penetration sufficient for plant growth to about 10-14 feet in depth. From the surface to the 
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depth where light penetration can still support photosynthesis is called the euphotic zone. 
Below that depth is called the 
aphotic zone, and photosynthetic 
organisms cannot survive. The 
biodiversity (number of different 
species of organisms) that live in 
the lake bottom/mud in the 
euphotic zone is exceptionally 
high, and significantly reduced, 
usually to only a few species, in the 
aphotic zone.  
If Watts Bar Lake were a natural 
lake, rather than a reservoir, it 
would support an abundance of 
submerged and emergent aquatic 
macrophytes (plants). The shoreline would be rich in aquatic plants both below and above 
water. Because the water depth fluctuates drastically during annual drawdowns (around 6 
ft.), native aquatic vegetation has a difficult time gaining and maintaining a foothold. Only a 
few aquatic species can survive fully exposed and dry for an extended period. Thus, most of 
the shoreline of Watts Bar is completely void of vegetation. This reduces the productivity of 
the benthic zone in the littoral zone. However, the productivity and biodiversity remains 
high. 
 
B. LITTORAL ZONE DYNAMICS 

The littoral zone is the most critical component 
of any lake. It is the shallow zone of a lake to 
the depth where sunlight can no longer support 
photosynthesis. Light penetration is dependent 
on the clarity of the water, thus the higher the 
turbidity of the water, the smaller the littoral 
zone will be. Watts Bar Lake and all of the 
Tennessee River reservoirs are nutrient rich 
lakes and thus have significant algal 
populations which reduces light penetration 
along with suspended mater. This allows 
photosynthesis to about 10-12 feet. Beyond 
this, plants cannot survive. Invasive species, 
however, often thrive at greater depths, for 
they can establish their growth during lake 
drawdown and continue toward the surface 
ahead of the water rise. This can allow them to 
thrive to depths of 12-18 feet. 
 
All aquatic plants are highly beneficial to the 
littoral zone ecology. If invasive species did not 
carpet the substrate and fill the water column, they too would benefit the ecosystem. Though 

				Figure	3.	Typical	Benthic	Invertebrates 

																Figure	2.		Littoral	and	Limnetic	Zones	
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plants add a great deal to the ecological health of the littoral zone, a littoral zone with no 
plants is still the most important region of the lake. This is because it directly or indirectly 
produces more than 90% of the food for all fish. Typical benthic (bottom) organisms in the 
littoral zone can be seen in this illustration. They can be found in the mud, on snags, logs, 
rocks, roots, branches, and in detritus and leaves. When plants are present, they add 
additional surface area for many of these organisms to live. As well, the plant itself can be a 
food source for some of these organisms. Algae typically thrive on the surface of stems and 
leaves, which in return become a valuable source of food for many invertebrates. 
 
C. FISH REPRODUCTION 

A healthy lake fishery is fully dependent on the reproduction success of its fish species. 
Reproduction realization is likewise fully dependent on the nesting and rearing achievement. 
Nearly all forage and game fish species spawn in the littoral zone. Game fish (bass) spawn 
when temperatures reach about 60 degrees, minnows around 65, and bluegill (sunfish) 65-
80 degrees. Successful spawns often occur prior to weed density impacts, but depending on 
the extent of winter and spring temperatures, spawns can be prevented. This is especially 
true for sunfish and minnows. 
Fish nests are called redds, which are built by the fish using their caudal (tail) fin to dig out 
a depression in the mud, silt, sand, or gravel, or by taking mouthfuls of sediment to dig the 
redd. Eggs are then laid, fertilized and protected. Most minnows lay their eggs in gravel, 
under rock, or on plant surfaces. Typical redds can be seen in these photos. 

 	
Figure	4.	Typical	Bluegill	Redds 

D. ECOLOGICAL IMPACTS OF INVASIVE AQUATIC PLANTS 

The short- and long-term negative impacts 
to the aquatic ecosystem and fishery brought 
about by invasive aquatic plants are 
numerous. It is important to understand, it is 
not the species of plant that is destructive. 
When invasive plants first appear, they are 
highly beneficial. There is no ecological 
difference between growths of nonnative 
and native plants; both highly benefit the 
ecology. This photo shows a growth of 
invasive plants that are highly beneficial to Figure	5.	Positive	Density	of	Invasive	Plant	



	
10	

the ecosystem. If they remained at this density, like native plants, the fishery and ecology 
would benefit greatly.  

The problem lies with the growth-rate of invasive species. Once established they quickly 
reproduce through their root structures, grow rapidly, and spread like the invasive terrestrial 
plant kudzu. Every inch of the substrate (mud) soon becomes crowded with plants growing 
rapidly toward the surface. Hydrilla can grow 3-4 feet in a week. When the growth density 
exceeds 30-40% benthic coverage, a healthy littoral zone ecosystem is destroyed. The plants 
become a dense carpet of vegetation 
which continues toward the surface. Once 
the carpet density is reached, the damage 
is done, whether or not the plants reach 
the surface. 

Unlike a natural littoral zone where the 
plants are dispersed around the bottom, 
invasive species take over every inch of 
the benthic substrate. The photos above 
show invasive aquatic plants at and under 
the surface. One can easily see that 
benthic organisms cannot survive in the 
mud, and fish cannot build their redds. Within the dense vegetation it is simply impossible 
for fish to swim, let alone inhabit these areas. All are forced out of the area, and any nests 
and eggs are abandoned. All spawning 
areas are destroyed, thus reducing the 
numbers of game and forage fish added to 
the lake every year.  
Even when a game fish such as a 
largemouth bass is able to clear an area of 
plants for the redd, as soon as the density 
around the redd reaches 40%, there is no 
water circulation. Therefore, the dissolved 
oxygen is not enough for the bass to 
breathe, and the temperature of the water 
increases, all of which force the bass off the 
redd and the eggs or young (fry) are 
destroyed.   
Fish must have a range of habitats to complete their life cycle feed, reproduce, and thrive. 
As the density increases beyond a critical 30-40%, the following impacts result: 
1. The dissolved oxygen is severely depleted (fish cannot survive). 
2. Water circulation is prevented.  
3. The water temperature rises becoming too hot for benthic organisms and fish. 
4. Sunlight penetration is blocked; thus, photosynthesis cannot take place. Fish cannot 

swim within the vegetation due to the density of the plants. 
5. All habitat (snags, logs, rocks, artificial habitat, nesting sites, etc.) is no longer available 

to the fish or benthic organisms. 

		Figure	6.	Destructive	Density	of	Invasive	Plant 

								Figure	7.	Destroys	Benthic	nvertebrates 
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6. Fish redds/nest cannot exist. 
7. Fish must find alternative food sources which are normally provided by the littoral 

zone. 
8. Detrimental bacteria thrive. 
9. Siltation within the vegetation is increased, and along with the rotting vegetation, will 

slowly fill in shallow areas. Over time this will completely destroy a shallow littoral 
zone, removing it from the lake. 

10. Waterfowl feeding areas are eliminated, and the dense mats can harbor cyanobacteria 
e.g., AVM) deadly to waterfowl and raptors. 

11. The large volume of dead vegetation rots, contributing significant nutrients which can 
instigate algal blooms, increasing the rate of eutrophication (the aging of the lake). 

12. The mats prevent swimming and boat usage, and the smell of rotting vegetation can 
last a significant time. 

13. Dense mats totally destroy every aspect of the ecology of that area, effectively 
removing it from the ecosystem. 

Research has shown conclusively, that with widespread incursions of dense vegetation 
growth, fish will be stressed, body weight reduced, and the health of the fishery seriously 
impacted. This will lead to a significantly reduced fish populations. One must remember the 
littoral zone is the grocery store for fish, large and small. Dense growths of invasive plants 
completely close the grocery store. The closure lasts all summer, and when the vegetation 
dies, it covers the bottom, and only until the vegetation rots and is carried away by water 
movement can the littoral zone recover and slowly rebuild it and then support invertebrate 
species diversity. The deeper benthic areas produce only a few species of insect larvae which 
cannot support the fish. The littoral zone is the key area for a healthy ecosystem and fishery. 
Dense vegetation completely destroys littoral zone productivity, essentially removing it from 
the lake ecosystem.		

The area shown in this photo is 
entirely littoral zone completely 
covered by Hydrilla. This littoral 
zone is taken completely out of 
fish and fish food production. 
Even if fish could move into the 
area, which they cannot, there 
would be zero food production. 
Remember, there is no water 
circulation; oxygen levels are 
near zero; and the temperature is 
too warm for fish and benthic 
invertebrates. Other than these 
invasive plants, this is a dead 
zone, and will remain so. They are the sole occupant in this littoral ecosystem. Without the 
invasive plants, this huge area would be supporting large numbers of game and forage fish. 
 
 
 
 

																	Figure	8.	No	Productivity	Other	Than	Plants 
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IV. FISHERY IMPACTS/POPULATION GROWTH 
 
Carrying capacity refers to the maximum population size of a species that the aquatic ecosystem 
can sustain indefinitely and is based on the food, habitat, water quality, ecosystem health, and other 
requirement available in the environment. In a balanced ecosystem all species are below, near, or 
at carrying capacity and doing well. Invasive aquatic plants throw the ecosystem completely out 
of balance and have devastating ecological consequences. The carrying capacity of forage and 
game fish will be severely reduced, and over time, there will be a major decline in all fish 
populations. The first to feel the decline are game fish; forage fish will follow. The lake fishery 
(population of fish species) will be significantly lowered year after year. If left uncontrolled, the 
spread of invasive aquatic plants will eventually threaten the existence of some fish species, and 
the remaining species will struggle to survive. 
Those able to maintain the species will be 
severely stressed. This will result in stunted and 
unhealthy individuals, and the loss of a healthy 
fishery altogether. Initially, this will 
significantly reduce the sport fishing industry, 
and ultimately end any thought of fishing 
tournaments. Dense invasive plant growths can 
make “catching” fish easier because all the 
forage fish, pan fish, and game fish are forced to 
the outer edge of the mats. The forage fish can 
only penetrate a small distance into the mats for 
protection, so the game fish stalk the outer edge 
of the mats searching for something to eat. The 
density of game fish increases at the edge of the 
mat making them easier to catch by this fisherman. This short-term benefit of easier fishing will 
only result in an even faster long-term loss of game fish populations. 
 
It bears repeating that although “catching fish” may indeed be easier near the weeds, the “fishery” 
is dramatically reduced. Remember, all the habitat, snags, food, nesting sites, normally found in 
that littoral zone are no longer available to the 
fish. As you reduce the amount of healthy littoral 
zone, you reduce the health of the fishery. Few 
aquatic organisms can live in dense growths as 
seen below. These dense incursions result in a 
“dead zone,” essentially removing the entire area 
out of the lake. When they die, sink, and rot on the 
bottom, they only continue their destruction, for it 
can form a rotting mat a foot or more in depth. No 
benthic organisms can live under such rotting 
matts. Nesting can only occur early in the season 
when the plant density is below 30-40 %. After 
that, the entire fishery will suffer a major decline 
due to reduced spawning grounds, less habitat, 
and scarce food sources. 

Figure	9.	Game	Fish	Gather	at	Edge	of	Weeds	
Making	it	Easy	to	Catch	Fish 

Figure	10.	No	Fish	or	Invertebrate	Production	 
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Decades of fisheries research has shown and proven that the size, condition, and population 
number of largemouth bass decrease significantly when plant density exceeds 30-40%. An 
extensive Corps of Engineers study (Appendix 1) was based on the compilation of five-decades of 
research and surveys of 300 freshwater lakes to determine the relationships between fish and 
aquatic plants. The study concludes that while moderate aquatic vegetation is extremely beneficial 
to fish and fish food production, dense vegetation is very destructive. Aquatic plant density impacts 
an aquatic ecosystem in many positive ways until the density approaches 40%.  Once plants attain 
such compactness, the vegetative mass completely alters the aquatic ecosystem. Aquatic organisms 
can no longer survive and the affected area is taken out of production for fish and fish food 
organisms. This all-encompassing analysis showed the following negative impacts: 
 

• Growth of largemouth bass decreased as vegetation abundance increased 
• Optimal fish growth rates cannot be maintained in dense vegetation  
• Prey-capture rates decline with an increase in vegetation density 
• Foraging efficiency by bass and large predatory fish decline with increased density 
• Dense vegetation increases predatory fish search effort, reduces swimming speed, and 

reduces attack and capture rate 
• Larger fish expend more energy in searching and capturing prey, are less successful, 

resulting in loss of caloric intake lowering the growth, condition, and reproduction  
• Predatory fish populations become stressed in densely vegetative areas 
• Too much vegetation hinders spawning by decreasing availability of nest sites 

 
The Corps’ extensive, science based analysis proves that excessive aquatic vegetation is highly 
detrimental to predatory fish populations (especially largemouth bass) and the ecological health of 
aquatic ecosystems. B.A.S.S., the premier bass fishing organization in the country states in its 
publication “Bassmaster” and on its website, that the second most serious threat to bass and bass 
fishing are invasive species, echoing the Corps of Engineers study conclusions.  
 
It is important to understand the simple 
truth of ecology--nothing can surpass the 
value of a natural ecosystem. Invasive 
species, aquatic or terrestrial, only harm 
and destroy natural ecosystems. Although 
the ideal situation and goal would be to 
return the aquatic ecosystem to its natural 
state with only native aquatic plants by 
totally eliminating all invasive populations, 
this could never be accomplished. Watts 
Bar has over 720 miles of littoral zone 
shoreline and hundreds of large and small 
coves. Thus, invasive aquatic plants will 
always be present in the ecosystem. 
 
However, if left unabated, every shoreline and cove under ten to twelve-feet in depth will 
eventually be completely taken over by the invasive plants (Figure-11), devastating the health of 

										Figure	11.	Ecology	of	Entire	Area	Destroyed 
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the ecology and fishery. There would be a rapid and continual reduction in the populations of 
forage and game fish, bringing fishing tournaments to an end. Some species will be eliminated 
completely, and those that do remain will be under great stress and struggle to survive.  
 
V. LESSONS LEARNED IN HYDRILLA MANAGEMENT 
 

A. Introduction 
Invasive aquatic plants have threatened and destroyed aquatic ecosystems nationwide for 
decades. The Federal government, states, municipalities, and local organizations have 
struggled to bring them under control. The lessons learned through their successes and 
failures resulted in a significant amount of sound, meaningful data for the reduction and 
control of invasive aquatic plants. This section describes methods of Hydrilla management 
that have been successful on lakes similar to Watts Bar Lake in an effort to develop a rigorous 
management recommended strategy for our lake. Most of the studies address Hydrilla, which 
is rapidly expanding its dominance in Watts Bar. Though the data relates specifically to 
Hydrilla management, successful control of Hydrilla can directly relate (with some 
variations) to the control of other invasive aquatic plants present in Watts Bar Lake, such as 
Naiad or Eurasian Watermilfoil.  
Sources of data and information for this section include: 
• Meeting, emails, and telephone communications with aquatic weed control groups and 

lake management professionals at similar lakes 
• Research, surveys, and articles from:  

o online scientific journals 
o Aquatic Plant Management Society 
o federal and state governments 
o lake association websites 
o local newspaper article 
o  

B. Hydrilla 
The two types of Hydrilla are monoecious and dioecious, each with slightly different general 
appearance, very different growth pattern, and slightly different growing seasons. The table 
below describes the two types.	

 
It was formerly thought that the monoecious type prefers colder temperate weather, typically 
from North Carolina northward, while the dioecious type prefers the warmer weather of the 
southern US, from North Carolina south. However, recent expansion of monoecious Hydrilla 
into Lake Guntersville in Alabama as well as Watts Bar Lake in Tennessee suggests that the 

Monoecious Dioecious 
• annual, dies off in winter 
• thinner, less densely-leafed stems 
stems start branching horizontally and 
vertically immediately above the lake 
bottom, filling the water column to the 
surface 

• perennial  
• stronger, more densely-leafed stems 
• stems grow rapidly to the surface and 

then branch out in every direction 
• forms a dense canopy at and slightly 

above the surface 



	
15	

monoecious type is capable of expansion into the southern U.S. and can out-compete the 
dioecious variety. 

Hydrilla is the single-most threatening non-native aquatic plant to infest Watts Bar Lake. In 
2008, the Tennessee Wildlife Resource Agency (TWRA) produced the Tennessee Aquatic 
Nuisance Species Management Plan, which listed Hydrilla as the number one priority for 
prevention and control. Hydrilla can be considered the aquatic equivalent of the invasive 
terrestrial plant Kudzu. Hydrilla grows from the submerged lake bottom anywhere there is 
sufficient sunlight to reach it; depending on water clarity, it can infest areas up to 20 feet 
deep. Because it requires less light than all other submerged vegetation, including Eurasian 
Watermilfoil and Spiny Leaf Naiad, Hydrilla will outcompete and displace them. If 
unchecked, Hydrilla will dominate these shallows to the near exclusion of all aquatic plants. 
Hydrilla propagates in three ways:  
• Seed-like “turions” disperse easily and can be carried in the current throughout the lake. 
• Fragmentation can be man, animal, and weather caused and widely spread by current. 
• Root structure “tubers” spread in the sediment and provide localized but multi-year 

sprouting ability from so-called “tuber banks” to reestablish plants in areas that were 
thought to have been eradicated. Lake tuber banks have been sampled and found to 
contain up to 1,000 tubers per square meter. 

When Hydrilla reaches the surface (called “topping out”), it forms dense mats. The mats can 
break off from the bottom, and drift away into deeper parts of the lake, creating floating 
masses that collect floating debris, including logs and trash. Such mats have numerous 
impacts including: 
• prevents boats and small craft from navigating coves and inlets 
• is unsightly; destroys natural beauty of lake 
• increases mosquito habitat with the potential to spread disease to humans and animals 
• increases risk that swimmers will become entangled and drown 
• decreases oxygen levels in the water under the mat, which leads fish kills 
• impedes commercial navigation 
• plugs turbine inlets at dams, which could shut down the power plant and/or damage 

turbines (as described in the example below in Santee Cooper Reservoirs) 
• prevents recreationalists and property owners from using shoreline and coves 
• decreases property values 
• exposes waterfowl to a deadly bacterium (cyanobacteria or AVM) 
 
C. Southeastern Lakes with Hydrilla Infestation  
The table below is a review of the infestations of Hydrilla in five Southeastern reservoirs 
compared to that of Watts Bar. The five reservoirs range from half to over four times the size 
of Watts Bar, but they are sufficiently similar in depth, throughput, trophic state, and climate 
to Watts Bar. Several of these lakes have been studied extensively, and are well represented 
in the scientific literature. Nearby TVA lakes, including Chickamauga and Nickajack, are 
not included because they do not have historical information related to Hydrilla or 
meaningful information regarding any control efforts. 
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Lake State Size 
(in acres) 

Hydrilla 
Infestation 

Santee Cooper: Lakes Moultrie and 
Marion  

South Carolina 171,000 25% 

Gaston  North Carolina 20,000 25% 
Guntersville (TVA lake) Alabama 69,000 20% 
Walter F. George (Eufaula) Georgia/Alabama 46,000 6% 
Claytor  Virginia 4,600 10% 
GA Power Co. lakes (17 lakes) Georgia 60,000 (varied by lake) 
Watts Bar Lake (TVA lake) Tennessee 39,000 <17% 

 
1. Santee-Cooper Reservoirs  

Santee-Cooper (formal name: South Carolina Public Service Authority) is the owner 
of lakes Marion and Moultrie in South Carolina, which are interconnected by an 
unrestricted level canal. Like Watts Bar, these lakes provide water supply, recreational 
boating, fisheries, navigation, and hydroelectric power to their region. Like Watts Bar, 
there is a navigation lock (Pinopolis Lock). In total, they are over four times the area 
of Watts Bar.  

Hydrilla was first discovered in 1982 in upper Lake Marion, and it rapidly spread. As 
coverage expanded, herbicides (mostly Aquathol K® and Diquat®) were applied 
annually to control Hydrilla. Eventually, about $12,000,000 worth of herbicides were 
used. Management through the use of herbicides was subsequently abandoned because 
bathymetric maps suggested that Hydrilla could occupy 55% of the system. An 
alternative management strategy was implemented, and 768,500 triploid grass carp 
were stocked between 1989 and 1996. While triploid grass carp rapidly achieved 
control in upper Lake Marion, Hydrilla spread throughout both lakes in the system. 
Triploid grass carp are sterile, so they cannot reproduce. This prevents another invasive 
species from taking over, but requires monitoring and restocking. 

Hydrilla coverage peaked in 1994 at 38,000 acres, but Hydrilla was essentially 
eliminated by 1997. By 2004, triploid grass carp had declined to an estimated 
population of 7,000 or approximately one fish for every seven formerly vegetated acres. 
The elimination of Hydrilla was unpopular with both waterfowl hunters and some 
anglers. Angler creel surveys that solicited preferences for submersed vegetation were 
performed during 2000 and 2001. The data was analyzed and found that all categories 
of anglers preferred submerged aquatic vegetation and concluded more submersed 
vegetation would result in more angling and economic benefit to the surrounding 
communities. This is understandable, for anglers know a great deal about catching fish, 
but few understand aquatic ecology or fisheries biology to the degree needed to fully 
comprehend the destructive impact of dense vegetation growths. They unfortunately 
see little distinction between moderate and compact densities. While low to moderate 
densities are a major benefit to the fish and ecology, compact/heavy density is purely 
destructive.  

A seven-year study in upper Lake Marion evaluated the response of fishes to Hydrilla 
removal by triploid grass carp. There were significant differences in catch between 
years with high and low Hydrilla coverage. Littoral fish populations (including large-
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mouth bass) increased as Hydrilla decreased from a maximum of 11,600 acres, 
approximately 50% of the surface area) to less than 250 acres by 1994. Despite 
substantial declines in Hydrilla, other forms of cover persisted during the study 
providing an intermediate level of structural complexity. Consequently, grass carp 
effectively controlled Hydrilla along with a positive increase in the littoral fish 
assemblage during the study. 

Maintenance stocking of about 50,000 fish per year was used between 2007 and 2010. 
Between 2010 and 2011 there was a 300% increase in Hydrilla so an additional 100,000 
fish were added in 2012. Yearly maintenance stocking after 2012 was lower but then 
increased to overcome the estimated annual grass carp mortality of 32%. The system-
wide Hydrilla control cost that has been achieved since 1997 was estimated to be less 
than $10 per formerly vegetated acre. 

Overall, Hydrilla was controlled from 1988 through the present at a much lower yearly 
cost per acre than previously experienced with chemical control. But once control was 
achieved, there were periods of no maintenance stocking, allowing Hydrilla a chance 
to come back quickly from the tuber bank. Both Hydrilla coverage and existing grass 
carp population are required to be monitored and then estimates made for the effective 
use of grass carp control of Hydrilla.  

Hydrilla coverage was estimated several ways depending upon yearly funding. When 
funding was sufficient, aerial infrared photography was used, and aquatic vegetation 
types were verified by ground-truthing. At other times, small aircraft, flying at 
approximately 300 meters altitude, were used to map aquatic vegetation. Observers 
mapped topped out aquatic vegetation and ground crews subsequently identified the 
species. Once mapped and identified, the area of Hydrilla coverage was estimated. 

Santee Cooper found that the hardest thing to do in using grass carp was determining 
how many to add each year. Accuracy requires estimating how many are remaining, 
establishing an estimated mortality rate, understanding the need for grass carp of every 
age in the mix, and accepting the lag time for the carp to start showing a reduction in 
Hydrilla acreage. If that process is not carefully controlled, it is very easy to have more 
than necessary or not enough to reduce the existing Hydrilla.  
 
2. Lake Gaston  

Lake Gaston is a 20,300-acre reservoir on the Roanoke River on the North Carolina - 
Virginia border, serving three North Carolina counties and two Virginia counties. It is 
operated by Dominion for hydroelectric power, also providing flood control, a water 
source for regional cities, and fishing for largemouth bass, striped bass, walleye, catfish 
and various pan fish. 
Surveys conducted by North Carolina State University in 1985 discovered 200 acres of 
Brazilian Elodea and 12 acres of Hydrilla. The Lake Gaston Weed Control Council, 
comprised of three members from each of the five lake counties, was formed in 
December 1985. The Lake Gaston Weed Control Council was tasked to formulate 
solutions to the Brazilian Elodea problem in the reservoir. Following additional 
herbicide treatments, the Lake Gaston Weed Control Council, with input from 
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Dominion, the Army Corps of Engineers, and Virginia and North Carolina wildlife and 
water quality departments, decided on a winter drawdown to control Brazilian Elodea.  

The drawdown began on December 1, 1987 and ended with water levels fully restored 
on March 20, 1988. A private applicator was hired to treat the soil of the lake bottom 
where Hydrilla was present in an effort to control this newly established weed. Surveys 
of the reservoir concluded that the treatments were successful for Brazilian Elodea but 
elimination of Brazilian elodea and the stimulatory effects of the drawdown on Hydrilla 
tuber sprouting may have contributed to a worsening of the Hydrilla problem. Hydrilla 
infestations increased from 25 acres to 429 acres by 1991.  
The Lake Gaston Weed Control Council created the Lake Gaston Task Force in 1991 
to provide technical expertise and guidance in weed control. The task force included 
members from Dominion, North Carolina Wildlife Resources Commission, Virginia 
Department of Game and Inland Fisheries, Army Corps of Engineers, NC Division of 
Environmental Health, NC Division of Water Resources, North Carolina State 
University (NCSU) and the Lake Gaston Homeowners Association. Additional 
treatments were made between 1991 and 1996 with little success and the acreage of 
Hydrilla increased to 3,102 acres.  
A 1994 Army Corps of Engineers report suggested that Hydrilla could potentially 
colonize up to 5,000 acres of the lake’s surface area. Based on North Carolina Wildlife 
Resources Commission and Virginia Department of Game and Inland Fisheries 
recommendations, 20,000 triploid grass carp were stocked into Gaston Reservoir in 
1996. In 1996, the Lake Gaston Weed Control Council signed a multi-year contract 
with Aquatic Nuisance Plant Control, a private applicator firm. Aquatic Nuisance Plant 
Control treated 690 acres of Hydrilla in the reservoir. Herbicide treatments continued 
annually and an additional 30,392 grass carp were stocked into the reservoir between 
1998 and 2005. Hydrilla acreage fluctuates annually but remained around 3,500 acres 
(through 2005). 
In 2013, with Hydrilla acreage still high and not declining, the management plan was 
revised. The Lake Gaston Long-Term Action Plan for managing aquatic plants 
prepared in 2005 was founded upon the main objective to reduce Hydrilla and other 
noxious weed coverage to less than 300 acres by 2012. Since 2005, Hydrilla coverage 
estimates was approximately 1500 acres, and in 2012, 1713 acres.  

Lake Gaston’s existing management plan has not been shown to reduce Hydrilla levels 
to a “maintenance” level, but rather mechanically removes large amounts of Hydrilla 
biomass annually from specified locations year to year. This management strategy 
would be effective in a whole lake treatment effort, but jumping from area to area on 
an annual basis provided no real control of the Hydrilla tuber bank nor provided any 
effort to reach manageable levels of Hydrilla. Past funding only supported the treatment 
of approximately 1,500 acres of Hydrilla over several years. The sporadic treatment of 
areas without consecutive control increased the likelihood of tuber bank regeneration, 
which presented the largest threat to long term progress.  
Continual, long-term (three plus years) treatment of Hydrilla was thought to be what 
was needed to bring Hydrilla to manageable levels. If treatments are not applied in 
consecutive years, then only Hydrilla biomass is being managed and not the long-term 
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problem of tubers. The continued fluctuation of Hydrilla acreage led to frustration 
among funding sources, particularly the counties in North Carolina and Virginia who 
fund treatment activities annually. The current plan allows for the selection of treatment 
sites, but the applicator and supplier has traditionally played a large role in the final 
decision.  
Tuber sampling was initiated on Lake Gaston in the spring of 2007 by researchers with 
the Department of Crop Science at NCSU. Samples were taken at each site consisting 
of 30 sediment cores per sample. Over the past six years of sampling, a large amount 
of data has been generated, documenting Hydrilla tuber bank response to management. 
The findings of this study should play a vital role in selecting treatment sites from year 
to year. It has been shown that tuber regeneration varies across treatment sites. For 
example, (some) areas have very low regenerative capacity after a successful treatment, 
whereas others have shown up to a 1,842% increase following 2-3 years of consecutive 
treatment and then a lapse in treatment. These highly regenerative sites should be 
targeted for multiple year treatments to severely deplete the tuber band, and thus, 
maintain Hydrilla at manageable levels when treatments are shifted elsewhere.  

Recent research at NCSU suggests that anything less than 3-5 years of consecutive 
management (of a particular tuber bank) reduces the likelihood of achieving reduction 
of Hydrilla to manageable levels. For example, Tar River Reservoir received five years 
of consecutive treatments, reducing tuber density by 99.8%, while one year of treatment 
(the common amount in Lake Gaston) only provided a reduction of 73% mean tuber 
density, Tubers can produce new plants in a matter of weeks which, in turn, produce 
their own tubers in the same growing season. Even a 98% reduction of tuber density as 
seen after two years of treatment can be insufficient to properly reduce Hydrilla to low 
or maintenance levels. 
The 2013 plan combines the maintenance stocking of grass carp with herbicide 
treatment. The complex decision-making process of selecting the most important areas 
for herbicide treatment each year is now impacted by analysis of vegetation mapping, 
tuber count mapping, as well as geographic proximity to the release points of grass 
carp. A steep drop in Hydrilla coverage was evident in 2013, to about 700 acres, with 
a further decline below the desired 300 acres in 2014, 2015, and 2016. At the same 
time, the tuber bank acreage has 
remained above 3,000 acres, 
indicating a high potential for 
immediate regrowth if the carp 
population declined too far. Lake 
Gaston sees no immediate need for 
additional grass carp stocking, as 
they are now at about 45 carp per 
sprouted acre, and much less per 
tuber bank acre. They feel 
confident that the carp population 
can handle both the active acreage 
and the potential sprouting from 
the tuber bank. 

Figure	12.	TVA	Cut	Path	for	Navigation—Massive					
Habitat	Destruction-Fish	Cannot	Survive 
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3. Guntersville Lake  

Lake Guntersville, part of the TVA system of dams, is Alabama’s largest reservoir at 
69,000 acres and is famed as one of the best bass fishing lakes in the country. From the 
1960s until about 2010, the invasive Eurasian Milfoil was the dominant submersed 
plant on Guntersville Reservoir. TVA tried to eradicate it in the 1960s with large-scale 
herbicide treatments. While these treatments significantly reduced the amount of 
milfoil, the plants re-grew. The failure of eradication efforts and a growing perception 
of the benefits of milfoil to waterfowl, fish, and other aquatic life caused a change in 
strategy in the early 1970s. Instead of trying to completely eradicate the species, TVA 
began a management program of controlling the milfoil only in areas where it caused 
conflicts with reservoir use, primarily along developed shoreline.	 

During peak years of vegetation coverage in the late 1980s, aquatic plants colonized as 
much as 20,000 acres – or about 30 percent – of the total surface area of the 69,000 
acres of Guntersville Reservoir. This was followed by a dramatic decline during a 
period of high flows that began in early summer 1989 and culminated in the early 
1990s. In addition to the use of herbicides, TVA introduced 100,000 sterile grass carp 
into Guntersville Reservoir in 1990 to reduce the spread of Hydrilla. There was a 
significant decline in coverage to about 5,000 acres in 1991. Hydrilla coverage was 
about 4,000 acres in 1998, but again increased to about 19,000 acres in 2012. 

The increase in Hydrilla acreage coincides with plummeting numbers of the triploid 
grass carp. At an assumed constant 30% mortality rate per year, the 100,000-carp added 
in 1990 would have declined to 11,765 in 1996 and to 5,765 in 1998. By 2012 there 
would be no carp remaining simply due to their life span.  
 
4. Walter F. George Reservoir (Lake Eufaula) 

Walter F. George Reservoir, formerly and still occasionally called Lake Eufaula, is a 
46,000-acre reservoir bordering both Georgia and Alabama. Hydrilla was first detected 
in 1993 at the southern end of the lake and increased in 1994. Herbicide treatment was 
initiated, and monitoring did not reveal any expansion from 1994-2001. Several new 
populations of Hydrilla were found scattered around the lake in 2002. A 2006 survey 
showed an expansion to 2,400 acres. In 2007 an integrated plan for managing aquatic 
plants using herbicides and triploid grass carp was developed. The goal of this 
integrated plan was to maintain 12 grass carp per acre of Hydrilla. 

13,440 triploid grass carp were released in August 2007 and an additional 5,200 
released in September 2009. The acreage of Hydrilla declined until 2013 when it began 
to increase. As a result of grass carp mortality, the Corps stocked 12,000 additional 
grass carp in 2015. The integrated plan consisted of three components: 
• Release of grass carp at 12 fish per Hydrilla acre 
• Continued herbicide management 
• Native plantings and habitat modification to encourage native aquatic plants 
The plan stocked grass carp based on the 2006 aquatic plant survey. Maintenance 
stockings were to occur no later than every seven years to maintain an adequate 
population. Annual aquatic surveys would be conducted to estimate the number of grass 
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carp that may need to be added. Herbicide treatments would be continued to treat the 
230 high priority acres and to augment the effects of the grass carp.  
 

VI. PROPERTY VALUE IMPACT OF INVASIVE AQUATIC PLANT PRESENCE 
 
Local realtors are already being asked by potential lake property buyers about the invasive aquatic 
weed presence. In addition, they have experienced significantly lower offers made for lakefront 
homes when weeds are present, and have seen potential buyers not even consider homes with 
docks and shorelines covered with weeds. 
 

A. Property Value Decline  
In New England, where tourism is crucial, the matter is more important than simple green 
politics. The Berkshire Eagle reported that a study of property values at Cheshire, 
Massachusetts’s Hoosac Lake, which suffered a Eurasian Milfoil siege, showed the value of 
one lakefront acre dropping to $45,000 from $90,000 in three years. In another study, results 
indicated that invasive plants in Vermont Lakes significantly affected lakefront property 
values. Property values can diminish by <1% to 16% depending on the level of the 
infestation. 

In Idaho, the state's lake recreation industry brings in about $2.3 billion a year. There is little 
recreation that is not attached to its beautiful and pristine waters. Matt Voile, noxious weed 
program manager for the Idaho Department of Agriculture says of Eurasian Milfoil: "It's the 
silent monster in the noxious weed group," Rep. Eric Anderson, who's leading an effort to 
get more money and government attention to fight the weed said, "It's probably the biggest 
environmental hazard to this state that exists today.”  

Data indicate that the presence of Eurasian Milfoil significantly and substantially affects 
lakefront property values. As Eurasian Milfoil infests a lake, property values can diminish 
by 1% to 16% for incremental increases in the infestation level. Hence, policies that 
successfully prevent infestations have significant economic benefits to owners of lakefront 
properties, local communities, and local tax revenue.  

 
B. Hedonic Modeling Study 
Economic evaluations of invasive species are essential for providing comprehensive 
assessments of the benefits and costs of publicly-funded management activities, yet many 
previous investigations have focused narrowly on expenditures to control spread and 
infestation. A comprehensive study using hedonic modeling was undertaken to evaluate the 
economic effects of Eurasian Milfoil (Myriophyllum spicatum) invasions on lakefront 
property values of single-family homes in an urban-suburban landscape. Hedonic modeling 
uses the many factors that can favorably and unfavorably effect real-estate value using 
regression analysis. This more accurately determines property value. 
Dense canopies of invasive species diminish the value of ecosystem services (e.g., recreation, 
fishing) and necessitate expensive control and management efforts. This study compared 
1,258 lakeshore property sale transactions (1995-2006) in 17 lakes with Eurasian Milfoil and 
24 un-invaded lakes in King County, Washington. After accounting for structural (e.g., house 
size), locational (e.g., boat launch), and environmental characteristics of lakes, they found 
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that Eurasian Milfoil had a significant negative effect on property sales price ($94,385 lower 
price), corresponding to a 19% decline in mean property values. The aggregate cost of 
Eurasian Milfoil invading one additional lake in the study area was, on average, $377,542 
per year. The study illustrates that invasive aquatic plants can have significant negative 
impact on property values and causes associated losses in property taxes that reduce local 
government revenue, justifying the need for management strategies that prevent and control 
invasions. The study recommends a coordinated effort across Lake Management Districts to 
focus institutional support, funding, and outreach to prevent the introduction and spread of 
Eurasian Milfoil. This coordinated effort would limit opportunities for Eurasian Milfoil re-
introduction from neighboring lakes and incentivize private landowners and natural resource 
agencies to commit time and funding to invasive species management. 
 
C. Tax Implications  
As invasive aquatic weeds become an increasing ecological issue and negatively impact lake 
property values, the lake property owners, as a group, will pay a decreasing share of the 
overall property tax collection burden.  The loss of gross revenue income to the county from 
the lake property segment will, therefore, have to be recovered by the non-lake property 
segment paying a larger share of the county overall tax revenue income.  In simple terms, 
non-lake property owners’ taxes will increase. 
Considering that by state law, the only way a Tennessee County gains or loses revenue is by 
changing the “tax rate." When overall county appraisals, calculated as a county average, go 
up, the "tax rate" is automatically adjusted down by state law so that after the general 
reappraisal, collections remain “income neutral.” The opposite is true if the county appraisals 
decline. 

Over the five-year re-appraisal period, the lakefront properties have declined in value by an 
average 25% specifically because of invasive aquatic weed presence, while the off-lake 
properties have increased in value by 20%. To judge the potential tax effects on the average 
non-lakefront property owners, consider the following example: 

Two different properties had identical $400,000 assessed values BEFORE the 5-year re-
appraisal: 
 
1. A lake house that combines market “inflation” factors, but still “devalues” by 25% 

because of the invasive weed issue; versus, 
2. An off-lake house that actually increases in value by 20 % over the 5-year re-appraisal 

period and is not impacted by the invasive weed issue. 
Property “A” lake house 
Pre-Reassessment property value was $400,000:  Assessment value $100,000 x 2.515% 
tax rate.  
Tax was $2,515 
Property “B” off-lake house 
Pre-Reassessment property value was $400,000:  Assessment value $100,000 x 2.515% 
tax rate  
Tax was $2,515 
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Total County Tax Collected $5,030 
Assume the county wide 5-year re-appraisal found a 15% Lower Overall Average: 
Multiply the current tax rate of 2.515% x 115% = 2.8922% / $100 assessed value for the 
new tax rate. 

Property “A” lake house 
Pre-Reassessment property value decreased 25% to $300,000:  Assessment value 
$75,000 x 2.892 
Tax will be $2,169 … an individual decrease of 13.8% 

Property “B” off-lake house 
Pre-Reassessment property value increased 20% to $480,000:  Assessment value 
$120,000 x 2.892 
Tax will be $3,470 … an individual increase of 27.56% 

Total County Tax Collected $5,639 
The above example doesn’t look “income neutral” but when applied to all the properties in 
a county, it should calculate out to be revenue neutral. As an explanation, the former Roane 
County Tax Assessor stated that after the last Roane County 5-year re-appraisal about 1/3 of 
properties had higher values, 1/3 lower values, and 1/3 stayed about the same. 
The bottom line is this - if the lake properties devalue due to the invasive weed issues 
compared to off-lake properties, as in the above example, the off-lake owners are going to 
see a large tax increase to offset those losses. 

 
VII. TOURISM, RECREATION, AND SPORT FISHING IMPACTS  

 
At present, tourism has not seen a 
measured impact by the presence of 
invasive plants only because the acreage of 
coverage is low when compared to the 
entire lake. However, recreation for 
lakefront homeowners has been seriously 
impacted. The rapid growth of the plants 
means that within only a few weeks, docks 
and coves are choked with the plants. 
Swimming is no longer possible, boats 
cannot be motored from docks, and use of 
any watercraft becomes a challenge. As 
one can easily see in this photo of a Watts 
Bar Lake residence, recreation potential in 
the lake is entirely eliminated for the 
homeowner. Paddling any watercraft 
through such dense vegetation would be 
next to impossible. For these homeowners, 
lake access is no longer available to them, and thus they do not contribute to the economics 
brought about by lake recreation. Even fishing becomes impossible since there are no fish 

Figure	13.	No	Lake	Access,	Destroyed	Habitat 
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occupying such dense growths due to the lack of oxygen, warm temperatures, and lack of 
habitat.  

 
According to a May 2017 study by the University of Tennessee's Institute of Agriculture, the 
economic gain to the region brought about by recreation on TVA’s reservoir system amounts 
to $11.9 billion a year. Another study showed that local/county/city economies benefit to the 
tune of 1-million dollars per mile of shoreline. The number of visitor days to the TVA 
reservoir system during 2017 has been estimated at 65.53 million. It has been shown that 
approximately 130,000 jobs are associated with this recreation. 

 
Lovell and Stone conducted a study for the EPA of available literature in 2005. They noted 
that as early as 1989 Florida was spending $14 million on aquatic weed control. Bucaram 
reported that one of the first relevant attempts to measure ecological and economic impacts 
of invasive species was a research report compiled by the Office of Technology Assessment 
(OTA) of the U.S. Congress in 1993 titled “Harmful Non-Indigenous Species in the United 
States.” This report identified that one of the most harmful species is Hydrilla. It estimated 
that nationwide the cumulative damage loss from invasive plants damages at a minimum of 
$600 million, with a worst-case scenario of $4.6 billion; keeping in mind that this was in 
1993 dollars. Bacaram further references the work of widely published Dr. David Pimental, 
University of Cornell, stating that in the case of Lake County and Lake Harris in Florida, 
hydrilla infestations caused an estimated $10 million in lost recreational income annually; 
again 1997 numbers. He further estimated the economic damages nationwide from invasive 
plants to be about $35 billion annually. 

 
Bhakta noted that there are 11,000 inland lakes in Michigan, which are a critical component 
to local recreation and tourism. In 2011 tourism was a $17.7 billion industry for Michigan, 
generating nearly $1 billion in state tax revenue and supporting 200,000 jobs leading to 
impressive growth in recent years. A common invasive species is Eurasian Milfoil, but 
Hydrilla had not yet been detected. It has been found in lakes less than an hour’s drive from 
the state’s border. In Michigan, it is illegal to possess Hydrilla. 

 
The North Carolina Department of Environmental Health and Natural Resources conducted 
a study for Lake Gaston. Its assessment was that “If not controlled, aquatic weed infestations 
can reduce the economic benefits by 90%.” It further went on to state that the benefit to 
treatment cost ratio for a weed management program was calculated to be almost 9:1. 

 
Sport fishing on Watts Bar contributes significantly to the local economy through fishing 
tournaments and individual sport fishermen. Hotels, boat sales, cabin and boat rentals, RV 
parks, tackle purchases, marina use, restaurants, etc. benefit greatly. Due to the relatively low 
presence of invasive plants, it is likely that little negative impact has yet resulted. However, 
a look at similar lakes/reservoirs with their long history of infestation and the economic 
impact on recreation, tourism and sport fishery, it becomes clear what lies ahead for Watts 
Bar if the spread of invasive aquatic plants is not controlled. 

 
Although it is difficult to accurately compare or predict the economic loss to Watts Bar Lake 
by using data from Lake Gaston (the lake is only 20,000 acres and 34 miles long), the data 
related to Lake Gaston comparative. It has a long history of invasive aquatic plant 
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infestations and at one time, invasive plants covered nearly the entire shoreline. Recreation 
was severely impacted. By spending millions of dollars over decades, incorporating different 
control/reduction methods, they were able to significantly reduce the plant coverage and 
bring back a viable recreation economy. 
 
Although the size difference is great between Gaston and Watts Bar lakes, the facts regarding 
the economic loss to Gaston can be compared to Watts Bar by looking at percentage of 
shoreline coverage of invasive plants. It is also a fact that if left uncontrolled, Watts Bar 
would face the same economic loss, for there is absolutely no doubt that if uncontrolled 
Hydrilla/Eurasian Milfoil will completely take over the entire shoreline as it nearly did in 
Lake Gaston. This is not speculation, it is a very real expectation based on the biological 
facts of Hydrilla and Eurasian Milfoil reproduction and growth.  

 
To understand how rapid Hydrilla can spread, look at Santee Cooper Reservoir in South 
Carolina, a reservoir much like Watts Bar. Hydrilla was first discovered in 1983, which 
covered approximately 100 acres at that time. 

´ 100 acres in 1983 when first discovered 
´ 200 acres in 1984,  
´ 400 acres in 1985,  
´ 800 acres in 1986. (Doubled every year for 3-years) 
´ THEN 
´ 2,500 acres in 1987 (Tripled)  
´ 5,500 acres in 1988, and 
´ 15,000 acres in 1989. 

There were approximately 800 acres of invasive aquatic plants in Watts Bar in 2018. If we 
use the same rate of spread, we would expect see:  

´ 800 acres in 2018 
´ 1,600 acres in 2019,  
´ 3,200 acres in 2020,  
´ 6,400 acres in 2021 
´ Entire Littoral Zone (10,000 acres) by 2022-2022 

 
There are approximately 10,000 acres of shallow, littoral habitat in Watts Bar, all of which 
could potentially be overtaken by invasive aquatic plants. The current rough estimate of 
Hydrilla and other invasive species is 700-800 acres. From this, we can calculate that the 
worst-case infestation (10,000 acres) would cover about 25% of the total surface area of the 
lake. In comparison, the current infestation is estimated at 2% of the lake.  
 
Santee Cooper Reservoir and Watts Bar Reservoir are similar ecologically, and the 
comparison is valid. As previously stated, the greater the acreage of coverage, the faster the 
spread through natural seeding, growth, and fragmentation. Without a focused effort to 
control the spread/advance when the coverage is low, the rate of infestation will continue to 
double, triple or more every year, which will make control far more difficult and expensive. 
This is why it is imperative a sound plan be developed and funded immediately to reduce the 
rate of increase of these invasive plants if the ecology, fishery, and recreation of Watts Bar 
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is to be protected. The invasive plants will always be present, for it is unreasonable to think 
they can be eradicated, however, the 
advance of their spread can indeed be 
controlled.  
 
In this TVA photo, the only open 
water is due to herbicide application. 
If no control was used, this area would 
be 100% covered. Without these 
invasive plants, this large area would 
be a healthy, productive ecosystem, 
and the home to millions of aquatic 
organisms and tens-of-thousands of 
forage and game fish that cannot 
survive in this destroyed ecosystem. 

 
VIII. OPTIONS FOR CONTROL AND REDUCTION OF INVASIVE AQUATIC PLANTS, 

ADVANTAGE AND DISADVANTAGE 
 

A. Chemical Control  
There is a great deal of misinformation regarding aquatic herbicide use. Thus, it is important 
to understand the factual human health and environmental risks of placing any chemicals in 
our public waters. The following discussion is based entirely on technical datum, and 
extensive laboratory and field research. It is the science behind the proper use of aquatic 
herbicides in a lake ecosystem.  

1. Science of Herbicides 
Plant and animal cells differ greatly, thus, what is damaging to a plant at very low 
concentrations have no impact on animals. Some herbicides disrupt photosynthesis; 
some break down plant cell structure or prevent the formation of critical cell 
components; and some breakdown plant proteins and enzymes. An extremely low 
concentration of herbicide [parts-per-million (ppm)/parts-per-billion (ppb)] is all it 
takes to kill a plant. Similarly, what can kill a plant can be beneficial to animals, such 
as copper. For example, the amounts of copper often found in a daily multivitamin can 
kill some plants. Extensive research has shown that low concentrations of herbicides 
pose no risk to man. It goes without saying that high concentrations of herbicides pose 
serious risks to man, and that is why only trained and licensed applicators in Tennessee 
by law can handle herbicides, and they must follow application procedure restrictions 
and use proper equipment.  
Contact herbicides destroy only the plant tissue that is in contact with the chemical at 
concentration for the right amount of time. Generally, these are the fastest acting 
herbicides. They are less effective on perennial plants because they can grow new 
plants from their root systems. Hydrilla produces axillary turions which are small fleshy 
buds where the leaf meets the stem and act much like seeds. It produces subterranean 
turions also called tubers which are the primary means of reproduction. Eurasian 
Milfoil produces subterranean stolons and regenerates through overwintering root 

Figure	14.	Lake	Access	Only	Through	Cleared	Paths 
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crowns.  
Systemic herbicides move through the plant and can be carried from the leaves down 
to the roots, or from the roots to the leaves. They are usually more effective than contact 
herbicides but are much slower acting. Applying too much of a systemic herbicide will 
cause it to behave like a contact herbicide, killing the top of the plant before the 
chemical has a chance to translocate to the root of the plant.  

Though slower acting, systemic herbicides are almost always the best choice. They can 
be applied in the water column as a post-emergent (plants are actively growing) or as a 
pre-emergent by applying to the substrate during lake drawdown. The disadvantage of 
water column application is two-fold. Any herbicide, to be effective, requires a 
residence time on the plant. If applied in still water such as a pond or quiet cove, 
resident times can usually be met, but when applied in even slow-moving water, often 
the chemical is dispersed and diluted before the herbicide can impact the target plant 
species.  

Pre-emergent application also has 
specific requirements. The 
substrate must be exposed long 
enough to have time to dry, it 
cannot be muddy. Bare substrate 
is best; but it can have a thin layer 
of rotted or dried plant material. 
After the herbicide is applied to 
the substrate, at least one rain 
event is needed to move the 
chemical down into the 
soil/substrate. Without a rain 
event, it remains on the surface 
and when the lake level rises, the 
chemical can be washed away or 
diluted before the plant germinates, thus having no effect. Both post and pre-emergent 
herbicides are used effectively on Watts Bar. When conditions are right, pre-emergent 
application of a systemic herbicide is the best choice.  

The question often asked is: Why does it take 2 or 3 applications during the summer if 
the systematic herbicide is killing the entire plant? The answer is four-fold.  

1. Even in ideal conditions, resident time on plants in the water column may not be 
long enough to allow uptake by every single plant, especially in dense growths. 
This leaves behind viable/living plant fragments and turions that quickly begin new 
growth.  

2. Proper concentrations and resident times of the herbicide are required to reach the 
deepest roots. This is difficult to meet in dense growths due simply to 
environmental factors in the water column caused by weather, namely rain, wind, 
circulation, and temperature.   

3. Seed-like turions are continually released, can drop into the substrate, and not be 
killed by the host plant because chemical concentrations on the bottom and resident 

												Figure	15.	Turions	Difficult	to	Destroy 
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times are not enough to kill the individual turions.   
4. In a highly infested area, new fragments and turions are easily transported from one 

area to another by natural water movement in the lake.   

Often, after 2-3 applications per year over a multi-year period, the invasive plant will 
be eliminated, and regrowth will only occur when new fragments or turions make it to 
the area thus herbicide application will no longer be needed. This could lead to periods 
without invasive plants. Eventually, new fragments and turions are likely to take root 
and once again attempt to take over. When this happens, early application is much more 
effective than allowing the new invaders to multiply and spread.  
 
2. Herbicide Risk 
The risk to adults and children from the application of aquatic herbicide is essentially 
zero when properly applied. There are many reasons for this. The most important factor 
is the concentration level. The amount of chemical herbicide needed to kill a plant is 
extremely low. All herbicides are licensed for use under strict guidelines and only after 
extensive laboratory and field research. It takes many years of private and government 
testing before any herbicide is registered for use. As a result, the approved application 
level is a tiny fraction of the level which would pose a risk to animals. This is no 
different than spraying a weed killer herbicide on a lawn or garden, or an insecticide in 
your home. In this case, the concentration of those chemicals will kill weeds and insects 
but pose no risk to human health when properly sprayed on the garden or in the home. 
Proper application methods are required to be printed on the container as well as 
emergency instructions addressing the mishandling or accidental skin contact. Of 
course, one does not want to inhale or get a weed killer or insecticide on the skin. All 
safety measures stated on the container label should be read and followed.  
Another important factor is that application is often below the water surface, which 
eliminates the likelihood of an herbicide reaching a person. And when sprayed, it will 
only be sprayed following detailed guidelines for safety, which is mostly for the 
applicator’s safety. Once the herbicide is placed in the water column, it is immediately 
impacted by the environment. The concentration at the end of the application is in parts-
per-million/billion (i.e. very low) and dilution begins immediately. Also, ultraviolet 
light from the sun will begin to breakdown the herbicide molecules. As well, the 
herbicide is being taken up by the plant contributing to its effective removal it from the 
water column. At the same time, organic material suspended in the water will absorb a 
portion of the chemical along with the substrate. Thus, the herbicide is present in the 
water column for a relatively short period of time. It is important to remember that the 
proper application rate, even at its highest concentration in the water, does not pose a 
risk. One can even swim immediately after application, for even if some of the 
herbicide is carried out of the weed bed into the water where swimming was occurring, 
it would present no risk to the swimmer, even if water was ingested. 

One of the most popular and effective aquatic herbicides is Sonar. When properly 
applied by a licensed applicator, the warnings are:  
• Swimming: 0 days   
• Drinking water: 0 days  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• Domestic uses: 0 days   
• Fish consumption: 0 days   
• Livestock watering: 0 days   
• Irrigation: 30 days for some herbicides, not all 
The low application rate of herbicides presents little to no risk to the fish that may be 
present in the water column during application. Herbicides undergo laboratory fish 
bioassay studies to determine the concentration that would kill or harm fish. In those 
studies, the fish are held captive in various concentration of chemical to establish the 
harmful level. In other words, they cannot escape the chemical. Whereas in a lake 
ecosystem, fish will hightail it away from any water containing chemicals because of 
their sensitive sense of smell. But even if they didn’t, at the proper application level, 
they would not be harmed. Furthermore, in very dense stands of invasive aquatic plants, 
few if any fish are present because of the unsuitable conditions.	
No one likes the idea of placing chemicals of any sort into an aquatic ecosystem any 
more than they like having to spray herbicides and insecticides on lawns and vegetable 
gardens or spraying insecticides in homes. However, one must weigh the likelihood of 
risk/danger against the resulting benefits. Most want lush weed-free lawns and 
productive vegetable gardens along with insect free homes, and thus use chemicals to 
achieve these conditions. The proper use of herbicides is a relatively risk-free way to 
protect the ecology, fishery, and recreation of our lakes. 

For water bodies that are used for drinking water, most treatments are required to be a 
minimum distance from any existing intakes (usually 1⁄4 of a mile). But some products 
require no setback distances at all. Even with typical water movement in Watts Bar 
Lake, the very low concentration of chemicals released in the area being treated will be 
continually reduced by dilution. By the time the water reaches a water intake, the 
chemicals almost always will be undetectable. It is worth noting that a typical 
component of aquatic herbicides is copper. Copper is often used directly in water 
treatment facilities to control algal growth. 
 

B. Biological Control 

Biological control of invasive plants and animals has been used for hundreds of years. When 
selected and managed properly, the use of biological control agents such as insects, fish and 
pathogens can be very beneficial in managing and controlling invasive species. Invasive 
species are capable of rapidly taking over due to their ability to adapt to their new 
environment and not having natural predators or pathogens to keep them in check. Most 
biological control methods are developed with this characteristic of invasive species in mind. 
This method of control normally involves introduction of a natural enemy from the native 
area of the invasive species. The goal of this method is to introduce a natural enemy or 
biological control agent to decrease the invasive species competitive advantages over native 
species, and to weaken the invading population by increasing mortality, reducing 
reproduction, or limiting population expansion. 
Biological controls are relatively inexpensive to develop and use. They normally last longer 
than most other control techniques, and they reduce the need for, or amount of, chemical, 
mechanical, and physical controls. Unfortunately, some of the reasons to use biological 
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controls can also be its drawbacks. Finding a biocontrol agent that sufficiently controls a 
single invasive species and attacks only that particular species, may not be viable. When 
biocontrol agents are identified, their success in becoming established and their ability to 
suppress/reduce the invasive species in the introduced area relies on many factors. Even if 
biocontrol agents do successfully become established in their introduced areas, reduction of 
the invasive species is not immediate, and may take years to have a major impact on the 
invasive species. With all this in mind, a carefully thought out and developed biological 
control program can be very effective, less expensive than other control techniques, and a 
win-win scenario for the ecology and fishery of a lake. 

 
1. Triploid (Sterile) Grass Carp 
The triploid grass carp is a sterile version of the white Amur native to Eastern Asia. It 
has been used as a biological control agent for invasive aquatic species since the 1980s. 
Unfortunately, there is not a “one size fits all” approach in determining whether the use 
of triploid grass carp as a means of controlling invasive aquatic species will be 
successful. Much of the published information is based on ponds and small bodies of 
water. However, there are a few studies that discuss the successful use of triploid grass 
carp in large reservoirs (e.g., Santee Cooper Reservoir and Lake Gaston). There are 
several critical lake criteria that must be evaluated and considered to successfully use 
grass carp as a biological control agent. These, include the type of plant to be controlled, 
desired level of plant removal, feeding habits, cohabitation with natural species 
(vegetation and wildlife), climate (growing season, water temperature), biological 
(oxygen levels), and the lake’s physical features (enclosed areas, size, shallow waters, 
flowing river).  

For the most part, grass carp are a hearty species that can tolerate water temperatures 
from freezing to over one hundred degrees-F, salinities (brackish) as high as 12 parts 
per trillion (ppt), and oxygen levels as low as 0.5 part per million (ppm). Adult grass 
carp prefer the slow flowing, shallow (3-10 feet deep), highly vegetated backwaters of 
large rivers, pools, ponds, and lakes. The Tennessee River ecosystem matches these 
factors. 

Grass carp are normally herbivores and selective feeders, but will eat almost any 
vegetation if their preferred vegetation is not available. This trait must be kept in mind 
when using them as a biological control agent. They prefer softer-textured submersed 
vegetation and small floating plants and will consume these first. Grass carp 
occasionally feed on the newly-sprouted, tender shoots of some emergent and floating-
leaved plants, but rarely cause significant damage because these plants tend to become 
rather tough and woody soon after sprouting in the spring. Differences in the water 
chemistry between sites can also influence their preferences for certain plant species. 
Selectivity can vary with regional water quality, which may affect texture, taste, etc., 
of aquatic plants.  

Preferred feeding depths are usually under 10 feet. Grass carp digest 60 to 70 percent 
of the vegetation they consume. Food consumption rates are influenced by temperature, 
age and size of fish, dissolved oxygen, salinity, and plant species. They will begin 
feeding on aquatic vegetation when the water temperature exceeds 52°F. Prime 
consumption rate usually occurs when water temperature is 68-90°F and negligible 
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when it is less than 50°F or above 95°F. They will stop feeding if the water temperature 
falls below 33°F. Also, sudden temperature drops can disrupt feeding.  

Vegetative consumption is best when dissolved oxygen concentrations in the water are 
higher than 4 ppm; consumption drops when dissolved oxygen falls below 4 ppm; and 
appears to stop at dissolved oxygen concentrations below 2 ppm. Grass carp can 
tolerate moderate salinity, but will consume less as salinity increases. They will usually 
stop feeding when salinity reaches 6 ppt.  
The amount of plant food in the grass carp diet increases with fish age and size. Young 
grass carp are more selective, preferring soft vegetation and tender shoots while older 
grass carp become less selective, adding more plant species to their diet. Research has 
shown that juveniles (2.4 to 6 inches) consume 6-10 percent of their body weight in 
vegetation each day. As fish grow, the consumption rate increases. Fish weighing 2-
2.5 pounds can consume more than their body weight each day, and in some cases, 
three-times their body weight. Larger fish can consume up to their body weight per 
day, while fish larger than 10 pounds consume about 30 percent of their body weight. 
While that sounds like a large reduction in overall plant consumption, it actually is 
about the same. A two-pound fish consuming say twice its body weight will destroy 
four pounds of plants, while a 20-pound fish consuming 30 percent of its body weight 
will destroy four and one-half pounds of plants. 
 
2. Loss of Native Vegetation 
An often-expressed concern 
is the potential loss of native 
aquatic vegetation. While it 
is true the grass carp could 
feed on native vegetation in 
the absence of a preferred 
plant, it is important to 
remember that because 
Watts Bar is a river 
reservoir, the lake elevation 
drops significantly (six-feet 
or more) for extended 
periods during winter 
drawdown. This removes 
water from the littoral zone 
essentially turning it into dry land. Few native aquatic plants can survive under such 
conditions. Watts Bar, like most river reservoirs, are left with littoral zone nearly 
devoid of native aquatic plants. Native plants that can survive (water-willow, rushes) 
are predominantly hardy plants with woody stems that the grass carp do not like. In 
addition, Watts Bar Lake has a large population of turtles that continually feed on what 
little native vegetation does exist. Thus, the presence of triploid grass carp would have 
a negligible impact on native aquatic plant species.  
 
 

Figure	16.	Vegetative	Littoral	Zone	Nearly	Impossible 
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3. Advantages and Disadvantages of Biological Control 

There are several advantages for using triploid grass carp to control invasive aquatic 
plant species. Once a sufficient stocking rate has been achieved, control of the invasive 
species can last a long time since grass carp live from 9-20 years. They are voracious 
eaters, constantly feeding on new emerging growth. Though they prefer Hydrilla, they 
will consume other invasive species. Also, because they are herbivorous, they do not 
compete for food with desirable game fish. The long-term costs benefits are lower than 
other control methods such as herbicides which must be applied several times a year 
every year. 

Disadvantages include keeping them in one area. As long as a food source is present, 
they will stay there feeding until the vegetation is gone. They will then move until they 
find another food source. Leaving the previously impacted area will of course allow 
the plant to resume growth, and the carp my not find their way back. Some fish may 
move out of the lake through the upstream or downstream locks, adding to the need for 
supplemental maintenance stocking to compensate for fish migration as well as 
mortality through predation or other natural causes.  
Ideally, as has taken place in other lakes, weed control would be maintained by the 
grass carp alone, with perhaps only a few areas needing herbicide usage. However, the 
most difficult aspect of stocking the sterile grass carp is calculating the initial stocking 
rate and the rate of supplemental stocking. It would likely take several years to 
determine the proper numbers due to the size of Watts Bar, and the desired control 
using grass carp alone will certainly be difficult to establish and maintain. This 
difficulty should not get in the way of using grass carp, for this biological control 
measure has essentially no negative impact potential on the ecology or fishery of the 
lake.  

4. Costs 
Costs for triploid grass carp range from $9.00 to $13.50 for sizes ranging from 8-12 
inches. Looking at the data from other lakes which have stocked these carp over 
decades, an important lessons-learned is that though the cost of fingerling fish is 
relatively low, the survival rate of small fish is very low due to predation by game fish 
and birds. Thus, it is more economical to purchase the more expensive larger fish to 
avoid such predation. Packaging and shipping costs depend on whether the supplier has 
its own delivery trucks, the quantity of individual fish purchased, and where the 
delivery will be made. Many suppliers will give discounts on orders over a few hundred 
fish. 
 

C. MECHANICAL HARVESTING 

Mechanical harvesting has been described by its proponents as the only weed management 
tool that can slow the eutrophication of a lake by removing the cut weeds, and therefore the 
nutrients taken from the water and lake bed that grew the weeds in the first place. That claim 
is logically obvious, but whether the reduction is measurable over a few decades remains to 
be seen. The scientific literature dismisses mechanical harvesting as mostly 
counterproductive because of its tendency to further spread weeds through significant 
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fragmentation during harvesting. Harvester manufacturers counter by saying that spreading 
cut fragments does not matter if the lake is already at maximum possible infestation. That 
sound plausible, but it also suggests that harvesting should not be used unless the lake is 
already at maximum infestation, and there is no desire to reduce the infestation, such as in 
Guntersville. Also, because the Tennessee River reservoirs all have significant constant 
current (unlike natural lakes), the spread of fragments would be rapid, widespread, and 
constant. It is undeniable that harvesting can give shallow draft boats immediate access 
through the weeds. While harvesting 
plus herbicide treatment at 
Guntersville has a lower annual cost 
than that seen at other lakes using grass 
carp plus herbicides, the difference in 
the goals between Guntersville and the 
other lakes makes any comparisons 
invalid. The initial cost of harvesting 
equipment is significant, as is the 
manpower to operate that equipment 
during the harvesting season. On a 
large lake with extensive weed 
infestation, an elaborate logistics chain is required to keep the harvesting barge in operation 
mowing the Hydrilla instead of traveling back and forth from the offloading point to the 
desired harvesting location. Several large pieces of equipment are required, including the 
harvesting barge equipped with an offloading conveyor, at least one transport barge with an 
offloading conveyor, and dump trucks for hauling the weeds to a disposal site. Lake 
Guntersville has been able to find farms willing to take the harvested weeds for soil 
amendments, even though freshly cut hydrilla is about 95% water by weight, resulting in 
very little solid soil amendment.  
Bycatch, or the harvesting of non-target organisms such as fish, crayfish, snails and frogs 
along with the weeds, does occur. Research on fish numbers caught during mechanical 
harvesting of submersed vegetation has shown that from 15% to 30% of the fish within the 
harvest area can be removed during each harvest. In a large lake like Watts Bar, this will 
likely be of little consequence. However, when young fish are using the weeds for cover, this 
could be significant especially if multiple harvests are needed as this reduces the number of 
young fishes.  

There are several harvester designs that can be used. 
However, unlike the mass production of farm 
equipment, the demand for aquatic weed harvesters is 
relatively small, causing the equipment associated 
with these operations to often be custom-made and 
expensive. Currently, some suppliers offer smaller, 
more economical equipment. The TVA does own two 
large mechanical harvesters that are used primarily at 
Guntersville Lake in Alabama to clear pathways for 
boat travel. The WBEFC is aware of one provider for 
mechanical harvesting on Watts Bar Lake. 

																								Figure	17.	Large	Harvester 

							Figure	18.	Small	Harvester 
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The major advantage of harvesting is the physical removal of the invasive plants. Killing 
dense growths of plants with herbicides leaves the plants in the water column to decompose, 
while harvesting removes the plant biomass from the lake. Additionally, the oxygen content 
of the water is generally not affected by mechanical harvesting, although turbidity and water 
quality may be affected in the short term. Mechanical harvesting can improve oxygen levels 
by removing masses of vegetation and thus creating better breeding grounds for aquatic life 
forms such as fish, amphibians, crustaceans, mollusks, and insects. 

Despite some environmental concerns, mechanical removal is perceived by much of the 
public to be environmentally neutral. It can improve property values by allowing for the use 
of formally plant-choked, near-shore waters for recreational purposes, and it may improve 
sport fishing, aid in flood control, and preserve and protect water supplies. One problem with 
small harvesters for individual landowner weed removal is that the weeds are generally 
dumped at the shoreline. When significant infestation occurs, this can leave a large mound 
of rotting vegetation on property only a few feet from the water which can remain many 
months or more. This is unsightly, odorous, and eliminates use of the shoreline.  

The WBEFC does not recommend mechanical harvesting for two reasons: First, mechanical 
harvesting promotes the spread of the invasive plant being harvested due to excessive 
fragmentation. Unlike a pond or typical lake, Watts Bar Lake has a significant current at all 
times, thus rapidly advancing the spread of plant fragments; Second, significant numbers of 
forage and game fish will be taken along with the weed harvest.  
Mechanical harvesting can be done in small areas by the homeowner by raking the weeds in 
shallow areas to the shore. Tine rake ends can be tied to ropes, tossed into the weeds in deeper 
water and pulled to shore. Unless the infected area is quite small however, this method can 
be labor intensive. That said, removing small areas by hand could be effective at slowing the 
growth and spread of invasive aquatic weeds around a property owner’s dock and shore. 

 
X. WBEFC RECOMMENDATIONS 
 
Significant efforts nationwide have been expended over decades to reduce and control invasive 
aquatic plants. This has resulted in meaningful and accurate datum regarding successes and failures 
(refer to Lessons-Learned). WBEFC has collected and assessed the data, and communicated with 
individuals directly involved with this challenge in order to advance the recommendations with 
the greatest potential for long-term success.  
 
The WBEFC makes six recommends to the Roane County Commission and its Aquatic Weeds 
Committee:  

 
RECOMMENDATION-1 
The Roane County Commission should develop a detailed, integrated, five-year management 
plan/strategy to control and reduce invasive aquatic plants on Watts Bar Lake through the 
utilization of two components:  

Chemical – licensed and approved herbicide application 
Biological – triploid (sterile) grass carp stocking 
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Chemical Component: 
It is recommended that legal application of herbicides by licensed companies continue to 
be used in Watts Bar Lake by homeowners, TVA, TWRA, and businesses (marina owners). 
It is important to prevent the spread of invasive aquatic plants as much as possible. 
Herbicides should be used to promote winter die-off of the plants allowing time for dying 
plants to decay sufficiently so that oxygen levels will not be a factor when introducing the 
triploid grass carp into the ecosystem in the spring when the plants begin to send out new 
growth. It is recommended that herbicides continue to be used to assist in managing the 
plants until an adequate grass carp stocking rate can been determined, implemented, 
monitored, and the spread of invasive plants is under further control. When incursions are 
seen, herbicide application should be used for further control.   
Biological Component: 

It is recommended that an initial stocking rate of 15-20 fish per acre of invasive plant 
infestation be used. Grass carp need to be of sufficient size (6-12 inches) in length for 
survival since birds, snakes, and game fish prey on smaller size, significantly reducing the 
effective stocking numbers.  

Stocking should take place at multiple locations based on the highest infestation coverage.  
If possible, stocking should take place after dark. This is to protect newly stocked fish from 
the threat of being killed by individuals who oppose weed control.  TWRA should be 
notified of areas stocked and asked to patrol the areas as often as possible. 

 
RECOMMENDATION-2 
The Roane County Commission should petition the TVA and TWRA to determine the extent 
of invasive aquatic plant incursion on Watts Bar Lake 
Use remote sensing, aerial surveys, drone photography, on-water boat surveys, etc. to accurately 
determine incursion locations and calculate extent.  
To help support TVA and TWRA efforts, acquire additional funding to carry out this survey—
possibly by UT aquatic ecology environmental or science students under the guidance of their 
professor. Boats or other water craft of volunteers (property owners, council members, etc. could 
be utilized, and the Coast Guard Auxiliary, Watts Bar Flotilla-1208 could be requested to assist.)  
Produce a detailed incursion map to display areas of incursion, species of plant, estimate of plant 
density, water depth range in area, average growth length, distance from surface, percent surface 
coverage. Document all conditions with recorded data and photos—possibly by UT students.  
 
RECOMMENDATION-3 

The Roane County Commission should petition the TVA and TWRA to determine location 
for stocking grass-carp in Watts Bar Lake, calculate stocking number for each area, design 
long-term monitoring program to: 

1. Monitor all infestations to establish increase or decrease in coverage.  
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2. Identify and monitor new infestation. 
3. Track all infested areas reduced by herbicide application—species, number of 

applications, dates, rate of regrowth, density at first application and final application 
(end of season). 

4. Track locations and numbers of grass carp released. (Carp can be radio-tagged but this 
is costly. Tagged fish can be utilized to determine number reduced through natural 
death.) 

5. Close monitoring of the decrease or increase in plant coverage in areas where grass 
carp are released. 

6. Record visual presence of grass carp when possible. 
 

RECOMMENDATION-4 
The Roane County Commission should request the Governor to:  

1. Prohibit harming Triploid (sterile) Grass Carp: Pass legislation immediately to 
make it illegal to kill or harm grass carp by bow-hunting or in any other way. 

2. Establish a State Aquatic Invasive Species Advisory Board: This board could be 
comprised of: 
a. Chairman (with advanced technical/biological expertise and significant project 

management experience) 
b. Chairman and Vice-Chair  
c. Technical representative from TWRA 
d. Technical representative from TVA 
e. Technical representative from TDEC 
f. Technical representative from U.S. Corps of Engineers (COE) 
g. Technical representative from Academia 
h. Representatives from state/county commissions 
i. Representatives from local organizations—including home owners’ associations 

(HOA), the WBEFC, fishing organizations (e.g., B.A.S.S, and member fishermen), 
and other stakeholders. 

This advisory Board should complete its charge prior to the next legislative session 
(2020). 

Included in this advisory board’s purview, this body would identify potential and 
possible funding sources for costs of implementing and managing the invasive species 
program statewide. Such sources include, but not limited to: 
a. Utility funding (Alabama Power funds herbicide treatment for homeowners) 
b. State/county/city funding 
c. Federal grants 
d. TVA – herbicide application and grass carp purchase 
e. TWRA and U.S. COE – herbicide application and grass carp purchase and 

stocking 
f. Lake property taxation 
g. Lake recreation tax 
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h. Boating tag/tax 
i. Fishing tournament fee 
j. Recreation merchandise tax 
k. Business donations 

 
RECOMMENDATION-5 
Sponsor Public Education Workshops for Roane, Meigs, Loudon, Rhea, and Anderson 
Counties. 

Roane County Commission should have the WBEFC present workshops or seminars to 
educate the public regarding the ecological and fishery impacts brought about by invasive 
aquatic plants and the invasive silver carp. 

 
RECOMMENDATION-6 

The Roane County Commission Should Encourage Meigs, Loudon, Rhea and Anderson 
County Commission Members to Designate Representatives to join the WBEFC to Address 
Both Invasive Plants and the Invasive Silver Carp Threat, and Develop an Ad-Hoc Invasive 
Species Funding Committee for Watts Bar Lake: 

This funding committee would identify potential and possible funding sources for costs of 
implementing and managing the invasive species program on Watts Bar Lake.  Such 
sources include, but not limited to: 
a. Utility funding (Alabama Power funds herbicide treatment for homeowners) 
b. State/county/city funding 
c. Federal grants 
d. TVA – herbicide application and grass carp purchase 
e. TWRA and U.S. COE – herbicide application and grass carp purchase and stocking 
f. Lake property taxation 
g. Lake recreation tax 
h. Boating tag/tax 
i. Fishing tournament fee 
j. Recreation merchandise tax 
k. Business donations 

 
PATH FORWARD 
 
Decades of invasive weed problems in other lakes have shown that control and reduction of 
infestations is a labor-intensive activity that requires dedicated staff and adequate funding (see 
lessons learned). The WBEFC recommends that the Roane County Commission invite 
representatives from Claytor Lake, Virginia and/or Lake Gaston, North Carolina to address the 
commission with a detailed presentation on past efforts, accomplishments, failures, and what was 
required to achieve success. These representatives have decades of experience in managing and 
solving the complex problem and challenge of invasive aquatic plant control and reduction.  
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IN CONCLUSION 
 
Without a dedicated effort to bring the existing and rapidly advancing invasive aquatic plant 
incursions on Watts Bar Lake under control, there is no question whatsoever that the health of the 
ecology and fishery; the economic benefit brought about by the recreation and tourism industry; 
property value; and local tax revenue will all decline significantly. This conclusion is based on 
decades of science and investigation. 
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http://www.eddmaps.org/distribution/usstate.cfm?sub=3020	
https://www.invasivespeciesinfo.gov/aquatics/waterlettuce.shtml	
http://www.eddmaps.org/distribution/usstate.cfm?sub=3064	
https://www.invasivespeciesinfo.gov/profile/water-spinach	
http://www.eddmaps.org/distribution/usstate.cfm?sub=5751	
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APPENDIX	1	
	

US	Army	Corps	of	Engineers	
Waterways	Experiment	Station	

	

Relationships	Between	Fish	and	Aquatic	Plants	
A	Plan	of	Study	

	
Summary	and	Conclusions	

	
This	extensive	study	was	based	on	the	compilation	of	five-decades	of	research	and	surveys	of	300	
freshwater	 lakes	 to	 determine	 the	 relationships	 between	 fish	 and	 aquatic	 plants.	 It	 shows	
conclusively	 that	 moderate	 densities	 of	 aquatic	 vegetation	 (native	 or	 invasive)	 have	 major	
positive	impacts	on	the	growth	rate	and	condition	of	fish,	and	is	extremely	beneficial	to	all	fish	
populations	and	the	production	of	benthic	invertebrates	(fish	food	organisms).		However,	dense	
vegetation	is	very	destructive.	Aquatic	plants	impact	an	aquatic	ecosystem	in	many	positive	ways	
until	 the	density	approaches	40%.	Once	plants	attain	 such	compactness,	 the	vegetative	mass	
completely	alters	the	aquatic	ecosystem	in	destructive	ways.	Aquatic	organisms	 including	fish	
and	benthic	invertebrates	can	no	longer	survive	and	the	affected	area	is	taken	out	of	production	
for	fish	and	fish	food	organisms.	
	
This	all-encompassing	study	showed	the	following	negative	impacts:	

• Growth	of	largemouth	bass	decreased	as	vegetation	abundance	increased	
• Optimal	fish	growth	rates	cannot	be	maintained	in	dense	vegetation		
• Prey-capture	rates	decline	with	an	increase	in	vegetation	density	
• Foraging	efficiency	by	bass	and	large	predatory	fish	decline	with	increased	density	
• Dense	vegetation	increases	predatory	fish	search	effort,	reduces	swimming	speed,	and	

reduces	attack	and	capture	rate	
• Larger	 fish	 expend	more	 energy	 in	 searching	 and	 capturing	 prey,	 are	 less	 successful,	

resulting	in	loss	of	caloric	intake	lowering	the	growth,	condition,	and	reproduction	rate		
• Predatory	fish	populations	become	highly	stressed	in	densely	vegetative	areas	
• Too	much	vegetation	hinders	spawning	by	decreasing	availability	of	nest	sites	
• Dense	vegetation	negatively	alters	the	ecology	in	numerous	ways	
• Dense	vegetation	reduces	and	eliminates	benthic	invertebrate	populations	(fish	food)	

	
This	 far-reaching	 science	 based	 analysis	 proves	 that	 excessive	 aquatic	 vegetation	 is	 highly	
detrimental	to	predatory	fish	populations	(especially	largemouth	bass)	and	the	ecological	health	
of	aquatic	ecosystems.	
	
 


