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WELCOME 

James M. stewart' 

I am pleased to have this opportunity to welcome you to this two-day workshop on 
management of aquatic weeds and mosquitoes in impoundments. The issues 
addressed in this workshop are very important to the stales in the Southeast. The 
entire region is growing, and that grovdh is causing competition for the use of our 
water resources. Aquatic vegetation and mosquito problems can become so severe that 
they reduce boating, swimming, fishing, and other uses of our water resources. The 
possibility that use of waler resources could be restricted at the same time demand for 
water useage is growing makes it important that North Carolina's waler resources be 
managed to control aquatic weeds and mosquitoes. 

Aquatic plants are an important component of the waler environment as they provide 
oxygen, habitat, and food. However, these plants, especially the exotic species, can 
become major weed problems when their excessive growth impacts water uses. The 
North Carolina aquatic weed program received major attention when hydrilla was 
discovered at several locations in 1981. The concern over this problem led to a hydrilla 
workshop in 1982 (Proceedings of a Workshop on Hydrilla Management in North 
Carolina published by the N.C. Department of Natural Resources and Community 
Development and the Water Resources Research Institute of The University of North 
Carolina, May 1982) and set the stage for the formation of an interagency aquatic 
weeds council. This council has been effective in stimulating and coordinating research 
and education and in developing management programs. 

Aquatic weeds are a major problem in all of the southeastern states, from Tennessee 
south and from Virginia to Texas. The worst problems are in Florida, South Carolina, 
Louisiana, and Texas. To address the problems, federal agenciesespecially TVA and 
the Corps of Engineers, state government, and many private utility companies have 
extensive management efforts underway. 

Mosquitoes can present major problems for water managers. As more individuals desire 
to live near the water and want to use the water for many purposes, the opportunities 
for rnosquiloes to attack man increase. Significant progress has been made in our 
stales to manage mosquito popuIations to minimize their impads. Improved technology 
through the use of chemical and biological controls and water management are all 
helping to reduce the adverse impacts of mosquitoes. 

This workshop provides an excellent opportunity for water resources managers, aquatic 
biologists, mosquito control personnel, and other people who are interested in the 

' Associate Director, Water Resources Research Institute of The University of North 
Carolina, North Carolina State University, Raleigh, NC 27695 



management of aquatic weeds and mosquitoes to share important new technology. It 
was designed to enhance the capabilities of professionals working in this subject area 
and to improve communication and expertise on how to manage these pests. 

The purposes of this workshop are: 

* to provide an overview of the association of aquatic plants 
and mosquito production 

* to provide information on the best management practices for 
aquatic weeds and mosquitoes in impoundments 

* to provide a forum for the exchange of ideas and information 
on the management and impact of these aquatic pests 

We are fortunate to have leading experts in both aquatic weed and mosquito 
management to participate in this workshop. You have a good program, with clear 
objectives and outstanding speakers. This adds up to an event that should benefit us 
all professionally. I hope you enjoy the workshop. 



ASSOCIATION OF AQUATIC PLANTS AND 
MOSQUITO PRODUCTION IN IKPOUNDMENTS 

Joseph C. cooneyl 

INTRODUCTION 

Mosquitoes and aquatic or semi-aquatic vegetation are closely related 
with regards to faunal distribution and density, especially involving 
breeding in impoundments. This knowledge is very useful in formulating 
control strategies and has been the basis upon which the Tennessee Valley 
Authority's mosquito control program has operated since its inception. 
This extensive knowledge has allowed TVA to rely heavily on envil-onmental 
management measures for mosquito control thereby reducing dependence on 
insecticide applications. 

The two major groups of impoundment related mosquitoes requiring 
attention in TVA's control efforts are the permanent pool types and the 
floodwater types. The two groups have different associations with 
vegetation regarding breeding habitat. Vegetation also impacts the kind 
of control procedures that can be employed, whether environmental 
management or insecticide application, and if insecticide application, 
the formulation. 

KAJOR SPECIES AND HABITAT 

Permanent Pool 

The major permanent pool species occurring on TVA reservoirs and 
requiring control are: Anopheles quadrimaculatus, 4. punctipennis, and 
Culex erraticus. These species are primarily associated with clear, 
warn, unpolluted waters containing varying amounts of aquatic vegetation 
or plant debris. Prior to 1960, larval breeding was primarily associated 
with herbaceous emergent marginal vegetation such as alligatorweed 
(Alternanthera philoxeroides) and related species, and the woody plant 
species common buttonbush (Cephalanthus occidentalis) and black willow 
(Salix ni~ra). Since 1960, submersed aquatics have become increasingly 
important as breeding habitat for permanent pool species with Eurasian 
waternilfoil (Myriophyllum spicatum) the primary source. 

Eurasian watermilfoil is an exotic plant that was accidentally introduced 
into the Tennessee Valley Watershed about 1960. Since that time it has 
spread prolifically throughout the reservoir system,colonizing many areas 
with a water depth less than 15 feecand mosquito population indices 
have increased proportionately (figures 1 and 2). Two other groups of 

Aquatic Biology Department, Water Resources. Tennessee Valley 
Authority, Muscle Shoals, Alabama 35660 



submersed species have recently gained prominence - the naiads (Najas 
sp.) and hydrilla (Hydrilla verticillata) although they do not provide 
the ideal breeding habitat that Eurasian watermilfoil does. In fact, 
surveys to date have revealed limited or no breeding associated with 
hydrilla. This is of particular significance to the TVA mosquito control 
program since hydrilla has the potential to colonize extensive areas of 
the reservoir system (up to 20 feet or more in depth) and to outcompete 
most all other aquatic or semi-aquatic plant species. Other submersed 
species which provide limited mosquito breeding habitat are some of the 
native pond weeds (Potamogeton sp.) although they do not constitute a 
serious problem due to their limited distribution. 

One other group of aquatic plant species that influences mosquito 
breeding on impoundments is the unattached floating-leaf varieties, such 
as the duckweeds (Lenna so. and Spirodela sp.). These species provide 
limited breeding habitat when in small quantities and in mixtures with 
other plant species; however, when they occur in dense flna+;ny monotypic 
mats, larval breeding is almost nonexistent. 

Floodwater Species 

The floodwater species of most concern to the TVA mosquito control 
program are: Aedes vexans, &. atlanticus, &. trivittatus, 
k.  sticticus, Psorophora varipes, g. cyanescens, g. ferox, and 
P. ciliata. Their presence is more related to the extent, duration, and - 
frequency of flood conditions on the reservoir system than it is to 
vegetation. However, the presence of certain types of semi-aquatic 
vegetation can be used as an indication of floodwater mosquito habitat 
and the presence of mosquito ova in the soil by indicating levels of soil 
moisture. Several species of herbaceous vegetation can be used as 
indicators of floodwater mosquito habitat, eg. ,  Juncus effusus, Scirpus 
cyperinus, and Carex lupulina are usually associated with floodwater 
mosquito ova in grassland depressions or floodplains. Conversely, 
floodwater mosquito production in wooded floodplains is not very well 
correlated with tree species although a very good distinction can be made 
between the species of floodwater mosquitoes one would expect to 
encounter in a wooded floodplain versus those occurring in floodplains 
colonized by herbaceous vegetation. 

VEGETATIOH XANAGEHELJT - THE BASIS FOR HOSQUITO CONTROL 
IN TVA IHPOUNDMENTS 

An old adage exists among mosquito control personnel that states that if 
you want to control mosquito production in impoundments, you must either 
"get the weeds out of the water or the water out of the weeds." This can 
be accomplished in a number of different ways and at different times 
during the existence of an impoundment. Initially, considerations for 
mosquito control should be included early in the planning for the 
construction of a reservoir and commence with the beginning of reservoir 



basin preparation. Several specific activities can be considered in the 
design and construction of the reservoir basin and its margins that will 
minimize the potential for the presence and growth of vegetation in the 
impoundment, and includes such operations as shoreline modifications and 
reservoir basin clearing. 

Clearing 

Clearing the reservoir basin prior to impoundment involves the removal of 
all woody vegetation that would penetrate the water surface when the new 
impoundment is at minimum pool levels. This clearing concept has been in 
use by TVA since the first impoundment was prepared and is patterned 
after existing public health regulations of the various Valley states 
regarding the impounding of water. Details of these regulations can be 
seen for example in, "Rules for the Control of Impounded Water" as 
amended in 1979 and contained as part of the North Carolina 
Administrative Code. More recently however, TVA has deviated slightly 
from the extreme position of removing all woody vegetation, and with the 
concurrence of respective states has allowed small amounts of woody 
vegetation to remain (selective clearing) for fishery enhancement. 

Field assessments were conducted by TVA to determine how detrimental this 
approach might be to attaining mosquito control objectives and to 
determine the best way that selective clearing could be accomplished 
without jeopardizing mosquito control. It was determined that long 
narrow bands or small clumps of trees standing in deep water presented 
very little breeding habitat especially when sufficient open water 
occurred around the trees to pennit water movement created by wind and 
wave action which prevented the entrapment of flotage. Conversely, large 
blocks of trees allowed to remain in shallow water, created significant 
amounts of mosquito breeding habitat, at least through the first two 
years (figure 3). 

Shoreline Hodifications 

Shoreline modifications constructed to provide mosquito control through 
vegetation management, consist of either filling of low areas or more 
often the combination of deepening and filling in the upper three feet of 
the fluctuation zone. Extensive marginal areas were deepened 
approximately 1.5 to 2 feet and the spoil from these areas was pushed 
landward to create a new shoreline approximately three feet higher than 
the new bottom elevation. The projects were designed for a new water 
depth of 2-3 feet depending on the depth to which vegetation grew. This 
deeper water area with the new steeper shoreline, essentially eliminated 
all emergent vegetation from the area. This type of modification however 
has lessened in its importance to vegetation management over the last 
twenty years due to the intensive colonization and spread of introduced 
submersed aquatic plants in several reservoirs. 



Dewatering Areas 

~ewatering projects were constructed in areas where extensive moist soil 
bottom lands occurred within the reservoir basin to be impounded and 
which could not economically be cleared, and which would result in 
extensive mosquito breeding habitat after inundation. These areas were 
diked-off from the main reservoir so that the lake at normal pool would 
not flood them and so that they could be managed independent of the rest 
of the reservoir. The normal operating scheme permits these areas to 
fluctuate with the reservoir during a portion of the year and provides 
for dewatering by pumping during the mosquito breeding season. This 
dewatering operation during the growing season also allows much of these 
areas to be planted with waterfowl food plants such as corn, millet, 
sorghum, etc., which can then be flooded to attract overwintering or 
migrating waterfowl. 

This operating scheme is very effective in controlling mosquito 
production, however the escalating maintenance costs and a change in 
mosquito control philosophy from total control (as in mosquito borne 
disease outbreaks) to control only in critical areas, makes this 
operation no longer economically justifiable. Furthermore, there has 
been a change in waterfowl management philosophy from one of dewatering 
and planting, to a moist site management concept which encourages the 
growth of aquatic and wetland type vegetation in a number of 
subimpoundments. This type of operation also allows static water levels 
to occur for extended periods during the summer months and is in direct 
conflict with mosquito control objectives. Figure 4 illustrates the 
changes in n~osquito production that occurred in the Blackwell dewatering 
area of Wheeler Reservoir when dewatering was discontinued. Details 
concerning the construction and original operation of these dewatering 
projects is available in the publication, "Halaria Control on Impounded 
Water" 1947. 

Hechanical Control Of Emergent Vegetation 

Control of emergent vegetation in the fluctuation zone of several 
reservoirs effectively controls mosquitoes by elimination of larval 
habitat and enhancing water level management through maintenance of an 
effective drainage system. It also enhances the effectiveness of 
aerially applied mosquito larvicides by allowing more insecticide to 
reach the target area. 

The major species of concern perennially are the two woody species common 
buttonbush and black willow. Both species grow prolifically in 
reservoirs which have an extensive, shallow drawdown zone which is 
dewatered during a significant portion of the growing season. Depending 
upon the rate at which these plants regrow, mowing occurs every 2-3 years 
using tractor-drawn rotary mowers (bush hogs). A selective mowing 
approach is employed that allows a narrow band of woody vegetation to 
occur at the deep water edge of an embayment, and allows borders along 



drainage ditches and creek banks. The remainder is block-mowed which 
minimizes mosquito production, but at the same time enhances fishability 
of the area. Piowing is an effective control technique, however, it has 
become relatively expensive, and with the increased availability of 
effective granular formulation of larvicides which can penetrate foliar 
canopy and effective adulticidal techniques, it has been drastically 
reduced in scope. Furthermore, changes in water level management schemes 
on some reservoirs have decreased the time that these areas are exposed 
and subject to growth invasion, further reducing the need for mowing. 

Water Level Management 

Water level management is the cornerstone of TVA's mosquito control 
operations and includes various alternatives depending on the reservoir, 
season, and other reservoir system demands. The basic scheme however is 
consistent for the mainstream reservoirs (figure 5) and is implemented as 
planned unless other system demands such as flood control, commercial 
navigation requirements, or hydropower generation conflict. Other 
program interests such as recreation, fish and waterfowl management, 
water quality etc. are placing increasing and conflicting demands on the 
reservoir system making it more difficult to satisfy mosquito control 
needs. Nevertheless the mosquito control program of TVA has the 
opportunity each year to request any special operations that would 
benefit mosquito control, and these are considered in conjunction with 
all other special requests. 

As illustrated in figure 5, the most effective water level management , 

scheme for mosquito control on mainstream reservoirs incorporates 
seasonal recession with a one-foot weekly fluctuation. However this type 
of management scheme is not practical for all reservoirs,and fluctuation 
or recession alone can provide satisfactory levels of control. 

The basic scheme which involves fluctuation with recession is compatible 
with management requirements of four mainstream reservoirs. On these 
reservoirs, discharges are regulated from early Spring until about the 
2nd or 3rd week of June to maintain the reservoir at full pool elevation 
to inhibit the encroachment of marginal emergent vegetation during this 
rapid growth period. The water level is then fluctuated through a cycle 
of about one foot each week for about three weeks. This is followed by a 
gradual recession of about 0.1 to 0.2 feet per week, together with the 
weekly one foot fluctuation, until about the middle of September when 
mosquito breeding begins to decline. The recession alone then continues 
until winter flood storage levels are reached, usually around the end of 
December. This seasonal recession, which provides a reservoir marginal 
water surface relatively free of emergent vegetation, also permits access 
to these areas for drainage maintenance, mechanical control of marginal 
vegetation,and shoreline modifications. Additionally, this recession 
down to winter levels (4-6 foot draw) helps to control annual emergent 
herbaceous vegetation and perennial submersed aquatic vegetation that may 
have temporarily colonized this drawdown zone. 



Four of the renaining main-river reservoirs are operated on a weekly 
fluctuation cycle with no recession since the growth invasion zone of 
these reservoirs is so limited and other constraints exist. Kentucky 
Lake, the most downstream reservoir on the system, is too large to 
fluctuate weekly and consequently is operated on a gradual recession. 

The tributary reservoirs in the system for the most part present very few 
problems with r~gards to mosquito breeding potential because of their 
location, morphometry, and annual operation. These reservoirs are 
located primarily in mountainous terrain and have very steep and rocky 
shorelines which limit the growth of emergent marginal vegetation. 
Operationally they are filled as early in the spring as possible and as 
full as run-off pemits, so that water is available to be released 
downstream for navigation and power generation through the remainder of 
the year. This operation provides generally a continuously falling lake 
level during the mosquito breeding season which is unsuitable for 
mosquito breeding since the water surface remains devoid of vegetation, 
and declines to such a depth (20 feet or more) that submersed aquatic 
plants cannot colonize. 

These planned water level management schemes contributed significantly to 
the control of mosquitoes on TVA impoundments for many years. However, 
with the introduction of the submersed exotic plant Eurasian watemilfoil 
into the system around 1960 and its status as a primary habitat for the 
breeding of several species of Anopheles and Culex mosquitoes, these 
schemes have reduced effectiveness. In fact, in areas of the reservoirs 
where the plant is growing in water depths in excess of six feet, control 
effect is negligible. Moreover, Eurasian watemilfoil routinely grows in 
water up to ten feet deep and has become the most widespread plant pest 
in the reservoir system. Because Eurasian watermilfoil and several 
related aquatic species, such as nembers of the genus Naias, are not 
significantly impacted by limited drawdowns in mild winters when the 
marginal areas remain relatively wet, or the plants have the ability to 
overwinter as seeds and rapidly recolonize these areas, special sumer 
drawdowns have been tested and proven effective. Sumer drawdowns have 
been tested on both Guntersville and Chickamauga Reservoirs with similar 
results regarding aquatic weed and mosquito control. 

In 1983, a midsummer drawdown of Guntersville Lake proved very effective 
for controlling aquatic weeds and, consequently, mosquito breeding in the 
affected zone. Figure 6 illustrates the normal guide curve representative 
of typical operation of Guntersville Lake levels, and the modified curve 
which illustrates the special drawdown. Guntersville Lake headwaters 
were drawn around 2.5 feet and held there for about seven days, after 
which they were gradually returned to normal sumer pool levels. Aquatic 
weeds were controlled in the drawdown zone for the remainder of the season, 
and concurrently mosquitoes were controlled. As illustrated in figure 7, 
there was a dramatic change in the larval mosquito population following 
the drawdown of the reservoir in 1983 when compared with pre-drawdovn 
densities of the same year and post-drawdown densities of the previous 



year. A similar drawdown of Guntersville Reservoir was conducted in 
1987, although it occurred earlier in the season (late June) than the 
1983 drawdown (late ~uly), and the water was restored to full summer 
pool level instead of to the normal level on the operating guide curve 
(figure 8). Results were essentially the same as in the 1983 operation 
regarding impacts on mosquito production (figure 9). An added benefit 
was realized however by returning the water to full summer pool levels, 
in that the drawdown zone was totally overwatered creating a clear 
perimeter band and covering submersed aquatic vegetation with an 
additional foot of water. Adverse impacts created by submersed aquatic 
plants are significantly reduced if the plants renain below the rater 
surface. 

The inpacts produced by drawdowns are generally governed by the amplitude 
of the drawdown. Consequently on a reservoir like Guntersville, effects are 
limited to the top 2.5 feet. Other constraints such as position of water 
intake and discharge structures, channel depth requirements for 
eomercial navigation, water availability for refilling, recreation needs 
and other program interests must be considered and often will supersede 
mosquito control concerns. 

Habitat Conversion Through Controlled Plantings 

Mosquito production can also be controlled or manipulated in some 
situations through the controlled planting of a desirable species of 
vegetation to eliminate an undesirable species with regard to mosquito 
habitat. Smith & g.  in 1969 determined that controlled plantings of 
baldcypress trees (Taxodium distichurn) successfully controlled permanent 
pool mosquitoes in marginal areas by gradually shading-out herbaceous 
understory vegetation and minimizing mosquito breeding habitat. 
Anopheles quadrinaculatus was essentially eliminated from the area and 
the only species present in significant nunbers was Culex territans, 
which does not bite man, This technique is being implemented several 
places in TVA as a long tern control mechanism and is also undergoing 
further refinement. 

A similar alternative is also being tested for minimizing floodwater 
mosquito problems through habitat alteration. Breeland and Fickard in 
1967 determined that as grassy floodplain areas naturally succeeded into 
wooded bottoms, the species conposition changed from a complex of 
floodwater mosquitoes that normally inhabit grasslands to a complex that 
inhabits wooded areas. This is beneficial from a control standpoint in 
that the grassland complex is very aggressive and pestiferous, readily 
dispersing several miles from the breeding area. Conversely most of the 
woodland group remains very close to the shaded breeding area and man is 
not usually impacted unless he invades this area. 



Hosquito production in impoundments is directly related to the types and 
quantities of aquatic and semi-aquatic vegetation present. The two 
primary types of vegetation to consider are the emergent and the 
submersed types with the submersed in recent years far exceeding the 
emergent in importance as breeding habitat. Of particular importance is 
the exotic aquatic plant Eurasian watermilfoil which was accidentally 
introduced into the TVA reservoir system in 1960. Since then it has 
rapidly expanded its range over much of the main stem of the reservoir 
system and is the primary concern of mosquito control operations. 

Controlling permanent pool types of mosquitoes, the major target group in 
TVA's operations, involves the management and manipulation of 
er~vironmental factors that affect plant growth. Reservoir basin 
preparation, shoreline modifications, operation of dewatering areas, and 
water level management are the main activities employed to manage 
vegetation and in turn control mosquito production. Supplemental 
herbicidal applications are also very effective in controlling subnersed 
nacrophytes in selected areas, and limited nechanical control of emergent 
woody vegetation not only eliminates mosquito breeding habitat, but also 
facilitates larvicidal applications. 
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Fig. 2. Correlation of mosquito production with amount of submersed macrophytes. 
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Fig.3. Anophellne mosquito production associated with cleared and timbered areas 
of Upper Bear Creek Reservoir , 1978 - 1986. 



- Bbckwell Static Pool 

t 

Blockwell Blockwell Wheeler 
Dewolered Sfatic Pool Reservoir 

1976 I977 1977 

. Fig.4. Mosquito produdion ossociafed with two different water level 
regimes of the Blockwell project. 







-- -- 

1 I 1 1 

June July A W Sept Oct 
1982 

- Loke Efevofion 

June ' July ' Aog ' Sept ' Oct 



el operating guide 

- w w w w w w  

--b 
Modified water level operating guide 

I I I I # I I I I I u a 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Fig.8.Normai water level operating guide for Guntersville Reservoir and 
modified guide used in early summer special dtawdown. 







DUKE POWER COMPANY 
AQUATIC PLANT MANAGEMENT PROGRAM 

Kenneth L. ~anue l '  

Duke Power Company is located in the Piedmont of North and South Carolina. Its 
51,802 sq. km service area contains approximately 4828 km of shoreline; most of 
which is suitable habitat for nuisance aquatic plants. 

Historically there have been few aquatic plant problems in this region. In the past 20 
years, however, several non-native aquatic plant species have been introduced into 
Piedmont waters and have become serious pests affecting both recreational and 
industrial water use. One of the most serious of these non-native plants is hydrilla 
(Hvdrilla verticillata). Although hydrilla has not yet been found in the Duke Power 
Company service area, it is a serious problem in the southeastern United States 
including the east central North Carolina Piedmont and the Coastal Plain of North 
and South Carolina. Several other exotic aquatic plants have caused nuisance 
problems for Duke Power. These plants include Brazilian elodea (Eaeria densa), 
water primrose uru~uavensis), giant smartweed (Polwonum lapathifolium), 
and brittle naiad (Na-ias minor). Biological, chemical, and physical measures have 
been used with success by Duke Power to control most of these populations. 

Planning, Implementation, and Evaluation Make 
a Sound Management Program 

Duke Power Company's aquatic plant management program is based on a series of 
program planning and implementation steps that allow continuous evaluation of 
program activities and feedback for program modifications. The program steps are: 

Survey- Surveys of waterbodies are conducted to determine the distribution of plant 
populations and if populations have grown to nuisance levels. This step is usually 
the most manpower consumptive in any long term management program. 

Species identification- Piants that are growing at nuisance levels must be identified 
so species ecology and response to various control options can be evaluated. 

Management evaluation- Water user needs, short and long term impacts of 
nuisance plant populations, control options, costs, potential environmental impacts, 
legal concerns, and public relation factors must be determined. From these and 

' ~ u k e  Power Company, Applied Science Center, Rt. 4 Box 531, Huntersville, NC 
28078 



other site specific information such as surveys and plant identification, a 
management plan is developed and submitted to responsible authorities for 
approval. The management plan may also be required to be submitted to 
regulatory agencies for consultation. It should be noted that a management plan 
may indicate no control measures be undertaken. 

Control measures- Control measures specified in the management plan are 
implemented. A critical factor in dealing with the application of herbicides is a 
thorough knowledge by applicators and their immediate supehrisors of current 
herbicide efficacy, label requirements, restrictions, and all safety precautions. 

Control evaluation- The effects of control measures applied to the target weed 
population should be determined in some quantitative manner, e.g. reduction in 
acreage or biomass, change in percent coverage. Control evaluation is usually the 
weakest step in a management program because it can take a great deal of time 
and manpower. However, this step is critical if the program manager is to 
determine the efficacy and cost effectiveness of applied control measures and 
determine what modifications may be necessary for future control operations. 

Summary Of Duke Power 
Aquatic Plant Control Activities 

Biological Control- In September 1986 a 20 hectare (46 acre), York County, SC, 
pond was stocked with sterile triploid grass carp. The pond contained a mixed 
population of submerged pond weeds dominated by brittle naiad and small 
pondweed (Potamoaeton pusillus). This nuisance population was growing in shallow 
water to a depth of six feet. 

A total of 460 fish, 23 to 25 cm long, were stocked at a rate of 25 fish per surface 
hectare (1 0 fishlacre). Blotted wet weight biomass estimates of pondweeds were 
obtained at three locations prior to stocking and during 1987 and 1988 (Table 1). 
To date, weed control in the pond by grass carp is considered excellent. 

Chemical Control- Several populations of aquatic plants located in Duke Power 
reservoirs have required chemical control using EPA approved herbicides. These 
plant populations were determined to be a nuisance to one or more of the following 
water use activities: broad spectrum public recreation, mosquito control programs, 
and power production operations. Table 2 summarizes the major 1988 chemical 
control measures applied by Duke Power. Most chemical applications have resulted 
in good to excellent control (70-90%). 



Table 1. Mean blotted wet weight @/grab) of mixed pondweeds collected at 
three locations (Loc.) in a York County, SC, 20 hectare pond. Each mean 
represents three replicates of a rake grab sample traveling approximately 1 m 
along the pond bottom. 

DATE L0c.A L0c.B L0c.C Loc.A+B+C 

* No pondweeds were observed growing at the three sample locations during 
VII-I 988. 

Physical Control (Drawdown) - By 1984, Brazilian elodea growing in the 
shallow areas of Lookout Shoals Reservoir had reached recreational nuisance 
levels and was a potential threat to hydro-power production on the reservoir. 
Lookout Shoals, a narrow river-run hydroelectric reservoir with a surface area of 514 
hectares, has a mean depth of 9 meters. Located on the upper Catawba River in 
Catawba County, N.C., the reservoir was built in 1916 and has a seven day retention 
time. 

Table 2. Summary of major aquatic plant chemical control activities conducted by Duke Power Co. 
during 1988. Control reasons: M=rnosquito control, O=power operations, R=recreation; Chemicals: 
G= glyphosate, E= endothall, ACRES= acres treated, %CTL= percent control. 

SPECIES LAKE ACRES CHEM. RATE % CTL REASON 

Giant smartweed Greenwood,SC 35 G 1% 80 M,R 

Water primrose Norman,NC 2 G 1% 20* R 
Hickory,NC 8 G 1% 70 R 
Wy lie,SC 2 G 1% 90 0 

Brittle naiad Greenwood,SC 150 E 3 g a l / 9 0  R 
ac 

- - 

*Poor control resulted when water primrose was growing rooted in shallow mud 
flats. 



During the winter (January and February) of 1985, the lake level was lowered a 
maximum of 3 meters (10 feet) to expose approximately 81 hectares of shoreline 
fringing elodea beds to freezing nighttime temperatures and desiccation (Figure 1). 
The beds were growing 2.5 - 4 meters deep. The reservoir returned to full pool in 
early March so spring fish spawning would not be effected. Winter drawdowns to 
control Brazilian elodea had previously been reported only by Hestand and Carter 
(1 974) in Florida and Manning and Johnson (1 975) in Louisiana. 

A survey of previous elodea bed locations in late spring of 1985 indicated 100% of 
all elodea exposed to freezing and drying were killed during the drawdown. No 
regrowth was found at any location during the Fall 1985 survey. Elodea beds in the 
river upstream of the reservoir were not affected by the drawdown. Elodea 
fragments from these beds have drifted downstream to the reservoir during the 
ensuing years. By the end of 1988, 25% of the potential elodea habitat in the 
reservoir had been reinfested by these fragments. Most of this current growth 
occurs in the upper end of the reservoir. A similar drawdown was conducted on 
Lake Gaston located on the border of North Carolina and Virginia during the winter 
of 1988 with similar results (Glenn Bishop, Virginia Power, Richmond, VA, pers. 
comm.) 

The cost of the 1985 drawdown to Duke Power was approximately $3,200 due to 
the lost generating efficiency at the reservoir hydroelectric station. Spread over five 
years (1985-1989), the cost per elodea infested hectare is now $7.90 (Q3.20facre). A 
winter drawdown can be an extremely cost effective method to manage Brazilian 
elodea in Piedmont reservoirs. 



Figure 1. Minimum daily air temperatures and surface elevation of Lookout Shoals 
Reservoir during January and February, 1986. Full pool elevation based on 100 feet. 
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OVERVIEW OF NORTH CAROLINA'S AQUATIC WEED CONTROL PROGRAM 

Alan "Bo" ~urns '  

When hydrilla was discovered in Umstead State Park near Raleigh in 1980, an 
interagency task force was assembled to determine the potential impact that this 
would have on North Carolina's water resources, while also outlining a plan of action 
to eliminate or to minimize its expected impact. The recommendation of the task 
force was passed on to the governor jointly by the Commissioner of Agriculture and 
the Secretary of Natural Resources and Community Development in early spring 
1982. This activity and the hydrilla workshop sponsored by the UNC Water 
Resources Research Institute focused attention not only on the hydrilla problem, but 
also upon the need to address other aquatic weed problems in the State which had 
long been ignored. In response to the growing support for action on aquatic weed 
problems, the Governor acted on the hydrilla task force's recommendation and 
designated the Department of Natural Resources as the lead agency for aquatic 
weed control and directed the creation of an Aquatic Weed Control Council. 

This Interagency Council on Aquatic Weed Control held its first meeting in July, 
1982. This council was established to oversee and coordinate aquatic weed control 
activities in our State and to also maintain contact with similar groups in neighboring 
states. Council members have diversified backgrounds and represent universities, 
private industry, private citizens, and State and Federal agencies. 

Once the interagency council was established the Division of Water Resources 
(DWR) was given the responsibility for administering the Aquatic Weed Control 
Program (AWCP). The purpose of this program is to reduce problems and losses 
&used by growths of aquatic weeds. The AWCP is responsible for administering 
three major activities: control and evaluation, surveys, and providing assistance to 
local cooperators. These activities are provided through two cost-sharing programs. 
One involves Federal funds, while the other does not: 

1) State - US Army Corps of Engineers funding divides project costs as follows: 
Federal - 50%, State - 25%, Local government - 25% 

2) State - Local Water Resources Development Grant funding divides project 
costs as follows: State - 50%, Local government - 50% 

' ~ o r t h  Carolina Department of Natural Resources and Community Development, 
Division of Water Resources, Raleigh, N.C. 2761 1 



The US Army Corps of Engineers funding has been available for several years 
through an agreement with the Wilmington District. 

This program is authorized by Section 302 of Public Law 89-298, 89th Congress 
approved on October 27, 1965. The Aquatic Plant Control Program for the State of 
North Carolina is described in "Aquatic Plant Control Program (Rivers and Harbors 
Act of 1965) State: Design Memorandum.' The current memorandum of agreement 
with the Corps allows control activities only on hydrilla, alligator-weed, and Eurasian 
watermilfoil. Aquatic weed infestations which present potential economic loss or 
adverse environmental impacts in the area involved come within the general scope 
of this program if the affected water bodies are within the public trust, have access 
open to all on equal terms, or contain water which is a public resource. The 
economic and environmental costs of the control project are much less if the the 
program is implemented before infestations reach an advanced problem stage. The 
Corps program requires that weeds included in the program must be a regional 
problem and preferably exotic (non-native) plants. Also, to be eligible for Corps 
funds, it must be clear that the completion of the project will provide broad public 
benefits. Treatment in other areas which do not fall under these criteria will be the 
responsibility of the State and/or private landowners. 

State financial assistance to local governments for aquatic weed control, separate 
from the Corps program, is available through the Water Resources Development 
Grant Program authorized by the State legislature in 1987. This program was 
developed to provide a means of assisting local governments whose aquatic weed 
problems do not qualify for Federal funding. Approval of applications for this type of 
funding is competitive, based on project benefits, and is limited by the amount of 
State funds available. 

The Division of Water Resources (DWR) is equipped and staffed to handle most 
aquatic weed problems. All control operations performed by the DWR will be 
completed by licensed public operators certified in Aquatics. However, projects 
requiring extraordinary measures, such as aerial application, or those which can be 
done more effectively by private applicators, will be done by contract. In either 
case, total project expenses are shared among cooperators. 

In the case where projects provide broad regional benefits, or where assignment of 
non-federal responsibilities to local government is not appropriate in the opinion of 
the Department, the Department may assume sponsorship on behalf of the State 
and may pay up to 100 percent of the total cost for planning and operations of that 
project. Lakes or ponds owned by State Parks or other properties of the State 
could qualify for 100 percent funding. 



To request State cost-sharing for an eligible Water Resources Development project, 
a local political subdivision or unit of government shall send to the DWR an official 
resolution describing the nature of the proposed project and the benefits to be 
received from it. The initial communication should include a description of the weed 
problem in as much detail as possible. The Division of Water Resources will then 
follow up with a site visit to determine eligibility for the program. The local 
government will be provided a sample copy of a resolution that will serve as the 
official application for assistance. Notification of inclusion in the program will be in 
early spring. Local governments seeking assistance should contact program 
representatives at the following address before September 30 each year. 

Aquatic Weed Control Program 
Division of Water Resources 

Department of Natural Resources & Community Development 
PO Box 27687 

Raleigh NC 2761 1 
(91 9) 733-4064 



AQUATIC WEED CONTROL MODEL RESOLUTION 

(Note: This is a model resolution that may be used by local governments to apply for assistance 
under the North Carolina Aquatic Weed Program. The model should be adapted to fit the 
circumstances of each specific project.) 

WHEREAS, the County Board of Commissioners (or City 

Council) desires assistance from the North Carolina Aquatic Weed Program for 

(Describe the nature of the aquatic weed problems and the benefits to be gained by controlling the 

problem.) 

NOW, THEREFORE, BE IT RESOLVED THAT: 

1. The Board requests that the N. C. Aquatic Weed Control Program conduct the 

(give name of body of water) aquatic weed control project 

in County; 

2. The Board assumes full obligation for payment of fifty percent (50%) of non-Federal costs 

associated with the aquatic weed control project; 

3. The Board will assist the N.C. Department of Natural Resources and/or the U.S. Army 

Corps of Engineers in quantifying its aquatic weed problems and determining the public benefits of 

the proposed control project; 

4. The Board will assure that the public will have access to the waters that are benefited by 

the control project; 

5. The Board will hold the State harmless from any damages that may result from the 

implementation of the project; 

6. The Board will be responsible for notifying all landowners whose property is adjacent to 

the body of water. 



MANAGEMENT OF AQUATIC PLANTS AND MOSQUITOES 
IN THE SANTEE COOPER HYDROLOGIC SYSTEM 

Howard B. ~oach '  

The Santee Cooper reservoir system is comprised of Lake Marion, covering 110,000 
acres and Lake Moultrie, with 66,000 acres connected by a 7% mile Diversion Canal. 
The system connects two river basins, the Santee and the Cooper, with over 25,000 
square miles of drainage and is the largest watershed east of the Mississippi River. 
Santee Cooper is the common name for the S.C. Public Service Authority which was 
created in 1934 by Act 887 of the South Carolina General Assembly. The act 
directed the Authority to develop the Santee and Cooper Rivers in the combined 
interest of electric power generation, recreation, navigation, water management, 
commerce, reforestation and public health conditions in the five county area. 

Construction began on the project in 1939 and a malaria control program was 
instituted immediately. Malaria was prevalent throughout the project area and 
protection of the more than 10,000 workers was necessary. In a six county area 
adjoining the project, malaria mortality was extremely high. In 1937 there were more 
than 4,200 cases with almost 150 deaths. Final control of the disease was 
accomplished by 1950. Early measures for the control of Anopheles 
quadrimaculatus were very successful and probably resulted from the use of the 
then new insecticide, DDT, as well as flood control and elimination of breeding 
habitat by flooding the reservoirs. 

Soon after impoundment, noxious aquatic vegetation became a problem in the 
headwaters of Lake Marion, and alligatorweed covered over 19,000 acres in 1949. 
From this early period until 1980, aquatic plant control was conducted only as a tool 
for mosquito abatement and was under the management of the Mosquito Control 
Supervision. Prior to the availability of 2-4-D in 1946, the control measure for 
alligatorweed consisted of applications of kerosene at a rate of 800 gallons per acre 
applied directly to the plant foliage. The plants were then torched and burned. 

Today, there are ten genera and forty-nine species of mosquitoes that occur on the 
project. Anopheles quadrimaculatus remains the most prevalent species today, 
followed by several Aedes floodwater species and several woodland temporary rain 
pool mosquitoes, including Psorophora ferox and Psorophora columbiae. 
Coauillettidia ~erturbans produce large hatches in weed infested waters each year in 
early summer. 

1 Administrator, Environmental Resources, South Carolina Public Service Authority 
(Santee Cooper), 1 Riverwood Drive, Moncks Corner, SC 29461 



In 1965, Eaeria densa (Brazilian elodea) was discovered growing in Lake Marion. 
Past surveys had not revealed the presence of this plant and its sudden presence in 
many scattered areas of the lake remain unexplained. By 1974, Eperia covered over 
20,000 surface acres of Lake Marion. 

Then in 1982, a dreaded event occurred. The villain of all aquatic plants, Hvdrilla 
verticillata, was discovered growing in a few small patches near Elliotts Landing. 
Santee Cooper Board of Directors authorized $200,000 in additional funding for 
hydrilla control, hoping to eradicate the weed before it became wide-spread. The 
area was saturated with approved herbicides for the next few years, but hydrilla 
continued spreading rapidly. Today, hydrilla has competitively dominated Eaeria and 
other submersed species and covers over 25,000 surface acres of Lake Marion. 

Hydrilla is able to dominate other submersed plants by its photosynthetic efficiency 
under lower light conditions than other plants. As a result, hydrilla begins to utilize 
carbon dioxide early in the morning when supply is high, and depletes the supply 
by the time other plants are able to utilize the carbon. Hydrilla also branches 
profusely near the surface, producing a mat that blocks light penetration beneath it. 
Haller and Sutton (1975) go so far as to state that competition from other 
submersed plants is almost negligible. 

The costs involved in aquatic plant control have continued to escalate. In 1982, 
control cost amounted to $134.55 per acre and by 1988 the cost increased to 
$192.74 per acre. This amount does not reflect the extent of infestation. The 
acreage treated depended on available funding rather than the extent of the 
problem. 

Approved aquatic herbicides have been the primary control measure for aquatic 
vegetation in the reservoirs. Aquathol-K, at a rate of six gallons per acre, is used for 
hydrilla control, Diquat or Diquat with copper for Eaeria and other submersed 
species and Rodeo (Glyphosate) for alligatorweed, water primrose and aquatic 
grasses. 

Currently, our mosquito abatement program is comprised of physical, chemical and 
biological control measures. The physical control includes filling, drainage, coppice 
clearing and shoreline flotage removal. Chemical control of larvae is by treatment 
with the insect growth regulator, methoprene, while technical grade malathion 
applied by ULV is used for adult control. Biological control of larvae is by use of 
Gambusia affinis, the common mosquito fish and Bacillus thurinaiensis var. 
israelensis. As with aquatic plant control, the cost of mosquito abatement has 
increased over the years. In 1982, the cost of mosquito control was $257,000, and 
by 1988 was $467,000, not including capital equipment. Aquatic plant control 



activities have significantly reduced the mosquito control annual expenditures since 
being transferred to the Water Quality Management Section. 

We have observed a very close relationship between adult mosquitoes and aquatic 
plants over the years in Santee Cooper reservoirs. An average of the adult 
mosquito density indices from 1983 through 1988, along with average treatment 
periods for aquatic plants, show that the AD1 dropped significantly following weed 
control measures while mosquito control measures were mostly ineffective. 

During the past century, non-native aquatic plants have been introduced into the 
United States from Asia, Africa, South America and Europe. These plants have 
thrived and developed to nuisance levels due to lack of native competition and 
predation. Southern reservoirs provide habitats of favorable climate and 
nutrient-rich, shallow water bodies. The Santee Cooper reservoir system provides 
this habitat. 

The South Carolina Aquatic Plant Management Council recently approved a plan to 
stock Lake Marion with the triploid grass carp. The plan calls for 100,000 fish per 
year to be stocked at three areas in Lake Marion beginning this year. A one million 
dollar study program will be conducted to collect data on plant biomass, fish 
movement, water quality and impact on native fish. This research will be funded by 
the U.S. Army Corps of Engineers. 

Santee Cooper is producing triploid grass carp at our Aquaculture Center in 
Georgetown for use primarily in our system, with excess fish sold to the public. We 
use hydrostatic pressure to induce triploidy. Essentially, pressure is applied to the 
fertilized egg just before the first cell division, resulting in changing the viscosity of 
the cytosol preventing the spindle formation, thus preventing the embryo from 
achieving the two cell stage. When the pressure is released the event begins again; 
however, the cell this time has an extra set of chromosomes which had been 
replicated by the RNA before the spindle formation. Since the cell is destined to 
replicate itself, further cell divisions produce a triploid organism. 

An important function of our Water Quality Management Program is our laboratory 
monitoring. We perform more than 20,000 analyses each year from our 43 ambient 
water quality monitoring stations located throughout the lakes. We also conduct 
special studies where deemed appropriate, such as drainage to Lake Marion from 
the GSX Hazardous Material Land Disposal Facility located only 200 yards from the 
lake. 

You could characterize our mosquito and aquatic plant management programs as 
an integrated pest management arrangement. We have found that no single 



management tool will provide the results needed for man's utilization of these 
important water resources. 
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An Overview of the South Carolina Aquatic Plant 
:anagement Program 

The South Carolina Aquatic E 
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reimbursement of costs assoc:-ted with control operations. State 
appropriated funds are provic2d by the Water Resources Commission. Local 
beneficiaries of control operetions are required to provide 15 percent of 
operational costs. 

Annual Aquatic Plant Management Plans are developed each year based on 
site surveys, public input, and results of control activities. The Plan 
identifies problem sites, prescribes control methods, and establishes 
funding levels for each site. Public review and input is an important 
component of the Annual Management Plan development process. 

Since 1981, aquatic plant control operations have been implemented on 50 
water bodies (22,800 acres) at a cost of over $3.2 million. The most 
frequently used control method is an integrated strategy using a 
combination of Federal and State approved aquatic herbicides and triploid 
grass carp. This approach has proven effective in small State Park lake 
systems and is now being expanded to larger systems, such as the 
Santee-Cooper lakes. A large-scale trfploid grass carp stocking plan is 
scheduled for Lake Marion during 1989-91. A total of 300,000 triploid 
grass carp will be released during the three year period to help control 
hydrilla infestations in the upper portion of this 110,000 acre lake. 
Over $2.4 million in associated studies are also planned to monitor grass 
carp movement, aquatic plant coverage, water quality, and native fish 
populations. 

l~hairman, S . C . Aquatic Plant Management Council 
Coordinator, S.C. Aquatic Plant Hanagement Program, South Carolina Water 
Resources Commission, Columbia, South Carolina 



In addition to control operations the S.C. Aquatic Plant Management 
Program supports aquatic plant related research activities. Since 1984, 
eleven research projects have been funded at over $530,000. Information 
from these investigations has aided Program operations by improving 
control effectiveness on certain plant species, monitoring of aquatic 
plant populations, and assessing potential environmental impacts of 
control activities. 



U.S. ARMY CORPS OF ENGINEERS, WILMINGTON DISTRICT 
AQUATIC WEED CONTROL PROGRAMS 

Charles R. wilsonl 

The Wilmington District Corps of Engineers is involved in aquatic weed control under 
two authorities: (1) the Aquatic Plant Control (APC) Program, which is for aquatic 
weed control in non-Federal public waters and is funded by 50 percent Federal 
(construction general) funds and 50 percent by the State of North Carolina; and (2) 
the Removal of Aquatic Growth (RAG) Program, which is for aquatic weed control at 
Federal projects and is funded 100 percent by Federal operation and maintenance 
funds. All of our activities are subject to review by the North Carolina Interagency 
Council on Aquatic Weed Control. This Council, which is composed of 
representatives from State and Federal resource agencies, conservation groups, 
private industry, and local universities, governs aquatic plant control activities in 
North Carolina. 

Aquatic Plant Control Program 

The North Carolina APC Program is administered by the Wilmington District Corps of 
Engineers and the North Carolina Department of Natural Resources and Community 
Development, Division of Water Resources. The primary objective of the program is 
to control weed infestations of (existing or potential) major economic significance in 
non-Federal public waters. In North Carolina, activities under the APC Program are 
limited to control of exotic weed species which have been approved in the State 
Design Memorandum. 

Before a site can be included in the APC Program, the Corps must demonstrate a 
Federal interest (consistent with the program objective), a sound and environmentally 
acceptable plan for weed control, and a positive benefit-to- cost ratio. National 
Environmental Policy Act (NEPA) documentation, if required, must also be completed 
prior to treatment under the program. 

Program Documentation. The APC Program for the State of North Carolina is 
described in Aquatic Plant Control Proqram (R&H Act of 19651 State Design 
Memorandum ISDM) - North Carolina and supplements 1 and 2 to that document. 
Aquatic weeds which are approved for control under the SDM include: 
alligatonweed, Eurasian water milfoil, and hydrilla. 

'u.S. Army Corps of Engineers, Wilmington District, Planning Division, 
Post Office Box 1890, Wilmington, North Carolina 28402-1 890. 



Environmental documentation for the program inc1udes:the Environmental 
Assessment for Inclusion of Hydrilla in the Aquatic Plant Control Proaram for the 
State of North Carolina, dated July 1982, and The State of North Carolina Aquatic 
Plant Control Program. Environmental Assessment. Allinatorweed Control, approved 
in 1984 and last amended in 1987. 

Control of Eurasian water milfoil is not covered in existing Environmental 
Assessments. An Environmental Assessment or Environmental Impact Statement 
would be required prior to the treatment of that species under the program. 

Hydrilla Control. Sites presently under investigation or approved for Hydrilla control 
under the APC Program are shown on map 1. Biological control by use of triploid 
grass carp (released under North Carolina Wildlife Resources Permit) is the primary 
hydrilla control method used under the APC Program. Past stocking efforts have 
been at a rate of 20 fishlvegetated acre. However, we are considering increasing 
future stocking rates to 15 fishlsurface-acre, especially at sites with a small infested 
area compared to the total surface area of the site, to improve our rate and 
effectiveness of control. U.S. Environmental Protection Agency (EPA) registered 
aquatic herbicides are also applied (in accordance with the label directions) as 
needed. 

Hydrilla operations under the APC Program for FY 88 were limited to the monitoring 
of past biological control on 200 acres of hydrilla as summarized in table 1. The 
stocking of grass carp in Lake Holt and the Umstead Park 
the fall of 1988 but has been postponed until the spring of 
activities include continued monitoring of past triploid grass 
grass carp stocking for 399 acres of hydrilla, and chemical 
acres of hydrilla. 

Lakes was proposed 
1989. For FY 89, 
carp treatment sites, 
treatment (Sonar) for 

for 

25 

Other Species. Studies for the inclusion of Egeria and Eurasian water milfoil as 
new problem plant species for control under the APC Program are ongoing. 
Preliminary investigations indicate that these plants are problem species in the State 
of North Carolina; however, sites that fully meet criteria for inclusion in the APC 
Program have not been identified. 

An initial reconnaissance study of slender naiad as a potential control species under 
the APC Program is proposed for the summer of 1989. This study and 
investigations of other aquatic weed problems, in response to requests by county 
governments and municipalities, will likely result in the addition of new treatment sites 
and species in future years. 



Hydrilla Control Areas 



TABLE 1. Wilmington District Aquatic Plant Control Operations 
FY 88 - Hydrilla* 

Acres Management Objective & 
Water Body Treated Treatment Effectiveness 

7. Fred Bond Park 25 Improve Hecreational Navigation. Fish 
Lake Introduced in FY 87. No Noticeable Effect in 

FY 88. 

2. Lake Wheeler 100 

3. Lake Rogers 70 

lmprove Recreational Navigation & 
Maintain Water Supply Capacity. Fish 
Introduced in Fall 1985. Supplemental 
Stocking in Spring 1987. Significant 
Weed Reduction by Fall. 

lmprove Recreational Navigation Within 
the Site & Maintain Water Supply 
Capacity. Fish lntroduced in FY 87. 
Some Reduction in Hydrilla in FY 88. 

NOTE: * Hydrilla control was by the stocking of triploid grass carp at a total stocking rate of 20 
fish/vegetated acre. 

Alligatorweed Control. River basins presently approved for Alligatorweed control 
are shown on map 2. The primary control method for alligatorweed is annual 
application of a Rodeo herbicide and Cide-kick mixture at a rate of 1 gallon/acre. 

Alligatorweed control operations under the APC Program for FY 88 included 
chemical control of 97 acres of alligatorweed as summarized in table 2. Seventy- 
four treatment acres are proposed for control in fiscal year 1990. 

Removal of Aquatic Growth Program 

No aquatic plant control is presently being required at any Wilmington District 
reservoirs; however, several of our reservoirs are located in proximity to lakes 
infested with hydrilla. Falls Reservoir and B. Everett Jordan Lake have been 
identified as having a high potential for hydrilla infestation and are surveyed for the 
weed annually. Weed surveys of these lakes in August 1988 did not identify 
evidence of hydrilla. However, another potential problem species was found in each 
reservoir. Falls Lake was heavily infested with water primrose (Ludwiaia 
uraauavensis) and fragrant waterlily (Nvmphaea odorata) was found to be growing 
in abundance at B. Everett Jordan. Presently, boat channels remain open, and 
these weeds are not significantly interfering with recreation or project operation and 
no treatment is planned at this time. Conditions will continue to be monitored at 
these lakes and a control program will be developed if and when it is necessary. 



TABLE 2. Wilmington District Aquatic Plant Control Operations 
FY 88 - Alligatorweed* 

Acres Management Objective & 
Water Body Treated Treatment Effectiveness 

1. Pasquotank River and 17 
Tributaries 

2. Little River and 3 
Tributaries 

3. Scuppernong River, 8 
Tributaries and 
Canals 

4. Lumber River and 25 
Tributaries 

5. New River 1 

6. Sweetwater Creek 8 

7. Alligator River and 24 
Tributaries 

8. Kendrick (Mackeys) 11 

Maintain Recreational Navigation, 
Excellent Results. 

Maintain Recreational Navigation, 
Excellent Results. 

Maintain Recreational Navigation on 
River and Tributaries, Excellent 
Results. Improve Drainage on Canals, 
Good Results. 

Open River for Recreational Navigation, 
Excellent Results. Operations Expanded 
to Upstream Tributaries in FY 88. 

Treat Minor Infestation to Preclude 
Future Weed Problem, Excellent Control. 

Open Stream for Recreational 
Navigation, Some Reduction in Weed 
Problem. 

Open Stream for Recreational 
Navigation, 1st Treatment FY 88, Some 
Reduction in Weed Problem, Maintenance 
Control Expected by FY 90. 

Open Stream for Recreational Creek 
Navigation, 1 st Treatment FY 88, Some 
Reduction in Weed Problem Control 
Expected in FY 90. 

NOTE: *All sites treated with a 1% solution of Rodeo applied at a rate of 100 gallons of spray per 
acre 

The primary aquatic weed efforts at other Corps' Reservoirs in the District are to 
provide aquatic weed information to the lake users and management staff. Project 
biologists are trained to recognize potential problem plants and all boat ramps have 
been posted with signs instructing users to clean their boats and trailers prior to 
launching. 





EVOLUTION OF A MOSQUITO CONTROL PROGRAM 
ON A LARGE INLAND IMPOUNDMENT 

John R. ~ulton' 

Mosquito control has been a dominant factor in the management of John H. Kerr 
Reservoir since pool impoundment in 1952. Initial efforts were aimed at limiting the 
"potential for malaria transmission" in the project area by controlling population levels 
and breeding habitat of Anopheles quadrimaculatus. Extensive management 
practices were implemented in the first decade of the reservoir to alter known 
breeding habitat of anopheline mosquitoes through mechanical and chemical means. 
A seasonal program of chemical larviciding was also initiated during the first year of 
the project and has remained in effect to this day, with several modifications. A 
summary of these operations is shown in Table 1. 

The habitat control operations implemented in the early years consisted of drainage 
of isolated pools, marshes and pothole areas created by a fluctuating reservoir level. 
Techniques employed in this endeavor included dynamiting straight channels in 
shallow water areas to provide for efficient surface runoff. This technique was only 
marginally successful, as many channels silted in after being inundated by the 
reservoir for a season. Approximately 15 miles of drainage ditches were excavated 
during the first five years of the project. Secondary drainage ditches were also 
excavated by use of farm tractors and dump trucks. A program of drift removal in 
areas adjacent to residential or recreational development was also initiated. 
"Rebrushing" or hand removal of vegetative regrowth within the power pool was a 
labor- intensive program also initiated early in the history of the project. In the early 
19503, an average of 20 seasonal employees were assigned to this task. Vegetation 
was cut with hand tools and stumps treated with 2-4D or "Telvar". In 1953 nearly 
1,500 acres were cleared in this fashion. This technique was discontinued after the 
reservoir elevation stabilized, thus flooding out invading vegetation. 

There was an intense concern from the U. S. Public Health Service and both Virginia 
and North Carolina State Health Departments that population levels of "malaria 
mosquitoes" would rise geometrically with the rising water level. As a 
countermeasure, an extensive aerial larviciding program was initiated. During the 
early years (1 952-1 965), this involved the use of a 30% solution of DDT in a heavy 
solvent applied at a rate of 0.1 pound per acre. Aerial application of larvicide was 
augmented with use of two small flat bottom boats equipped with storage tanks and 
pressure sprayers, to apply larvicide to shoreline areas. 

Army Corps of Engineer District, Wilmington, John H. Kerr Reservoir, Route 1, Box 
76, Boydton Virginia 2391 7. 



Small isolated areas were treated by hand crews using back-pack sprayers. During 
the years 1966-1968, malathion was the chemical of choice in controlling mosquito 
larvae. From 1969 to 1987, Abate was utilized. The use of Bacillus thurinaiensis 
israelensis ("Bti") was initiated in 1987 to present day. 

The third phase of mosquito control, and the most critical, is population monitoring. 
An extensive program was initiated in 1949, three years prior to reservoir 
impoundment to gather base-line data on population levels and species composition. 
One hundred resting stations located in and around the 
reservoir area were identified for weekly monitoring during the breeding season. 
Initially, these stations were horse and mule stalls located on farms adjacent to the 
government boundary line. In subsequent years, these resting stations were 
changed to 4 ft. X 4 ft. plywood shelters placed in or adjacent to breeding habitats. 
The numbers and locations of these stations have been revised and varied over the 
years. During the 1989 season, there were 20 resting shelters monitored on a bi- 
weekly basis. Larval dipping is accomplished in the vicinity of each identified station, 
the results of which are the deciding factor on when and where to apply larvicide. 

The contractual services of a graduate entomologist were utilized during the 1988 
season to monitor populations and make recommendations regarding control 
measures. This contract was very successful and will be continued this season. 

The Corps of Engineers is committed to providing a safe and healthful environment 
for adjoining residents and project visitors in and around their water control projects. 
Operating within the constraints of budgetary and manpower cutbacks, and working 
in cooperation with the U. S. and State Public Health Agencies, the Corps will 
continue to institute control measures to alleviate public health threats from 
mosquito-borne diseases. 



TABLE 1: Summary of chemical larviciding at John H. Kerr 1952-1 988 

Total 
Aerial Anophel ine  

TY pe Larviciding Amount Acres Mosqu i t o s  
Year Tox ican t Hours Toxicant Treated Found 

DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
DDT 
Malathion 
Malathion 
Malathion 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
Abate 
B t i  

- 
20,3361 
8,2941 
8,3001 
5,090# 
2,5141 
2,500# 
9548 
6281 

l,Oll# 
2,4001 
1,817# 
1,359u 
1,6401 
275 gal 

1,580 gal  
1,835 gal  
14,9751 
17,550r 
21 ,0751 
15,550# 
16,4001 
20,1258 
19,1608 
15,6001 
16,7501 
23,6001 
19,73211 
25,8001 
19,0251 
22,8004 
16,27511 
17,200# 
20,000# 
15,6001 
39,7604 

1988 B t i  27 6,520# 1,335 849 

NOTES: * A, quad only.  
** Stat ions  monitored for only two months. 





OVERVIEW OF IMPOUNDMENT AND MOSQUITO 
MANAGEMENT PROGRAMS IN NORTH CAROLINA 

Nolan Newton, P ~ D '  and Marc Slaff, P ~ D ~  

Mosquito control performed by organized programs in North Carolina was first 
begun around 1919 in Wilmington, Rocky Mount and other cities for the battle 
against malaria, which was a very prevalent disease in the state at the turn of the 
century. These initial organizational and operational efforts were funded through a 
combination of local and federal monies. With help from the U.S. Public Health 
Service, these programs were organized and began operation. These malaria 
eradication programs continued through the 20's and 30's and during the 1940's 
were allied with the Malaria Control in War Areas Program of the Public Health 
Service. During this period nuisance mosquitoes were generally not considered as 
important as the anopheline mosquitoes which were transmitting malaria, especially 
in the eastern parts of North Carolina. During the mid 1950's a series of severe 
hurricanes struck the coastal and central parts of North Carolina producing huge 
numbers of salt marsh mosquitoes and temporary pool fresh-water mosquitoes, 
which gave impetus to a study of the problem by the North Carolina Legislature. In 
1957 a document entitled "Report of the North Carolina Salt Marsh Mosquito Study 
Commission" was issued making a number of recommendations for the control of 
salt marsh and other mosquitoes in North Carolina, including control of impounded 
waters. In North Carolina impounded waters, such as lakes and ponds, had been 
required to meet certain standards and be approved prior to construction for many 
years. On the basis of the 1957 report the state created a distinct mosquito and 
vector control program and included legislation relating to the control of mosquitoes 
in impounded waters, General Statute 130A-348. 

Presently in North Carolina about 2.5 million dollars is spent each year on organized 
mosquito control. An unknown amount, but surely many millions of dollars, is spent 
by private citizens for personal mosquito protection and control. Of the 2.5 million 
dollars spent by organized programs each year, about $600,000 to $700,000 is 
provided by the state as financial assistance. About 113 of this money goes for 
water management activities, including the maintenance of existing mosquito control 
ditches and the construction of new ditches, with some stream snag removal also 
being performed. About 213 of this money is spent on chemical control of 
mosquitoes, which includes adulticiding and larviciding. Adulticiding is done in North 

1 N.C. Division of Health Services, Public Health Pest Management Branch, 310 East 
Third St., Suite 200, Winston-Salem, NC 27101. 

N.C. Division of Health Services, Public Health Pest Management Branch, P.O. Box 
2091, Raleigh, NC 27602. 



Carolina principally with the use of ground equipment spraying 91% to 95% 
malathion. The state program currently consists of 4 Ph.D entomologists, 2 
environmental engineers and 1 secretary. 

In North Carolina most mosquito control programs are small in comparison to those 
in many other states. Some small town programs budget less than $1,000 per Year 
for mosquito control,while large coastal programs may budget nearly $300,000 per 
year. There are few full time permanent mosquito control workers in North Carolina, 
with most mosquito control staff having several other functions to perform in their 
communities, such as street maintenance, rodent control, trash pickup or other work. 

North Carolina laws and administrative rules make it the responsibility of the Vector 
Control Branch to oversee the control of mosquitoes in impounded waters of North 
Carolina. Up until late 70's, all bodies of water with normal pool levels of 114 acre 
or more were required to apply for and receive permits from the Vector Control 
Branch prior to construction and filling of ponds and lakes. In the late 70's the size 
requirement was changed to require only those bodies of water of 100 acres or 
more at normal pool level to undergo the permitting process. In addition to 
approval by Vector Control Branch, impoundments in North Carolina must also 
receive approval from other regulatory agencies, such as the State Dam Safety 
Program. Most small impoundments in North Carolina do not have any regular 
organized mosquito control performed on them, although impoundments operated 
by power companies, Tennessee Valley Authority and the U.S. Army Corps of 
Engineers often have fairly extensive mosquito control programs operated by the 
parent agency. In general, the requirements for impoundments in North Carolina 
mandate the control of flotage, emergent vegetation, and slope of the sides of the 
impoundment. These impoundments are inspected as time permits by the staff of 
the Vector Control Branch and in response to citizen complaints concerning 
mosquitoes. Most citizen complaints about mosquitoes from the impounded bodies 
of water turn out actually to be mosquitoes being produced from containers or low 
lying areas and not from the impoundments themselves. 

In North Carolina local health directors are authorized to enforce the control of 
mosquitoes on impounded water, although most local health departments do not 
have the expertise to do this work adequately. Salt marsh impoundments are 
usually managed strictly for waterfowl purposes with little regard for mosquito control 
concerns. Fortunately, few new impoundments have been built in the past 10 years 
for waterfowl, and mosquito problems that we currently experience are remnants of 
existing impoundments. The U.S. Army Corps of Engineers has also created a 
number of dredge spoil islands, principally in the coastal areas along the intra- 
coastal waterway, which have caused severe mosquito problems on some portions 
of the coast. Better cooperation has been achieved recently, and these problems 
are not as severe as they once were. Pumping of new spoil material into the existing 



spoil islands along the intra-coastal waterway has the potential to create severe 
mosquito problems in these areas, however. 

In terms of the future of the control of mosquitoes in impounded waters in North 
Carolina, several problems are being studied for possible remedial work. One of 
these problems concerns the fairly recent proliferation of retention detention ponds 
for the control of surface water runoff. Design criteria for these ponds must include 
proper mosquito control designs as well as water retention. Some problems have 
been noted, and there is some interest in amending the rules for the control of 
impounded waters to include retention-detention ponds. 





OVERVIEW OF TVA AQUATIC PLANT W A G E H E N T  FROGRAM 

By A .  Leon ~atesl 

Introduction 

Excessive aquatic vegetation continues to interfere with the multipurpose 
use of main stream TVA reservoirs. A significant increase was noted during 
the four-year drought period beginning in 1984 when submersed macrophytes 
increased from about 23,000 acres up to 46,000 acres in 1988. Longer 
retention times in reservoirs created clear, warm water conditions well 
suited to prolific growth of submersed aquatic macrophytes. Depth of 
establishment and standing crop of submersed macrophytes are generally 
limited by light penetration. Suspended inorganic and organic solids 
originating from nonpoint sources decrease light penetration, thus limiting 
the depth at which plants can become established. 

The dominant aquatic macrophyte in main stream reservoirs during the last 30 
years has been Eurasian watermilfoj 1 (Hyriophyllum spicatum L. ) . Milfoil 
populatiorls have varied in abundance from reservoir- to-reservoir during this 
period with an overall increase. Milfoil is now common throughout the 
650-mile commercially navigable portion of the Tennessee River as well as in 
waterways connecting from the Cumberland River and the Tennessee-Toinbigbee 
Waterway. As distributions continue to expand in reservoirs with subsequent 
increases in the abundance of propagules, the potential for spread to 
adjoining small lakes and ponds will be greatly enhanced. 

Other macrophytes, such as spinyleaf naiad (Najas minor L.), Southern naiad 
(El. guadalupensis [Spreng.] Hagnus), coontail (Ceratoph~llum demersum L.), 
Brazilian elodea (Egeria densa Planch.), American pondweed (Potamogeton 
nodosus Poir.), muskgrass (Chara sp.), and waterstargrass (Heteranthera 
dubia [Jacquin] KacM.), have been present in reservoirs for several years, 
but only recently have begun to interfere with more intensive consumptive 
and nonconsurnptive uses of reservoirs. The noxious macrophyte, hydrilla 
(Hydrilla verticillata [L.fil.] Royle), has been in the Tennessee Valley for 
seven years and now infests three reservoirs; one in east Tennessee and two 
in north Alabama. From the original infestation, it has expanded to about 
3,000 acres and is expected to significantly increase through the next 
decade. It is important to note that aside from isolated problems caused by 
native macrophytes, most problems in TVA reservoirs arise from foreign 
introductions, such as milfoil and hydrilla. None of these macrophyte 
introductions appear to be significantly reduced in biomass by any of the 
native insects, micro-organisms or phytophagous waterfowl and grow largely 
unencumbered. 

The successional dominance of these exotic species is clearly illustrated by 
the abundance of submersed vegetation in Guntersville Reservoir in northeast 
Alabama which is the most heavily infested reservoir in the TVA system. 
About 30 percent of the surface area was "topped out" with submersed 
macrophytes in late summer 1988. The relatively stable pool (fluctuation 

Senior Botanist with Tennessee Valley Authority, Water Resources, 
Huscle Shoals, AL 35660 



2 1/2 feet) level combined with extensive favorable littoral habitat are 
considered major factors which have promoted excessive macrophyte 
development. 

~xcessive aquatic macrophytes pose many water resource use problems 
including both consumptive and nonconsun~ptive uses. Abundant permanent pool 
mosquito production arising from "topped out" submersed macrophytes has been 
documented in the Tennessee Valley (Gartrell et al. 1981). Primary negative 
impacts are imparted to practically all forms of water contact recreation 
when vegetation becomes excessive and dense macrophytes can serve as a 
drowning hazard for swimmers or boaters that do not observe safe swimming or 
boating rules. Industrial water intakes, such as steam electric plants, can 
experience clogging problems when large rafts of aquatic plant debris float 
downstream and clog on intake screens. Lakeshore commercial and residential 
areas often experience depressed real estate value following development of 
profuse weed growth. To a large segment of the population, excessive 
aquatic macrophytes are visual signs of "pollution" and, therefore, 
aesthetically undesirable. 

Two of the biological components of the aquatic ecosystem known to benefit 
from small-to-moderate amounts of submersed aquatic vegetation are the 
fisheries resource and waterfowl (Webb 1987). The optimum areal vegetative 
coverage of the surface of a water body for fisheries is highly variable and 
subject to debate (Hinkle 19861, Obviously, the optimum coverage depends on 
the management objective for the water body. For example, a five-percent 
cover may be compatible and optimum for a multipurpose impoundment while 
total colonization by submersed species may be compatible with an 
impoundment used strictly for waterfowl management. Water resource managers 
of multipurpose reservoirs are faced with the difficult and often costly 
task of controlling infestations at a level that placates these varied user 
groups. 

Assessment 

Routine surveys, preferably by boat, within shallow, shoreline zones are 
recommended for  water resource managers for early detection of expanding 
aquatic macrophyte colonization that could eventually become "weedy" or the 
presence of undesirable, exotic species. Surveys should be conducted during 
the primary growing season for aquatic macrophytes, usually from April to 
October. The phenology of aquatic macrophytes varies from late spring 
species, such as narrow-leaf pondweed (Potamogeton pusillus L.), to late 
summer species, such as Southern naiad; therefore, surveys should be 
conducted periodically throughout the growing season. 

When boat surveys are not feasible, shoreline inspections at public access 
points, especially boat launch facilities, can enhance the chances for early 
detection of undesirable species, such as hydrilla. Any unknown or 
suspicious plants detected during these surveys should be collected, placed 
in a cool, moist environment, and submitted to an appropriate taxonomic 
expert. Pressed and dried herbarium type specimens should be prepared if 
immediate handling of fresh specimens is not practical. Host southeastern 
States now have university specialists knowledgeable about aquatic plant 
identification and aquatic weed control technology and these technical 
specialists should be contacted for assistance. 



It is often advisable to prepare a vegetation map for the water body to serve 
as a data base for the water resource manager. With reasonably accurate 
vegetation mapping on a base map, an estimate of macrophyte coverage can be 
determined using planin~et~ic measurements. These maps can then serve as an 
aid in developing weed control strategies, if it is determined that conflicts 
exist and control is necessary; and, further, maps can provide an indication 
of changes in vegetation over a period of time. Aquatic vegetation maps will 
also aid in assessing mosquito habitat as well as planning mosquito control 
operations. Other techniques of remote sensing can be used when aquatic plant 
management programs require more accurate qualitative and quantitative 
assessments. These can vary from imagery obtained using a small-format camera 
up to satellite imagery. Specific techniques for mapping aquatic vegetation 
are presented by Andrews et al. (1984) and Leonard (1984). 

Management Techniques 

Chemical Control--The TVA reservoirs colonized with submersed aquatic 
vegetation serve multipurpose functions; therefore, herbicide treatment 
strategies have been developed which are most compatible with the full range 
of uses. To facilitate implementation of a chemical control strategy in 
"priority treatment areas" where excessive vegetation causes major conflicts, 
each reservoir is divided into nanagement units. For example, Guntersville 
Reservoir, a 68,000-acre impoundment, has been divided into 18 management 
units of approximately equal size. These units are easily identified by 
recognizable boundaries (e.g., bridge crossings, power lines) which are 
discernible from the water as well as from aerial photography. 

Based on aerial inventory of aquatic vegetation, each individual management 
unit can then be assessed for the abundance and distribution of aquatic 
nacrophytes occurring within the management unit and even in priority 
treatment areas within the unit. These data, supplemented with periodic 
"ground truthing," can then be used to develop a site-specific weed control 
plan. 

It is necessary to retain flexibility when developing a weed treatment plan; 
therefore, designation of management units allows a systematic control effort 
directed to smaller discrete subunits in a reservoir thus increasing 
efficiency and flexibility of the control effort. In the TVA weed control 
plan, all priority treatment areas within a management unit are usually 
treated before moving the operation to the next higher priority area. This 
localized effort is also compatible with posting of signs within small 
discrete treatment areas notifying the public about herbicide treatment and 
appropriate waiting periods before use. 

Herbicides used by TVA for aquatic weed control include only those herbicides 
proven effective in control operations and labeled for aquatic use by the 
Environmental Protection Agency (EPA). Label provisions are followed to 
ensure protection for the public, the applicators, and the environment. A 
recent compilation of aquatic plant susceptibility data and registered 
herbicides is provided by Westerdahl et al. (1988), and is a suggested 
reference for currently EPA-registered aquatic herbicides. A herbicide manual 
primarily for aquatic weed control has been compiled by the United States 
Department of Interior, Bureau of Reclamation, and is useful for training 
operation and maintenance personnel (Hansen et al. 1983). 



Proven, efficacious herbicides used by the Tennessee Valley Authority (TVA) 
for aquatic weed control operations in multipurpose reservoirs include: 

DMA 2,4-D - dimethylamine salt of 2,4-dichlorophenoxyacetic acid, 
liquid 
AquaKleenQ - butoxyethanol ester of 2,4-D, granular 
Aquathol K@ - dipotassium salt of endothall, liquid 
Diquat - diquat dibromide, liquid 
SONAR 4AS@ - fluridone, liquid emulsion 
SONAR SRP@ - fluridone, slow-release pellet 
Rodeo@ - isopropylamine salt of glyphosate, liquid 
Cutrine-plus@ - copper ethanolamine complex, liquid 
KOMEENQ - copper ethylenediamine complex, liquid 

Since uses of water bodies vary, it is recommended that users consult with 
State regulatory agencies prior to herbicide treatment in order to avoid 
conflicts over water use or violation of Federal, State, and local 
regulations. For example, the water body may be used solely as a potable 
water supply requiring special provisions for discontinuing consumptive use 
for a period after treatment or conducting laboratory analysis to ensure 
residues are within potable water tolerances before use. Some States prohibit 
or restrict the use of herbicides that may be approved in other States. The 
important consideration is to follow the label. Other special considerations 
should also be followed as indicated on the label; for example, do not use 
diquat in turbid or muddy water because deactivation will occur. 

Drawdowns--Drawdowns (water level manipulations) have been used successfully 
for almost 50 years to control various species of emergent and submersed 
aquatic macrophytes i.n TVA reservoirs, Drawdowns also directly serve other 
multipurpose uses, especially flood control and hydroelectric generation, and 
when compatible with these other uses, special manipulations are made for 
aquatic weed control. 

Three drawdown concepts are used periodically in TVA reservoirs for aquatic 
weed control. These includethe following: 

(1) Winter drawdowns - Periodic drawdowns are made to the lowest feasible 
level in the winter months to expose root crowns of perennial species 
to freezing or drying conditions. Eurasian watermilfoil is 
effectively controlled if subjected to freezing or drying, but is not 
effectively controlled in seepage areas that do not effectively freeze 
or dry during the drawdown period, 

(2) Periodic short-term winter drawdowns - Water levels on Helton Hill 
Reservoir (reservoir area - 5,700 acres) are lowered to minimum 
feasible pool level once or twice a month for one or two days during 
November through February, If extreme cold weather is anticipated, 
drawdowns are often made to coincide with freezing temperatures. This 
manipulation plus supplemental herbicide treatment has maintained 
milfoil at a relatively constant minimal infestation within the 
reservoir during the last decade (Goldsby et al. 1978). 

(3) Short-term summer drawdowns - Drawdowns of about 7 to 10 days duration 
are conducted during early- to mid-growing season (June-July) to 



reduce submersed macrophyte biomass and especially disrupt seed 
formation in annual aquatic macrophytes, such as spinyleaf naiad. 
The drawdown is followed by a refill to full pool level throughout the 
summer to overtop developing macrophytes. The reduced standing crop 
caused by drying and the time required for the macrophytes to again 
reach the surface results in effective control. By the time submersed 
macrophytes reach the surface and "top-out" in late growing season, 
interference with water contact recreation is minimal. Short-term 
drawdowns can best be implemented when abundant "refill" water is 
available in upstream impoundments. 

Biological Controls--Biological control investigations by TVA have dealt 
primarily with the white amur or grass carp. Limited studies by TVA in the 
early 1970s indicated that the grass carp was effective in reducing aquatic 
weeds in farm ponds. Subsequent TVA laboratory tests and other studies 
indicated that watermilfoil was not readily ingested by the grass carp. The 
TVA studies were discontinued at that time because watermilfoil was the 
dominant problem species within the reservoir system. 

The development of the sterile, triploid grass carp along with discovery of 
hydrilla, a macrophyte preferred by the grass carp, in the Tennessee Valley 
prompted the agency to begin further investigations. Studies were initiated 
in 1983 in an enclosed 400-acre embayment of Guntersville Reservoir to 
determine the efficacy of grass carp for weed control as well as evaluation of 
effects on native fish populations, invertebrates, plankton, water quality, 
and waterfowl. These studies indicated the feeding activity of the grass carp 
when stocked at a rate of 18 fish per weed-infested acre resulted in effective 
weed reduction including watermilfoil and did not have a significant negative 
effect on the other parameters studied except degradation of waterfowl habitat 
which occurred when aquatic vegetation declined (Webb 1987). 

Further cooperative studies with Auburn University were initiated in 1987 to 
examine the movement of telemetered triploid grass carp in ~untersville 
Reservoir following stocking in the vicinity of large hydrilla colonies. 
Radio tracking indicated that smaller triploid grass carp (ranging from four 
to six pounds) stayed in the general vicinity of hydrilla colonies where 
stocked with slight tendency for upstream movement. It was probable the fish 
were ingesting hydrilla based on the frequency of locations in dominantly 
hydrilla colonies. Another release of larger fish (9 to 13 pounds) from 
another geographical source indicated significant movement (some more than 50 
miles) throughout the 68,000-acre reservoir (Bain et al. 1988). These studies 
suggest that stocking of smaller fish in the vicinity of hydrilla has a 
greater probability for hydrilla control, but as the fish mature, movement 
over great distances can occur and site-specific hydrilla control will be less 
likely to occur, dependent on stocking rates. The TVA is considering the 
implementation of a large-scale stocking of triploid grass carp in 
Guntersville Reservoir as a test demonstration project to further evaluate 
this biological control agent as an operational weed control strategy. This 
control strategy has developed greater significance within the last few years 
with the expansion of hydrilla abundance and distribution in the Tennessee 
Valley. 

Various State and Federal agencies are currently conducting studies involving 
the triploid grass carp and subsequent reports and publications will be 



forthcoming. A comprehensive summary of grass carp literature has been 
compiled by Smith et al. (1983) and is a reconmended reference. 

Nechanical control--investigation of the various mechanical control 
technologies has not demonstrated economic feasibility for use of mechanical 
weed harvesters in TVA reservoirs. Hechanical cutters have been field-tested 
and mechanical harvesting computer simulation models developed by the United 
States Anny Corps of Engineers have been used to simulate "harvesting" in TVA 
reservoirs. These data indicate that cutting andlor harvesting is more 
expensive and slower than herbicide treatment integrated with water level 
manipulation. However, the use of mechanical harvesters in limited areas, 
such as near potable water intakes, may be justified when the application of 
herbicides in contraindicated. 

Two types of barrier screens have been field-tested in TVA reservoirs and 
found to be very expensive and not feasible for operational weed control. 
Limited private uses of barrier screens have been made in reservoir areas with 
high density use, such as swimming beaches. Nevertheless, high capital costs 
coupled with time-consuming routine cleaning and maintenance will continue to 
limit barrier use for weed control in the TVA system. 

Prevention 

Host exotic weeds, such as hydrilla, could be excluded or their spread 
suppressed in most situations if routine surveillance is conducted by informed 
specialists. Periodic boat surveys in shallow littoral zones that are most 
likely to support pioneer weed colonies, and routine inspections of points of 
entry, e. g. , launch ramps, may allow early detection of noxious weeds. The 
probability of eradication from a particular area then increases significantly 
and may entail nothing more than hand-pulling and proper disposal of all 
undesirable weeds. 

In public water bodies, prevention efforts are ultimately dependent upon 
public awareness and cooperation. A highly mobile recreating public travels 
extensively and transport of aquatic plant propagules over great distances 
within a short period is possible. The most notable example of rapid 
transport would be tournament fishing. Participants in professional and 
amateur tournaments often travel throughout the nation to "make the next 
tournament" thereby offering a way of inadvertently transporting fragments or 
seeds on or in boating equipment over great distances in a matter of hours. 
This is becoming especially vexing because of the number of tournaments held 
in the Southeast where more and more lakes and reservoirs are becoming 
infested with noxious aquatic weeds. Educational efforts should be directed 
to these sportsmen groups to encourage voluntary cooperation in limiting 
spread of potentially damaging noxious weeds. 

Water Resources managers also need to be alert to intentional transport and 
planting of noxious weeds by uninformed sportsmen groups under the auspices of 
"wildlife habitat improvement." A number of "native" plant nurseries now 
supply plants or seeds for mitigative or habitat restoration purposes and 
collect plants or seeds for shipment from native plant communities. 
contamination of seed lots or plants with propagules of noxious aquatic 
species is probable, and when plantings of noxious weeds are made in aquatic 
habitats, aquatic habitat degradation could occur over the long-term. There 



is no easy solution to this problem; however, water resource and wildlife 
managers can help disseminate educational information to these groups and 
insist they obtajn planting stock from reputable growers. Government 
regulation and legislation also offers an alternative preventive control 
measure, but these regulations are often slow to develop and usually are 
implemented only after a major problem occurs. 

Studies indicate that waterfowl can transport seed of annual aquatic plants, 
such as the seeds of the genus Najas (Agami 1986). This, in part, offers a 
possible explanation for disjunct distributions of spinyleaf naiad (Najas 
minor) in isolated ponds and lakes through the mid-south. Obviously, 
prevention of waterfowl transport is not practical, but surveillance for new 
weed infestations and implementation of control measures soon after discovery 
should be considered. 

Aquatic weeds are becoming a major resource management responsibility for 
water resources throughout the nation and the paucity of aquatic plant 
management data for each diverse situation remains a problem for the resource 
manager. There are a number of regional aquatic plant societies as well as an 
international society (Aquatic Plant Management Society) devoted to more 
effective management of aquatic vegetation and offer excellent contacts for 
current technical information. Interested water resource managers should also 
contact the weed extension specialists within each State for aquatic weed 
management data relevant to local situations. 
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AQUATIC PLANT MANAGEMENT IN FLORIDA 

K. A. Langeland and J. C. ~oyce '  

The history of aquatic plant management in Florida parallels the introduction of 
several exotic plant species and the development of the state's water resources. 
The introduction of water hyacinth (Eichhornia crassbes) in 1884 and alligatorweed 
(Alternanthera ~iloxeroides) in the 1890's quickly affected the navigability of the 
state's rivers. As Florida's population began its explosive growth in the early 1900's, 
the ability to utilize the land was directly dependent upon the ability to manage the 
water resources of the state. Back then, management of water resources meant 
drainage of wetlands, channelization of streams and rivers, and construction of 
artificial canals for flood control, irrigation and mosquito control. The increased 
utilization of water for economic purposes and the rampant growth of aquatic plants 
in Florida's naturally productive waters placed extreme pressure on public officials 
for the management of nuisance aquatic vegetation. 

Public concern over the economic impact of the water hyacinth prompted the U.S. 
Army Corps of Engineers (COE) to investigate the magnitude of the problem and 
report to congress on a proposed plan of action. This report resulted in the initial 
authorization for the control of water hyacinths in federal navigation projects under 
Chapter 425, Section 1, River and Harbor Act of 1899. This act authorized the 
construction and operation of vessels and log booms for the removal and 
containment of water hyacinths in navigable waters of Florida and Louisiana. These 
methods did not prove adequate to manage the problem. 

In 1902 Congress authorized the extermination and removal of the plants by any 
mechanical, chemical, or other means. Various chemicals were tested including 
muriatic acid, sulfuric acid, carbolic acid, kerosene, steam, sodium arsenite, mercury 
bichloride, whale oil soap, formaldehyde, copper sulfate, potassium bichromate, and 
many others. Although there were no pesticide labelling laws, it was quickly learned 
that most of the chemicals which were effective against water hyacinths were also 
toxic to cattle and humans. Thus in 1905 Congress prohibited the use of any 
chemical which was injurious to cattle or man. However, rather than completely 
abandon research on chemical control it was thought that repellents could be found 
which, when added to the spray, would prevent cattle from eating the sprayed 
plants. Some of the repellent substances tried were cow manure, tobacco, camphor 
oil, petroleum, cinnamon oil, citronella, iodoform, rotten eggs, decayed meat, 
macerated blood mixed with water, and others. These first "adjuvants" were either 
ineffective or uneconomical. 

'~niversity of Florida, Institute of Food and Agricultural Sciences, Gainesville, Florida 



Between 1900 and 1950 the only relief provided was by mechanical means and was 
only temporary in nature. During this period, the rivers and lakes were severely 
affected by water hyacinth and alligatorweed with frequent blockages of channels 
and the complete coverage of coves and back water areas. 

During 1944 to 1946, evaluations of a newly discovered herbicide, 2,4-D, as a control 
agent for water hyacinths were initiated by the U. S. Department of Agriculture, 
Jacksonville District Corps of Engineers, and the Everglades Experiment Station of 
the University of Florida. The chemical proved extremely effective and economical 
and above all was not toxic to fish, cattle, or humans. Various agencies began both 
ground and aerial applications of 2'4-D and the modern age of scientific aquatic 
weed control was begun. For the first time in years many miles of infested streams 
were open to navigation and as time passed the control operations shifted back into 
feeder areas and the plant became less of a threat to navigation and other uses of 
open water. 

Research by the U. S. Fish and Wildlife Service showed that water hyacinth and 
alligatorweed were detrimental not only to navigation but also to fish and wildlife. In 
the larger water bodies drifting mats of plants were impacting beds of native 
submersed plants, decreasing dissolved oxygen of the water, providing breeding 
grounds for disease vectors such as mosquitoes, reducing fish spawning areas, 
reducing waterfowl habitat and food sources, and decreasing fisherman success. In 
response to this concern the Florida Game and Freshwater Fish Commission 
(FG&FWFC) initiated a limited herbicide spray program in 1952 using the Dingell- 
Johnson Federal Aid to Fisheries funds. These initial efforts employed an airplane 
and spray boat for chemical control operations. All equipment and labor was 
provided by the FG&FWFC and local interests reimbursed the FG&FWFC for the 
chemicals. The first year's efforts treated 3,209 acres of water hyacinths. From 
1953-1 958, the FG&FWFC continued and expanded these operations at full state 
expense using funds provided by the state legislature. 

At approximately the same time that 2,4-D use began, a resolution was passed by 
the U. S. House of Representatives calling for a "review of reports on water hyacinth 
obstructions in the United States." The results of that study, which was conducted 
by the Fish and Wiidlife Service, the Department of Agriculture, the Public Health 
Service and the Corps of Engineers, were used as the basis for passage of Section 
104 of Public Law 85-500 on July 3, 1958. This landmark legislation authorized a 
comprehensive five year project for the control and progressive eradication of water 
hyacinths, alligatorweed, and other noxious aquatic plants from navigable waters, 
tributary streams, and associated waters. This legislation was important because it 
recognized that there were more reasons for aquatic plant control than just 
navigation. Thus, the expenditure of Federal funds for aquatic plant control was 
authorized in the interests of navigation, flood control, drainage, agriculture, fish and 



wildlife conservation, public health and related purposes. The act provided for cost- 
sharing with local governments providing 30% and the Corps of Engineers providing 
70% of the total costs. The local governments were also required to hold and save 
harmless the United States free from claims that might occur from operation. A 
research program for the development of the most effective and economic control 
measures was also implemented. 

In 1959, the Florida Legislature designated the FG&FWFC to represent the State in 
the cost-sharing effort and the Corps and the FG&FWFC entered into a contract on 
March 22, 1960. Based on the success of this initial five year project, the U.S. 
Congress enacted Public Law 89-298 in October, 1965 which changed the project to 
a nationwide continuing program with funding not to exceed $5.0 million annually 
(this has been subsequently raised to $12.0 million in 1986). This program also 
authorized a continuing research program for the development of the most effective 
and economic control measures. The FG&FWFC was redesignated as the local 
state agency with the authority to cost share in operations with the Corps of 
Engineers. 

One of the first major research efforts under the Federally authorized research 
program was the search for biological control agents for the major aquatic weeds of 
the day. Thus in 1960, the Corps of Engineers and the Agricultural Research 
Service of the U. S. Department of Agriculture initiated efforts to search for biological 
control agents for alligatonveed in its native range of South America. It was found 
that the plant did not cause a major weed problem in South America and there were 
four species of insects which appeared to be acting as major biological control 
agents. One of these insects, a flea beetle Anasicles hvarophila, was selected for 
further research to determine if it was host specific, i.e. that it would perish in the 
absence of the host plant. The initial research indicated that the beetle could not 
complete its life cycle without the presence of alligatorweed and that it would not 
feed on anything but alligatorweed. Based on these findings, Federal and state 
approval for the release of the insects was obtained in early March 1964, and the 
first releases were made by USDA at the Savannah River Wildlife Refuge, South 
Carolina on March 26, 1964. Subsequent releases were made on the Ortega River 
near Jacksonville, Florida on April 9-10, 1965. This biocontrol program was 
tremendously effective and resulted in the control of alligatorweed in most of 
Florida's public waters. 

Following the initial success with the alligatorweed flea beetle, the USDA, Corps of 
Engineers, and Florida DNR expanded the search for biocontrol insects for the water 
hyacinth. This resulted in the discovery and subsequent release of two water 
hyacinth weevils, Neochetina eichhorniae, released in 1972 near Ft. Lauderdale and 
N. bruchi, released in 1974 in Broward County and a moth, Sameodes albiwttalis, - -  
released at three Florida locations in 1977). The biological control program has 



continued through the efforts of USDA, University of Florida and the Corps of 
Engineers. In 1987 releases of the water lettuce weevil (Neohydronomus pulchellus) 
in Lake Okeechobee and the hydrilla tuber weevil (Baaous affinis) in Lake 
Tohopekaliga. 

A major change in Florida's aquatic plant control situation occurred around 1959 
with the introduction of hydrilla (Hvdrilla verticillata). It has been claimed that the 
plant was unknowingly introduced into canals in the Miami and Crystal River areas 
by the aquarium industry. The plant quickly covered canals in these regions and 
caused severe blockages of recreational navigation and flood control canals. 
Unfortunately the plant was initially misidentified as Elodea canadensis and was not 
properly identified until after 1966. This plant presented a new challenge to aquatic 
plant managers and researchers and just as with the water hyacinth, the initial efforts 
were with machines and chemicals. One of the more famous tests which 
demonstrated the state's desperation in finding a solution to this problem was the 
sulfuric acid test in Crystal River in 1965. 50,000 pounds of acid was pumped into a 
canal in the Crystal River area for hydrilla control. Investigations have continued to 
date in order to develop safer herbicides, biological, mechanical, and integrated 
control methods for hydrilla. 

By the late 1960s, hydrilla and other nuisance aquatic plants had reached a level of 
infestation that again caused serious interference with the use of the state's waters. 
The Florida Legislature, in recognition of this serious environmental problem, 
established the Aquatic Plant Trust Fund in 1969 under Florida State Statute 
371 .I71 (now 327.28 F.S.S.). This law authorized the transfer of a portion of the 
boat registration revenues from the revolving Motor Boat Trust Fund to the Aquatic 
Plant Trust Fund. In 1971 the Legislature allocated 2% of the motor boat gasoline 
tax to the Aquatic Plant Trust Fund with a cap of $2.8 million (213.1 1 F.S.S., now 
known as 212.69 F.S.S.). In 1983, 212.69 F.S.S. increased this cap to $3.8 million. 

With funding in place, the Legislature turned its attention to the organization of the 
state's aquatic plant control program. Under 372.925 F.S.S. (now 369.20 F.S.S.), the 
Legislature enacted the Florida Aquatic Weed Control Act in 1970. This law 
designated the Florida Department of Natural Resources as Florida's lead agency in 
aquatic plant control due to its multiple use approach to water resources. In the 
same year DNR was given authority to regulate the importation and transportation of 
aquatic plants in an attempt to limit the importation of new problem species into the 
state (403.271 F.S.S.). In response to this directive, DNR created the Bureau of 
Aquatic Plant Research and Control (now known as the Bureau of Aquatic Plant 
Management) to direct the control, eradication, and regulation of noxious aquatic 
weeds and to direct the research and planning related to these activities. 



It was also recognized that in the cases of aquatic plant and mosquito control that 
the addition of chemicals to the aquatic environment may be necessary and that the 
decaying vegetation or herbicide may temporarily lower water quality below state 
water quality standards. Thus 403.088 F.S.S. was enacted which allows the 
temporary reduction of the treated waters below the water quality standards if, in the 
case of aquatic plant control, the application was performed pursuant to a program 
(permit) approved by DNR and applicable pesticide laws. This statute also required 
DNR and the Department of Environmental Regulation (DER) to enter into 
interagency agreements to establish the procedures for program approval and to 
provide for public health, welfare, safety, as well as environmental factors. These 
requirements resulted in the establishment of several interagency agreements and 
the promulgation of Chapter 16c-20, Florida Administrative Code, for the permitting 
of aquatic plant control activities in Florida in 1977 under the FG&FWFC. 

DNR's authority was expanded in 1974 by passage of 372.932 F.S.S. to give the 
department supervision of all aquatic plant control activities in order to "guide, 
approve, review, coordinate and disperse aquatic plant control funds" within each of 
the water management districts. This law also designated areas of state 
responsibility, mechanisms of funding and defined the concept of maintenance 
control of non-indigenous (exotic) aquatic plants as a method of control "in which 
control techniques are utilized in a coordinated manner on a continuous basis in 
order to maintain the plant population at the lowest feasible level as determined by 
the department". The authority as the State's lead agency to enter into cost-sharing 
agreements with COE under the Federal Aquatic Plant Control Program was 
transferred from FG&FWFC to DNR at this time, however the actual transfer of the 
contract did not occur until a later date. 

During the period 1976-1979, the number of agencies cooperating under the various 
cost sharing programs with DNR increased to over 80. This situation created 
coordination problems between agencies and in some cases resulted in several 
agencies conducting control operations on the same water body. Recognition of the 
increasing aquatic weed problem, the lack of adequate funding, and conflicting 
responsibilities of agencies and institutions led the Florida DNR and FG&FWFC to 
co-sponsor an American Assembly Conference on the Management and Control of 
Aquatic Weeds in Florida on September 25-27, 1979. The conference was attended 
by over 90 participants representing governmental agencies, educational institutions, 
private industry, and citizens with a major interest in aquatic weeds. The conferees 
made 26 recommendations concerning the operational, regulatory, funding, and 
research aspects of the program. Most significant was the recommendation that 
overall statewide control, permitting, and coordination of the program be under the 
direction of a single, multi-use oriented agency and that agency was DNR. Thus, in 
1980, Section 372.932 F.S.S., was amended so that all aquatic plant control activities 
conducted by the FG&FWFC were turned over to local governments and the five 



water management districts. In addition, permitting authority for all aquatic plant 
control activities, except the use of herbivorous fish, was turned over to DNR. The 
American Assembly Conference also recommended the creation of a multi- 
disciplinary Advisory Council which would provide recommendations on policy and 
procedures for aquatic plant management. The attendees felt that the creation of a 
strong and active council was vital to the success of the state's aquatic plant 
program. Following these events, DNR established interagency agreements with the 
FG&FWFC, DER, the Institute of Food and Agricultural Sciences (IFAS) and the 
Department of Agriculture and Consumer Services for the coordination of the 
operational and permitting aspects of the program and the establishment of the 
Advisory Council. 

Also during the period 1976-1979, the state continued to experience severe aquatic 
plant management problems predominately due to the rapid expansion and impact 
of hydrilla. In recognition of this fact, the Legislature created under 241.362 F.S.S. 
the Center for Aquatic Plant Research and Control (now called the Center for 
Aquatic Plants) at the University of Florida within IFAS. With the passage of 241.362, 
the "Legislature acknowledges the responsibility of the state to cope with the 
uncontrolled growth of noxious aquatic plants ... and that the key to bringing noxious 
aquatic plants under control is a coordinated research and development effort." The 
attendees at the American Assembly Conference also recommended that the Center 
be the lead agency for the coordination of the state's aquatic plant research 
program. 

Research coordinated by the Center for Aquatic Plants is directed toward all species 
of aquatic plants that are potentially harmful to the aquatic environment and the 
relationships between these plants and their lake and river habitats. Current 
research thrusts include: 

- Development of biological control techniques using plant pathogens, insects 
and herbivorous fish 

- Evaluation of mechanical control techniques 

Development of economic uses of aquatic plants 

- Evaluation of aquatic herbicide efficacy 

- lnvestigation of basic aquatic plant physiology and ecology 

- Investigation of the limnological effects of aquatic plants and plant 
management 



- Defining the economic impact of aquatic plants and plant management 

- Investigation of the relationships among fisheries, aquatic plants and plant 
management 

A statewide extension program through local extension offices and through extension 
specialists located in Gainesville and Ft. Lauderdale is a vital part of the IFAS Center 
for Aquatic Plants. Services offered include aquatic plant management training 
courses, certified aquatic pesticide applicator training and testing, control 
recommendations, plant identification, and problem identification and assessment. 

The Center also provides "The Aquatic Plant lnformation Retrieval System", which 
distributes information concerning all species of freshwater aquatic plants. The 
information is maintained in a computerized database which allows retrieval of 
bibliographies corresponding to any combination of species' names, management 
techniques, key words of the user's choice, authors, etc. Printouts of the requested 
information are provided to any scientists or government entities, usually free of 
charge. In exchange for these services, users contribute their reprints or 
publications to be added to the expanding database. Requests for these services 
should be made to the Aquatic Plant lnformation Retrieval System, 7922 NW 71st 
Street, University of Florida, Gainesville, FL 3261 1 USA, (904) 392-1799. 

Undergraduate and graduate degree programs associated with aquatic plants are 
offered through various IFAS and UF departments including Agronomy, Agricultural 
Engineering, Food and Resource Economics, Botany, Plant Pathology, Entomology 
and Nematology, Soil Science, Fisheries and Aquaculture and other departments in 
the Institute of Food and Agricultural Sciences. Financial aid is periodically available 
through the various departments. 

Water hyacinth management programs have been improved since 1948 by advances 
in herbicide technology, improvements in herbicide application techniques, discovery 
and introduction of biological suppressants (insects), and higher levels of 
organization and funding. However, the key to successful and environmentally 
sound water hyacinth management is rigorous maintenance. This concept is now 
defined by Florida Statute Chapter 369.22 as: 

"... a maintenance program is a method for the control of nonindigenous aquatic 
plants in which control techniques are utilized in a coordinated manner on a 
continuous basis in order to maintain the plant population at the lowest feasible level 
as determined by the department." 



Research data indicate that maintenance management of water hyacinth reduces 
detrimental environmental impacts caused by water hyacinths, reduces herbicide 
use, and reduces the cost of management programs. 

In order to maintain water hyacinths at maintenance levels approximately 25,000 
acres must be controlled annually at a cost of about $3,000,000 (Table 1). During 
years when operations are efficient, populations can be maintained at 5,000 to 
10,000 acres. Following problem years, for example high rainfall years, populations 
can exceed 20,000 acres. When water hyacinths are left un-managed populations 
can expand very rapidly. For example, when water hyacinth management was 
halted on Lake Okeechobee because of political pressure in 1986, water hyacinth 
populations increased from a maintenance level of about 1,000 acres to 9,000 acres 
during a three month period. 

Table 1. Public funds spent under the Cooperative and State   qua tic plant 
Control Programs. 

Frogram Plant 1984  1985  1986  1987  

Cooperative Floating* $2 ,524 ,100  $ 2 , 3 2 6 , 8 0 0  $ 2 , 0 7 9 , 3 0 0  $ 2 1 1 4 8 , 5 8 0  

State Floating* 4 3 1 , 6 7 5  3 6 0 , 1 1 4  5 9 0 , 0 4 0  8 4 3 , 5 9 7  

SUBTOTAL $ 2 , 9 5 5 , 7 7 5  $2 ,686 ,914  5 2 , 6 6 9 , 3 4 0  $ 2 , 9 9 2 1 1 7 7  

Cooperative Hydrilla $ 2 , 2 8 0 , 4 0 0  $ 2 , 3 4 6 , 7 0 0  $ 2 , 7 5 2 , 6 0 0  $ 3 , 4 0 6 , 6 8 1  

State Hydrilla 8 4 3 , 9 0 0  1 , 2 0 6 , 0 9 4  2 , 7 5 2 , 6 0 0  2 , 0 2 9 1 1 7 9  

SUBTOTAL $ 3 , 1 2 4 , 3 0 0  $ 3 , 5 5 2 , 7 9 4  $ 4 , 9 1 0 , 6 5 2  $ 5 , 4 3 5 , 8 6 0  

Cooperative Other $ 2 3 8 , 7 5 0  $ 5 8 9 , 9 1 0  $ 443 ,147  $ 3 2 4 , 6 2 6  

Plants 

State Other 5 , 7 2 2 , 6 8 4  6 , 0 2 6 , 1 9 8  4 , 4 6 3 , 2 2 2  2 , 8 6 6 , 0 7 6  

SUBTOTAL $5 ,961 ,434  $6 ,616 ,108  $4 ,906 ,369  $ 3 , 1 9 0 1 7 0 2  

TOTAL 

* Water hyacinth and water lettuce. 

NOTE: Taken from Publicly Funded Aquatic Plant Management operations in 
Florida, Aquatics, September 1988.  



Hydrilla is much more difficult and expensive to manage than water hyacinth and its 
management becomes even more of a challenge as aquatic plant managers try to 
control this noxious non-native plant and maintain a suitable population of beneficial 
native plants for wildlife habitat, or other reasons such as aesthetic considerations. 
Scientific research and 30 years of practical experience by innovative aquatic plant 
managers using herbicides, biological controls, mechanical removal and physical 
habitat manipulation, have evolved into a relatively successful hydrilla management 
programs. However, hydrilla is still a major aquatic weed problem. Since 1983 in 
Florida public waters alone, at least 5,000 ha (12,000 ac) of hydrilla have been 
controlled (but not eliminated) but over l6,OOO ha (40,000 ac) remain un-managed. 
Some of that remaining un-managed is in remote areas where no benefit would be 
derived from control measures. However, much of it is problematic but is not 
managed because funding is unavailable or it is in a situation where it is too difficult 
to control, such as in flowing water. 

The goal of hydrilla management in Florida is to improve the environment by 
selectively controlling hydrilla amongst native vegetation. Diquat, endothall, and 
fluridone can all be used to selectively control hydrilla to some extent, which 
depends upon the plant community. Diquat and endothall are fast acting contact 
herbicides that have relatively broad spectrums on submersed aquatic plants. They 
are used to selectively control hydrilla by injection of liquid herbicides, from trailing 
hoses, under floating leafed vegetation such as spadderdock (Nuphar sp.) or 
around emergent vegetation such as bulrush (Scirpus sp.). Granular endothall can 
be used in the same manner. Fluridone is more selective than diquat or endothall 
on submersed vegetation and floating leaved and emergent vegetation also has 
tolerance. Fluridone is only effective for relatively large scale applications in large 
water bodies and its selectivity is dependent on application rates, contact times, and 
timing of applications. For example, fluridone has been used to manage hydrilla in 
Lake Okeechobee with minimum to no long term impact on a native vegetation 
community consisting of Southern Naiad (Na-ias auadalupensis), eelgrass (Valisneria 
americana), pondweed (Potamoqeton illinoensis), and American lotus (Nelumbo 
luteum). However, herbicide selectivity depends upon many variables and can vary 
among water bodies. Therefore, continuing research is being conducted to refine 
selective hydrilla management programs. 

Management of hydrilla with herbicides is expensive. Cost of herbicide alone ranges 
between $150 and $400 per acre-application and there are circumstances where 
herbicides cannot be used at all because of set-back requirements from domestic 
water supply intakes and in rapidly flowing water. Therefore other methods of 
control are integrated into Florida's management programs. Extensive, worldwide 
surveys for natural hydrilla enemies were begun in 1981 in a cooperative study 
between the University of Florida-IFAS, United States Department of Agriculture, and 
U.S. Army Corps of Engineers. Over 40 species of insects have been found that 



feed on hydrilla. Three of these are presently being evaluated as potential hydrilla 
biosuppressants in the United States and other insects from Australia are under 
consideration. Banous affinis is a weevil that was discovered in Pakistan and India. 
This is not a truly aquatic insect but the adult lays its eggs on rotting wood and 
other organic matter and after hatching the larvae burrows through the sediment 
until it encounters a hydrilla tuber. The tuber is then destroyed as the insect feeds 
on it while it completes its life cycle. This insect will only be potentially useful in 
combination with lake drawdown or intermittently wet and dry shorelines. Another 
un-named Bagous sp. is being evaluated under U. S. quarantine. Hvdrellia 
pakistanae is a leaf mining fly that feeds exclusively on hydrilla. This insect is very 
promising as a hydrilla biosuppressant. Baaous affinis and Hvdrellia pakistanae 
have been released at several sites in Florida and will be observed closely as 
possible effective insect controls of hydrilla. 

The most effective biological control for hydrilla is the grass carp or white Amur 
(Ctenophawngodon idella). Hydrilla is a preferred food of this herbivorous fish and 
5-30 fish will result in complete control. However, the fish is voracious and will 
consume almost all other types of aquatic vegetation. Possession of this fish is 
illegal in Florida because of the potential environmental damage that could result if 
escaped fish could establish a breeding population. Triploid carp, which are sterile, 
are legal by permit from FG&FWFC and they are now commonly used for control of 
hydrilla (and other aquatic weeds) in ponds and small lakes in Florida. Because 
they are non-specific herbivores, an adequate method of recapturing the fish has not 
been developed, and because stocking rates for partial control have not been 
established, grass carp are not used in large multi-purpose lakes where aquatic 
vegetation is desirable for sportfish and waterfowl habitat. The feasibility of using 
grass carp for hydrilla management in large multi-purpose lakes is presently being 
extensively researched. 

At every public meeting in Florida someone always asks if manatees (Trichechus 
manatus), or sea cows, are used for hydrilla control. Research was conducted 
several years ago as to the feasibility of using manatees for hydrilla control. The 
mammals controlled aquatic weeds in South Florida canals but the water was too 
cold for them in winter and transportation of the large mammals is not practical. 
Moreover, a recent study conducted by the U.S. Fish and Wildlife Service reported 
that over 1000 manatees (10 times the actual number of 116) would be needed to 
consume just the standing biomass of hydrilla in Kings Bay (Crystal River, Florida). 
The manatee is not presently considered for use as a potential biological control for 
hydrilla because its numbers are too few, it is not well suited for moving from place 
to place, and it is an endangered species. 

Mechanical harvesters are used for hydrilla control when necessary, however this is 
not a widespread practice because of the high cost involved, which is often over 



$1000 per acre, logistical constraints in large water bodies, and the fact that 
hydrilla's rapid growth rate requires two or three annual harvests. Mechanical 
removal is mainly used for hydrilla management in proximity to domestic water 
supply intakes, in rapidly flowing water, and when immediate removal is necessary. 

Another question commonly asked is if there is a use for harvested plant material 
that would help defray the high cost of harvesting. Extensive research has been 
conducted at the University of Florida to determine the feasibility of using harvested 
hydrilla for cattle feed, as a soil amendment, or for producing bio-gas. Considering 
the high cost of harvesting hydrilla and its low nutritive value and fiber content 
compared to its wet bulk (99% water!) very little return can be derived from the 
product that is very costly to acquire. 

Drawdown and bottom covers are physical habitat manipulations that have been 
suggested for hydrilla control but are used only to a limited extent. 

Another unique and significant part of the history of Florida's aquatic plant 
management program is the birth of the Hyacinth Control Society, Inc. in 1961. The 
society was formed by a group of aquatic plant management professionals and 
scientists to "assist in promoting the control of water hyacinths and other noxious 
aquatic weeds, to provide for the scientific advancement of members of the Society, 
to encourage scientific research, to promote university scholarships and to extend 
and develop public interest in the movement." By 1976 the Society's interest, 
influence and membership base had become international in scope, thus the name 
was changed to the Aquatic Plant Management Society, Inc. This change reflected 
a basic change in both scope and philosophy of the organization. Also in 1976, the 
Florida Aquatic Plant Management Society, Inc. was established with the goal of 
increasing the professionalism of Florida's aquatic plant managers. 

It should be obvious from this overview of Florida's aquatic plant management 
program, that the use of Florida's water resources directly depends on the ability to 
manage aquatic plants, particularly the exotics. This fact is recognized by both 
agency and political leaders at the local, state, and federal levels. Recent advances 
in control techniques and inter-agency cooperation should ensure that Florida's most 
valuable resource, water, will be protected far into the future. 
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BIOLOGICAL CONTROL OF AQUATIC WEEDS WITH INSECTS 

Stratford H. ~ a y '  

INTRODUCTION 

Problems caused by weedy infestations of aquatic plants have become critical with 
increasing human use of water resources. Aquatic weeds interfere with irrigation, 
agricultural drainage and flood control, transportation, city water supplies, 
aquaculture, and recreational activities, are serious problems in rice culture, and may 
harbor vectors of human and animal diseases. Consequently, much time, energy, 
and money have been spent on the management of aquatic weeds. 

The earliest efforts to manage aquatic weeds centered around mechanical and hand 
removal and were both costly and largely ineffective, except for maintenance of boat 
channels. Waterhyacinths (Eichhornia crassipes) were introduced into the United 
States in the late 1800's and spread explosively throughout Florida and the Gulf 
Coast States. Alligatorweed (Alternanthera ~hiloxeroides) also entered this country 
about this time and was quickly recognized as a potentially troublesome weed. 

Early chemical management attempts used a highly toxic compound, sodium 
arsenite. Extensive spraying of waterhyacinths led to arsenic contamination of 
surface waters. Cases of poisoning of cattle and humans resulted in the 
discontinuation of spraying of sodium arsenite for waterhyacinth control. The 
development of 2,4-D in the 1940's ushered in the age of chemical weed control. 
Waterhyacinths and many other weeds were readily killed by this new herbicide. 
One species, alligatorweed, proved quite resistant to 2,4-D, however. Spraying of 
waterhyacinths with 2,4-D removed competition and opened large expanses of water 
to invasion by alligatorweed wherever it was present. The herbicide was 
translocated so poorly within the plant that axillary buds and underwater stems 
frequently were unaffected. Defoliation and some stem damage occurred on 
portions 'of the mats above the water, but regrowth occurred rapidly from the 
undamaged axillary buds and underwater stems. Mechanical removal was 
expensive, relatively ineffective, and commonly resulted in spreading of vegetative 
propagules to uninfested areas. Extensive backwater areas were inaccessible to 
mechanical and spraying equipment and served as large reservoirs of propagules 
for both alligatorweed and waterhyacinths. In order to be effective, control efforts 
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necessarily had to reach into these inaccessible areas. The need to control 
alligatorweed and waterhyacinths led to the initiation of a search of their native 
habitats in South America for natural enemies of these weeds. 

The objective of my presentation and this paper is to provide a brief overview of 
previous and ongoing efforts in the use of insects for the biological control of 
aquatic weeds. More detailed treatments are available in reviews by Spencer and 
Coulson (1 976), Coulson (1 977), and Center gj gl. (1 988). 

ALLIGATORWEED 

In 1960-62, backed by support from the U. S. Army Corps of Engineers, USDA 
entomologist George B. Vogt conducted an extensive search in South America for 
natural enemies of alligatonveed. Extensive testing in South America and further 
studies in a USDA quarantine laboratory in the United States indicated that three 
insects (a flea beetle, a stemboring moth, and a thrips) were sufficiently host-specific 
to be released on alligatorweed in the southern United States (Maddox gt a. 1971). 

The alligatorweed flea beetle (A~asicles kgrophila) is host-specific and is bound 
entirely to aquatic mats of alligatonveed throughout its entire life cycle. The adults 
are leaf feeders, with oviposition occurring on the underside of fully-expanded leaves 
near the stem apices. The larvae feed externally on the leaves and, after defoliation, 
may feed on the outside of the stems. Pupation occurs in stems above the water 
line. The entire life cycle of this insect is completed within one month, hence, 
allowing several generations to be produced during a single growing season. These 
beetles are extremely susceptible to adverse environmental conditions, particularly 
severe drought and heat, and are most effective during the cooler, humid weather 
occurring during the spring and fall (Vogt a a. in press). They also have no winter 
diapause in their life cycle and are unable to overwinter, except on living 
alligatorweed. They also are quite susceptible to insecticidal spraying (Kreasky gt a. 
1979) as well as other human interferences such as dredging, which may disrupt 
their life cycle. The alligatorweed flea beetles were first released in California and 
South Carolina in 1964. From 1965-72 releases also were made across the 
Southeast from South Carolina to Florida and west to Texas. The insects made an 
immediate and dramatic impact on alligatorweed populations along the Gulf Coast 
and throughout Florida and north to South Carolina. In many instances, such as the 
Ortega River in Florida, a single release of relatively few insects essentially eliminated 
the weed infestation within a year after release. The impact of the flea beetles has 
been less dramatic at many inland locations, apparently because of hotter summer 
temperatures and lower humidity. The more northerly locations also have not been 
greatly impacted by these insects, because of their inability to overwinter. Insects 
from the most southerly range of alligatoweed in Argentina were released in 
Hogtown Creek (Gainesville, FL) in 1980 in hope that they would be more cold 



tolerant and would 
(Buckingham et al. 

be able to survive in the more northerly range of alligatorweed 
1983). The flea beetles still have not successfully overwintered in 

North Carolina, however (Langeland 1986). Flea beetles may be obtained for field 
releases by contacting the Corps of Engineers, Jacksonville District, in Jacksonville, 
Florida. However, it is doubtful whether or not releases in the more northerly range 
of alligatorweed will be effective, as insects usually are not available until mid-to-late 
June, well after the critical time for successful biological control of alligatorweed. 

The alligatorweed thrips (Amvnothrips andersoni) also is a host-specific insect which 
has its life cycle intimately tied to alligatorweed. The insect undergoes an 
incomplete metamorphosis, with nymphal stages resembling the adults except for 
color and wing development. The juveniles are red, whereas the adults are black. 
These insects feed primarily on the unexpanded new leaves near the growing tips, 
producing abnormal leaf growth, "scarring" of the leaves, and destroying the terminal 
buds. Adults possess vestigial wings and may be unable to fly. The thrips was 
released in California, South Carolina, Florida, and Georgia in 1967. From 1968-72 
other releases were made in South Carolina, Mississippi, Texas, and Alabama 
(Coulson 1977). The thrips did not become established throughout the entire range 
of alligatorweed and, consequently, has had very little impact except in a few, small, 
localized areas, primarily near the sites of release. 

The alligatorweed stemborer (Voatia malloi) is a stemboring moth specific for 
alligatorweed and one other plant, silverhead (Philoxerus vermicularis), a relatively 
uncommon beach plant along the Gulf Coast. The adult is an innocuous flower- 
feeder, which deposits its eggs in the leaf axils of alligatonrveed near the stem 
apices. The larvae burrow inside the stems, girdling the vascular tissues and 
causing wilting and ukimate abscission of the stem. Each larva may attack as many 
as nine stems during its development, and several generations may be produced in 
a single season. The insect develops most rapidly and has the greatest impact 
during hot, dry periods in mid-summer, and may complement the effect of the flea 
beetles where both species are present and environmental conditions are optimum. 
R was released in 1971 in Florida, Georgia, North Carolina, and South Carolina. 
Additional releases were made in these states and Alabama in 1972 (Coulson 1977). 
At a number of locations, particularly areas in the lower Mississippi Valley, such as 
Lake George, Mississippi, the stemborer has been the sole species responsible for 
alligatorweed decline (Vogt et al. in press). This appears to be a function both of its 
tolerance of high temperatures and low humidities at the more inland sites and its 
apparently stronger flying ability, which allows it to migrate more rapidly from its 
more southerly overwintering sites. The stemborer, unlike the flea beetle, also will 
attack terrestrial alligatorweed, but prefers aquatic mats. 

The impact of the flea beetles and the stemboring moths has been one of the 
greatest success stories in the history of biological weed control. The activity of 



these two insect species has resulted in the decline of alligatorweed as a serious 
pest throughout most of its range. Currently alligatorweed is a major problem only 
in its more northerly range (southern Arkansas, northern Mississippi and Alabama, 
North Carolina, and a few isolated areas of South Carolina and northern Georgia) 
where the insects are unable to overwinter successfully or to migrate effectively and 
in areas where human interferences (dredging, mosquito spraying, farm pesticide 
application, etc.) have disrupted their life cycles. Preliminary studies to assess the 
feasibility of mass rearing of flea beetles for early spring (April) releases currently are 
in progress at North Carolina State University and also are being considered in 
South Carolina (Steve DeKozlowski, personal communication). If a successful, cost- 
effective, mass rearing technique can be developed, the alligatonveed flea beetle 
may become an important suppressant of alligatorweed in its more northerly range. 

WATERHYACINTH 

Biocontrol efforts on waterhyacinths began in 1960-62 simultaneously with the search 
in South America for natural enemies of alligatorweed (Coulson 1977). The results 
of these and subsequent studies resulted in the recommendation of three insect 
species, including two weevils (Neochetina eichhorniae and N. bruchi) and a pyralid 
moth (Sameodes albiquttalis), as having significant potential for suppression of 
waterhyacinth in the United States. 

N. eichhorniae was released in Florida in 1972 and in Louisiana in 1974 and had - 
become widely established throughout the range of waterhyacinths by the late 
1970's (Manning 1979; Cofrancesco gt a. 1985; Center gt a. 1988). The second 
species of weevil, N. bruchi, was released in Louisiana and Texas in 1975 and 1980, 
respectively. The two weevils are specific for the plant family Pontederiaceae, 
feeding preferentially on waterhyacinth and occasionally on pickerelweed (Pontederia 
cordata). Large field populations and/or swarms of weevils have been reported for 
locations in Florida and Louisiana (Center 1982; Stark and Goyer 1983; Center and 
Durden 1986). 

A pyralid moth, S. albiauttalis, was released in Florida in late 1977 and in Louisiana 
in 1980 (Center a. 1988). A report by DeLoach (1 975) suggested that this moth 
would have a substantially greater impact on waterhyacinth than either of the 
weevils. 

Field studies have indicated a substantial decline in waterhyacinth populations in the 
Southeast since the introduction of the insects and have attributed a large portion of 
this decline to the activity of these biological agents (Center and Durden 1986; 
Center 1987; Goyer and Stark 1984; Cofrancesco & a. 1985). Population increases 
of Neochetina spp. paralleled significant decreases in waterhyacinth populations in 



Florida, Louisiana, and Texas in the early 1980's (Center a. 1988). Center gt a. 
(1988) indicated that Sameodes had a significant impact on waterhyacinths following 
a release at Lake Alice in Gainesville, Florida, and that, in combination with the two 
weevils, waterhyacinth is no longer a serious weed problem at that location. No 
information was given regarding impacts of Sameodes in Louisiana or ovenvintering 
in either Florida or Louisiana, however. 

There has been some concern that the decline of waterhyacinths has been partly 
the result of weather conditions, salt water intrusion, and the continued pressure of 
field spraying programs across the weed's range. Previous studies on alligatorweed 
have demonstrated clearly the influence of fluctuations in weather conditions on the 
impact of biological control agents (Vogt a,, in press). Center a. (1988) have 
discussed the influences of herbicide spraying and environmental conditions and 
concluded that pressure from the insects is the primary cause of the waterhyacinth's 
decline in the United States. The impact definitely has not been nearly so dramatic 
as that of the flea beetles and stemborers on alligatorweed in the same range, 
however. On waterhyacinths, the insects appear to function more as stressors than 
as true suppressants. Because of the uncertainty about the relative roles of 
environmental conditions, herbicide applications, and insect pressure, and the 
potential for interaction among any or all of these factors, the only legitimate 
conclusion appears to be that the insects have contributed to the decline of 
waterhyacinth populations in the United States. 

Hydrilla (Hydrilla verticillata), a submersed species, has become a severe problem 
across the southeastern United States from Washington D. C. to Florida and west to 
Texas and California. Biological control of hydrilla traditionally has involved the use 
of the Chinese grass carp, or white amur, Ctenophawnaodon idella (discussed 
elsewhere in the Workshop Proceedings by Noble). Recent studies have indicated 
that several insects, including two species of weevils, Baaous affinis (which feeds 
on the tubers) and Bapous n. sp. (a stemborer), and two ephydrid flies, Hvdrellia 
pakistanae (a leaf miner) and Hvdrellia n. sp. have potential for suppression of 
hydrilla. The tuber weevil, B. affinis, and the leafmining fly, H. pakistanae, originated 
in India and Pakistan, respectively, and were released in Florida in 1987 following 
studies in their respective host ranges and in quarantine in Florida. The stemboring 
weevil, B. n. sp., and the second leafminer, H. n. sp. both originated in Australia and 
currently are under study in quarantine. It is hoped that, by the introduction of host- 
specific insects, hydrilla can be biologically suppressed effectively without the 
damage to non-target plant species that occurs following stocking of grass carp. 

Larvae of the tuber weevils are not aquatic and feed on tubers in the exposed 
hydrosoil when the water level is low or during a drawdown, although the adults 
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the tubers, where their life cycle is completed in about 22 days 
(Buckingham 1988). This species was first released in Florida in April 1987 and 
apparently overwintered. The stemboring weevil is expected to be released in 1989 
or 1990. Both species appear to have potential to suppress hydrilla, but the 
stemborer most likely will be more effective, as it attacks aquatic hydrilla. It is 
uncertain whether or not either of these weevils will be sufficiently cold tolerant to 
survive in North Carolina or further north. 

Larvae of H. pakistanae feed on the leaf mesophyll tissues and may destroy as 
many as a dozen leaves during the 9-12 day development period. The adult female 
lays about 40 eggs, and the life cycle is completed in about one month (Center 
al. 1988). The first releases occurred in Florida in 1987, and adults were recovered - 
the following year. This species appears to be relatively tropical in its range and 
hence may be limited to the more southerly range of hydrilla. The new Australian 
species currently in quarantine in Florida hopefully will have greater cold tolerance 
and be able to overwinter in the more northerly range of hydrilla. 

Two species of insects currently are under study for the biological control of 
waterlettuce, Pistia stratiotes. A South American weevil, Neohvdronomus pulchellus, 
recently was proven effective for control of waterlettuce in Australia (Harley a a. 
1984) and South Africa (Cilliers 1987) and was studied for host specificity in 
quarantine in the United States (Thompson and Habeck 1988). This weevil was first 
released in 1987 in southern Florida and has become established, but has not yet 
made a major impact upon waterlettuce (Habeck d. 1989). A noctuid moth, 
Naman~ana ~ectinicornis, native to Thailand and India, currently is in quarantine in 
Florida undergoing host specificity studies. Larvae of this moth were unable to 
complete development to the second larval stage on any of 60 plant species tested 
(Habeck et al. 1989). Habeck et al. (1989) stated that "we feel that the moth is host 
specific and are proceeding with an official request for permission to release" it. A 
projected release date was not mentioned, however. 

CONCLUSIONS 

The use of insects for the biological control of aquatic weeds, with the exception of 
alligatorweed and waterhyacinths, still is in its infancy. Research continues to find 
potential suppressants for hydrilla, Eurasian watermilfoil (Mvriophvllum spicatum), and 
other species. Major limitations include availability of funding, the long time required 
to search native habitats and to screen potential candidates, and the fact that 
relatively few species of truly aquatic insects feed on and are sufficiently host 



specific on aquatic vegetation, especially submersed vegetation. In spite of these 
difficulties, scientists are optimistic that insects will have an important role in the 
management of submersed weeds as well as floating and emergent species. 
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BIOLOGICAL CONTROL OF AQUATIC WEEDS USING FISH 

Richard L. ~ o b l e l  

Herbivorous fishes offer an attractive alternative for control of aquatic macrophytes, 
especially submergents. Because of the high cost of chemical treatment for 
submergents, which typically require establishment of a chemical concentration 
rather than control by contact, herbivorous fishes are relatively economical. 
Furthermore, their use in no way affects use of the water for irrigation, livestock or 
municipal water supply, swimming, or any other use. Rather, the primary concerns 
about their use revolve around direct and indirect effects on other fishes, their 
potential escape into non-target waters, and their lack of selectivity. 

Four fishes are recognized for their vegetation control capabilities: common carp 
(Cwrinus cardo), blue tilapia (Tita~ia aurea), redbelly tilapia (Tilapia zillii), and grass 
carp (Ctenopharvnqodon idella). All of these are exotic--not native to the United 
States, or even North America. No native fishes are herbivorous, or enough so to be 
utilized in vegetation management. 

All of the above exotics have established reproducing populations when conditions 
are right. The common carp, also known as the Israeli carp, German carp, European 
carp, mirror carp, and leather carp, was introduced over a century ago. It is now 
widely established in lakes and rivers of North America. The two tiiapias, which 
resemble our sunfishes, were introduced from northeast Africa and the Middle East 
about 25 years ago. Because they are essentially subtropical fishes, their distribution 
is limited to the warm waters of the southernmost states; further north, they can 
persist only when thermal refuges such as power plant discharges maintain winter 
water temperatures above 10 C. Grass carp were introduced from the Orient about 
20 years ago. Although they can survive in most waters of the continental United 
States, their reproduction is limited to large river systems. Consequently, the only 
documented naturalization of grass carp is in the Mississippi River system. 

Common Carp 

The common carp is actually an omnivore, rather than an obligate herbivore. 
In fact, it may function as a biocontrol agent more through its feeding activity than 
through its actual feeding on weeds. As a large bottom-feeding fish, it stirs up 
bottom sediments and uproots plants, as well as feeding upon filamentous algae 
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and softer submergents. This activity frequently causes the turbidity 
thereby minimizing light penetration and further submergent growlh, 

level to increase, 
but the turbidity 

may reach levels which are aesthetically undesirable. The disturbance of the bottom, 
and associated high turbidity, typically have adverse effects on desirable fishes, 
leading to a decline in recreational fisheries. Because of these effects, and because 
success in vegetation control using common carp has been rather unpredictable, 
carp are no longer generally recommended for most weed problems. 

Blue Tilapia 

The blue tilapia is an obligate herbivore as an adult fish. They are anatomically 
equipped for feeding on algae, both free- floating plankton, which they can filter, and 
attached or matted algae, which they can graze. Their grazing ability, however, is 
limited to very soft material, so they have little application for submergent 
macrophytes. They have particular appeal for use in sewage lagoons and other 
high-nutrient systems. Blue tilapia are very fecund, and consequently build up large 
populations very quickly, even within a single growing season, since they can mature 
at a few weeks of age. This is an important attribute, since they will likely die out 
annually due to low winter temperatures. In nutrient rich waters, one side effect is of 
particular concern. Blue tilapia are nest builders and aggressive defenders of their 
spawning areas. As a result, in very productive waters, they may interfere with, and 
even prevent, reproduction by largemouth bass and sunfishes, which use the same 
areas to build their nests. Aquaculturists have experimented some with the silver 
carp (tivpophthalmichthvs molitrix) which also filters out phytoplankton. This exotic 
fish has some advantages over the blue tilapia, e.g., overwinter survival and inability 
to reproduce in ponds, but its efficacy in highly-productive ponds has been less 
than needed. 

Redbelly Tilapia 

The redbelly tilapia is similar in most respects to the blue tilapia, except that it is 
adapted to grazing upon soft macrophytes and cannot filter-feed on planktonic 
algae. Consequently, it has applicability to submergent weed problems. Like the blue 
tilapia, total overwinter mortality should be anticipated, but rapid reproduction can be 
expected from stocked fish and their young, so that adequate numbers can be 
developed to effect control. Nevertheless, situations where submergent macrophytes 
abound are also characterized by high water clarity and high populations of game 
fish, resulting in control of redbelly tilapia reproduction by fish predation. 
Consequently, macrophyte control by redbelly tilapia has been sporadic when native 
fishes are well established. 



Grass Carp 

Grass carp, sometimes known as white amur, have come to be the principal fish 
used in biocontrol of aquatic macrophytes. From the time these fish are six inches 
long, they are obligate herbivores which select for moderately-coarse macrophytes. 
Unlike the common carp, they are well adapted to feeding on most submergent 
weeds. No only do they have strong jaws for grazing tips of growing plants, they 
also have well developed pharyngeal teeth which effectively grind up the coarse 
material so that it can be readily digested. 

Grass carp cannot spawn in ponds or reservoirs. They require a set of conditions 
which can only be met in a large river system. Nevertheless, concern for our river 
resources, particularly in light of the widespread establishment of common carp over 
the past century, was the basis for much opposition to the use of grass carp in this 
country, and constrained its development as a weed control agent. As a result, a 
mechanism was developed to create sterile offspring of the grass carp by altering 
the amount of genetic material retained during fertilization of the eggs. The product 
of this manipulation is triploid fish, which cannot reproduce due to the extra set of 
chromosomes. But, to be sure that each fish will be sterile, each fish is subjected to 
a blood test prior to sale and shipping to any state which allows only triploid grass 
carp. Most states now require that a permit be obtained before purchase of fish, 
and that vendors guarantee tripliody of all fish delivered. In North Carolina, a permit 
from the N.C. Wildlife Resources Commission is required before fish can be bought 
and imported (since NC allows only triploids, no brood stock can be kept in the 
state so out-of-state producers supply our fish). 

Much research has gone into developing management recommendations for the 
effective use of grass carp for macrophyte control. Since the fish was legalized in 
North Carolina only 4 years ago, we still are refining our knowledge of its behavior 
in our systems. Major questions have focused on numbers of fish to stock, size of 
fish to stock, types of vegetation controlled, duration of control, and effects on water 
quality and other fish populations. 

As a general rule, the stocking recommendation for grass carp is 12-15 fish, 8-11 
inches long, per vegetated acre. Fish of this size are usually needed to ensure that 
predation by other fish, particularly largemouth bass, will no deplete the stock. As 
noted earlier, the grass carp are highly adapted to consuming vegetation, so 8-11 
inch fish will grow rapidly to sizes which make them virtually unsusceptible to 
predation by other fish. Stocking should be done during the growing season when 
adequate food supplies are available for immediate growth to a size unsusceptible to 
predation. 



Another consideration at the time of stocking is the ability to contain the fish in the 
receiving water. Grass carp are notorious downstream migrants, so a barrier to 
escape over spillways is encouraged or sometimes even required. Such containment 
is justified on the basis of ensuring control, as well as on the basis of concern for 
unwanted downstream effects if most fish emigrated to another area. Likewise, after 
control has been attained, downstream migration in search of food can be 
anticipated. Retention of the fish, even after control, is desired so that control can be 
prolonged over as many years as possible. 

Grass carp vary greatly in their efficacy of control of various plants. Generally, they 
can not be expected to reduce marginal ernergents such as rushes and cattails, 
floating leaf plants such as water lilies and water lotus, and true floating plants such 
as duckweed and watermeal. In contrast, most submergent macrophytes and some 
submergent or floating-mat algae should be controlled. A recent NCWRC survey of 
227 pond owners who stocked grass carp in 1985 and 1986 revealed that the 
majority of ponds with any dominant submergent experienced control; only when 
ponds were dominated by milfoil or elodea did the probability of control approach a 
figure as low as 50%. Success rates for control of all other submergents exceeded 
68%. 

Time for control to be achieved should be less than one year. Typically fish stocked 
during the growing season will grow, but not significantly control the weed 
problem--plant production will exceed consumption by fish until an adequate 
biomass of grass carp is achieved through growth. In the second year, biomass of 
grass carp may be great enough to graze new growth as is appears in the spring, 
thereby preventing reoccurrence of the problem in the year after stocking. If fish 
growth was inadequate immediately after stocking, some plant regrowth will occur 
during the second year, but fish will continue to grow rapidly and should soon 
consume faster than plants grow. The result of control will typically be elimination of 
all submergent vegetation and branched algae. 

If grass carp are not lost to predation or emigration, control can be expected to 
continue for about 10 years. Following control, growth of fish will stop. "Stunting" of 
grass carp may occur at sizes ranging from about 2 pounds to 15 pounds. Without 
further submergents to consume, some fish will die gradually over the years, leaving 
the remaining fish to subsist on algae, regrowth sprouts, leaves, and coarse plant 
detritus. Eventually, as the grass carp reach sizes of 20 pounds or more, their ability 
to control regrowth declines and, without restocking, the weed problem likely will 
return. 

Cost of control, if it is done properly, will approach $10 per acre of weeds per year. 
Initial stocking cost, based upon a price of s 7  per fish will be about $100 per acre, 



which can 
incurred if 

be amortized over the duration of control. Some additional cost may be 
major alteration of the spillways is needed to prevent escape of fish. 

Environmental effects of vegetation control using grass carp appear to be similar to 
those which might be expected from any slowly-achieved total control. Nutrients will 
be released from the vegetation and channeled into phytoplankton growth. As 
flushing occurs, nutrient levels return to normal. Turbidity may increase due to 
reduced protection of shorelines from wave action. Fish responses occur as a result 
of increased availability of prey and higher plankton production. No direct effects of 
grass carp on native fish populations, such as predation, competition, or interference 
with reproduction, are known to occur. 

Summary 

Although several exotic fishes have applicability for aquatic vegetation control, only 
the grass carp has proven reliable. Its use is restricted to branched algae and 
submergent macrophytes, which should be controlled for up to 10 years from a 
single stocking. Costs should be much less than for chemical control. Effects on 
water quality and fish populations are indirect, essentially neutral, and similar to 
those which might result from use of other vegetation control measures. 
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BIOLOGICAL CONTROL OF AQUATIC PLANTS 
WITH PIANT PATHOGENS 

Edwin A.   he riot' 

Aquatic plant management in the nation's waterways is a major concern of the US 
Army Corps of Engineers (CE). The 1899 River and Harbor Act authorized the Corps 
to control waterhyacinth in the waterways of Louisiana and Florida. Aquatic Plant 
control efforts accelerated in 1965 when congress authorized establishment of the 
Aquatic Plant Control Program (APCP) under Section 302, Public Law 89-298 (79 
USC 1092), River and Harbor Act of 1965, which included provisions for the Aquatic 
Plant Control Research Program (APCRP). The APCRP has expanded to include 
research studies for chemical, mechanical, biological, physical, and integrated means 
of aquatic plant management. Biological control was studied as an alternative to the 
other approaches because biocontrol agents are self-perpetuating and provide a 
low-cost, long-term remedy. 

The CE has identified four major aquatic plant pests; alligatorweed (Alternanthera 
philoxeroides (Mart.) Griseb.), waterhyacinth (Eichhornia crassipes Mart. (Solms)), 
Eurasian watermilfoil (Mvriophvllum spicatum L.), and hydrilla (Hvdrilla verticillata 
Royle). Biological control of aquatic plants was first successfully demonstrated by the 
use of insects to control alligatorweed (Coulson 1977). This was achieved as a result 
of a cooperative agreement between the CE and the United States Department of 
Agriculture (USDA) established in 1959. In view of this success, biological control 
appeared promising as a possible long-term management option for other aquatic 
plant pests. 

Waterhyacinth 

The use of plant pathogens for the management of waterhyacinth was first studied in 
the early 1970s. Freeman et at. (1976) conducted a survey to locate and isolate 
pathogenic organisms for biocontrol of aquatic plants with special emphasis on 
waterhyacinth. As a result of this survey Acremonium zonatum and Cercospora 
rodmanii were found to have considerable potential as biocontrol agents for 
waterhyacinth. Both were tested separately and in combination with insects 
(Neochetina eichhorniae and Arzama densa) (Addor 1977). Cercospora rodmanii 
was the cause of a decline of waterhyacinth in Rodman Reservoir in 1971 (Conway 
1976a). This natural decline saved the CE approximately $35,000 in spray cost in 
that body of water. Results with & zonatum were sporadic. It was later determined 
that the pathogen induced waterhyacinth to produce indoleacetic acid (IAA), a plant 
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growth hormone, which allowed some forms of the plant to grow more robustly 
when infected (Freeman 1978). 

Laboratory and field studies with C. rodmanii were extremely successful (Conway 
1976b). Patent rights were given to the University of Florida by the funding agents. 
The University entered into an agreement with Abbott Laboratories for the 
development of an operational formulation. The Abbott formulations were tested by 
the CE in large scale operational management tests in Louisiana (Sanders et al. 
1979). The formulation proved to be effective in combination with insects (Sanders 
and Theriot 1986). Difficulties with formulation development and treatment dosage 
resulted in the discontinuation of Abbott's effort to produce a product. However, Dr. 
Charudattan of the University of Florida continues to work with C. rodmanii in hopes 
of developing a viable product for the management of waterhyacinth. 

A natural epidemic of Cercospora piaropi occurred on waterhyacinth in southeast 
Texas in 1982, resulting in a wide spread decline of the population (Martyn 1985). 
The two Cercospora species are closely related, both in morphology and disease 
symptomology. Evidence exists to indicate that a Cercos~ora species can be 
developed for the management of waterhyacinth. 

Eurasian Watermilfoil 

Andrews (1980) initiated studies in 1978 to isolate and identify endemic plant 
pathogens on Eurasian watermilfoil. He found that endophytic microorganisms are 
common in macrophytes and may offer the best prospect for biological suppression, 
or as the biological component of an integrated strategy for the control of nuisance 
aquatic macrophytes. Two isolates, Fusarium sporotrichioides and a Trichothecium, 
were isolated from watermilfoil in initial surveys. Acremonium culvulum (Andrews 
et al. 1982) and Colletotrichum gloeosporioides (Sorsa et al. 1988) were later 
isolated in similar surveys. Of the four isolates C, gloeosporioides seems to hold the 
most promise. Andrews feels that integrated control of Eurasian watermilfoil is a 
viable option when using sublethal doses of herbicides in combination with plant 
pathogens. 

The University of Massachusetts initiated research in 1979 to address the microbial 
control of Eurasian watermilfoil (Gunner 1983). The ecosystems approach utilizes 
components of the natural microflora. Lytic enzyme producing microorganisms were 
isolated from healthy watermilfoil. Enzyme yield was maximized by selective culturing 
on cellulose and pectin media. When reintroduced on the target plant, enzyme 
enhanced microorganisms effectively degraded living watermilfoil plants. Results 
reinforce the hypothesis that opportunistic microoganisms, which exist on the surface 
of aquatic plants, gain a competitive advantage when conditions are stressful to the 
plant (e.g. increased temperatures, poor water quality, etc.) resulting in severe 



impact to the target plant population. This is thought to be one explanation for the 
mysterious diebacks of aquatic plants which occur from time to time for no apparent 
reason. 

Gunner (1 983) identified a native fungal pathogen, Mycole~todiscus terrestris, that 
significantly impacted watermilfoil in aquarium and preliminary field studies when 
applied in high concentrations. Results thus far indicate that & terrestris will remove 
all vegetation above the sediment within the treated area for 1 to 2 months. When 
the vegetation is removed the fungus declines to its natural levels and resides in the 
system as a common saprophyte. It will be necessary to reapply the formulation 
when regrowth of milfoil occurs. Preliminary host specificity studies indicate that & 
terrestris has a very limited host range. The University of Massachusetts, Amherst, 
MA was given the rights to develop a commercial formulation in a cooperative 
agreement with the Waterways Experiment Station (WES). Toxicity and host 
specificity tests will be conducted to meet the EPA and USDA requirements for 
registration. WES will verify quality control of the formulation and conduct field 
studies to determine the efficacy. We estimate that 3 to 5 years will be required to 
gain registration of a commercial product. 

Hydrilla 

Hydrilla is the most recent threat to our nation's waterways (Haller 1982). 
Charudattan isolated a fungus, Fusarium roseum Culmorum, in 1974 from the 
Netherlands, which is pathogenic on hydrilla (Freeman et al. 1981). Quarantine 
studies resulted in the death and lysis of hydrilla tissues in 3 weeks. Specificity 
studies confirmed that the Dutch isolate of E. roseum had a very limited host range 
on native aquatic plants (Freeman et al. 1981). Tests on terrestrial agronomic and 
economically important plants demonstrated that the fungus was not damaging on 
growing plants but did infect 13 of 70 species tested in pre-emergent seedling tests. 
These results were satisfactory to allow confined greenhouse pool studies. Poor 
results in the scaled-up studies caused Dr. Charudattan to remove E. roseum from 
further consideration. However, Dr. Charudattan has continued to work with the 
fungus and has obtained another virulent culture. The CE is considering reevaluating 
F. roseum in field studies. - 

Researchers at WES initiated a study in 1981 based on the ecosystem approach 
used by the University of Massachusetts on Eurasian watermilfoil (Pennington 1985). 
A fungus was identified (Cladosporium w.), which produced pectinase enzyme and 
destroyed hydrilla tissues in aquarium studies in 2 weeks (Theriot 1987). Subsequent 
studies indicated that the fungus had lost its virulence. A second isolate was 
collected from hydrilla growing in southeast Texas which produced similar resufts 
(Joye 1988). Initial field studies resulted in significant reduction of treated plant 
tissues. Further field studies are planned in 1989. Work will continue on both fungal 



isolates for development of a commercial biocontrol agent. Eco Science Inc. is 
interested in a cooperative agreement to assist WES in this endeavor. 

Although a commercially produced pathogen biocontrol agent has not yet been 
developed for aquatic plant management, the capability has been demonstrated. The 
CE is conducting studies in this area to provide the necessary data to attract 
industry for product development. It appears that new Hi-Tech industries backed by 
venture capital have taken an interest in the smaller markets as compared to the 
large chemical and pharmaceutical firms that traditionally address the more lucrative 
markets of agronomic weed problems. 
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BACILLUS THURlNGlENSlS VAR. ISRAELENSIS (Bti) 
FOR LARVAL MOSQUITO CONTROL 

Barry R. Engber, SC.D.' 

A Brief History of Bti 

Bacillus thurinaiensis (Bt) was initially isolated from silkworms in Japan during the 
early 1900's. Although the possibility of using this bacteria as a biological control 
agent had been explored, successful control of lepidopterans was not obtained until 
the variety kurstaki was discovered in 1962. The toxin of this variety was consistently 
very active against lepidopteran pests. Unfortunately, there was little activity of this 
variety against mosquitoes. In 1977 a Bt strain was isolated from dead mosquito 
larvae collected from a ground pool in Israel. The variety israelensis showed great 
activity against mosquito larvae. Commercialization of Bti products soon followed. In 
North Carolina and many other states, it has become the primary larvicide in 
mosquito control operations. 

Bti: What Is It and How Does It Work? 

Bacillus thurinaiensis var. israelensis is a rod shaped, aerobic, spore forming 
bacteria. Sporulation occurs in response to environmental stress such as heat or 
drought. In association with sporulation Bti usually produces three crystalline 
parasporal bodies (figure 1). It is within these parasporal bodies that the insecticidal 
proteins of Bti are contained. When ingested, the parasporal bodies are dissolved in 
the acidic gut of the mosquito. The full protein contained within the parasporal body 
does not seem to be responsible for the larvicidal activity, but rather a portion that is 
cleaved by proteolytic enzymes in the mosquito gut. The active protein attacks and 
destroys the epithelial cells of the gastric ceca and hindgut of the larva. Bti acts 
quickly against mosquitoes; most mortality takes place within 24 hours of its 
ingestion. It is important to remember that Bti works per os and its effectiveness 
depends upon the likelihood of an adequate dosage being ingested. 

Bti Effects on Target and Non-Target Organisms 

Bti has been tested against a large variety of mosquitoes, both in the United States 
and overseas. It shows some activity against all filter feeding species. It seems 
relatively less active against anopheline mosquitoes than culicine, probably because 
the surface feeding behavior of the former makes ingestion less likely. Environmental 
factors (see below) can make it less effective under field conditions than in the 
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laboratory. Bti has also shown great activity against blackflies and has been 
instrumental in onchocerciasis control programs in Africa. Some other nematoceran 
dipterans have shown susceptibility to Bti, including chironomids, psychodids, dixids, 
and ceratopogonids. One Bti product is currently labelled for control of fungus 
gnats. Other than these dipteran relatives of mosquitoes, no other invertebrate has 
demonstrated susceptibility to Bti. 

A variety of mammalian test animals have been subjected to Bti by varying routes. 
Only intravenous injection of toxin has produced any toxic effects, but this is not a 
very likely route of exposure under normal use. Bti is considered to be very safe 
and is currently a non-restricted use pesticide. Application of the product to raw 
drinking water is permissible. 

Factors Influencing Bti Effectiveness 

Several factors have been shown to relate to the effectiveness of Bti when it is 
applied in the field. The toxin is generally heat stable and unaffected by UV light. As 
mentioned, the effectiveness of Bti may be influenced by the genera of mosquito. 
Because mosquitoes reduce feeding as they approach pupation, increasing age of 
mosquito larvae decreases effectiveness of Bti. lncreasing larval density decreases 
the amount of Bti that can be ingested per mosquito, resulting in decreased 
effectiveness. As water depth increases, mosquitoes are less likely to feed on the 
settled Bti and decreased effectiveness may result. lncreasing turbidity decreases Bti 
effectiveness because suspended solids increase the rate of Bti settling. lncreasing 
water temperature has been shown to increase effectiveness of Bti, probably 
because it raises larval metabolism and thereby increases feeding rates. An increase 
of organic materials decreases effectiveness because it increases the settling rate, 
competes with mosquito feeding, and acts to degrade Bti. 

Stability and Persistence 

Commercial formulations of Bti have shetf lives of a year or longer if stored in a cool 
place. Once applied, most of the product effectiveness is lost within a 48 hour 
period. This loss of effectiveness may result from a combination of settling and toxin 
degradation. There has been no strong evidence that natural recycling of Bti occurs, 
therefore the product is considered to be a bacterial pesticide and not a true 
biological control agent. 

Production, Formulation, and Application of Bti 

Currently, Bti for mosquito control programs is commercially produced by four 
companies in the United States (see Appendix 1). Bti is grown in large, submerged 
liquid fermenters containing a suitable growth media such as brewer's yeast, corn 



flour and water. The technology for Bti production is simple enough that developing 
countries are able to produce it economically on agricultural by-products. 

Bti has been formulated in a variety of ways - wettable powders, liquid concentrates, 
granules, and briquets. Solid products such as granules or briquets can be used to 
retreat areas that are known to flood and consistently produce mosquitoes. The 
briquets have the advantage of providing a residual of 1 month or longer, depend- 
ing upon duration of flooding. Examples of application rates for Bti products when 
applied to unpolluted water area given in Table 1. 

Virtually any piece of equipment capable of distributing a liquid or solid formulation 
has been used for applying Bti. As with any traditional insecticide the method of 
application will be determined primarily by the amount of surface area to be treated, 
the accessibility of the area, and the cost of treatment. One problem encountered 
with Bti products has been clogging of noules when high concentrations and/or fine 
nozzles are used in liquid applications. Liquids may also require frequent agitation 
and a mixer is desirable in large tanks. 

A Word About Bacillus sphaericus 

A strain of Bacillus sphaericus has been found that demonstrates activity against 
mosquito larvae. Unlike Bti, the toxin is located in the spore and not the parasporal 
body. The stability of the spore appears to give B. sphaericus a much longer 
residual, up to several weeks after application. There also seems to be more 
recycling of B. sphaericus than with Bti. Finally, B. s~haericus has great activity 
against Culex mosquitoes, but is substantially less effective against other genera. 
Commercialization of B. sphaericus is imminent. 

Conclusion 

During the past decade Bti has proven to be a very safe and effective product for 
mosquito control. Its successful application demands good information on mosquito 
breeding location, environmental conditions in the breeding habitat, and stage of 
larval development. 



Table 1. Application Rates for Bti Products When Applied to Unpolluted Water 

GRANULES 

Bactimos pellets 
Bactimos granules 
Vectobac-G 

AQUEOUS CONCENTRATES 

Vecto bac-AS 
S keetal 
Teknar HP-D 

WETTABLE POWDER 

Bactimos WP 

BRIQUETS 

Bactimos briquets 

.25-1 pt/acre 
5-1 ptlacre 
.25-.5 pt/acre 
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APPENDIX I 
Bti PRODUCERS IN THE U.S. 

Abbott Laboratories (Vectobac) Biochem Products (Bactimos) 
Chemical and Agricultural Products Division of Salisbury Laboratories, Inc. 
Div. P.O. Box 264 
North Chicago, IL 60064 Montchanin, DE 1971 0 
(800) 323-9597 (302) 654-0325 

Novo BioKontrol (Skeetal) Professional Pest Management 
Division of Novo Laboratories, Inc. (Teknar) Division of Zoecon Corp. 
33 Turner Road 12200 Denton Drive 
Danbury, CT 0681 0-51 01 Dallas, TX 75234 
(203) 790-2660 (800) 527-051 2 



Figure 1. Bacillus thurinqiensis var. israelensis 
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