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PREFACE

The 17th Annual Meeting of the U.S. Army Corps of Engineers Aquatic Plant
Control Program was held in Sacramento, California, on 16-18 November 1982.
The meeting is required by Engineer Regulation (ER) 1130-2-412 paragraph 4c
and was organized by personnel of the Aquatic Plant Control Research Program
(APCRP), Environmental Laboratory (EL), U.S. Army Engineer Waterways
Experiment Station (WES), Vicksburg, Miss.

The organizational activities were carried out and presentations by WES
personnel were prepared under the general supervision of Dr. John Harrison,
Chief, EL. Mr. J. Lewis Decell was Program Manager, APCRP. Mr. W. N.
Rushing, APCRP, was responsible for planning and chairing the meeting assisted
by Mr. Robert L. Lazor.

COL Tilford C. Creel, CE, was Commander and Director of the WES at the time
of this meeting and during the preparation of the proceedings report. Mr. F. R.
Brown was Technical Director.
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17th Annual Meeting
U.S. Army Corps of Engineers

AQUATIC PLANT CONTROL RESEARCH PROGRAM

INTRODUCTION

As part of the Corps of Engineers (CE) Aquatic Plant Control Research
Program (APCRP) it is required that a meeting be held each year to provide for
professional presentation of current research projects and review current opera-
tions activities and problems. Subsequent to these presentations, the Civil Works
Research and Development Program Review is held. This program review is
attended by representatives of the Civil Works and Research Development
Directorates of the Office of the Chief of Engineers; the Program Manager,
APCRP; and representatives of the operations elements of various Division and
District Engineer Offices.

The overall objective of this annual meeting is to thoroughly review Corps
aquatic plant control needs and establish priorities for future research, such that
identified needs are satisfied in a timely manner.

The technical findings of each research effort conducted under the APCRP are
reported to the manager, APCRP, U.S. Army Engineer Waterways Experiment
Station (WES), each year in the form of quarterly progress reports and a final
technical report. Each technical report is given wide distribution as a means of
transferring technology to the technical community. Technology transfer to the
field operations elements is effected through the conduct of demonstration
projects in various District Office problem areas and through publication of
Instruction Reports (IR), Engineering Circulars (EC), and Engineering Manuals
(EM). Periodically, results are presented through publication of an APCRP
Information Exchange Bulletin which is distributed to both the field units and
the general community. Public-oriented brochures, movies, and speaking engage-
ments are used to keep the general public informed.

The printed proceedings of the annual meetings and program reviews are
intended to provide Corps management with an annual summary to ensure that
the research is being focused on the current operational needs on a nationwide
scale.

The contents of this report include the presentations of the 17th Annual
Meeting held in Sacramento, California, 16-18 November 1982.



THE ROLE OF BOATING AND WATERWAYS IN
AQUATIC PLANT MANAGEMENT IN THE DELTA

by
Marty Mercado*

This morning I would like to give you a little background on the Delta and the
nature of California’s waterhyacinth problem. I would also like to explain how
the state’s recreational boating agency (Cal Boating) got involved in battling the
hyacinth and how our management program evolved with regards to the many
concerns that Californians had on the use of herbicides in the Delta.

The primary responsibilities of Cal Boating are to provide funds for local
boating facility projects and to promote boating safety throughout the state. So,
when the Delta became inundated with waterhyacinths, we did not expect to be in
the forefront of the battle to control this water weed.

The Delta consists of more than 700 miles** of navigable waterways. There are
no clear-cut boundaries. Some will say that it starts in Sacramento; extends west
to Contra Costa County, which is near San Francisco; and then down to Tracy
and Stockton in San Joaquin County. The lifelines of the Delta are the
Sacramento and San Joaquin Rivers. Other streams in the Delta create an
intricate system of sloughs and backwaters.

The Delta is a key feature in California’s supply distribution network, and the
surrounding countryside includes some of the state’s prime agricultural lands. In
addition, the Delta is one of the most popular recreational areas in the state. It is a
paradise for fishermen, swimmers, waterskiers, and boaters. Its proximity to
major population centers, such as Sacramento and San Francisco, makes the
Delta a favorite weekend retreat. Many people from Southern California also
vacation in the Delta, renting houseboats to explore its many sloughs with names
like Disappointment, Potato, and Steamboat. With the important role the Delta
has in this state, the introduction of the hyacinth was to eventually create serious
concerns for the people who depend on it for their livelihood and recreation.

How did the hyacinth get into the Delta and how long has it been there? No one
knows for sure. Some say it has been in the Delta for about 20 years, if not longer.
One theory as to how it was introduced into the system was that someone brought
the plant back from Florida to add to their fish pond and then later discarded it in
the Delta.

However it got there, the hyacinths began to multiply. After the drought of
1976-1977, the hyacinth became more prevalent in the southern part of the Delta.
In 1981, the plant reproduced at such a rapid rate that it clogged navigation
channels and marinas in the southern and eastern sections of the Delta. It was
estimated then that the plant covered about 250 miles.

* Director, California Department of Boating and Waterways, Sacramento, California.

** A table of factors for converting U.S. customary units of measurement to metric (SI) units is
presented on page xi.



It was during this time that representatives of the San Joaquin County Delta
Marine Association, a group of marina owners and other people operating
recreation-oriented businesses in the Delta, brought the waterhyacinth problem
to the attention of Cal Boating at one of our commission meetings. The group was
seeking assistance and advice as to how the invasion of the hyacinth could be
combated. While we recognized the severity of the problem and its impact on
recreational boating, at that time we had no authority or funds to conduct any
type of waterhyacinth management program. Little did we suspect that this
would soon change.

Members of the Delta Marine Association contacted their state senator and
assemblyman. They showed the legislators the magnitude of the problem and
convinced them that something needed to be done.

In November of 1981, Senator John Garamendi and Assemblyman Patrick
Johnston held a public hearing to receive testimony from various Federal, State,
county, and private agencies as to the economic impact of the hyacinth problem,
the extent of the encroachment, and the involvement of governmental agencies in
dealing with waterhyacinths. The result from the hearing and a follow-up session
with Johnston, Garamendi, and the appropriate State directors, including myself,
was the introduction of legislation last January to designate Cal Boating as the
lead State agency. The bill also appropriated $125,000 from the Harbors and
Watercraft Revolving Fund for a control program.

There are many reasons why Cal Boating was chosen as the lead agency to
coordinate the State’s activities and work with the Corps. Generally, though, it
was felt that since the major impact of the hyacinth infestation was on
recreational boating that the State’s boating agency should conduct the program.
The plant was diminishing the recreational opportunities for the public by
clogging the waterways, and it was severely impacting the recreational boating
industry in the area. Also, the mats were creating safety hazards to boaters in
hiding debris. It was recognized that if a control program was not initiated,
eventually marine life would be threatened and agricultural interests would be
adversely affected if the plant began to clog irrigation pumps and spread into the
irrigation system.

Even before Cal Boating was officially given the authority to conduct the
program, we had begun working with the Corps from the Sacramento District
Office and the U.S. Army Engineer Waterways Experiment Station to develop a
management program. When legislation was signed into law June 14, 1982, we
were well on our way to finalizing the Corps’ recommendation for controlling the
hyacinth.

The WES team recommended three control methods: mechanical, biological,
and chemical (applying 2,4-D and diquat). The next step was to adapt these
recommendations, especially the one pertaining to herbicides, for use in California.

Many Californians are worried about the effects pesticides and herbicides have
on the soil, water, plant life, and wildlife. Of course, the focus of these concerns is
on the effects the chemicals will have on peoples’ lives now and the lives of future
generations. To put our control program in perspective, you need to know that a
great deal of attention had recently been focused on chemical spraying programs.



The aerial spraying of malathion to eliminate medfly highlighted the fears that
many people had about the use of chemical sprays. In the state’s north coast
forest range, citizens had been protesting the spraying of 2,4-D to kill shrubs that
crowd out the conifers.

Some people decry these protests as purely emotional outbursts of an unin-
formed or misinformed public. Whether this is true or not is really not the issue. It
is not that you or I know what will not harm the public, but what the public
perceives will harm them. Because of this, we need to be sensitive to peoples’
apprehensions.

To respond to the concern that some people had about the spraying of Weedar
64, we decided to go beyond what was legally required to use this 2,4-D compound.
We had the Department of Fish and Game and the State Water Resources Control
Board comment on any negative impacts that the spraying of Weedar 64 might
have. Later we established an interagency task force to monitor the application
and the impact the herbicide might have on water quality within a spray area.
Agencies on this task force were the Department of Fish and Game, Department
of Food and Agriculture, Department of Health Services, the central and regional
Water Quality Control Boards, the U.S. Department of Agriculture, and the
agricultural commissioners from the two counties involved in the spraying
program.

In addition to this, Cal Boating made various efforts to keep the public
informed about the program and to give them opportunities to comment on the
control methods. A special meeting was held in August, before the spraying
began, to explain the program to the public and the press. A few days before
spraying was scheduled to start, we released information to the media on where
the spraying would take place and when. From the time we began developing the
program, members of the Cal Boating staff were readily available to answer
questions from the public. We also spent a great deal of time talking to the press,
explaining what the program did and did not entail.

We proceeded cautiously in devising a management program, some delays in
implementing the control measures did result. I believe, though, that the steps we
took to gain the confidence of the public were an important part of developing the
program. No public program should operate in a vacuum. Nor should the
managers of the program be unresponsive to the public. In the long run, we
benefited from acting instead of reacting to the concerns people had about
applying herbicides in the Delta.

This is by no means to say that we will not continue to have public concern over
the use of 2,4-D or other herbicides in the Delta. The spraying program will receive
criticism most likely from those opposed to the use of herbicides in any amount.

Our department, the Corps, and the other agencies involved in managing the
waterhyacinth in the Delta will have to remain sensitive to these concerns and
will have to continue to take extra steps to maximize environmental and health
safeguards.



USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

Lake Champlain Aquatic Plant Control Program

by
COLW. M. Smith, Jr.*

A ten-year program to harvest aquatic nuisance plants from Lake Champlain,
Vermont, began in 1982 with the removal of 76 acres of water chestnut and 150
acres of Eurasian watermilfoil from the lake. Removal was accomplished through
mechanical harvesting supplemented by hand pulling. The density of water
chestnut infestation made the total amount harvested somewhat less than had
been anticipated. The total cost of this year’s work was $171,855.

* District Engineer, U.S. Army Engineer District, New York; New York, New York.



USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

Lower Mississippi Valley Division, New Orleans District

by
Glen N. Montz*

The aquatic growth control operations at the New Orleans District (NOD)
consist of the Removal of Aquatic Growth Project (Operations and Maintenance
funds) and the Aquatic Plant Control Program (Construction General funds). The
section has 4 office and 23 field personnel. Control of floating and submerged
aquatics was accomplished during FY 82. This report gives the status of the
program during FY 82.

The Army Quarterboat Tambour was salvaged and all personnel reassigned to
shore crew units during late FY 81 and early FY 82. This change resulted in 5
shore crew units being established at new duty stations. Presently, we have 11
two-man crews stationed at 8 duty stations. Overall, we have increased our
control capabilities from 24,393 acres in FY 81 to 44,528 acres in FY 82. The
herbicide 2,4-D was used during 95 percent of our operations and diquat, aquathol
K, and cutrine plus were used during the other 5 percent.

Control operations were aimed mainly at waterhyacinth, but alligatorweed,
pennywort, water paspalum, waterlettuce, and hydrilla were also sprayed.

A contract for aerial spraying resulted in 2,002 acres (included in above figure)
being controlled during September 1982. Many waterways between Houma,
Louisiana, and Morgan City, Louisiana, were sprayed for control of water-
hyacinth during these 8 days of operations.

Water samples were collected by Corps office personnel and analyzed by the
University of Southwestern Louisiana (contract) for 2,4-D residue. Samples were
collected at various intervals of time after spraying occurred to correlate time to
residue of herbicide. Results have shown that after approximately 10 days, traces
of the herbicide remained.

Construction General funds were used under the cooperative program to fund
the Louisiana Department of Wildlife and Fisheries (contract) for work-in-kind
under the cost-sharing program. An audit was conducted and $110,000 was paid
to the State for these services. The State sprayed 15,156 acres with these monies.
Construction General funds were used by Corps crews to control 13,900 acres and
Operations and Maintenance funds paid for control of 28,626 acres by Corps
crews (figure excludes aerial spraying).

An Army Pesticide Applicators Training Session was conducted at the New
Orleans District in May 1982 to certify Corps supervisors and applicators in the
categories of aquatic pest control and industrial and rights-of-way pest control.
The Aquatic Growth Control Section at the District attended the Louisiana
Pesticide Applicators Association annual meeting in November 1982 for State

* U.S. Army Engineer District, New Orleans; New Orleans, Louisiana.
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pesticide applicators certification. Several Corps employees were recertified at
that time.

During FY 82 the Large-Scale Operations Maintenance Test (LSOMT) con-
ducted by the U.S. Army Engineer Waterways Experiment Station (WES) and
funded by NOD on waterhyacinth in Louisiana was concluded. Biological agents
were released and several reports by WES on this study were prepared and
released.

The Aquatic Growth Control Section has been busy with an ongoing A-76
contract feasibility study which was initiated in July 1982. This study will
determine if the NOD operations stay in-house or are awarded to outside
contractors.



USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

North Central Division, St. Paul District

by
Wayne Koerner* and Bruce Sabol**

St. Paul District’s Aquatic Plant Control Program serves the states of North
Dakota, Minnesota, and Wisconsin. Of the three states in our area, Wisconsin has
been the most active in seeking assistance.

The District’s major effort in the program presently is a study for Buffalo Lake
(Figure 1), a 2500-acre impoundment on the Upper Fox River located in Marquette
County, Wisconsin. Since the removal of rough fish in 1970, various species of
submerged aquatic plants have proliferated at nuisance level densities resulting
in decreased recreational usage. Although Buffalo Lake is one of over 90 lakes in
Marquette County, it accounts for almost 50 percent of the county’s available
surface area. The lake has a mean depth of 4.5 ft with a maximum depth of 8 ft.
The lake would make a fine recreation attraction to nearby population centers if
the submergent vegetative growth were controlled.

In the summer of 1974, the Buffalo Lake Improvement Association began a
mechanical weed harvesting program to improve the lake. Five small cutting
machines were used to cut the aquatic vegetation. In 1975, the University of

Figure 1. Buffalo Lake

* U.S. Army Engineer District, St. Paul; St. Paul, Minnesota.
** U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Wisconsin Mechanical Engineering Department designed a stationary removal
system for floating vegetation. These harvesting efforts have been unsatisfactory
and were terminated following the 1981 season.

It has been concluded by preliminary studies that the problem at Buffalo Lake
was severe, a control program was needed, and the program would be eco-
nomically justified based on preliminary estimates of costs and benefits.
Mechanical and chemical control alternatives were considered for Buffalo Lake.
Mechanical methods were selected because it was felt that chemical methods
would be ineffective given the current pattern within the impoundment and the
diversity of the aquatic plant community. The District subsequently requested the
assistance of the U.S. Army Engineer Waterways Experiment Station (WES) to
analyze selected mechanical control options using the HARVEST model developed
at WES (Hutto 1981, 1982). The objectives of the study conducted by WES were to:

a. Quantitatively describe distributions of aquatic plants within a selected area
of Buffalo Lake during early and late summer periods.

b. Predict the operational time required (using HARVEST) to conduct mechan-
ical control operations with onshore disposal of aquatic plant material for:

(1) Selected harvestable areas within the lake totaling approximately 20
percent of the lake area.

(2) Two different harvesting systems, each with two different mixes of
equipment.

(3) Plant density conditions during early and late summer periods.

METHODS

During early summer and late summer periods, quantitative plant density
distribution within the lake was estimated using aerial photographs and field
sampling data obtained concurrently. A treatment area was selected based on
lake usage considerations in which plants would be maintained below nuisance
level densities. Plant density distribution estimates within this area, the locations
of prospective shore disposal sites, and the performance specifications for several
commonly used mechanical harvesting systems were used as inputs to the
HARVEST model. The model was then run to simulate mechanical control during
early and late summer periods. A flow diagram of this overall methodology is
illustrated in Figure 2. Individual steps in this methodology are briefly described
below. A more thorough discussion of the methods used and the results obtained
may be found in Sabol (1983).

Plant density mapping

Aerial photography and associated ground truth data collection were used to
map and quantify the distribution of aquatic plants; these procedures are
discussed in detail in Leonard (1983). The aerial photography missions were
flown during each summer sampling period producing true color and false color
infrared imagery at a scale of 1:16,000, 1:8,000, and 1:4,000. Patches of aquatic
plants visible from this imagery were traced directly onto a mylar base map
(appropriate scale enlargement of U.S. Geological Survey 1:24,000 map of Buffalo
Lake area).
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Figure 2. Overview of methodology

Ground truth sampling for quantitative plant densities was accomplished by
collecting samples with the WES aquatic plant biomass sampler (Sabol 1983)
using a modified stratified random sampling design. Fifteen evenly spaced
transects perpendicular to the long axis of the lake were established between
Montello and Packwaukee (Figure 1). A cluster of three randomly placed, full-
depth samples was collected near the center of each visually distinct patch along
each transect. Sample plants were weighed and converted to density units
(mass/area). The three individual samples taken per patch were averaged to give
an estimate of patch mean plant density.

Sampling transects and field sampling stations were located on each patch-
mapped base map drawn for each sampling period. The entire area of each patch,
delineated from the aerial photograph, was assumed to contain a uniform plant
density equal to the mean of the individual samples collected from within that
patch. In this way the plant density for the entire lake between Montello and
Packwaukee was quantitatively estimated.

Delineation of harvest sites

The portion of the lake between Montello and Packwaukee was determined to be
in the greatest need of mechanical control. Within this portion a pattern for the
area in which plants would be maintained below the nuisance level density was
selected without specific regard to the location of plant infestations. This area
consisted of two 150-ft-wide swaths parallel to the shore on either side of the lake,
300 ft offshore; and 100-ft-wide channels perpendicular on the shore every 2000 ft
which acted to connect the offshore swaths (Figure 3). This pattern covered 276
acres, approximately 19 percent of the lake area between Montello and
Packwaukee.
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Figure 3. Harvesting treatment areas and disposal sites (black circles)

The next step toward delineation of the actual harvest sites was to locate shore
disposal sites. Reconnaissance of the lake between Montello and Packwaukee
revealed seven sites at which shore disposal and upland trucking of harvested
plant material (if desired) would be physically possible. These sites are illustrated
in Figure 3.

Based on the location of the nearest shore disposal site, the area to be harvested
was divided into regions. Within each region site boundaries were drawn such
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that the distance to the regional disposal site from the closest corner of the
harvest site was minimized. Using this procedure, 36 sites were established
ranging in area from 0.7 to 21 acres (Figure 3).

To determine the actual sites to be harvested during each summer period,
harvest site criteria were applied. These included:

a. Only areas with a density of 2 tons/acre or more would be harvested.
b. To minimize harvester turning time in relation to actual working time:
(1) Only sites greater than 300 ft in length would be harvested.
(2) The maximum length of a low density plant area within a plot would be
300 ft. For lengths longer than this, separate plots would be established.

Using these criteria, 25 sites containing a total of 165 acres with a mean density
of 5.9 tons/acre were delineated during the early summer period, and 32 sites
containing a total of 213 acres with a mean density of 7.9 tons/acre were
delineated during the late summer period.

Digitized plant density grid arrays of each of these sites were generated from
the lake-wide density maps and were used as input to HARVEST.

Selection of harvesting systems

Because of the large area to be harvested, it was determined that only large
harvesting systems would be able to complete harvesting operations in a timely
manner. There are a variety of harvesting systems commercially available; those
manufactured by the Aquamarine Corporation have been the most widely used in
this country (Cannelos 1981). The Aquamarine H8-650 and H-400 harvesters
(largest harvesters manufactured by Aquamarine) and the Aquamarine T-650
transport unit were selected for simulation. Performance specifications, required
as input to HARVEST, were determined from operational performance test data
(Culpepper and Decell 1978).

Conditions simulated

For each actual harvest site delineated during each summer period, harvesting
operations with onshore disposal were simulated using the Aquamarine H8-650
and the H-400 harvesters working alone and with the support of one T-650
transport unit. Only full-depth harvesting was simulated because of the extremely
shallow and uniform depths in the lake.

MODEL PREDICTIONS AND DISCUSSION

Predictions

Total operational times divided into major functional components are sum-
marized for early and late summer aquatic plant conditions and are presented in
Figures 4 and 5, respectively. These predicted time components are:

WORK — Actual amount of time the harvester spends collecting plant
material.

WAIT — Amount of nonproductive time spent by the harvester waiting
for a transport unit or the amount of time the harvester spends
transporting harvested material to shore when no transport
unit is used.

12
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Figure 4. Predicted harvesting times for early Figure 5. Predicted harvesting times for late
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CLEAN—Amount of time the harvester spends making clean-up passes
through the harvested site.

OTHER—Amount of time spent by the harvester performing other
operations such as turning around between passes and off-
loading onto a transport.

The operational times for both systems were less in early summer, when total
harvestable mass was 972 tons, than in late summer, when total harvestable
mass was 1677 tons. During both summer periods, the H8-650 working alone
required less time to effect control operations than the H-400 harvester working
with a transport unit. The addition of the transport considerably reduced total
operational time for both systems during both periods. The most obvious strategy
for improving operational efficiency is to find an economical means of reducing
WAIT time.

At all simulated harvesting sites, the harvester operated at a maximum
effective cutter width (cutter width minus 2 ft for overlap) and usually at full
speed. Based on the cutter width and maximum collection rate inputs for the
harvesters simulated, HARVEST would simulate the H8-650 and H-400 as
running at full speed in all plant densities below 12.4 tons/acre and 13.9
tons/acres, respectively. Consequently, the simulation predicted the harvesters
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would run at full speed in all early summer harvest sites but would be required to
reduce harvesting speed slightly in several of the late summer harvesting sites. At
the plant density levels encountered in Buffalo Lake, maximum harvester
working speed and cutter width are the factors that limited the harvester’s plant
collection rate.

HARVEST as an operational planning tool

The field-determined production rates cited by other authors using the same
equipment (Cannelos 1981; Culpepper and Decell 1978; McGehee 1979; Wile and
Hitchin 1977) are within the range of production rate values predicted for the
respective individual harvest sites in this simulation study (Sabol 1983). The wide
range of both the empirically determined and the simulated production rate
values indicates the sensitivity of production rates to operational conditions such
as plant density and disposal site distances. The use of “rule-of-thumb” production
rate estimates for cost estimation (Sassic 1982) can result in making incorrect
planning decisions because of overestimation or underestimation of costs.
Additionally, such estimates do not provide an accurate basis for selecting the
most cost-effective harvesting system from available options.

The most cost-effective mix of equipment can be determined from model outputs
based on total hourly operational costs for each individual piece of equipment. As
a purely hypothetical example, assume that the hourly rates for an H-400
harvester, an H8-650 harvester, and a T-650 transport unit are $80/hr, $110/hr,
and $100/hr, respectively. Applying these rates to the harvesting times predicted
for the early summer period (Figure 4) would result in the following total
operating costs:

Harvester Number of Transports Cost ($)
H-400 0 35,200
1 56,860
H8-650 0 31,900
1 45,150

Using these assumed rates, the H8-650 harvester working without a transport
unit would be most cost-effective. The important point in this particular example
is that, although the addition of a transport unit increases harvesting system
efficiency, this increase is proportionally less than the increased system costs due
to the addition of a transport unit. Different hourly rates could obviously result in
another mix of equipment being the most cost-effective.

Another aspect of HARVEST which makes it useful as an operational planning
tool is the ease with which “what if” questions can be addressed. At present, only
a single iteration of the model cycle (Figure 2) has been run. However, additional
runs should be made to identify means of reducing operational costs. Such
possible means include:

® Location or construction of additional disposal sites.

® Useof higher speed transport units.

® Use of in-lake disposal for harvesting areas a great distance away from the
nearest shore disposal site.

Operational savings resulting from these practices would then be weighed
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against costs (if any) of implementing them. Total operational costs for all
options would then be compared.

SUMMARY

Procedures for evaluating alternative aquatic plant mechanical control tech-
niques have been described and demonstrated. The demonstration involved
predicting the mechanical control system that was most cost-effective in har-
vesting submerged aquatic plants in Buffalo Lake, Wisconsin.

To maintain the treatment areas, i.e. the 276 acres of parallel boat trails and
connecting trails, at below nuisance level plant densities would require harvesting
165 acres at an overall density of 5.9 tons/acre in early summer, or harvesting 213
acres at an average density of 7.9 tons/acre by late summer.

Total simulated system times required for the Aquamarine H8-650 and the
H-400 harvesters working alone and with a T-650 transporter to perform the
control operation are as follows (Figures 4 and 5):

Harvester Transports Period Total Hours
H-400 0 Early summer 440
H-400 1 Early summer 327
H-400 0 Late summer 627
H-400 1 Late summer 450

HB8-650 0 Early summer 290
H8-650 1 Early summer 215
H8-650 0 Late summer 416
H8-650 i Late summer 297
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

North Pacific Division, Seattle District

by
Robert M. Rawson*

The Seattle District became involved in aquatic plant control in 1977, when the
Washington State Department of Ecology requested assistance in establishing a
statewide program for the control of Eurasian watermilfoil. At that time, milfoil
was disrupting water use in several high-use lakes in the Seattle area and in
Banks Lake, a Bureau of Reclamation reservoir in eastern Washington. Milfoil
also was affecting the tourist industry in British Columbia, due to infestations in
the Okanogan lake chain.

Lake Osoyoos is the last lake in the Okanogan chain. Two thirds of the lake is
in British Columbia and the downstream third is in Washington. Lake Osoyoos
became a focal point for the early operational efforts because it drains into the
Okanogan River, which in turn drains into the Columbia River. The Department
of Ecology and Okanogan County worked in the lake to try to keep milfoil from
becoming a major problem, prior to the approval of the Seattle District’s
operational program.

The District requested assistance from WES because of the unique situation in
the Okanogan drainage area. We have funded WES research in prevention meth-
odologies for four years, and have accumulated data on aerial surveillance, diver-
operated suction dredges, fragment barriers, hand-harvesting, conventional
herbicides, and herbicides used with inverting oils and polymers.

The District’s Aquatic Plant Management Program was approved by the
Office, Chief of Engineers, in June 1980. The ongoing work in Lake Osoyoos
(2,4-D granular applications) and the operation of a fragment barrier in the
Okanogan River were brought under the cost-share program and a new program
was started in the Seattle area consisting of harvesting and the use of fiberglass
bottom screens.

The milfoil status and the control work in the Seattle area have remained fairly
constant in the 3 years our program has been in operation. The situation in
eastern Washington, however, has changed very rapidly as milfoil populations
continue to move downstream. Until 1980, milfoil was limited to Osoyoos Lake
and the upper part of the Okanogan River. In 1980, pioneer colonies were
discovered at the mouth of the Okanogan River, which resulted in a chemical
treatment in 1981. Following the 1981 treatment, pioneer colonies were found
downstream of Wells Dam. This year, we verified colonies down to Crescent Bar
in Wanapum Reservoir, and observed many fragments downstream of that. Our
main problem in fighting this spread of milfoil, besides the fragmentation of

* U.S. Army Engineer District, Seattle; Seattle, Washington.
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existing plants, is the lack of a chemical treatment option which could be used in
flowing water. This is one problem currently being addressed by WES.

We also have a problem in the Pend Oreille River. Heavy milfoil populations
were first discovered in 1979 in the two United States reservoirs. Downstream
migration may not be a problem due to the nature of the two Canadian reservoirs
and the deep intakes of the dams. In the past 2 years, however, milfoil has moved
approximately 10 miles upstream. Although milfoil would not be able to bypass
Albeni Falls Dam on the river, it could be carried around the dam by boat and
could cause very serious problems in Pend Oreille Lake. We are considering a
public information program to try to minimize risks from boaters.

Looking at the downstream progression in the Columbia River in the last 3
years, we foresee milfoil becoming established in all of the Columbia River
reservoirs within the next few years.

Present milfoil populations in the Columbia River are small and predicting the
future impact is difficult; but, we must assume that treatment will be required in
some areas to maintain public use of the water. We are very short on treatment
options and feel that the work being done to test herbicides with adjuvants is
important. The District will continue to support the WES research program.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

North Pacific Division, Portland District

by
Fred Paveglio*

Eurasian watermilfoil (Myriophyllum spicatum) was positively identified from
two locations in the Portland District during 1980. Milfoil growth had become a
problem at Blue Lake, a 25-acre public recreation area, located 5 miles east of
Portland. Blue Lake has been the recipient of Federal funds provided by the U.S.
Environmental Protection Agency to control the aquatic plant infestation. To
date, the program has failed to control milfoil. Specimens of Eurasian watermilfoil
have also been collected from a network of sloughs on Sauvies Island, located just
north of Portland on the Columbia River. No other infestations of milfoil in the
Portland District have been documented at this time. Based on these milfoil
infestations, a letter from the Oregon Department of Agriculture establishing
themselves as a potential sponsor for the Aquatic Plant Control Program was
received by the Portland District in May of 1980.

In order to determine the prevalence of milfoil infestations in the Portland
District, a reconnaissance survey was initiated. A plant taxonomist from Oregon
State University was contracted to conduct the survey. The following methods
were used to evaluate the extent of milfoil infestation within the District:

a. A search for specimens of milfoil in major herbaria within the Portland
District was made to determine when and where this species had been
collected previously.

b. The major river systems including the Clackamas, Columbia, Cowlitz,
Deschutes, John Day, Lewis, Rogue, and Willamette Rivers were spot
checked for the presence of milfoil. In addition, localities of milfoil obtained
through the herbarium search were checked.

c. Thirty-six County Extension Service agents in the State of Oregon were
contacted by letter to see if they knew of any places where milfoil existed.

Specimens in the genus Myriophyllum were collected from 28 locations during
the reconnaissance survey. Eleven of these specimens found in backwaters
associated with the Columbia and Willamette Rivers as well as in isolated ponds
and Corps reservoirs were identified by WES as Eurasian watermilfoil. The
infestations had primarily impacted fish and wildlife habitat. No milfoil was
reported by the County Extension Service agents.

The information obtained through the reconnaissance survey was included in a
draft Reconnaissance report and sent to the Oregon State Department of
Agriculture. Programs to control and prevent the spread of Eurasian watermilfoil
in the Pacific Northwest have met with limited success. Chemical treatment is not
readily accepted and methods for treatment of milfoil in flowing waters are

* U.S. Army Engineer District, Portland; Portland, Oregon.
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currently being explored. In light of the problems associated with the control of
Eurasian watermilfoil in the Pacific Northwest, the following recommendations
are made in the draft Reconnaissance report:
a. The Corps of Engineers should remain in an alert posture and continue a low
level monitoring plan to survey and inventory areas that could be infested

by milfoil and could create environmental and economic damage in the
Portland District.

b. The findings should be reassessed as required to determine if an aquatic
plant control program should be initiated.

¢. The State should assist the Corps in carrying out the monitoring plan by
indicating areas to be inventoried and by sending voucher specimens from
infested waters located during their surveys to the Corps for positive
identification.

Aquatic Plant Control Program funds received by the Portland District for FY
82 were used to initiate the monitoring plan proposed by the Reconnaissance
report. The Portland District contracted WES to assist in the development of a
rapid identification methodology for Eurasian watermilfoil.

The following methods were used to rapidly assess the degree of Eurasian
watermilfoil infestation in the Willamette and Lower Columbia Rivers.

a. Therivers were surveyed from light aircraft flown at approximately 800 ft.
b. Plant beds observed were noted on aerial photos with a scale of 1”7 = 500'.

c. Representative sites from each river were selected and checked by boat to
obtain species composition. Each milfoil infestation was ranked as having a
light, medium, or heavy infestation.

Ninety locations were identified during the aerial survey that appeared to have
submerged aquatic plants on the Willamette River. Four areas representative of
the river were identified and sampled by boat to obtain species composition.
These four areas contained 40 of the total 90 locations identified from the air that
appeared to support aquatic plants. Of the 40 areas sampled, 19 contained
Eurasian watermilfoil. The most dense beds of Eurasian watermilfoil were
located at the upper reaches of the river. Eurasian watermilfoil was found
growing mainly in oxbows and sloughs. However, specimens were collected from
shallow water near the bank of the main channel at two locations. The locations
occupied by milfoil impact important areas for fish and wildlife in two ways: (1)
by usurping space that could be occupied by native plants; and (2) by dominating
shallow productive areas. No commercial or recreational boating was impacted
by the milfoil. However, access for sportfishing boats was limited in several of the
backwater areas.

On 145 miles of the Columbia River, 12 areas were identified that appeared to
support aquatic plants. The 12 areas were checked by boat to obtain species
composition. Native watermilfoil (Myriophyllum exalbecens) was identified at
five of the locations. No Eurasian watermilfoil was collected from the Columbia
on this survey.

The information obtained from the monitoring plan initiated by the Portland
District clearly identifies a growing problem created by Eurasian watermilfoil.
The impact of milfoil thus far has been on fish and wildlife habitat with the
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exception of Blue Lake. The results of our monitoring program have been
presented to the State Department of Agriculture.

The State of Oregon has limited funds and personnel, which prohibits their
entering into the Aquatic Plant Control Program at this time; however, the
Department of Agriculture supports our recommendation to continue the monitor-
ing plan. In addition, a committee composed of all State agencies with authority
over state waters has been appointed to coordinate with us on our monitoring
program. The information obtained by the monitoring program will facilitate the
development of an aquatic plant control program if, at a later date, Eurasian
watermilfoil reaches a problem level within the Portland District. In the interim,
we hope that the research to develop biological control of milfoil continues and an
acceptable and effective method of control is developed before Eurasian water-
milfoil reaches a problem level in the Portland District.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

Aquatic Plant Control Operations Support Center

by
James T. McGehee*

The Aquatic Plant Control Operations Support Center (APCOSC) was formally
established in fiscal year 1981. The Center is located within the National
Resource Management Section, Construction-Operations Division of the Jack-
sonville District.

CENTER RESPONSIBILITIES

The policies, functions, and procedures for the use of Center services are set
forth in Engineer Regulation 1105-2-811. The regulation describes the relationship
between the APCOSC; the Office, Chief of Engineers (OCE); and the U.S. Army
Engineer Waterways Experiment Station (WES) and establishes the following
functions of the Center:

a. Provide technical guidance to Corps Districts in planning phases of aquatic
plant control programs.

b. Provide technical guidance to Corps Districts in the operational phases of
aquatic plant control programs.

¢. Provide technical expertise and/or operational personnel and/or equipment
to respond to localized short-term critical situations created by excessive
growths of aquatic plants.

d. Provide assistance to OCE for the training and certification of Corps
application personnel.

e. Upon request, assist WES in field application and evaluation of newly
developed control techniques or procedures.

f. Provide assistance to OCE in the development of a comprehensive Corps-
wide aquatic plant control program.

FISCAL YEAR 1982 ACTIVITIES

Table 1 provides a listing of the services performed by the Center and the types
of users to which these services were provided during FY 82. A total of 161
requests for assistance were received and responded to by the APCOSC. This
represents an increase of 97 requests or 151 percent over the FY 81 effort. Since
established, the Center has responded to a total of 242 requests. During FY 82,
Corps Districts accounted for 49 or 30.4 percent of the total services provided. The
next most frequent user was WES with 28 or 17.4 percent of the services. On a
cumulative basis, 94 or 58.4 percent of the requests from non-Corps organizations
came from private industry with 25 requests or 15.5 percent of the total. The most

* U.S. Army Engineer District, Jacksonville; Jacksonville, Florida.
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Table 1

Aquatic Plant Control Operational Support Center
Fiscal Year 1982
Support Assistance Through 30 September 1982

Type Corps Other Other State Indus- Priv-
Assistance OCFE WES Div. Dist. Federal Country Local try ate Total
Planning 9 12 1 22 5 0 2 5 0 56
Operations 3 10 2 22 10 2 13 18 3 83
Research 0 6 0 1 0 0 3 2 3 15
Training 0 0 2 4 1 0 0 0 0 _1
Totals 12 28 5 49 16 2 18 25 6 161

frequently requested service was operational assistance. There were 83 operational
requests or 51.5 percent of the total.

There were 56 planning services performed during the year. The services ran
from simple explanations of the aquatic plant control planning process for
Districts new to the program to detailed assistance in the formulation of planning
documents. Significant activities included onsite problem identification and
program design recommendations for Sacramento and Wilmington Districts. The
Center also worked with the Sacramento District and OCE in reducing the
documentation required to start an operational program in California.

Operationally oriented services accounted for the largest portion of the work for
the year. The Center collected 43,500 alligatorweed flea beetles and shipped them
to six separate organizations. The beetles are not overwintering in large numbers
in the northern range of alligatorweed enabling an early start in control. Users
have reported faster and better control of the plants by reintroduction of the
insects from south Florida at the very beginning of the growing season in their
area. The Center provided significant operational recommendations to the
Charleston District and was able to release a small amount of funds for the
District to begin an operational program. The remainder of the operational
services consisted of providing information or evaluations on the potential use of
specific chemical, biological, or mechanical control methods.

Research services primarily consisted of providing background information to
researchers on current or past operational procedures or reviewing reports and
proposed procedures from an operational standpoint. The most significant
research assistance item was performed for the WES in California. The Center
worked closely with WES in designing and carrying out an operational manage-
ment test for the State of California in the San Joaquin Delta. Personnel and
equipment were mobilized to the State and waterhyacinth plants were treated
with 2,4-D and diquat. The WES and APCOSC complemented each other in
delivering an exceptionally successful test of waterhyacinth control and herbicide
residues as a starting point for operational control of waterhyacinths in the Delta.

The Center conducted two 20-hr pesticide application training courses for the
Lower Mississippi Valley Division. A total of 34 District personnel attended the
courses in which all categories of pesticide application were taught. At the
conclusion of the training many of the personnel successfully completed the State
certification examination for their respective states.

Assistance was provided to OCE during the year on 12 occasions. The services
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included review and/or recommendations on general operational situations in
other District programs, and operational review of reports. The Center has
proposed and is cooperating with OCE in the development of revised planning
‘procedures that may reduce the time, funding, and reporting requirements in the
planning phases of new aquatic plant control programs.

STATUS OF THE APCOSC

The original estimated exenditure for FY 82 was $60,000. Actual cost for the
year was $32,060. The estimate was based on the filling of two additional
personnel spaces to fully staff the Center. Only one of the spaces was filled, late in
the year. These funds are to cover personnel salaries for time expended for minor
services and general maintenance of the Center functions. All travel and signifi-
cant commitment of manpower for services were paid for by the using Corps
elements.

Based on the number and types of requests received during FY 82, it appears
that the APCOSC is continuing to perform the function for which it was
established. During FY 82, the APCOSC was able to conduct three major efforts
which required the expenditure of significant manpower and resources. These
efforts, combined with the reduction of District field personnel, increased the need
for additional administrative personnel in the District and an additional space
was allocated to the APCOSC during the District reorganization. This should
allow the APCOSC to at least function at the F'Y 82 level without neglecting the
Jacksonville District aquatic plant control program. The cooperation which
existed between WES and APCOSC during the field test in the San Joaquin Delta
in California demonstrated that the two organizations can function as envisioned
during the establishment of the APCOSC. Such cooperation should greatly
expand the Corps’ ability to respond to the increasing nationwide aquatic plant
program.

PROBLEMS AND CORRECTIVE ACTIONS TAKEN OR PROPOSED

The major problem affecting the APCOSC and the overall aquatic plant control
program remains the same as last year: funding. North Carolina, South Carolina,
Delaware, California, Texas, Alabama, and several other states now have
established hydrilla infestations. North and South Carolina have taken aggres-
sive approaches in addressing the hydrilla program; however, to date, these areas
have not been funded in the Corps’ aquatic plant control budget. The Jacksonville
District has been able during the past two fiscal years to release funds for limited
control of vegetation in Lake Marion, S.C.; however, these funds have had
minimal impact on the overall program.

The spread of hydrilla and Eurasian watermilfoil is now seriously limiting the
Corps’ ability to adequately support both the operational and research programs
under the $5.0 million limitation of Public Law 89-298. Since this funding ceiling
was established when waterhyacinth was the major problem species in the
United States, the Corps would be fully justified in actively pursuing with both
the Office of Management and Budget and Congress an increase in the $5.0
million limitation and full funding to the limit of the increased cap.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Atlantic Division, Jacksonville District

by
Joseph C. Joyce*

AUTHORIZATION

The Jacksonville District conducts aquatic plant control operations under three
separate authorizations:

a. The River and Harbor Act of 1899 - Chapter 425; Section I of this act is also
known as the Removal of Aquatic Growths Project (RAGP) and provides for
the control of aquatic weeds in Federally authorized navigation projects
such as the St. Johns River (Florida) or the Mississippi River. The RAGP is
limited to the five Gulf Coast states of Florida, Alabama, Mississippi,
Louisiana, and Texas. This program is funded 100 percent by the Corps of
Engineers Operations and Maintenance General budget and there is no
funding ceiling.

b. Public Law 89-298, 1965; This act is also known as the Aquatic Plant Control
Program (APCP) and provides for the control of all nuisance species in
public waters of the United States for the purpose of navigation, flood
control, agriculture, public health, recreation, or any other waterway use.
The APCP is a cooperative program and the costs are divided by the Federal
(70%) and local (30%) governments. The program is funded by the Corps of
Engineers Construction General budget and has an annual funding ceiling
of $5.0 million.

¢. Project operations and maintenance—Under the Corps’ authority to operate
and maintain authorized water resource development projects, such as Lake
Seminole or Lake Lanier, the Corps can conduct aquatic plant management
activities on vegetation that interferes with project purposes. These operations
are funded 100 percent by the Corps under the operation and maintenance
budget for each project.

MAJOR PROBLEM SPECIES

The major problem species which required control efforts during F'Y 82 were:

Emersed species

Cattail—Typha spp. Torpedograss—Panicum repens
Giant cutgrass—Zizaniopsis miliacea Water paspalum—Panicum fluitans
Paragrass—Panicum purpurascens Spatterdock—Nuphar luteum

Floating species
Waterhyacinth—FEichhornia crassipes Common duckweed—Lemna minor
Waterlettuce—Pistia stratiotes Giant duckweed—Spirodela polyrhiza
Submersed species

Eurasian watermilfoil—Myriophyllum spicatum Cabomba—Cabomba spp.
Brazilian elodea—Egeria densa Pondweed—Potamogeton spp.
Hydrilla—Hydrilla verticillata

* U.S. Army Engineer District, Jacksonville; Jacksonville, Florida.
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FISCAL CONSTRAINTS

Funding is the only real constraint for aquatic plant management. Estimated
costs (dollars per acre per treatment) for the various control methods are shown
below. It is beyond the scope of this discussion to explain each of the herbicides,

Species Chemical Mechanical*
Floating:
Waterhyacinth 35-50 30-7,000
Waterlettuce 50 -
Emergent: 75 30-88
Submersed:
Hydrilla 115-250 30-630
Milfoil 115 30-630

* Depends upon plant density and disposal method. Acceptable levels
of control usually are at the upper end of cost range.

application techniques, or types of mechanical operations utilized. However,
chemical control is the predominant method of control in the Southeastern United
States, probably accounting for over 95 percent of total expenditures for aquatic
plant control activities. Mechanical control has not gained widespread acceptance
due to high costs, lack of adequate disposal methods, lack of development of
profitable by-products, lack of adequate operational capability, and other logis-
tical considerations. No specific operational costs are available for biological
control programs. However, bio-control generally has high initial research and
development costs in order to identify, isolate, and clear the bio-control agent for
release into the United States.

As noted earlier, the Corps of Engineers Aquatic Plant Control Program is
currently legislatively limited to $5.0 million annually. When this funding limit
was established, the most severe nationwide aquatic plant problem was water-
hyacinth and the $5.0 million would have been adequate to fund the required
control operations. However, at the present time, hydrilla has become a serious
problem in the Southeast and Southwest, and is spreading northward. Simul-
taneously, Eurasian watermilfoil has rapidly expanded in the Northwest,
Midwest, Northeast, and Midsouth regions. The expansion of these latter two
species has rendered the $5.0 million funding limit unrealistic. Legislation has
been introduced in recent years to raise this funding level; however, to date,
nationwide congressional support has not been great enough to increase the limit.

MAGNITUDE OF CONTROL PROGRAM

Tables 1 and 2 provide a summary of the FY 76-82 acres treated and herbicide
usage, respectively, by the public agencies in the State of Florida. Of significant
note is the fact that, even though the number of species treated has increased, the
total acreage treated has decreased. This trend is especially true of floating
species such as waterhyacinth and is due to adoption of a maintenance control
program developed by the Jacksonville District. This program manages the
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Table 1

Acres of Vegetation Treated
Under the Corps’ Program

Plant Type FY-76 FY-77 FY-78 FY-79 FY-80 FY-81 FY-82

Floating 71,923 57,887 59,251 46,924 45,962 28,320 30,680

Hydrilla - - 6,748 11,754 14,290 11,864 10,218

Minor plants - - 30 265 973 1,637 2,380

Total 71,923 57,887 66,029 58,943 61,225 41,821 43,278
Table 2

Jacksonville District
Aquatic Plant Control Program

Herbicide FY-82 FY-81 FY-80 FY-79 FY-78 FY-77 FY-76
2,4-D Amine 19,120 15,189 17,220 17,342 20,872 33,278 39,281
Diquat 9,897 13,867 17,761 18,349 5,626 - -
Copper Complex 12,306 24,840 41,841 49,937 18,340 -

Hydrothol 191 1,428 6,601 13,528 4,270 50 -

Hydout (1b) 11,926 5,100 156,875 482,760 134,350 -

Aquathol - K 35,701 19,381 13,567 8,205 -

infestation of a nuisance species at the lowest level possible; therefore, less
herbicide is required and less decaying vegetation is deposited in the hydrosoil.
Table 2 illustrates this reduction in the amount of herbicide usage.

All of the herbicides utilized in the program are labeled for use in public waters
by the Environmental Protection Agency. However, each of these herbicides has
various use restrictions and the applicator is responsible for making a reasonable
effort to notify potential water users of these restrictions. In order to meet this
requirement, the Jacksonville District utilizes public notices in the newspaper
and warning signs prior to herbicide treatments.

OPERATIONAL CONSIDERATIONS

There are various operational considerations which are routinely evaluated
prior to aquatic plant control operations. These are generally grouped into five
broad categories as discussed below:

a. Use of the water body. The primary consideration is that the control
method does not significantly interfere with known major uses of the water
body. This is particularly true with herbicidal control due to label restrictions
but would also be true of mechanical boom systems which would interfere
with navigation.

b. Type of plant. The plant species, its growth potential, and its susceptibility
to the various techniques will determine the methods used and the frequency
of control efforts.
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c. Water quality. Water quality is important due to its effects on the efficiency
of herbicides and as it is affected by the decomposition of the decaying
vegetation or mechanical harvester generated turbidity. The primary water
quality constituents which the applicator should consider are hardness,
turbidity, temperature, and dissolved oxygen.

d. Physical conditions. Natural or man-made obstructions, access points,
water flow, depth, mechanical disposal areas, and weather can affect the
logistics of the control techniques.

e. Fish and wildlife. Endangered species present, spawning seasons, fishing
tournaments, and hunting seasons will affect the intensity and timing of
control programs.

In 1976, the Jacksonville District developed a management strategy for
addressing the above concerns in order to control waterhyacinth in the St. Johns
River. This control strategy was published in the WES Miscellaneous Paper
A-77-3.

PROGRAM PROJECTIONS

Due to the biological nature of the aquatic plant problem and the exponential
growth rate of the main nuisance exotic species, a dependable sustained base
level of funding is required to maintain control. Fluctuations in the level of
control caused by budget reductions will allow these problem species to expand to
levels which cause economic and environmental stress. The continued success of
the Corps’ operational aquatic plant control program is dependent upon a
consistent funding policy and continuation and expansion of the maintenance
control project.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Atlantic Division, Wilmington District

by
Richard Jackson*

The Wilmington District’s agquatic plant control program has been dormant for
the last 5 to 7 years. We originally entered into a contract with the State of North
Carolina in 1960 to control alligatorweed. In 1970, the program was amended
with a supplement to the State Design Memorandum to include control for
Eurasian watermilfoil. Within the last few years, several lakes in the William B.
Umstead State Park just west of Raleigh, N. C., developed a severe waterweed
problem. The original identification of the plant in question was Brazilian elodea.
As you may have guessed by now, it was later correctly determined to be hydrilla.
In response to this discovery, the State established an ad hoc hydrilla committee
to investigate what hydrilla is and what State agencies and other efforts could be
focused on the problem. As a result of the report of the ad hoc committee, the
Governor of the State of North Carolina established an Interagency Council on
Aquatic Weed Control with Dr. Jay Langfelder, Assistant Secretary for Natural
Resources and Community Development, as its chairman. Three other committees
were established under the Interagency Council: an Education Committee headed
by Dr. Joe Phillips, a Control Committee headed by Dr. Greg Smith, and a
Research Committee headed by Dr. Jim Stuart. The Governor also designated the
Office of Water Resources of the N. C. Department of Natural Resources and
Community Development as the lead agency for the State in coordinating with
the Corps of Engineers.

In response to the request from the State to participate in their aquatic plant
control program for the control of hydrilla, the Wilmington District began a
supplement No. 2 to the State Design Memorandum and an environmental
assessment. In January 1982, we completed our assessment and the finding of
“no significant impact” was signed on 23 September 1982 and the supplement for
the Design Memorandum was approved by the Chief’s Office on 4 October 1982.
Our program is ready at this time, lacking only Federal funds. The State has been
more than helpful in this regard. They have cost-share money in hand, both for
FY 82 or 83, and they have also notified the North Carolina Washington office of
an interest in supporting Senate Bill 2050 to increase the ceiling on the Aquatic
Plant Control Program.

There are two issues that I would like to mention to this group. First, since there
is a ceiling on the amount of money available in any given year and since more
states are wishing to take advantage of the program, we will have to look more
carefully at how much of our resources are used for research as opposed to
treatment. It seems to me that a high priority must be put on actual control.

* U.S. Army Engineer District, Wilmington; Wilmington, North Carolina.
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Secondly, I think the Corps of Engineers needs to be sensitive to the concerns of
health officials when proposing chemical treatment. As new areas of the country
become involved, I think, we will see a lack of ready acceptance of many of the
chemicals that are commonly used in the deep south. I don’t believe that we can
continue to simply refer to the EPA-approved label as being sufficient. For
example, we know of 12 persons in the Raleigh area that have ecological illness.
They are vitally concerned about what our program may do their health. We must
be able to respond to these concerns in a professional, responsible manner if we
expect to gain acceptance.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Pacific Division, Sacramento District

by
Keith Steele*

Streams draining about one third of California (approximately 65,000 square
miles) flow through the Sacramento-San Joaquin Valley and Delta. The Sacra-
mento River flowing from the north contributes about 80 percent of the flow, and
the San Joaquin River from the south about 15 percent. Over the years, develop-
ment of water resources in the valley has significantly altered the natural flow.
The primary change has been reduction of peak winter and spring flows and the
augmentation of low summer and fall flows. This regulation has created a
relatively stable freshwater environment in the Delta.

The Delta’s 60 major tracts and islands separated by 700 miles of waterways
are developed primarily for agricultural purposes. Many of the meandering
sloughs and waterways have aesthetic qualities which make the Delta attractive
to various boating and other recreational uses. Since the Delta is located near
large population centers such as San Francisco, Sacramento, and Stockton, there
are many people using this valuable resource. Water-dependent visitor days in the
Delta in 1980 were estimated to be over 5.5 million. Most of the waterways are
only suitable for shallow draft and small craft operation since depths during low
water periods range from 5 to 10 ft. The Delta climate is typically warm and
rainless in the summer with cool, moderately wet winters.

Waterhyacinth was observed in California as early as 1904 in Babel Slough
about 10 miles southwest of Sacramento. Reports of hyacinth during the 1930s
and 1940s recorded the plants in the Merced and Fresno County areas in streams
tributary to the San Joaquin River to the south of the Delta. In 1972 local interests
expressed concern about waterhyacinth in the Merced River as a potential flood
problem. Although hyacinth has been in the Delta for many years, the amounts
have only increased significantly in the past few years. The most severe infesta-
tion was in the fall of last year when the plants infested about 200 miles of
waterways.

Marinas, boat harbors, and other facilities are numerous in the Delta. Over 150
commercially operated marinas provide about 10,000 dock slips for a wide variety
of boats. In addition, there are about 180 boat launch lanes. All the recreation
activities such as boating, fishing, and waterskiing are adversely affected by the
hyacinth. The plants create safety hazards to boaters and obstruct water diversion
and pumping facilities. Together the Bureau of Reclamation and the State of
California deliver over 5.5 million acre-feet of water annually to central and
southern California for agricultural, municipal, and industrial purposes. The
Bureau has expended hundreds of thousands of dollars the past few years
removing the plants at their Delta-Mendota Canal pumping facility.

* U.S. Army Engineer District, Sacramento; Sacramento, California.
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The Sacramento District became actively involved in the Delta hyacinth
problem in the fall of last year when the California Department of Boating and
Waterways (CDBW) requested our assistance. Since that time considerable coor-
dination has taken place between the public and the various Federal, State, and
county agencies. Starting in January of this year, assistance from the WES and
the Jacksonville District was initiated. WES recommendations for an interim
control program were provided to the CDBW in May. These recommendations
included mechanical, biological, and chemical methods of control. California
legislation passed in June provided $125,000 to the CDBW for use in hyacinth
control for the Delta. However, the political climate in the State administration
has been very cautious in using chemicals to combat biological problems. To help
expedite the implementation of the chemical portion of the control program, the
CDBW has contracted with WES for assistance. In September and October, WES,
assisted by Corps personnel from the Jacksonville District, used 2,4-D and diquat
herbicides to spray about 50 acres of hyacinth. They plan to continue with this
method in March-April of next year.

WES is also assisting the U.S. Department of Agriculture with biological
control methods. The weevil (Neochetina bruchi) has been established at several
locations in the southern Delta.

The Sacramento District has requested authority and funding for assistance
from the Federal Aquatic Plant Control Program. Although approval has been
received for the Sacramento District to prepare a State Design Memorandum and
Environmental Impact Statement, funds for these tasks were not available. It is
not expected that Federal funds will be made available before FY 84.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Pacific Division, Los Angeles District

by
Lynn Almer*

The Los Angeles District (LAD) is one of three Districts under the South Pacific
Division. Our boundaries include southern California, southern Nevada, the
southwestern corner of Utah, all of Arizona except the northeastern corner, and
the western portion of New Mexico.

LAD has been only marginally involved in the Aquatic Plant Control Program.
Our involvement to date has been to contact the State of Arizona and several
agencies in southern California in order to identify lakes with aquatic weed
problems.

The Arizona Game and Fish Department (AGFD) has identified 32 lakes within
the state as having aquatic weed problems. Eight of these lakes are under the
ownership of the State of Arizona. The dominant weed problem is watermilfoil.
Heavy aquatic weed growth has resulted in reduced recreational use of the lakes,
especially for sportfishing access. Aerial photography and background water
quality data are available for nearly all of the lakes. The AGFD has purchased a
harvester for mechanical clearing of the lakes. The harvester was first used this
past summer and it is viewed as a short-term response to the aquatic weed
problem. The AGFD has requested assistance from the District in their pursuit of
a long-term solution.

Several State and county agencies were contacted in an attempt to identify
lakes with aquatic weed problems in the southern California area. None of the
agencies contacted had a comprehensive view of the problem. Several lakes were
identified, of which two were being cleared (one mechanically, one chemically)
and one was under study. Mechanical means are being used for weed removal at
Big Bear Lake where milfoil, coontail (Ceratophyllum demersum), and smartweed
(Potamogetan amphibium) are the dominant aquatic weed problems. The
chemical diquat is being used at Lake Gregory for weed control. The State of
California and the City and County of San Diego are conducting ongoing studies
at Lake Murry where hydrilla is the dominant weed problem. It appears that no
one agency in the southern California area has had funds to identify all lakes
with aquatic weed problems; as a result, the extent of the aquatic weed problem in
southern California is unknown.

Upon identification of the presence of lakes in Arizona and southern California
with aquatic weed problems, a budget was prepared requesting funds for prepara-
tion of reconnaissance reports (one for Arizona, and one for Southern California).
Funds are needed if the Los Angeles District is going to work with other agencies
in identifying and combating the aquatic weed problem.

* U.S. Army Engineer District, Los Angeles; Los Angeles, California.
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AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

Southwestern Division, Tulsa District

by
James R. Skaggs, Jr.*

The Tulsa District has two projects with infestations of Eurasian watermilfoil
(Myriophyllum spicatum): Pat Mayse Lake and Robert S. Kerr Lock and Dam and
Reservoir. The infestation on Robert S. Kerr is considered to be insignificant since
there is no indication at this time that the plant will return to the previous large
acreage or create the problems that were experienced in 1976 through 1979. The
infestation at Pat Mayse Lake, on the other hand, has caused serious problems
creating conditions necessary for a control program.

Pat Mayse Lake, located in northeast Texas, has 6000 surface acres, excellent
water quality, and is utilized by the City of Paris, Texas, for domestic water
supply. Eurasian watermilfoil was first discovered in Pat Mayse in June 1978 and
involved approximately 50 acres of infestation. Subsequent surveys disclosed a
steady expansion of the plant within the lake. However, mild weather conditions
experienced during the winter of 1980-81 resulted in a veritable explosion of the
watermilfoil. By the spring of 1981, approximately 400 acres of the plant was
present. On 5 July 1981, a drowning was directly attributed to the Eurasian
watermilfoil at the Lamar Public Use Area. By the fall of 1981, approximately
1000 acres of the plant existed, creating serious access and safety problems. Of
primary concern were the impacts on public use areas, quasi-public use areas, and
the City of Paris water intake structure. Approximately 90 percent of the
recreational shoreline became inaccessible, all seven swimming beaches were
closed, and three of the project’s eight boat ramps became unusable.

As a result of the adverse impacts associated with the infestation, it became
apparent in the spring of 1981 that an aquatic plant control program should be
initiated. However, due to a shortage of funds, Tulsa District was forced to delay
treatment until 1982. A chemical control program was developed and scheduled
for 1982 with aquathol, a granular formulation of the dipotassium salt of
endothall, the herbicide selected. The preferred chemical 2,4-Dichlorophenoxy-
acetic acid (2,4-D) was not selected due to the objections expressed by both the
Texas Department of Health and the Campbell Soup Company, a 50 percent
water user in the City of Paris. Treatment was scheduled to begin 14 June 1982,
which coincided with the time the Campbell Soup plant would be closed 2 weeks
for annual maintenance. Closure of Campbell Soup enabled the City of Paris to
utilize the city’s reserve water supply, Lake Crook, during the treatment period.
The Aquathol label requires that use of treated water for domestic or irrigation
purposes be delayed a minimum of 7 days. One week prior to the scheduled
treatment date, heavy rains occurred resulting in inundation of the watermilfoil

*U.S. Army Engineer District, Tulsa; Tulsa, Oklahoma.
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by 10 ft of floodwater. This resulted in cancellation of the control program since
treatment could not be conducted within the referenced critical 2-week time frame.

Shortly after cancellation of the 1982 program, the decision was made to
initiate action for an Emergency Exemption Permit for the treatment program in
1983. It was apparent that the 2-week time frame in June was too restrictive and
that the permit was needed to provide more flexibility. North Texas State
University (NTSU) was contracted to collect data in support of the permit
application. In this study, vegetative mapping, aerial photography, biomass
measurements, and horizontal dispersion measurements were obtained. In
addition, NTSU did some limited work on the biodegradation rate of endothall
utilizing water from Pat Mayse Lake.

The NTSU study revealed that high water levels experienced throughout May,
June, and July 1982 had a significant impact on the plant. Biomass was reduced
by approximately one third, stress growth was apparent, and increased fragmen-
tation of the plant was evident. In August 1982, when the lake level returned to.
normal pool evaluation, there was approximately 500 acres of watermilfoil
present. However, the effects of high water on the watermilfoil infestation appear
to be only temporary in nature since the reduction in acreage can mainly be
contributed to reduced biomass and shoot density. Based on data collected from
the study, it was shown to be highly improbable that detectable levels of
endothall could reach the City of Paris water intake structure.

A recent inspection (October 1982) revealed that the increased fragmentation
resulted in rapid development of new areas of infestation. In addition, since
August the plant has recovered considerably from the earlier effects of high
water. The Emergency Exemption Permit application will be forwarded through
proper channels to the Environmental Protection Agency in late November 1982.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

Ohio River Division, Nashville District

by
Harold T. Sansing*

The Nashville District is the southernmost of four Districts within the Ohio
River Division. We are responsible for water control management in the
Cumberland River Basin; however, we do overlap with the Tennessee Valley
Authority (TVA) in the adjacent Tennessee River Basin in that we are responsible
for operation of navigation facilities in that system. The drainage area of both the
Cumberland and Tennessee Basins amounts to some 60,000 square miles of which
20,000 is in the Cumberland River Basin. We manage ten reservoir projects. The
purposes of each vary but individually may include hydropower, navigation,
flood control, recreation, and water supply. Reservoir projects on the Cumberland
were designed and constructed on an individual basis beginning in the mid
1940’s. All authorized projects are more or less complete so that we are now in a
phase of evaluating water control management of these projects as a system.
Featured as part of the evaluation process for developing management alterna-
tives will be the consideration of methods necessary for aquatic plant control.

The District has been fortunate to this date in that we have not, by original
design or otherwise, experienced serious aquatic plant problems. In the past we
have noted some aquatic plant growth (mostly Najas species) on major projects,
but these have been localized and did not interfere significantly with project
purposes. We do have one small project on the Upper Cumberland, Martins Fork
Lake, that is now experiencing an extensive growth of Najas guadalupensis. The
surface area of this project is some 360 acres of which approximately 60 acres, or
17 percent, is infested with this species. This is a relatively young reservoir and,
considering the life history of this particular species, we are not expecting a major
problem here.

The Tennessee River system, managed by TVA, has not been so fortunate. The
Tennessee River originates in Knoxville, flows in a southwesterly direction to
make a loop through northern Alabama, then again crosses Tennessee in a
rortherly direction to enter the Ohio River downstream of the mouth of the
Cumberland. The system is composed of some 37 reservoirs and has had a history
of aquatic plant problems, particularly in the southernmost loop through
Alabama. Major problem species include Eurasian watermilfoil, spineyleaf naiad,
and the recently introduced exotic Hydrilla verticulata. The latter species is of
particular concern to us at this time due to our responsibilities for work on the
Tennessee-Tombigbee Waterway (TTWW).

The Nashville District is responsible for design and construction of the
northernmost Divide Cut Section of the TTWW. The TTWW makes a navigation

* U.S. Army Engineer District, Nashville; Nashville, Tennessee.
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connection from the Yellow Creek embayment of the Tennessee River just
upstream of Pickwick Dam, south to the Gulf of Mexico in Mobile, Alabama. The
Divide Cut Section extends some 40 miles from the mouth of Yellow Creek across
the Divide into Mackey’s Creek Basin and terminates at the Bay Springs Lock
and Dam. The lock and dam will back up a lake of approximately 6000 acres and
is scheduled for filling in the summer and fall of 1983. The surface elevation will
be regulated with that of Pickwick Lake. It is not known at this time whether
scheduled drawdown of Pickwick will be the only treatment necessary for control
of aquatic plants, particularly Hydrilla. We anticipate developing certain pre-
impoundment information to be used for prediction and delineation of expected
problem areas.

The TVA now has an extensive ongoing physical and chemical control effort in
areas of the Tennessee River. A Memorandum of Understanding exists between
the Tennessee Valley Authority and the Nashville District whereby we share
expertise in review of environmental problems. We anticipate this can be
effectively used in developing documentation and control of Hydrilla (other
species as well) if such becomes a threat to project management.
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CORPS FIELD OPERATIONS STUDIES

Biological Control of Waterhyacinth in the
Sacramento-San Joaquin River Delta

by
Edwin A. Theriot*

Although the scope of the waterhyacinth problem in the California Delta is
small comparable to the southeastern United States, its impact is potentially just
as severe. The Delta is an intricate system of waterways which provides an
essential water supply for agriculture, industry, recreation, and human con-
sumption in the western United States. The recent increase of the waterhyacinth
problem in the Delta has decreased the capability of the waterways to provide the
resources demanded. As a result of the successful management of waterhyacinth
in the southeastern United States, biological control methods have been imple-
mented in the Delta to reduce the problem.

We first observed the waterhyacinth problem in the Delta at the request of the
Sacramento District in February 1982. At that time, however, the area had a
much greater problem, severe flooding. In June, at the request of the California
Department of Boating and Waterways (CDBW), we met with State and Federal
agencies. As a result of these meetings, the Aquatic Plant Control Research
Program (APCRP) at the U.S. Army Engineer Waterways Experiment Station
(WES) was contracted by CDBW to develop a plan to implement biocontrol
techniques in the Delta and to coordinate the effort.

PURPOSE AND OBJECTIVES

The purpose of the biological control effort in the Sacramento-San Joaquin
River Delta is to apply biocontrol experimental technology in conjunction with
chemical and mechanical methods to achieve rapid control of the waterhyacinth
infestation.

The objectives of the project are:

a. Determine the necessary and sufficient means for establishment of a
complex of biocontrol agents in the Delta to achieve rapid dispersal and
buildup.

b. Determine the rate of dispersal and buildup of the biocontrol agents.

c. Demonstrate the effectiveness of the organisms in conjunction with chemical
and mechanical means for the management of waterhyacinth. -

BIOLOGICAL CONTROL AGENTS

Based on preliminary observations and data provided by the State and the
Sacramento District, we have recommended that the following biological control
agents be released in the Delta as soon as possible:

* U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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a. Neochetina bruchi. N. bruchi (chevroned waterhyacinth weevil) has been
released in the southeastern United States and is partially responsible for a
significant reduction of the waterhyacinth problem in Louisiana.

b. Neochetina eichhorniae. N. eichhornia (mottled waterhyacinth weevil) is
the predominant weevil species in Louisiana and is credited as the major
cause of the waterhyacinth reduction in Louisiana.

c. Sameodes albiguttalis. Although S. albiguttalis (Argentine waterhyacinth
moth) is a more recent introduction into the United States, it is potentially as
efficacious as the Neochetina spp. It has a life cycle one third as long as
Neochetina spp. and oviposites nearly four times as many eggs; therefore, it
has the capability of increasing its population much more rapidly.

d. Contingent biocontrol agents. Other agents will be recommended for
release as their ability to impact waterhyacinth is demonstrated in ongoing
studies, assuming that they are adequately host specific for introduction into
California. Two candidate organisms are:

(1) Cercospora rodmanii (Deuteromycete), an endemic fungal plant
pathogen.

(2) Arzama densa (pickerelweed moth), native to the United States.

IMPLEMENTING BIOCONTROL METHODS

Collection of agents

Neochetina bruchi and N. eichhorniae are to be collected from field sites in
Louisiana and Texas for shipment to California. Sameodes albiguttalis will be
collected from our greenhouse population at WES, mated, and the eggs and first
instar larvae shipped to California. Sameodes will be established in greenhouse
facilities by the California Department of Food and Agriculture (CDFA),
Biocontrol Group. All biocontrol agents will be inspected by U.S. Department of
Agriculture (USDA) personnel in quarantine facilities at Albany, Calif., before
release into the Delta.

Release of agents

Four release sites will be strategically located in the Delta to ensure rapid
dispersal of the biocontrol agents throughout the infested area. All agents will be
established in each of the four release sites.

Initially, a minimum of 500 adults of each Neochetina spp. will be released in
each site to ensure rapid dispersal and to increase the possibility of overwintering.
At least 2000 eggs and first instar of Sameodes will be released in each site.
Secondary releases of the agents will be made in the primary release sites in 1983
to ensure a rapid establishment and buildup.

Monitoring

Release sites will be monitored prior to release and on a quarterly basis
thereafter. Waterhyacinth will be collected randomly from each site for deter-
mination of biomass, density, height, and daughter plant production. Neochetina
adults and larvae, and Sameodes larvae and pupae will be collected from the
plants for identification and quantification.

Five sites will be established throughout the Delta to monitor the dispersal and
buildup of the insects. Light traps will be used to collect Neochetina and
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Sameodes adults at each site and insect damage to waterhyacinth in the area will
be noted.

CDFA will assist WES in the monitoring.

Schedule of events
Following is a list of major milestones for the project:
October 1982—Initial release of N. bruchi
March 1983—Verification of establishment and overwintering of N. bruchi
April 1983—Initial release of N. eichhorniae and S. albiguttalis
April 1983—Secondary releases of N. bruchi
June 1983—Secondary releases of N. eichhorniae and S. albiguttalis

March 1984—Verification of establishment and overwintering of N. eichhor-
niae and S. albiguttalis

March 1984—Completion of the dispersal phase for all agents.
ACCOMPLISHMENTS

Thus far the USDA has made two releases of N. bruchi in the Delta in Old
River. Approximately 400 insects in various stages within infested plants were
released in the area.

In September we collected 756 N. bruchi from a site in Texas and shipped them
to California. Dr. Lloyd Andres of the USDA and members of the CDFA screened
them and assisted us in two releases. We placed 200 adults in the USDA Old River
site and 576 in Trappers Slough. The CDBW has obtained permission from the
land owners to use a site in the northeast Delta for a third site and a fourth site, up
the San Joaquin River near the San Luis National Wildlife Refuge, has been
selected. :

This project is a cooperative effort involving CDFA, USDA, and WES. The
WES is responsible for the overall coordination of the effort under the authority
granted by the CDBW.
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CORPS FIELD OPERATIONS STUDIES

Chemical Control

by
William N. Rushing*

Approximately 1000 acres of waterhyacinth infest the waterways of the Delta
area of the San Joaquin and Sacramento Rivers in northern California. Almost
every acre of infested water is intensively used for recreation, navigation, water
supply, or a combination of these uses. Intense pressure from people impacted
resulted in the California legislature appropriating funds for a waterhyacinth
control program. The California Department of Boating and Waterways, hereafter
referred to as Cal Boating, was designated as the lead agency responsible for
implementation of the program. The WES became involved through contacts
from Cal Boating and also by request for assistance from the Sacramento
District. Extensive documentation is on file describing our involvement and the
events to date. A recommended waterhyacinth control plan was submitted and
the fall chemical program described in this paper was developed from that plan.
Another item of background information significant to this documentation is the
designating of the Waterhyacinth Task Force by the Director of Cal Boating. This
task force is composed of approximately 12 members from local, State, and
Federal agencies whose assignment is to oversee the program. Specifically related
to the chemical work, a document was assembled, hereafter referred to as the
Waterhyacinth Task Force (WTF) Document, which sets forth the operational
_ plan for the conduct of the entire chemical control program in extensive detail.
These directives and procedures were followed to the letter in the conduct of the
fall program.

OBJECTIVE

The principal objective of this chemical control effort was to demonstrate to all
concerned that the two herbicides approved for use on waterhyacinth in California
can be applied without any significant detrimental effect to the environment. The
herbicides in question were diquat and Weedar 64. The Task Force’s main concern
was with the Weedar 64, or 2,4-D, which is a restricted pesticide in California.
Diquat is not restricted and thus was not under the same intense scrutiny as the
2,4-D.

SITE SELECTION

After considerable evaluation of all information at our disposal we began the
process of selecting the sites. This resulted in the selection of two general areas for
accomplishing the work—Disappointment Slough and Middle River in the stretch
from the Atchison, Topeka, and Santa Fe Railroad crossing to Empire Cut. These

* U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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two test areas were selected from a list of five given us by the Task Force. Figure 1
is a section of the Delta map showing the two general areas as Area 1 and Area 2,
respectively. Figures 2 and 3 are sections from the 1:20,000-quadrangle maps
showing the areas in more detail and showing specific sites within each area.

FIELD PROGRAM PREPARATION

The field crew brought the spray pump and associated supplies and equipment
with them; these would have been very difficult, if not impossible, to obtain on
location. A 17-ft boat with a 115-hp outboard was obtained and was ideal for the
job. It took approximately 2 days to prepare the entire rig for field use. The field
crew transported the boat and other equipment to Paradise Point on Disappoint-
ment Slough. In the meantime, in preparation for the field effort, Mr. Jim
McGehee and Mr. Larry Thomas of Cal Boating took the California State test and
became certified applicators. We were required to have a certified applicator on
location for the field program.

PERMIT APPLICATION

In California, permits are required for the application of restricted materials
such as 2,4-D. These permits are obtained from the County Commissioner’s office
of the County where the materials are to be applied. First, an overall permit for
the whole effort is required giving the locations of sites where the restricted
material is to be used. Then, on a daily basis, a Notice of Intent (NOI) is required
for the specific site of application with a map attached showing the site. The
restricted materials permit is good for the calendar year in which it is submitted;
an NOI must be applied for 24 hr before the intended application and is good for
24 hr after the intended time of application. An NOI can be updated or changed
by telephone or in person at the Commissioner’s office. Needless to say, all of
these permit procedures were followed in the strictest detail during the exercise.

Two other procedural matters were discussed during a meeting with the County
Commissioner and staff: storage of pesticides and disposition of empty containers.
Briefly, all pesticides whether restricted or not must be stored under lock and key
and empty containers must be placed in authorized disposal areas after a disposal
permit has been obtained from the County Commissioner’s office with the
number, type of containers, transporting vehicle, and operator designated. A copy
of this permit must be handed to the disposal area supervisor. For our program, a
locked storage area was procured at Paradise Point Marina and the empty
containers were properly disposed of after the operation was over.

SPRAY OPERATION

We were prepared to begin application in Disappointment Slough out of
Paradise Point on Friday, 24 September 1982, but rainy weather set in. On
Monday, 27 September, we were stopped again by winds gusting to 25 to 30 knots.
Although it is not specified on the label of either Weedar 64 or diquat, the rule we
followed was no spraying of pesticides unless the winds were below 10 knots. I felt
that this was extremely important because of the many and varied vegetable
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Figure 1. Vicinity map, Sacramento San Joaquin River Delta

crops in the Delta area—including grapes, which are ultrasensitive to 2,4-D.
However, on Monday, 27 September, the media had been invited to witness the
beginning of the spray operation and there was no time to notify them of our
decision not to spray. We spent the major portion of the day calibrating the
equipment by spraying plain water. This was sufficient to demonstrate to media
cameras how the operation would work in a real situation when the weather
permitted.

The weather on Tuesday, 28 September, was perfect, so the operation began
with the crew spraying diquat on approximately 12 acres of waterhyacinth in and
around Paradise Point and westward along Disappointment Slough. The spray
crew was instructed to spray around the edges of as many areas of waterhyacinth
as practical and to work themselves west from Paradise Point. No specific sites
were designated for the diquat spraying since it did not require a water sampling
operation for residue studies as did the 2,4-D work. The tank mix for the diquat
work was 0.75 gal diquat, 6 oz. of Nalcotrol drift retardant, and 4 oz. of Ortho X-77
spreader surfactant per 100 gal water. There is no restriction on nozzle pressure
for diquat. This treated approximately 1 acre of waterhyacinth.

By Friday, 1 October, the crews had sprayed 21 total acres of waterhyacinth in
Disappointment Slough. On Thursday, 30 September, we carried out our first test
with 2,4-D (Weedar 64) at Site 1, Area 1 (see Figure 2), spraying 1 acre of plants.
The tank mix for the 2,4-D was 1 gal Weedar 64 and 6 oz. Nalcotrol in 100 gal
water for 1 acre. With 2 4-D there is a 30-psi nozzle pressure restriction. Water
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samples were collected as per the protocol set up in the WTF Document. Samples
were collected before, during, and after the application upstream, downstream,
and within the site as called for by the WT'F.* On Friday, 1 October, 5 acres of
plants was sprayed with 2,4-D at Site 2, Area 1 (see Figure 2). This site consisted
of five islands surrounded with a band of waterhyacinth of about 1 acre each. On
Saturday, 2 October, we conducted the final 2,4-D test of the program on Site 3,
Area 1, spraying about 2 acres of plants. Water samples were collected at Sites 2
and 3 as described for Site 1.

.“-‘{—~I~T117‘I o b s ey TR L
| |KING ISLAND N o

B S | 1'

~ " PARADISE PowTéi
. MARINA_ \J

3
1
& §!
~ ~ [A‘
- T~ p -
5 ~ ~p Y
o S Y
ook 3R
s ol DA Cs
P & A%
Lo
S - PR
~ . % *>
~ o N
S : 7

We had originally selected a site at Middle River for a 2,4-D test but when we
submitted the NOI the agriculture commissioner’s representative in the area
cancelled it. A local farmer was washing potatoes with water out of the river very
near the selected site. On Saturday, 2 October, the spray crew moved to Middle
River and began spraying diquat within the areas shown on Figure 3. By
Monday, 4 October, they had sprayed a total of 28 acres in Area 2 around B&G
Boats, Bullfrog Landing, Railroad Cut, and north toward Empire Cut. This ended
the fall spray program.

WATER SAMPLE ANALYSES

The water samples collected on the 2,4-D tests were analyzed by the U.S.
Department of Agriculture (USDA) at Davis, Calif. (Table 1). Note that the

* Pacific tides affect the direction of water flow throughout the Delta. The amount of effect varies
with location. The point here is that times of low and high tides had to be calculated very carefully
for the test sites so that the direction of flow was the same for a site throughout a sampling period.
A change of flow during a test sequence would have changed what was designated as “upstream”
and “downstream.”
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Figure 3. Site map, Middle River

highest value obtained in the entire study was 0.013 ppm from Site 2. This is still
an order of magnitude below the allowable tolerance for 2,4-D which is 0.1 ppm,
established by the U.S. Environmental Protection Agency. Additional water
samples from the study have been analyzed by an independent laboratory. Their
values are approximately the same as those obtained by the USDA group. All
values fell well below the tolerance. Previous studies have shown that diquat
control operations leave no undesirable residues and do not adversely impact the
aquatic environment.
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Table 1

Residue of 2,4-D Contained in Samples Taken From Applications
Made to Control Waterhyacinth in the Sacramento River Delta

Site 1 Site 2 Site 3
Treatment Date: 9/30/82 Treatment Date: 10/1/82 Treatment Date: 10/1/82 Treatment Date: 10/2/82
Sample Location* Time Corrected Sample Location** Time Corrected Sample Locationt Time Corrected Sample Locationt Time Corrected
No. ppm No. ppm No. ppm No. ppm
Pretreatment Pretreatment Pretreatment
1A A 1650 0 1A A 1210 0 22 A F 1535 0 1A A 1010 0
2B B 1652 0 2 A B 1215 0 23 A G 1540 0 2B B 1020 0
3A C 1710 0 3A C 1220 0 24 A H 1545 0 Posttreatment
Posttreatment Posttreatment 4 B A 1040 0.0002
6 A D 1803 0.008 5 A A 1240 0 26 A F 1615 0.006 5A B 1100 0
7TA [ & 1807 0.006 6 A E 1250 0 27 A G 1615 0 6B (& 1105 0
8 A D 1833 0 7T A C 1315 0 28 A F 1645 0 7A B 1130 0
9 A C 1834 0.003 8 A B 1318 0 29 A G 1550 0.004 8 B C 1130 0
10 A D 1903 0 9 A (0] 1330 0 30 A F 1630 0 9A B 1200 0.002
11 A C 1905 0 10 A B 1330 0 31 A G 1631 0 10 B C 1200 0
12 A D 1935 0 11 A E 1341 0 33 A G 1646 0.0006 11 A B 1230 0
13 A C 1936 0.008 12 A B 1415 0.0005 34 A H 1652 0 12 B ¢ 1230 0
14 A A 1942 0.004 13 A (&) 1418 0 13 A B 1300 0
15 A B 1948 0 14 A E 1420 0.0006 15 A B 1330 0
16 A C 1428 0 16 B C 1330 0
17 A E 1445 0.013 17 A A 1340 0.0009
18 A B 1447 0.0008
20 A B 1515 0.0005
21 A (©) 1520 0
25 A A 1600 0.003
* A. Upstream end of plot. ** A, Upstream end of plot. t F. 50 yards downstream. t A. Upstream end of plot.
B. 400 ft from upstream end, at B. Downstream end of plot. G. Downstream end of plot. B. Downstream end of plot.
diversion. C. 50 yards downstream. H. Upstream end of plot. C. 50 yards downstream.
C. Downstream end of plot. D. Downstream end of diversion.

D. 50 yards downstream. E. Upstream end of diversion.



CONCLUSIONS AND RECOMMENDATIONS

Properly applied, Weedar 64 can be used to control waterhyacinth in the
California Delta environment without resulting in the buildup of undesirable
chemical residues. Diquat can be used effectively to kill waterhyacinth in the
Delta. Since it is a contact herbicide, however, care must be taken to wet the entire
target area for adequate results. The systematic nature of 2,4-D makes it
somewhat easier to use since the herbicide’s active ingredient can be transported
throughout the plant. Further, it is concluded that waterhyacinth control
operations can be performed in the Delta using standard outboard boats equipped
with the proper spray hardware. Even though crews are restricted to 30-psi nozzle
pressure when applying 2,4-D, they can spray the edges of waterhyacinth mats,
move on to other areas, and return to treat another swatch after those plants
treated on the first pass have died. Therefore, I see no need for expensive airboat
equipment for Delta operations. I recommend that a spray program using
available chemicals be designed to start early in the spring of 1983. The impact on
the waterhyacinth populations treated before they become too widespread should
make a considerable difference in the amount of waterhyacinth with which Delta
users will have to contend in mid to late summer.
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CORPS FIELD OPERATIONS STUDIES

Waterhyacinth Management in the Sacramento-San Joaquin
Delta Using Mechanical Control Techniques

by
H. Wade West*

In order to effectively deal with aquatic plant problems in the Sacramento-San
Joaquin River Delta on a long-range basis, a management plan should be
developed that considers not only the plant populations, but also the water-use-
related problems that are caused by both the size and the location of these plant
populations. In addition, the level of control necessary or desirable to restore
water uses in a reasonable length of time must be determined. Depending upon
the level of infestation and the threshold nuisance level, the management scheme
can include one or more of three levels of management: prevention, maintenance,
and/or control. The management techniques should include the use of mechanical
methods in addition to biological and chemical methods depending upon water-
use restrictions, control objectives, and environmental considerations.

In order to select the optimum mechanical control techniques, a significant
amount of time is required to collect the necessary data. In the case of the Delta,
while a significant amount of information was already available, both “quan-
titative” data and “time” were not available that would have allowed for a more
extensive analysis. The mechanical methods identified by the U.S. Army
Engineer Waterways Experiment Station (WES) are described in the following
paragraphs and are limited to those that can be quickly implemented based on
the limited analysis, and with a minimum amount of additional data collection.
Implementation of these mechanical methods will have a twofold benefit. First, it
will initiate a control program that in many cases will remove the problem from
the water-users doorsteps; and, second, it will constitute the first phase of the
longer range management program necessary to effect control of the plant
population(s) on a Delta-wide basis.

RECOMMENDED MECHANICAL CONTROL METHODS

The following mechanical and physical systems should be employed at various
locations throughout the Delta. Because mechanical control is the most site-
sensitive method, the specific locations of some of the recommended systems
cannot be determined without additional site analysis. [t is recommended that:

a. Boom assemblies be designed and emplaced at selected marinas. An example
of a boom system is illustrated in Figure 1.

b. Pusher boats and conveyors be used inside the marina to remove the existing
plants remaining after initial installation of boom systems.

* U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Figure 1. Example of booms emplaced in waterways

c. Small capacity harvesters and/or boom systems be strategically located in
the main Delta waterways to minimize the redistribution of existing plant
infestations.

d. Large mechanical harvesters be used only after analytical evaluation of
performance and cost have been conducted.

e. Where feasible, plants be chopped (mowed) in place and left in the waterway.

f. For water intake structures, small gridded fences and/or booms be installed
in low flow areas.

Properly designed and emplaced boom assemblies will divert floating mats of
waterhyacinths away from the entrances to marinas and provide a static
collection point to facilitate periodic removal. For marinas, the location and
configuration of these assemblies will be dependent upon the density of plant
infestations, marina layout, water and wind currents, and the type, size, and
number of vessels using the facility. They will also have to be fitted with safety
devices such as lights and signs. Boom assemblies can usually be purchased
and/or constructed locally.

Pusher boats should be used, where necessary, to supplement operations. They
should have at least a 35-hp outboard motor with a long shaft and a three-bladed
propeller. It should be fitted with bow-mounted, hydraulically operated rake, 16 to
20 ft wide.

Harvester systems vary from small capacities (<10-ton capacity) to large
systems (>10-ton capacity). Some are multicomponent systems, with or without
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Table 1
Commercially Available Mechanical Control Systems

Company Type of Equipment (Capacity) Cost, 1981 Dollars
Allied Aquatics International Harvester (800 ft*) 223,000
Harvester (1200 ft*) 330,000
Harvester (2500 ft*) 450,000
Pusher boat (35-hp motor)* 10,500
Conveyor 24,000
National Car Rental Harvester (160 ft*) 22,500
(Mudcat)
Harvester (300 ft*) 36,378
Harvester (450 ft*) 55,739
Harvester (650 ft?) 75,672
Harvester (800 ft*) 91,940
Conveyers (various widths) 10,700 to 17,400
Trailers (all above) 3,000 to 19,500
Dredge Masters International Harvester (650 ft?) 72,000
(Aquarmarine Corporation)
Transporter (650 ft3) 55,000
Conveyer (various widths) 16,000
Trailers 12,000
Limnos Limited Harvester (continuous processor- 65,000
hammermill/30 tons/hour)
Transporter (19 tons) 45,000
Lantana Boatyards Mower (continuous cutting/
chopping) 90,000

* Pusher (or tow) boats can be constructed by local firms by providing design specifications for the hydraulic
rakes and motors.

onboard processors, that reduce the onboard volume of the plant material. A list

of presently available systems and their costs is shown in Table 1.

Evaluation of the potential use of commercially produced mechanical har-
vesting systems was not included in the recommendations because the per-
formance of these systems is highly dependent on the conditions at the problem
site. Specific data on the physical characteristics of the environment are needed
in order to adequately assess whether or not a commercial system could be
efficiently and economically used in any of the Delta waterhyacinth-infested
areas. However, once the data are available, computer models, such as the WES
HARVEST Model, could be used to stimulate performance and calculate cost of
various harvesting systems in the Delta’s plant-infested environments.

In addition to the possible purchase of production level commercial systems
(listed in Table 1), there are various firms (T'able 2) who have identified themselves
as having the capability to conduct mechanical harvesting operations. These
firms should be contacted to solicit information relative to their respective
capabilities in order to initiate the process of evaluation. In the event that it is
deemed desirable to include such systems in the future overall control program, it
will be necessary that these evaluations be completed prior to that time. The
following is a recommended plan for completing this evaluation:

a. A letter would be sent to each prospect soliciting information relative to their
systems and capabilities.

b. First-level evaluation would rank the relative potential of these systems.
This would be done on the basis of identified concept, data on past successes
and failures, and knowledge of waterhyacinth problems in general.
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Table 2

Sacramento-San Joaquin Delta, California, Firms With
Waterhyacinth Mechanical Management Capability

Bill Dutra Construction Company Herman Miller
P.O. Box 338 P.O.Box 2163
Rio Vista, CA 94571 Stockton, CA 95201
Altosar Corporation Omni Marine Services
14 Melanie Drive 1409 West 7th Street
Mississauga, ON L5S 163 Long Beach, CA 90813
Aquamarine Corporation Sportronics
225 N. Grand Avenue 129 Oxbow Marina Drive
Wankesha, WIS 53186 Isleton, CA 95641
California Water Harvesters South Hampton Towing Company
P.O. Box 2206 1 Bailey Street
South San Francisco, CA 94080 Vallejo, CA 94590
California Steamship Agency Jack K. Seals

and Charting Company, Inc. 19315 Hwy 18
351 California Street Apple Valley, CA 92307
San Francisco, CA 94104
Delta Humus Company Sportronics, Inc.
P.O. Box 89 40 North Main Street
Holt, CA 95234 Lodi, CA 95240
Delta Environmental Services Company Fisher Engineering
7028 Richmond Plaza P.O. Box 307
Stockton, CA 95207 Rio Vista, CA 94571
Tod Ellis Glen Henderson
2440 Norton 4530 Burgundy Drive
Napa, CA 94558 Oakley, CA 94561

c. Based on the degree of potential determined in step b, selected firms would be
visited to provide an opportunity for first-hand discussions and/or short
demonstrations.

d. A second-level evaluation would be conducted that included the additional
information and/or data obtained in step c.

e. For those systems showing the most potential, performance predictions
should be conducted using existing WES models that simulate operational
scenarios in described problem environments.

f. A summary of the evaluations would be compiled to serve as a basis for
decisions should a competitive bid process be used to include commercial
systems into the overall program.

Regardless of the level of effort devoted to evaluating this aspect of the
program, it is anticipated that no system could be identified, selected, and put into
operation before early 1984.
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CORPS FIELD OPERATIONS STUDIES

Treatment of Eurasian Watermilfoil in Flowing Waters
Using 2,4-D/Adjuvant Formulations

by
K. Jack Killgore*

Eurasian watermilfoil (milfoil) is rapidly establishing in the Columbia River
drainage system. Milfoil is currently interfering with various water uses in this
drainage system such as clogging irrigation water intakes, interfering with
recreational boating navigation, and reducing water flow velocities. The pro-
digious number of viable milfoil fragments being produced from existing source
colonies and the large amount of habitat suitable for establishment of the plant
will require a comprehensive and ongoing aquatic plant management program
for this drainage system. An important element of the management program is to
have an adequate number of treatment options that satisfy specific environ-
mental, social, and economic requirements. Unfortunately, most alternative
treatment techniques have been developed for lentic systems and, thus, their use
in flowing water is usually limited.

The herbicide 2,4-D has been proven effective for controlling milfoil in the
relatively lentic habitats of the Columbia River drainage system (Killgore 1981).
However, application of 2,4-D (and other conventional herbicides) in flowing
water systems can result in the herbicide dispersing away from application sites.
Thus, the time that an effective herbicide concentration remains among sub-
mersed aquatic plants after application is reduced. Adjuvants have recently been
used with conventional herbicides to enhance the contact properties of the
herbicide to the aquatic plant (Blackburn 1976; Wortley 1977; Bitting, 1974). As a
result, the use of adjuvants in flowing water may allow an effective herbicide
concentration to remain in contact with the plant long enough to provide control.

PURPOSE OF STUDY

The purpose of this study was to determine if selected adjuvants could be used
with 2,4-D dimethylamine (DMA) to effectively reduce milfoil in flowing water
systems. The results will be used by the U.S. Army Engineer District, Seattle, and
other participating agencies to help plan their overall program for managing
milfoil in the Columbia River drainage system. ‘

OBJECTIVES

The field study was aimed at determining whether 2,4-D DMA used with an
invert or polymer in flowing water systems increases: (1) the retention time of
2,4-D DMA within the water column and milfoil colonies, where applications are
made; and (2) the extent and duration of milfoil control. A third objective during

* U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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these field studies was to monitor site-specific physical and chemical variables
that may be related to the expected efficacy and environmental compatability of
the 2,4-D/adjuvant formulations.

METHODS AND MATERIALS

The study site was located in the upper Okanogan River between Lake Osoyoos
and Zosel Dam at Oroville, Wash. (Figure 1). The Okanogan River originates in
British Columbia and flows south into Washington where it empties into the
Columbia River (313 km). Four lake basins were formed along the Okanogan
River during the most recent advance and retreat of glaciers. The southernmost
basin contains Lake Osoyoos. Water from the Okanogan River is used to irrigate
crops (mostly apples) on adjacent lands. Milfoil colonies along the Okanogan
River study site occurred mainly in the deeper, steeply trapezoidal main channel
of the river. Milfoil was not present on the very shallow shelfs of variable width
on each side of the main channel. The mean water depth in the portions of the
main channel supporting milfoil was 2 m during the field study.
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Figure 1. Okanogan River 2,4-D/adjuvant study site

Adjuvants used in the field study were:

a. Nalquatic polymer. This in combination with a liquid herbicide forms a
matrix increasing the density of the formulation. The matrix attaches to the
target plant and permits prolonged contact of the herbicide to the plant.

b. 403 inverting oil. This invert formulation consists of an emulsion of water,
liquid herbicide, and inverting oil. The oil encapsulates the herbicide/water
solution enhancing the adherence of the emulsion to the target plant.

The polymer and invert were mixed with a liquid formulation of 2,4-D DMA
(Weedar 64). A granular formulation of the butoxyethanol ester (BEE) of 2,4-D
(Aqua-Kleen) was applied for comparison. A granular formulation of 2,4-D can
reduce the concentrations of residue in the water by confining portions of the
herbicide at the soil surface (Faust 1971). Thus, 2,4-D granular may be suitable for
use in flowing water systems. The application rates for the polymer and granular
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plot were 18 kg 2,4-D acid/0.4 hectare and 9 kg 2,4-D acid/0.2 ha, respectively,
whereas the invert plot received 5 kg 2,4-D acid/0.4 ha. Table 1 summarizes the
herbicide formulations, the application rates, and the application techniques.

Specific selection of plot locations was based on the size and location of milfoil
colonies observed in the study site (see Figure 1). The reference plot was upstream
of all three treatment plots followed by the 2,4-D/invert, 2,4-D/polymer, and the
2,4-D granular plot. The 2,4-D/invert and 2,4-D/polymer plot were located along
the flow of the river 915 m apart. Due to a lack of sites with adequate milfoil
abundance conducive for plot establishment, the 2,4-D granular plot was
positioned approximately 150 m below the 2,4-D /polymer plot. There was a 2-day
interval between herbicide application on each plot. Application began at the
most downstream plot (2,4-D granular), followed by the 2,4-D/polymer and 2,4-
D/invert. All plots were 0.4 ha in size except the 2,4-D granular plot which was 0.2
ha. Milfoil was the only aquatic plant within the plots.

In all plots, data were gathered before, during, and for 2 months after herbicide
application (July-September) on water quality, flow rates, 2,4-D concentrations in
water and milfoil samples, and changes in plant height (Table 2). A dye test was
conducted in the study site prior to herbicide application to determine 2,4-D
dispersal sampling stations that represent the probable locations for detecting
maximum 2,4-D concentrations in the water. Rhodamine WT, a fluorescent dye,
was applied in each of the three treatment plots. The horizontal and vertical

Table 1
Summary of Herbicide Application

Plot Application Rate Application Technique
2,4-D BEE granular 9kg 2,4-D acid/0.2 ha Granular cyclone spreader mounted on airboat.
2,4-D DMA/Nalquatic 18kg2,4-D acid/11 ¢ Nalquatic in-line suction feed system mounted on
Polymer Nalquatic/757¢ water/0.4 ha airboat; subsurface delivery of herbicide

applied at 45 1/min; concentration  formulation through 61-cm-long trailing hose
of 2,4-D from the trailing hose = with straight solid stream nozzles.
19.0mg/t

2,4-D DMA /403 invert 5kg 2,4-D acid/381 403/1321t Minnesota Wanner mechanical invert pump
water/0.4 ha applied at 12 {/min,; mounted on airboat; subsurface delivery of
concentration of 2,4-D from the herbicide formulation through 61-cm-long trailing
trailing hose =8.4 mg/1 hose with cone spray nozzles.

Table 2
Sampling Scheme

Sampling Frequency

Before Hours Days
Parameter Treatment 0 1/8 1/4 3/8 1/2 5/8 3/4 7/8 1 2 4 1 2 4 8 16 32 64

Water quality and water X* T — - - - = - = - - - = - X - X X

velocity
Herbicide residue - water

treatment and reference

plots X X X X - X X X X X X X X X X -

Dispersal stations X X X X X X X X X X X X X = =
Herbicide residue - milfoil X X = X X = X = X X X X X X X X X X
Plant height X . s - - o o X X

* Sampled.

** Not Sampled.
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distribution of the dye concentration was measured along transects across the
river located downstream of each treatment plot. From these data, two permanent
sampling stations for monitoring 2,4-D dispersal were located along each transect.

RESULTS

Water quality

A summary of the physical and chemical water quality parameters is shown in
Table 3. Except for stream velocity and flow rates, there were appreciable
differences in the values among plots throughout the study. Based on these data,
the Okanogan River can be characterized as a moderately hard water lake (i.e.,
hardness ranged from 100 to 120 mg/t CaCQOs3) with relatively little suspended or
dissolved solids (i.e. turbidity ranged from 5 to 10 JTU).

Average stream velocity and flow rates were proportional to milfoil density. As
milfoil density decreased in response to treatment, stream velocity increased.
Average stream velocities measured outside the milfoil colonies before treatment
were approximately twice that of the velocities measured within the colonies.
According to a U.S. Geological Survey gauging station below Zosel Dam (see
Figure 1), there was a slight variation in the flow rates ranging from 37 to 56
m3/sec during the first 2 weeks after treatment. However, there was negligible
change in the water level within the study site (above Zosel Dam).

Table 3
Summary of Water Quality Measurements

Dissolved
Temperature Conductivity Oxygen
Plot °C umhos mg/! pH
2,4-D Granular 18.0—24 .4 187—250 7.2—94 8.5—89
219+28 229+174 87+1.0 8.71£0.2
2,4-D/Polymer 18.2—24.2 198 — 245 8.5—9.2 8.5—8.8
218+2.7 231+11.3 89+03 8.7+0.1
2,4-D/Invert 18.2—24.1 197—233 89-9.0 8.5—8.9
215+26 228+6.8 9.0£0.1 86102
Reference 18.4—23.7 196 — 264 6.6—9.5 85—8.9
220+24 235+20.5 83+1.3 86+0.2
Average
Total Total Stream Flow
Alkalinity Hardness Turbidity Velocity Rate
Plot mg/! CaCO; mg/! CaCQO; JTU cm/sec m?/sec
2.4-D Granular 115—-125 100—120 5—10 15.2—24.3 6.4—10.1
120.5+4.2 108.8+10.3 6.2+25 18.3+6.1 85+1.8
2,4-D/Polymer 1156—-135 100—115 5—10 13.7—19.8 11.9-15.1
127.5+8.7 127.5+8.7 6.0+2.0 16.5+3.0 13.1+1.7
2,4-D/Invert 120 — 130 100 — 115 5-10 7.3-9.4 32-5.7
123.7+4.8 105.0+7.1 6.0+2.0 8.bF 2.2 44+12
Reference 120—135 100—110 5—-10 3.0-173 1.6—4.1
126.2+7.5 106.2+4.8 71125 5.2+2.1 28+1.2

NOTE: Each parameter is represented by the range and the mean + 1 standard deviation.
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2,4-D residue in water

The 2,4-D concentrations in water are shown in Figures 2-4. Each data point
represents the mean of three or more values. The majority of detectable residue
levels were found 0 to 2 hr after treatment. The highest concentration was
detected in the polymer plot (69 ug/!l). Higher residue levels were found in the
downstream dispersal sampling station than inside the granular and polymer
plot. Conversely, higher residue levels were found inside the invert plot than in
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Figure 2. 2,4-D residue in the water after the 2,4-D granular application
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Figure 4. 2,4-D residue in the water after the 2,4-D/invert application

the downstream dispersal sampling station. As anticipated, the granular plot was
contaminated from the application of the upstream polymer plot. However, no
interplot contamination was evident between the other plots. The 2,4-D concen-
tration in the water was nondetectable in the plots 1 to 2 days after treatment and
thereafter, except for the granular plot resulting from interplot contamination.

2,4-D residue in milfoil

Figure 5 shows the mean of 2,4-D concentrations in the milfoil over time. There
was an average of four times the level of 2,4-D in the milfoil than in the water
during the first day after application. The highest concentration was 2400 ug/{; it
was found in the invert plot 30 min after treatment. The 2,4-D levels remained
detectable in the milfoil 32 days after treatment in the invert and granular plot
(5640 and 29 ug/t, respectively); however, the highest levels were found during the
first 24 hours after treatment. These data also reflect interplot contamination
between the granular and polymer plot as a second distinctive peak (Figure 5).

Effects of 2,4-D on milfoil

All treatment plots showed similar symptoms of 2,4-D toxicity. The milfoil
initially became flaccid followed by the appearance of swollen regions and a loss
of buoyancy. Approximately 4 to 8 days after treatment, an abaxial curl of the
terminal appeared and the plants appeared chlorotic. Finally, defoliation of the
shoots was observed 2 to 3 weeks after treatment. Although these treatment
effects were evident in the majority of the plants, they did not develop throughout
the entire plot and were not uniform throughout a given plant. The reference plot
remained unchanged throughout the study.

All treatment plots showed a reduction of milfoil plant height (Figure 6). In
order of decreased plant height 64 days after treatment, the 2,4-D granular plot
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Figure 6. Change in milfoil plant height over time for the treatment
and reference plots

showed the highest reduction (78 percent) followed by the polymer plot (72
percent) and the invert plot (38 percent). The reference plot exhibited a slight
increase in plant height 32 days after treatment but decreased by 3 percent 2
months after treatment. Based on a review of the data, the degree of reduction of
plant height in the granular plot was probably attributed to subsequent addition
of 2,4-D from the polymer plot.
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DISCUSSION

The dissipation of 2,4-D from the areas treated will depend on several processes.
Hydrolysis, photolysis, vaporization (Zepp 1975), and biological metabolization
(Hemmet and Faust 1968) contribute to the dissipation of 2,4-D. Metabolism of the
2,4-D by the plants also provides a major role in herbicide decomposition (Crafts
1964) and subsequent disappearance from the aquatic environment. Applications
of 2,4-D in flowing water, however, can become diluted from its longitudinal
dispersion (Faust 1971) which can decrease the level of the herbicide below
detectable limits in a matter of hours. A study by Foret and Barry (1979) showed
that dilution of 2,4-D applied in slow moving water (5-18 cm/sec) was a key factor
in explaining the low 2,4-D levels measured in the treatment area and in the
downstream dispersal station. In this study, the 2,4-D that was not in direct
contact with the milfoil apparently moved downstream from the application site
and was subsequently detected at the dispersal sampling stations. Thus, dispersal
was obviously one means of disappearance of the 2,4-D and the rate was
dependent on the hydrodynamics. The 2,4-D which remained in contact with the
plant was apparently adequate to effect reduction of the milfoil. The level of 2,4-D
remaining in the treatment area was not only a function of the water velocity, but
also the application rate and the type of adjuvant used.

These data suggest that the invert was more efficient than the polymer in
maintaining the residence time of 2,4-D in the treatment areas. Even at the low
application rate of 5 kg 2,4-D acid/0.4 ha, there was a 38 percent plant height
decrease in the invert plot and the 2,4-D remained detectable in the milfoil 32 days
after treatment. However, the application of the 2,4-D/polymer did result in a 78
percent decrease in plant height when applied at maximum application rates.
Additional research is required to compare these adjuvants at different applica-
tion rates and water velocities.

Granular formulations of the 2,4-D can also provide adequate results. Tests
have shown that approximately 66 percent of the herbicide is released from the
granules in the first day (Fleming and May 1962). This initial release may be
followed by a prolonged release of the remaining formulation although the
persistence of the 2,4-D will be dependent on oxygen levels and temperature
(Schultz and Harmon 1974) as well as water velocity. Roots of milfoil are more
likely to be killed from granular formulations because of the roots’ close
association to the soil-water interface. Once the 2,4-D is absorbed into the roots, it
moves readily to the shoots (Funderburk and Lawrence 1963). Unfortunately,
interplot contamination did not allow an assessment of the long-term release rate
of the 2,4-D from the granules or retention time of the 2,4-D within the areas
treated. However, the 2 4-D granular plot had the lowest herbicide concentration
in the water compared to the adjuvant plots and a relatively high initial
concentration in the milfoil the first 48 hr after application. These results may
indicate that the 2,4-D was being rapidly absorbed and translocated by the plant
soon after application.
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CONCLUSIONS AND RECOMMENDATIONS

Based on this study, the following conclusions and recommendations are noted:

a. Regardless of the adjuvant used, a certain amount of herbicide will disperse
downstream when applied in flowing water. The rate and level of this
dispersal will be dependent on the water velocity.

b. Adjuvants apparently enhance the contact properties of the 2,4-D, resulting
in varying levels of plant control depending on application rates and water
velocity. .

c. Further studies are recommended to (1) compare the use of 2,4-D DMA/
adjuvant formulations in various water velocities at different application
rates, and (2) monitor retention and dispersal rates of the 2,4-D granular
formulation in flowing water.
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CORPS FIELD OPERATIONS STUDIES

Large-Scale Operations Management Test of the Use of
the White Amur for Control of Aquatic Plants
at Lake Conway, Florida

by
Robert L. Lazor*

BACKGROUND

In January 1976, the Waterways Experiment Station (WES) initiated a
comprehensive field study at Lake Conway near Orlando, Fla., to assess the
overall effectiveness of the white amur as a biological macrophyte control agent.
This large-scale operations management test (LSOMT) consisted of basically
three major phases: (1) collect approximately 12 months of baseline physical,
chemical, and biological data; (2) stock Lake Conway with enough white amur to
control, but not totally eradicate the aquatic plants; and (3) continue collecting
environmental data for at least three poststocking years.

The primary purposes of the LSOMT were to: (1) test the effectiveness of the
white amur on an operational scale, (2) document the responses of various
portions of a large ecosystem to the presence of the white amur, and (3) provide
information to enable potential users to extrapolate the results of this study to
other aquatic ecosystems.

DATA SOURCES

The following is a list of major areas of study, objectives of each item of work,
and the Florida contractors who executed the tasks:

a. Water and sediment chemistry. The purpose of this work was to describe
temporal water chemistry and sediment chemical and physical parameters,
and identify significant changes possibly caused by introduction of the
white amur. This work was conducted by Orange County Pollution Control
Board, Orlando.

b. Plankton and benthic invertebrates. The objectives of this work were to
determine plankton (phytoplankton and zooplankton), and benthic and
periphytic community responses to the losses or changes in the aquatic
macrophyte community. These studies were conducted by the Department of
Environmental Engineering, University of Florida, Gainesville.

c. Fish, waterfowl, and aquatic mammals. The objectives of this ph~se
were to describe the fish community in Lake Conway and evaluate any
possible shift in species dominance brought about by direct competition for
food or cover, or displacement of native fish as a result of introduction of
white amur. The Florida Game and Fresh Water Fish Commission conducted
this aspect of the project.

d. Herpetofauna. This work concerned an evaluation of reptiles and amphib-
ians in Lake Conway and changes in population dynamics resulting from an

* U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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alteration in littoral habitat caused by introduction of white amur. This was
studied by the University of South Florida, Tampa.

e. Aquatic macrophytes. In this study, the purpose was to describe the
distribution, biomass, and species composition of the major aquatic plant
species in Lake Conway, determine the rate of removal of the target species,
and describe the effects on the remaining plant community. This work was
conducted by the Florida Department of Natural Resources, Tallahassee.

f. Hydrology and nutrient sources. This work was to quantify the sources
of external nutrient loading, describe internal nutrient cycling, and deter-
mine the loss rate of macronutrients in the Lake Conway system empha-
sizing those compounds potentially influenced by the white amur. This was
studied by the Department of Environmental Engmeermg, University of
Florida, Gainesville.

g. Ecosystem response model. This work consisted of developing a model
that simulates the response of an aquatic ecosystem to the introduction of
white amur. This work was conducted by the School of Forest Resources and
Conservation, University of Florida, Gainesville.

Individual contractors collected and analyzed data, conducted physical and
chemical analyses, and identified organisms as required. At the onset of the
study, all raw data were sent to WES where they were stored on tape for access by
the WES computer. However, after the second year of study, it was decided that
individual contractors would update and manage their own data using a computer
system of their choice. At the termination of the study, data from all of the
contractors were gathered and are now stored on a single data tape at WES. This
tape, with attendant species codes and programs to retrieve and perform summary
statistics on the data, is available to interested parties and is described more fully
in a paper by Blancher and Miller (1983).

STUDY YEARS

To facilitate report preparation and data handling during the study, this project
was considered to consist of four separate years. Although individual starting
times during the baseline year differed slightly for each contractor, the following
delineation was followed:

Jan 1976 - Aug 1977 Baseline Year

Sep 1977 - Aug 1978 Poststocking Year I
Sep 1978 - Aug 1979 Poststocking Year I1
Sep 1979 - Aug 1980 Poststocking Year I11

THE LAKE CONWAY SYSTEM

Description

Lake Conway is a five-pool system of approximately 1800 acres located in
Orange County in Central Florida on the southeast edge of the city limits of
Orlando. From north to south the pools in Lake Conway are: Lake Gatlin, East
and West Pools (Little Lake Conway), then Middle and South Pools. Compared to
many southern lakes, the pools are fairly deep. Half to three fourths of the area in
the lake is deeper than 3 m and much is deeper than 6 m.
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Water level

Diminished rainfall coupled with typically high evaporation rates and rapid
infiltration of rainwater caused a noticeable drop in Lake Conway water levels
during the latter part of the 1970s. This caused the pools to become more isolated
from one another; the connections between Lake Gatlin and West Pool and
between Middle and East Pools were no longer navigable by boat.

Nutrient levels

Concurrently with the drop in water level, there was a considerable increase in
the rate of residential development around the lake and in the Orlando area.
Although this could have caused a dramatic influx of nutrients into the lake, it
appears that, for the most part, this did not take place although subsurface
seepage from septic tanks and storm water runoff cannot be discounted as sources
of nutrient input; however, these were relatively minor. In general, the water
chemistry of lakes in the Orlando area appears to be influenced in large part by
leaching from sedimentary deposits that were laid down after the Oligocene
Period and little affected by nutrient input from residential or commercial
development.

WHITE AMUR STOCKING RATES

On 9 September 1977, white amur purchased from the Fish Farming Experiment
Station at Stuttgart, Ark., were introduced into Lake Conway. The fish were
stocked in the fall to avoid heat stress. All fish were monosex female (Stanley
1976) to reduce chances of reproduction. Fish barriers (Therriot 1977) were erected
at three sites to keep the fish within the lake system. However, decreasing water
levels throughout the study period effectively restricted the movement of fish out
of the lake and made the barriers superfluous.

Nearly 8000 white amur averaging 0.32 kg were released. Stocking density
ranged from 3 to 5 fish per acre, and the weight of fish varied from 0.25 kg to 0.61
kg.

Stocking rates for Lake Conway were based upon a white amur stocking rate
model (for a discussion of the WES model for predicting stocking rates see
Schramm 1983) and knowledge of individual pool characteristics. The primary
objective of the Lake Conway Study was not to totally eradicate all vegetation,;
stocking densities were kept to a minimum so that vegetation would be gradually
reduced. At the onset of the project it was determined that plants should be
removed from the lake within 4 years.

RESULTS

Areas affected

Aquatic macrophytes. White amur stocked at the rate of 3 to 5 fish per surface
acre substantially (more than 90 percent) reduced levels of three common aquatic
plants: hydrilla, nitella, and potamogeton. The fourth common plant, vallisneria,
which is not readily eaten by amur, was consumed to some extent but increased
slightly in one of the pools by the end of the study.
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Native fish. As plants were removed at Lake Conway, largemouth bass and
other forage fish did not utilize shallow-water habitats but became concentrated
in deep-water areas. Fish dependent upon vegetation, such as the blue spotted
sunfish, declined in block net samples following plant removal, although total
numbers of harvestable fish (perhaps because they had become concentrated in
study areas) increased. Although data were somewhat variable, it appears that
the robustness of large (>300 mm) largemouth bass, because of increased food
availability (as a result of loss of cover), increased slightly.

Angler success. The species-directed success rate improved as a result of
macrophyte removal at Lake Conway. During 1979 (when plant removal was
quite noticeable) the bass success rate was about double, sunfish rate was 19
percent higher, and crappie success rate was higher than during the previous
year.

Food habits—white amur. White amur fed preferentially on nitella, hydrilla,
and potamogeton. When these plant species became scarce, the fish ate fila-
mentous algae, cattail, and various other nonpreferred food items. They did not
appear to feed upon fish, aquatic insects, or other invertebrates.

Food habits—ducks. The ring-necked duck and American coot fed on
crustaceans, aquatic insects, and plants throughout the study. As the vegetation
declined, large numbers of amphipods were found in the stomachs of ducks.
Presumably these invertebrates were more available to predators as plant cover
was removed. The same trend was noted with largemouth bass.

Phytoplankton. All pools had significantly fewer phytoplankton species
during the second and third poststocking years than during the prestocking year.
Lake Gatlin had significantly fewer species than all other pools during the
prestocking period; however, this pool became very similar to the rest of the
system during the first and second poststocking years. One of the most dramatic
shifts in the phytoplankton community following white amur introduction was
the elimination of the summer dominance of Chlorophyta and Chrysophyta.
These were replaced by high levels (greater than 75 percent) of Cyanophyta (blue-
green algae) throughout the entire year. Phytoplankton diversity gradually
decreased in all pools throughout the 4-year study; the greatest change occurred
in South and Middle Pools. With the exception of Lake Gatlin, total numbers of
phytoplankton were significantly greater in all pools during the second and third
poststocking periods than during either the prestocking or first poststocking
periods.

Chlorophyll-a. For the prestocking and first poststocking periods, chlorophyll-
a concentrations were not significantly different among South, Middle, East, and
West Pools; however, Lake Gatlin exhibited significantly higher levels. During
the second and third poststocking periods, chlorophyll-a values were not signifi-
cantly different among pools. The Carlson Trophic State Index values for South,
Middle, East, and West Pools exhibited maximum levels during the third post-
stocking period while highest values for Lake Gatlin occurred during the pre-
stocking period.

Periphyton. With the exception of the fall samples, populations of attached
algae (periphyton) were significantly lower after stocking white amur at Lake
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Conway. During the poststocking period, total periphyton species increased in
each pool. With the exception of East Pool, mean annual diversity was greater for
this group after the removal of the plants. Because aquatic plants provide a
substrate for attached algae, removal of macrophytes substantially reduced
periphyton. However, as total numbers decreased, diversity values increased as a
larger number of niches became available.

Zooplankton. Although the total number of zooplankton species in each pool
declined during the entire study period, the mean number of species per sample
for South, Middle, West, and Lake Gatlin during the poststocking period was not
significantly different from the prestocking period.

Areas unaffected

Benthic macroinvertebrates. The number of species of benthic macro-
invertebrates did not change significantly in any pool during the 4-year study;
however, significant among-pool differences, evident during the prestocking
period, largely disappeared during the second and third poststocking periods. In
addition, very little change in species composition or species diversity was
evident in the Conway System during the 4-year study period. However,
significant reductions in density occurred during the poststocking period for the
flatworm Dugesia and the snail Goniobasis. Both of these invertebrates are
associated with surfaces of aquatic macrophytes and numbers were probably
reduced along with decline in numbers of plants. However, mean annual macro-
invertebrate density estimates for the Conway System declined after introduction
of the white amur. Macroinvertebrate biomass decreased progressively at shallow
stations from winter of the first poststocking year through the second poststocking
year, but deep stations remained relatively constant throughout the 4-year study.
However, with the exception of changes in numbers of Dugesia and Goniobasis,
the benthic community appeared to be unaffected by white amur.

Sediment chemistry. No changes in nutrients or trace elements in sediments
were evident as a result of introduction of amur at Lake Conway.

Water chemistry. Dissolved calcium, total hardness, and total alkalinity
decreased in certain pools, and sodium and potassium increased in the lake
through time. However, these changes were the result of diminished rainfall and
reduced water levels and not presence of the white amur.

Herpetofauna. As a group these animals were affected more by clearing of
littoral vegetation for residences than removal of aquatic macrophytes by white
amur. However, three species of turtles, two herbivorous (Pseudemys floridana
and P. nelsoni) and a snail eater (Sternotherus odoratus), decreased in numbers
and probably were affected to some extent by macrophyte removal.

Waterfowl. Waterfowl numbers declined during the poststocking period.
Although potential food sources were removed by fish, changes in populations of
birds reflected state-wide conditions.

Aquatic mammals. The water rat and other mammals such as otters,
raccoons, and opossum depend on aquatic plants in littoral habitat at Lake
Conway. Residential development, not the presence of the amur, affected these
plants and reduced numbers of mammals.
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Confounding factors

Rainfall. In 1977 total rainfall was 38.1 in., considerably less than the average
annual of 50 in. Decreased rainfall caused water levels to drop dramatically in the
lake during the latter period of the study period.

Diminished water levels. Sodium and potassium, which originate from
solution of sedimentary deposits, increased (because of concentration) as water
levels declined. However, calcium, which was pumped into the uppermost pool of
the system, declined in the lower pools during the study. This was the result of the
lakes becoming more isolated from one another and the calcium-rich waters did
not circulate throughout the system.

Residential development. Many new homes were built on the shores of Lake
Conway during the study. While these effects were not quantified, the major
impact of this action was loss of littoral habitat. Nutrient input to the lake did not
appear to be dramatically increased (based on chemical studies) by residential
development during the study.

DISCUSSION OF MAJOR FINDINGS

Because white amur stocking rates were designed to control excess aquatic
macrophyte growth at Lake Conway, there were no apparent adverse effects to
the biota that would be attributed to introduction of white amur. Decreasing
water levels and removal of shoreline habitat for residences caused greater
habitat loss than introduction of the fish. The water and sediment chemistry
exhibited no changes that could be attributable to macrophyte control by white
amur. Changes in numbers of waterfowl paralleled state-wide trends. The decline
in mammal observations was the result of shoreline clearing. Benthic organisms
exhibited no particular change during the study period. Sportfishing was
enhanced as a result of plant removal, with negligible effects to the native fish
population. Although reptiles and amphibians exhibited significant declines
during the study period, in general, their changes could not be related to
introduction of the fish.

The most notable change that occurred following amur introduction and plant
removal was an increase in phytoplankton abundance. The increase may be the
result of elimination of competition by macrophytes and possible release of low
levels of nutrients from fecal pellets. However, as discussed by Hestand and
Carter (1978), much of the phosphorus from amur fecal material may not be
readily available for uptake by plankton. Regardless of the degree of nutrient
release following stocking of amur in Lake Conway, the macrophytes were
replaced by phytoplankton. The increase in zooplankton density during the first
and second poststocking periods was in response to elevated numbers of phyto-
plankton. The abrupt decrease during poststocking year III was the result of large
numbers of phytoplankton cells which are not readily eaten by zooplankters.

Aquatic macrophytes are dependent on nutrients in the sediments (Wetzel 1975,
Barko and Smart 1980) although they can also remove phosphorus from the
water. The result is often nutrient limitation for phytoplankton (Phillips,
Eminson, and Moss 1978). Barko and Smart (1980) reported that Egeria densa,
Hydrilla verticillata, and Myriophyllum spicatum were capable of deriving
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phosphorus exclusively from the sediments. They reported that, in phosphorus-
limited systems, macrophytes can enhance phytoplankton productivity by
returning to the water column phosphorus that might otherwise remain immo-
bilized in the sediments. However, Lake Conway is not a phosphorus-limited
system, and macrophytes did not play a significant role in making nutrients
available for phytoplankton growth.

At Lake Conway, it was determined that the objective would be to control,
rather than irradicate, the aquatic macrophytes. As a result, plants were reduced
over a 2-year period until their numbers were barely detectable. This caused
minimal impacts to the native biota in the system. Disruptions to the nutrient
regimen and to the native and sportfishery, which have been documented at other
studies when fish had been stocked at many times the density used at Lake
Conway, were not noted during this project.
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STATE AND OTHER FEDERAL FIELD
OPERATIONS STUDIES

Applied Research with Hybrid Grass Carp and Grass Carp

by
Paul R. Beaty*

The Coachella Valley Water District, Imperial Irrigation District, U.S. Bureau
of Reclamation, California Department of Water Resources, and California
Department of Fish and Game are jointly sponsoring a research program to
evaluate the effectiveness of hybrid grass carp (female grass carp, Cteno-
pharyngodon idella, x male bighead carp, Hypophthalmichthys nobilis) in
controlling problem aquatic vegetation. In addition, the impact of the hybrids on
resident fishes, benthic macroinvertebrates, and water quality is also being
studied. The hybrid is believed to be sterile, thus avoiding potential environmental
problems caused by overreproduction.

In 1980 fish screens were installed in the Coachella Canal (capacity 1200 cfs)
and the Wormwood Lateral 3 Canal (capacity 60 cfs) to create experimental
sections. Baseline plant data showed high variability among the test sections. As
aresult, exclosures were constructed within each test section to serve as controls.
Hybrid grass carp were then introduced at stocking rates varying from 50 to 250
kg/ha.

During the summer of 1982 all test sections showed significantly lower plant
densities in the stocked portions of the canals than in the exclosure controls. The
plant species controlled included hydrilla (Hydrilla verticillata), milfoil (Myrio-
phyllum spicatum), sago pondweed (Potamogeton pectinatus), and curlyleaf
pondweed (Potamogeton crispus). In addition, hydrilla stem lengths in the test
section with the lowest stocking rate increased markedly after water temperatures
declined in the fall. This may be due to a temperature-related change in feeding by
the hybrids.

Plant consumption by grass carp, surgically sterilized to prevent breeding
should they escape, were compared with the hybrids in partitioned nonoperational

experimental canals. The grass carp consumed significantly more vegetation
than the hybrids.
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STATE AND OTHER FEDERAL
FIELD OPERATIONS STUDIES

Efficacy Evaluation of Hybrid Grass Carp
on Irrigation Canals

by
N. Eugene Otto*

Grass carp have been used for centuries in China to control aquatic vegetation.
More recently, they have been used successfully for weed control in water
conveyance systems in the Soviet Union, East Germany, and The Netherlands.
In the United States, however, the use of grass carp has been limited by fears that
they would inevitably escape from stocked areas, overpopulate, and adversely
affect natural aquatic ecosystems.

In the late 1960s many of these fears were allayed when Soviet and Hungarian
researchers crossbred female grass carp (Ctenopharyngodon idella) with male
bighead carp (Hypophthalmicthys nobilis), another fish of Asian origin, to
produce what appears to be a sterile hybrid. Hybrid grass carp are now being
produced commercially in the United States, but in very limited numbers. Their
potential use for aquatic weed control provides an environmentally attractive
means for dealing with a serious and growing water system maintenance
problem in irrigation canals.

In 1980, the Bureau of Reclamation’s Division of Research, in a cooperative
agreement between the Reclamation’s Lower Colorado Region, U.S. Fish and
Wildlife Service, Coachella Valley Water Users Organization, Imperial Irrigation
District of California, and three State of California agencies, initiated a study
with hybrid grass carp to evaluate their effectiveness in controlling aquatic weeds
in test canals and their effects on the aquatic environment. The Division of
Research staff’s responsibility in these studies was to determine the effectiveness
of the hybrid fish in controlling aquatic vegetation. The summary of progress
made during the 3-year study is presented herein. The other cooperators were
responsible for development of fish handling and management techniques and
determining effects on aquatic environment (reported elsewhere).

Study sites on two canals within the Imperial and Coachella water users
organizations’ projects were established in 1980 to determine the background
aquatic vegetational characteristics in the canals. In mid-1981 hybrid grass carp
were introduced into the canal test sections which ranged from 0.6 to 1.0 km in
length. Certain areas in these test sections required the establishment of exclosure
areas to evaluate aquatic weed growth under grazing pressure from herbivorous
fish. Efforts to establish test section reaches of the test canals were unsuccessful
because of the transient and unpredictable nature of aquatic weed infestations
from year to year. Stocking rates ranged from 145 to 190 kg/ha in the initial
studies.

* U.S. Bureau of Reclamation, Denver, Colorado.
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These study sites were sampled in May, July, August, and October of 1982
following hybrid fish introduction. Biomass production, vegetative tuber pro-
duction, species identification, and plant community populations were determined
within and outside comparative control areas during this study period. These
studies were conducted by utilization of scuba diving techniques. In addition,
environmental parameters relating to aquatic plant growth have been monitored
during the course of these field investigations.

Summarizing the effects of fish grazing on aquatic plants at the end of 1982, the
studies show some promising reduction of aquatic weed populations. Biomass
was found to be the most reliable indicator of vegetational utilization (Figures 1
and 2). There was, however, considerable variability among the test sections of
the canals. Other parameters such as subterranean vegetational tuber production,
stem density, and stem lengths were less significant indicators of the herbivorous
fish effects on the aquatic plant populations. Dominant plant species were
hydrilla, Eurasian watermilfoil, followed by sago pondweed, curlyleaf pondweed,
southern naiad, and filamentous blue-green algae.

Plans are being made to continue these studies in southern California to further
determine the effectiveness of the hybrid grass carp in controlling aquatic weeds
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Figure 1. Combined dry weight biomass of hydrophytes collected in four
test sections of the Wormwood Canal Lateral 3 during the 1982 growing
season
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in canals, stocking rates, fish handling, fish movement, and effects of the fish on
the aquatic environment. Other geographical areas are being considered for field
evaluation of herbivorous fish for canal weed control, particularly the Rocky

JULY

Mountain and Pacific Northwest areas.

These efficacy studies were conducted by Environmental Sciences Section staff
botanists F. L. Nibling, J. S. Thullen, and J. E. Boutwell in cooperation with Paul
Beatty, Lead Scientist, and staff of Coachella Valley Water District, Hybrid Amur

Research Group.
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STATE AND OTHER FEDERAL
FIELD OPERATIONS STUDIES

The Future of Herbivorous Fish in the United States

by
U. Thomas Jackson*

An outlook on the future of herbivorous fish for aquatic plant management in
the United States is available from close inspection of past and present conditions
regarding the use of grass carp or white amur (Ctenopharyngodon idella). Since
initial introduction into the United States in 1963 and commercial production by
the late 1960s, the grass carp has been one of the most controversial fish species
in the country. This controversy is largely a product of legitimate concern,
misinformation, political and emotional appeal, erroneous assumptions, and peer
pressure combined in varying proportions at different times and places over the
past two decades. The extent to which grass carp have stirred Americans’
emotions is evidenced by two instances where the controversy has carried final
decisionmaking into State courts.

Grass carp have been stocked into inland waters in most of the United States,
often in violation of State fish and wildlife regulations. Documented instances of
such wrongdoing have fueled the emotional/political aspects of the controversy
and have served to perpetuate an atmosphere in which biological information
(fact) about the fish has been overlooked and/or overshadowed. Overstatements
in the popular press of both the pros and cons of grass carp introduction for
aquatic plant control have frequently polarized the issue into opposing schools of
misunderstanding.

Increasing public interest in grass carp has supported a “black market” for the
fish in some states banning importation. Widespread public interest is attributable
to (1) demonstrated effectiveness of grass carp in controlling a variety of nuisance
aquatic plants at significantly reduced costs compared to traditional control
methods, (2) curiosity in the unique biology of grass carp as a temperate-adapted
aquatic herbivore, and (3) increased visibility, intensity, and distribution of
aquatic plant problems. At present, public use of these fish is permitted in all or
part of only ten states, but four of these recently reversed earlier prohibitions,
which may signal future changes in other states. Grass carp research is ongoing
in over 12 states.

The extent of future grass carp use in managing aquatic vegetation is dependent
on resolution of both real and perceived conflicts with other water-based renewable
natural resources and their management. Resolving these conflicts hinges on
mitigating or eliminating the concern for development of self-sustaining grass
carp populations in U.S. waters. An economically and politically efficient
approach to this problem will be in the development of practical methods to
produce large numbers of sterile fish. Evidence for the utility of this approach is

* U.S. Fish and Wildlife Service, Denver, Colorado.
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available from the dramatic upsurge of national interest accompanying recent
production of hybrid grass carp (female grass carp x male bighead carp) which
hold potential as a sterile alternative or complement to grass carp. Forthcoming
studies on chemical sterilization of grass carp and the already available
technologies for surgical sterilization and production of all-female stocks are
likewise targeted at resolving perceived resource conflicts related to possible
natural reproduction. Sterile fish are of particular biological and political interest
in areas of the country where grass carp importation has been limited or
nonexistent. However, sterilized stocks could also benefit regions where grass
carp are already widely distributed for vegetation management by minimizing
the number of introduced fertile fish available to any localized reproducing
populations in nontarget habitats such as large rivers like the Mississippi.

With major resource conflicts reduced or eliminated, the future of grass carp in
the United States is dependent on developing innovative and biologically
thoughtful management strategies designed to reduce troublesome aquatic vege-
tation biomass, but maintain viable, productive aquatic plant populations. One
promising approach to this objective is to consider aquatic plant control from the
perspective and information base of grazing management. From this viewpoint,
aquatic vegetation control becomes the technology to anticipate, adjust, and
integrate fish-grazing intensity, diversity, and distribution in relation to the life
history (including phenology) of target plant populations and communities
responding to sustained predation. Although this technique is information- and
management-intensive, it emphasizes continuous cropping rather than inter-
mittent harvest or large-scale destruction of aquatic plants and views plant
“control” as a series of management iterations (adjustments) necessary to
achieve any desirable equation between plant removal and plant production over
time or space.

The real potential of this approach is that it seeks a dynamic counterbalance
between two naturally continuous but generally opposing processes: biomass
reduction by herbivory vs. biomass elaboration by primary production. Successful
grazing management is thus process oriented because it emphasizes adjustment
in the basic mechanism (primary production) which generates aquatic plant
problems rather than merely treating the symptom (nuisance biomass) of such
problems. As a result, a grazing perspective of troublesome water plants is
biologically and ecologically more consistent with the way(s) in which aquatic
systems function in transferring energy and materials to organisms (plants) at
rates which can create impediments to various water uses. This focus on process
rates is an important management tool because it directs control efforts at
reducing the rate rather than at removing the process. Cost reductions resulting
from this attitude toward macrophyte control would be measured in significant
economic and environmental savings, particularly in multiple use waters which
could be managed for the reduced presence rather than the scheduled absence of
aquatic vegetation to accommodate the mix of uses and users. In this regard,
recent innovations and discoveries in terrestrial grazing management have
important implications for future development of aquatic grazing programs
despite the obvious differences between terrestrial and aquatic ecosystems.
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The idea of aquatic grazing management is essentially a call for broad-
spectrum hybridization between fishery biology and aquatic botany. Such a
concert could produce new or merged information and methodologies tuned to the
important role that grazing animals can play in changing or maintaining the
productivity, diversity, and distribution of plants. During a period of academic
parallel evolution, the two disciplines have independently developed techniques
and expertise pertinent to the emergence of underwater grazing management.
These separate capabilities could now be combined into a quantum leap in
aquatic plant management technology. Other jumps in American know-how have
often been produced as academic or technical hybrids.

Despite its potential applications, development of grazing management as an
aquatic plant control strategy in the United States will require significant
changes in perspective and approach by those managing aquatic systems. Such
change is technologically and economically feasible, but will encounter con-
siderable institutional and psychological inertia which must be overcome for any
large-scale application. Resistance to this concept is inherent in the technological
traditions of U.S. aquatic pest control, water management, and aquatic resource
utilization, including the 20th century American emphasis on the recreational
aspects of freshwater fishes. However, these traditions are dynamic and are
already expanding to accommodate technical innovations like integrated pest
management and changes in perspective such as the National Aquaculture Act of
1980 (PL 96-362). Use of freshwater fish as grazing animals to help control
problem aquatic “pastures” can be viewed as an extension of these developing
techniques and attitudes regarding water resources. Acceptance of this idea for
U.S. aquatic plant management depends on the extent to which time, economics,
and problem plant distribution dictate the need for change. At present rates, the
future of herbivorous fish in the United States is now.
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STATE AND OTHER FEDERAL
FIELD OPERATIONS STUDIES

Update on the Status of Aquatic Plants in Georgia, 1982

by
Wayne Thomastown*

Several aquatic weeds have become problems in parts of the Southeast and
have the potential of becoming a major problem throughout Georgia. At the
present time, aquatic weeds are not major problems in Georgia except for Lake
Seminole on the Georgia-Florida-Alabama border. Many of the species currently
exist in relative small acreages and are scattered throughout the state (Table 1). A
problem does exist in their potential for rapid dispersion and growth. If these
weeds are left unchecked, they will pose a serious threat to agriculture, recreation,
and industry in the state. It is important that control methods be initiated now
before these plants become firmly established.

The plants that are expected to present the greatest problems are hydrilla
(Hydrilla verticillata Royle), alligatorweed (Alternanthera philoxeroides Mart.),
waterhyacinth (Eichhornia crassipes (Mart.) Solms), giant cutgrass (Zizaniopsis
sp. Michx), Eurasian watermilfoil (Myriophyllum spicatum 1.), and Lyngbya sp.,
a filamentous algae. In some localized areas, these weeds have already become
problems.

DISTRIBUTION, LOCATION, AND TREATMENT

Hydrilla, at the present time, is primarily confined to Lake Seminole. However,
it has been located in Radium Springs in Dougherty County and a small pond in
Worth County. The 10 acres in Radium Springs located near Albany has been
treated several times with various chemicals. When this weed was initially
identified, there was a 100 percent coverage of the area. This infestation has been
treated using Komen-Diquat combinations and Komeen alone, by gravity, by
spraying, and by lowering the water level before applying the chemicals. This
area was also treated with Hydout pellets. Each treatment was successful in the
lower end (100 percent control) but largely ineffective in the upper end (75 to 85
percent control). There is approximately 70,000 gpm of water flowing from an
underground stream into this spring which obviously caused the chemical to be
washed out before it had much herbicidal effect. ’

Five gallons of Komeen (3 ppm) was used in chemical treatments of hydrilla in
the Worth County pond. The herbicide was sprayed directly onto the weed mats
from the shoreline with a carbon-dioxide-powered sprayer. This treatment gave
an apparent 100 percent control.

Lake Seminole, located on the Georgia-Florida-Alabama state lines, has
received a few treatments by the Corps of Engineers with some success. However,

* Georgia Department of Natural Resources, Fort Valley, Georgia.
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Table 1
Location, Infestation, and Types of Aquatic Weed in

Georgia Waters
Weed Acreage Location
Hydrilla 2500 Lake Seminole
10 Radium Spring
Alligatorweed 500 Lake Seminole
50 Lake Jackson
Trace Ebenezer Creek
Trace Savannah River
Trace Altahama River

Trace Lake Walter F. George
Trace Lake West Point

Waterhyacinth 10 Satilla River
150 Lake Seminole
Trace Suwannee River
100 Lake Worth
Giant cutgrass 5000 Lake Seminole
100 Lake Worth
10 Lake Jackson
Trace Lake Sinclair
1000 Coastal area
Eurasian watermilfoil 8500 Lake Seminole
200 Lake Blackshear
100 Lake Worth
Trace Lake Seminole

without a full-scale attempt, the hydrilla eventually will spread over a large
portion of the lake.

Alligatorweed has been in Lake Seminole for several years, and has now spread
throughout the state. This weed has been sprayed with 2,4-D in an attempt at
control. The alligator flea beetle has been distributed on the alligatorweed with
some evidence of damage. However, extremely cold winters have often killed the
entire beetle population. Attempts will continue to be made to establish these
insects. At the present time, it is not known what effect this action might have.
The beetles presently being utilized are collected from Ebenezer Creek in extreme
southeast Georgia where they have had some effect controlling the weed.
Alligatorweed has spread throughout the state and in all probability will
eventually become a tremendous problem in oxbow lakes, sloughs, and slow-
moving waters. It is not expected that it will become a bad problem in the fast-
flowing streams that flood each winter. Alligatorweed has been present in the
Walter F. George Reservoir in small patches only for several years, but recently it
has begun to spread. It is mere speculation as to whether the weed will become a
major problem in this particular area.

The acreage of waterhyacinths in Lake Seminole varies from year to year. Also,
small acreages occur on the lower part of the Suwannee River and in Lake Worth.
It is not expected that hyacinth will be much of a problem in the northern section
of the state due to the cold weather.

There is a heavy infestation of giant cutgrass on Lake Seminole. It also exists
in lakes Jackson, Sinclair, Worth, and Blackshear, and probably in many other
areas not yet identified. It is estimated that there are several thousand acres of
giant cutgrass on the Georgia coast. Small patches of this plant have been
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sprayed on Butler Island with Dowpon M, which gave fair results, but this
treatment was not followed up with any other action. It is not known if it will
become a problem in other Georgia lakes.

Lyngbya sp. is becoming well established in isolated areas throughout the
state. At the present time, the biggest problem is in Lake Blackshear near
Cordele, Ga. It also can be found in Lakes Worth and Seminole and in many
ponds throughout the state.

Lyngbya has been treated using Diquat, Aquazine, and some forms of
Endothall. Some test plots were applied using Hydrothal 191 and Hydout. The
results with Hydrothal 191 appeared promising but unforeseen water level
fluctuations made it impossible to evaluate. Lyngbya has been 100 percent
controlled with several different chemicals in the spring of the year. However,
within a period of about 3 weeks to 1 month the algae reappeared. Apparently,
this is all the time required for the Lyngbya to completely reinfest an area.

Although grass carp (Ctenopharydodon idella) are illegal in Georgia, a few
have been recovered in streams. A few permits have been issued for monosex and
triploid grass carp in carefully selected ponds.

OBJECTIVES OF A WEED CONTROL PROGRAM IN GEORGIA

The objectives of a weed control program include:

a. Keep an up-to-date inventory on lakes and streams to determine when these
weeds might be present. This is accomplished with existing fisheries
personnel and is usually done with routine performance of other tasks.

b. Check the expansion of hydrilla when possible, realizing that eradication as
such 1is virtually impossible. Considerable expenditures of effort and money
may be worthwhile if the spread of this weed can be prevented.

c. Control Lyngbya in Lake Blackshear. Methods of eradication are not
known. However, Lyngbya continues to spread throughout Lake Blackshear
and surrounding areas. The main problem with the control of Lyngbya is the

tremendous speed with which it can repopulate an area once it has been
killed.

d. Control alligatorweed, probably in two phases: (1) biological control using
the flea beetle and any other insect that might be useful, and, if this is not
successful, (2) use of herbicides.

e. Use herbicides in an attempt to control hyacinth, giant cutgrass, Eurasian
watermilfoil, and Egeria sp.

f. Be aware of the possibility of utilizing grass carp, monosex or triploids, for
control of some aquatic weeds.

CONCLUSIONS

The development of an efficient aquatic weed control program in any area
should be considered based upon its long-range effects. Georgia’s program has
only been in effect for approximately 4 years but considerable expertise and
experience have been gained. Immediate effects, although only temporary in
nature, have been derived from these actions. Chemical control is generally short
lived and applications of herbicides often must be made several times a year for
several years in varying situations.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

In-House Research

by
Edwin A. Theriot*

Biological control has proven itself as a method for management of aquatic
plants. Research conducted or sponsored by the Corps’ Aquatic Plant Control
Research Program (APCRP) has resulted in the reduction of alligatorweed in the
southeastern United States with the introduction of insects, most notably the
Agasicles flea beetle. More recently we have demonstrated that a combination of
insects and pathogens has dramatically reduced the waterhyacinth population in
Louisiana. We are working on several approaches to refine our methodology on
waterhyacinth and are looking at some old and new approaches for control of
submersed aquatics.

I would like to talk today about our in-house research efforts. The APCRP is
presently funding five in-house research studies at the U.S. Army Engineer
Waterways Experiment Station (WES) in Vicksburg, Miss. Three of the studies
deal with waterhyacinth, one with hydrilla, and one with alligatorweed.

SAMEODES TEMPERATURE TOLERANCE STUDY

Purpose and objectives

The purpose of this study was to establish baseline information on the
overwintering capability of Sameodes albiguttalis. The specific objective was to
develop models for estimating the proportion of third instar S. albiguttalis larvae
that will be killed when subjected to a constant low temperature. The larvae were
subjected to six different temperatures (+6, +4, +2, -2, -4, and -6°C) in the
laboratory for varying lengths of time.

Results

Exposure to +6°C and +4°C produced no significant difference in mortality from
control groups. Results for the +2, -2, -4, and -6°C temperature all exhibited
mortality and were analyzed using a Minimum Logit Chi-square procedure. This
method produced a linear graph which indicates the predicted mortality for a
particular test temperature (Figure 1).

Exposure to +2°C was shown to cause mortality. The model indicates that 90
percent mortality resulted after only 48 hr exposure to this temperature (Figure 1).
Results of tests performed at -4 and -6°C were statistically indistinguishable.
Ninety-five percent mortality was estimated to occur after 9 to 11 hr exposure.
Exposure to -2°C is estimated to require an increase in duration of two to three
times that of -4 or -6°C exposure before the same level of mortality is reached.
This study has been completed and a final report is being prepared.

* U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Figure 1. Predicted mortality of third instar S. albiguttalis
larvae resulting from exposures to +2, -2, -4, and -6°C

CERCOSPORA INFECTIVITY ENHANCEMENT STUDY

Purpose and objectives

The purpose of this study was to enhance the infectivity of the Cercospora
rodmanii formulation on waterhyacinth. The objectives of this study were to
verify compatibility of potential enhancing agents with the C. rodmanii formu-
lation, and to evaluate the ability of compatible agents to increase the infectivity
of the C. rodmanii formulation on waterhyacinth.

Twelve potential enhancing agents were evaluated:

a. Yeast extract. Yeast extract is commonly used to stimulate growth in
nutrient preparations for microorganisms.

b. Amino acids. Amino acids have been found to stimulate germination of
pathogenic fungi. Glutamic and aspartic acids were tested.

c. Glucose. Many incidences of stimulation of germ tube production and
elongation by glucose have been documented in the literature.

d. Nutrient agar. Nutrient agar is a widely used growth medium for micro-

organisms in the laboratory and its viscosity could be easily manipulated to a
suitable consistency.

e. Biological surfactant. Tween products have a wide laboratory use as a
wetting and dispersing agent. Tween 20, 60, and 80 were tested. These agents
differ in the degree of surfactant action that they exert on the formulation.
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f. Sodium alginate. Sodium alginate is the salt of a gelatinous polysaccharide
extracted from kelp. Sodium alginate has been used as a carrier for herbicides
in swift streams because of its extreme viscosity and low solubility.

g. Gum xanthan. Gum xanthan is a polysaccharide produced by the bacterium
Xanthomonas campestris. When mixed with water in low concentrations, the
gum forms a highly viscous solution that can be used as a “sticker.”

h. Ortho X-77 Spreader. Ortho X-77 is a surfactant commonly used with
herbicides for control of aquatic plants. Results of a previous study suggested
that Ortho X-77 Spreader enhanced the viability formulation.

.. Super Slupper. Super Slupper is a starch polymer capable of absorbing 300
to over 1500 times its weight in water to form a viscous humectant.

Results
The results of the study were as follows:

a. All of the individual agents, except Ortho X-77 Spreader, were compatible
with the C. rodmanii formulation. Compatibility of Ortho X-77 could not be
determined due to conflicting results in viability tests.

b. All combinations of agents tested were compatible with the formulation.

c. Effects of compatible test agents on infectivity of the C. rodmanii formu-
lation could not be determined because the formulation, although viable in
the laboratory cultures, did not infect waterhyacinth.

It was unfortunate that we were unable to obtain a C. rodmanii formulation
that was infectious to fulfill the objectives of the study. However, I understand
that Abbott Laboratories, the maker of the formulation, has corrected this
problem. Charudattan will discuss in his paper* the results of similar studies with
the formulation.

LARGE-SCALE OPERATIONS MANAGEMENT TEST
WITH INSECTS AND PATHOGENS
FOR THE CONTROL OF WATERHYACINTH IN LOUISIANA

Purpose and objectives

This was a continuation of a study (funded by the New Orleans District) to
demonstrate an operational capability of selected combinations of insects and
pathogens for control of waterhyacinth. The general objectives of this study were
to (a) determine the necessary and sufficient means for establishment of effective
field populations of test organisms, (b) demonstrate the effectiveness of test
organisms when used at an operational scale, and (c) determine environmental
limitations on the test organisms.

The biological control agents being tested in this study included:

a. Cercospora rodmanii—a plant pathogenic fungus endemic to the United
States.

b. Sameodes albiguttalis—the Argentine waterhyacinth moth imported from
South America.

c. Neochetina bruchi—The cheveroned waterhyacinth weevil from South
America.

d. Neochetina eichhorniae—the mottled waterhyacinth weevil also from
South America.

* Page 115 of this proceedings.
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Results

Cercospora rodmanii has been applied on a large scale on two sites in
Louisiana. One of the test sites near Lake Theriot received its application in April
of 1980. By July 1981, the biomass of waterhyacinth within the test site was
reduced by more than 50 percent. During this time Neochetina spp. had become
well established within the site. The combination of Cercospora and Neochetina
was responsible for the decrease in biomass. In October of 1982 approximately 40
percent of the site exhibited open water compared to 100 percent infestation when
the study began (Figure 2).

The moth Sameodes albiguttalis was first released in Louisiana in August 1979.
It has continued to increase its range and is well established in southern
Louisiana. Our annual fall survey has shown that Sameodes has increased its
range since 1981 as much as 60 miles.

The Neochetina spp. population continues to exert its stress on waterhyacinth
throughout the state. However, the Louisiana Department of Wildlife and
Fisheries has completed the 1982 waterhyacinth survey and has noted an
increase of invested acreage from approximately 350,000 to 435,000. This is not
surprising. We think that the extremely cold winter of 1981 caused the drop out of
large populations of waterhyacinth, which also means that the heavy investation
of insects on the plants was lost. Heavy seedling production of waterhyacinth in
the spring with a low weevil population explains the increase in infested acres in
Louisiana.

The test sites will continue to be monitored through April 1983 and a final
report will be prepared in September 1983.

BIOLOGICAL CONTROL OF HYDRILLA VERTICILLATA

Purpose and objectives

The purpose of this study was to develop microbial biocontrol agents that would
reduce the growth and reproduction of hydrilla, and maintain it at an acceptable
level. The objectives were:

a. Conduct a survey of the microflora associated with hydrilla.

b. Screen microbial isolates for their ability to produce lytic enzymes specific
for components of hydrilla.

c. Identify promising candidate agents.

d. Demonstrate the ability of candidate agents to produce pathogenesis on
hydrilla.

Results

Four sites containing hydrilla have been surveyed. Hydrilla samples have been
collected in spring and fall from Lake Traford in southern Florida, Lake Theriot
in Louisiana, Lake Conroe in Texas, and Imperial Valley in California. Over 200
bacterial and fungal isolates have been screened for their ability to utilize
cellulose or pectin. A total of 33 organisms have been selected as candidate
control agents: 5 bacteria and 28 fungi. We are presently testing these agents in
test tube bioassay studies for their ability to attack hydrilla.
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a. April 1980, pretreatment

b. October 1982, 2-1/2 years posttreatment

Figure 2. Cercospora rodmanii large-scale application site near Lake
Theriot, Louisiana
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The next step will be to scale up the inoculum using liquid fermentation and to
evaluate these candidate agents in large 200-gal tanks in host specificity and
efficacy studies. Hopefully, a candidate agent will be ready for field evaluation
late in 1983.

ALLIGATORWEED SURVEY

Purpose and objectives

The purpose of this study was to evaluate effectiveness of biocontrol agents on
alligatorweed in the southeastern United States. The objectives of the study were:

a. Obtain information from Federal and State agencies involved in aquatic
plant management on the status of alligatorweed and its biocontrol agents
in their areas of responsibility.

b. Conduct field surveys in the spring and fall of one growing season in the 10
southeastern states to observe the status of alligatorweed in over 50 locations

where the biological agents were originally released in the United States
(Table 1).

c. Compile the data into a document that would point out the effectiveness of
the biocontrol agents, produce possible explanations for their effectiveness
in certain areas, and suggest management plans for the utilization of the
biocontrol agents more effectively.

Table 1

Alligatorweed Release
and Sampling Sites

Biocontrol Agent Sites
Release Sites No. of Visited

State 1959-1972 Releases 1982
Louisiana 11 17 10
South Carolina 20 44 11
Alabama 10 13 6
Florida 42 48 17
Georgia 9 12 3
Texas 8 15 5
North Carolina 9 16 8
Mississippi 9 19 3
Arkansas 10 20 3
Tennessee 1 1 1

Results

The preliminary data thus far indicate that the southernmost range of
alligatorweed along the Gulf Coast has no real problem with the aquatic form of
alligatorweed. The biocontrol agents seem to be very effective in this area. There
are a few agricultural areas where it is a problem, probably due to heavy usage of
insecticides which limit the biocontrol agents. In the Carolinas, Tennessee
Valley, and Arkansas, the effectiveness of the insects varies, which seems to be
due to limiting climatic conditions. Texas has probably the most severe problems
with alligatorweed due to a number of reasons, including severe water fluctuation,
heavy use of insecticides, and low numbers of biocontrol agents. There are large
amounts of alligatorweed in the terrestrial form throughout these 10 states (Table
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1). Of the three introduced biocontrol agents, only the Aminothrips can attack the
terrestrial form but it does not seem to be doing the job.

In general, alligatorweed is not the major problem that it once was. The
northern areas need to conduct management programs using the biocontrol
agents similar to the Tennessee Valley Authority program which has had
success. This involves yearly releases of the appropriate agents in the early
spring to manage particular problem areas. Guidance included in the APCRP’s
Instruction Report A-81-1 entitled, “The Use of Insects to Manage Alligatorweed,”
will prove very useful in formulating such a management plan. Assistance in
obtaining biocontrol agents and added information on their uses can be obtained
from Dr. Joe Joyce and Mr. Jim McGehee of the Army Corps of Engineers,
Aquatic Plant Control Operations Support Center, Jacksonville District.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Microbiological Control of Eurasian Watermilfoil

by
Haim B. Gunner*

Microorganisms closely bound to Eurasian watermilfoil (Myriophyllum spi-
catum), and apparently species determined, have been selected for their ability to
attack the pectin and cellulose tissues of the plant. The pectinolytic and cellulo-
lytic capacities of the organisms are enhanced by passage through appropriate
growth media. The enzyme-enriched cultures subsequently applied to the plant
bring about accelerated necrosis and death within 21 days (Table 1).

Most recently, in an effort to compress the decay curve of treated plants and
bring about more rapid decline, plants were mechanically injured prior to
microbial inoculation. This process was designed to simulate:

® Insect damage—Injection by hypodermic.
® Mechanical harvesting—tissue maceration.
® Mechanical harvesting—tissue shearing.

Table 1

Acceleration of Decay of Myriophyllum spp. by Cellulolytic and
Pectinolytic Microbial Isolates from M. spicatum

Percent Nectrotic Plants*

M. spicatum** M. heterophyllum**

Day Day Day Day Day Day
Treatment 7 14 21 7 14 21
Control untreated 0 0 0 0 0 0
Control 1% cellulose medium 0 70 80 10 40 40
Br-3 10 40 70 20 20 20
Br-4 20 30 70 0 0 0
P-3 10 20 80 30 30 30
P-4 0 40 90 40 30 30
P-6 20 80 90 10 10 10
P-7 60 80 100 0 10 10
P-8 10 70 100 10 10 20
Y-2 10 80 90 10 10 10
Y4 - 10 70 100 10 20 40
Y-5 20 80 90 20 10 10

* Based on numerical scores, 1 =least decay, 10 =maximum decay.
** Number of plants observed, 10 per treatment.

METHODS AND MATERIALS

Healthy tip portions of the plants, ca. 15 to 20 cm in length, were separated and
rinsed under running tap water. After 7 days of recovery, the plants were again
washed and then soaked twice in distilled water. Two tips were selected at

* University of Massachusetts, Amherst, Massachusetts.
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Figure 1. Experimental setup for studies in stress enhancement of micro-
bial decomposition of Myriophyllum spp.

random for each treatment and submerged in a 14-cm-diam glass petri dish
containing approximately 240 ml Angrosperm medium diluted thirtyfold. The
dishes were placed under GE plant lights, Glo and Sho-F40-PL, which provided
55,000 lux at a distance of 15 cm (Figure 1).

At the initiation of the experiments, plants were stressed either by penetration
with a B-D Yale Regular Point hypodermic needle, or by crushing or shearing
with 30-cm forceps. Hypodermic needle penetration and tissue crushing were
performed in respective treatments 4 cm from each end of the plant section;
shearing of leaves and stem cutting were performed in the central portion of the
section.

Bacterial inoculation of hypodermic-needle-stressed plants was simultaneous
with the tissue-damaging penetration, and approximately 0.2 ml of each culture
was injected into the site of wounding. The other treatments each received 2.0 ml
of the inoculant added directly into the medium. Control plates received 2.0 ml of
sterile nutrient broth. At the conclusion of the experiment, bacterial inoculants
were successfully reisolated from the liquid medium and plant tissue by serial
dilution, and the presence of pectin-utilizing bacteria was observed and enumer-
ated on pectin agar medium.

RESULTS

As can be noted from Figure 2, even undamaged plants maintained in growth
medium will succumb to attack from pectinolytic microorganisms deriving from
their own ecosphere, with the Erwinia bringing about actual total decomposition.
The uninoculated control on the other hand remains virtually unaltered and
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healthy. Further, there is an ascending order of plant decline paralleling the
degree of plant injury. As shown in Figure 3, in all treatments except the control,
even at 7 days there are indications of necrosis at the site of hypodermic injection.
Similarly, in Figure 4 there is, with the unexplained exception of the Erwinia-
treated section, enhanced die-back at the midsection where tissue has been
crushed. Most notably, cutting and shearing as shown in Figure 5 bring about the
virtual disintegration of the plant tissue when this injury was followed by
inoculation and pectinolytic bacteria.

DISCUSSION AND CONCLUSIONS

Though accelerated necrosis of Myriophyllum has been obtained by inoculation
with microorganisms isolated from the plant’s ecosphere, which were subsequently
induced to produce enhanced quantities of lytic enzymes, the rapidity of this
process has been a matter of concern. The work described in the foregoing
suggests that stressing the plants prior to inoculation may be a critical facilitating
element in ensuring the most rapid infection and decay. It would indicate the
merit of further investigation of stressing techniques by physiologically active
agents as well as by mechanical means.
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Control Agrobacterium sp. 01

Incubation, 14 days

Figure 2. Accelerated decomposition of undamaged Myriophyllum sections
inoculated with various pectinolytic bacteria (Sheet 1 of 3)
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Agrobacterium sp. 02 Xanthomonas sp.

Incubation, 14 days

Figure 2. (Sheet 2 of 3)
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Erwinia sp.

Incubation, 14 days

Figure 2. (Sheet 3 of 3)
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Control Agrobacterium sp. 01

Incubation, 14 days

Figure 3. Accelerated decomposition of Myriophyllum sections stressed by
hypodermic needle injection of various pectinolytic bacteria (Sheet 1 of 3)
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Agrobacterium sp. 02 Xanthomonas sp.

Incubation, 14 days

Figure 3. (Sheet 2 of 3)
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Erwinia sp.

Incubation, 14 days

Figure 3. (Sheet 3 of 3)
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Control Agrobacterium sp. 01

CONTROL

STEM TISSUE CRUSHED

Incubation, 7 days

Incubation, 14 days

Figure 4. Accelerated decomposition of Myriophyllum sections stressed
by crushing 4 cm from each end of the plant section and subsequently
inoculated with various pectinolytic bacteria (Sheet 1 of 3)
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Agrobacterium sp. 02 Xanthomonas sp.

Incubation, 14 days

Figure 4. (Sheet 2 of 3)
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Erwinia sp.

Incubation, 14 days

Figure 4. (Sheet 3 of 3)
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Control Agrobacterium sp. 01

Incubation, 7 days

Incubation, 14 days

Figure 5. Accelerated decomposition of Myriophyllum sections stressed
by cutting and tearing of leaves at section midpoint and subsequently
inoculated with various pectinolytic bacteria (Sheet 1 of 3)
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Agrobacterium sp. 02 Xanthomonas sp.

Incubation, 14 days

Figure 5. (Sheet 2 of 3)
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Erwiniasp.

Incubation, 7 days

Incubation, 14 days

Figure 5. (Sheet 3 of 3)
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Control of Waterhyacinth with the
Pyralid Moth Sameodes albiguttalis

by
Ted D. Center*

The weevils Neochetina eichhorniae and N. bruchi were released in 1972 and
1974, respectively, for the biological control of waterhyacinth. In 1977 the pyralid
species, Sameodes albiguttalis (Warren), was released for the same purpose. Only
one of the original three releases was successful, so insects were released at an
additional 17 sites during 1978 and 1979. Ultimately, populations of this species
were established at 16 sites, most of which were located in south Florida. It was
learned that the morphological form of waterhyacinth is very important for
successful establishment since the insects prefer the small, luxurient shoots with
inflated leaf petioles typical of the colonizing form of the plant.

In February 1979 it was noticed that the populations of S. albiguttalis within
the Everglades Conservation Areas in south Florida had begun to disperse
northwards towards Lake Okeechobee. Careful monitoring demonstrated a
continual expansion of populations through 1979 until, by the end of the year, S.
albiguttalis was widespread throughout the peninsular portion of Florida from
Lake George southwards. By July 1980 the range of S. albiguttalis had increased
to the Georgia border ca. 528 km to the north. Dispersal occurred at an average
rate of 29 km per month or nearly 1 km per day.

In the process of monitoring dispersal of S. albiguttalis, data were collected at
sites on a transect line which extended the entire length of Florida. The data
included morphological measurements of shoots and S. albiguttalis infestation
rates. It was learned that dispersal rates were influenced by the relative repre-
sentation of the proper plant morphotype in the waterhyacinth populations as
well as by seasonal effects. Dispersal occurs most rapidly during cool, but not
cold, periods, which is also when the preferred plant form is most abundant.

When it was determined that populations of S. albiguttalis had become
established in the field, various efficacy studies were begun. The first of these
began in September 1978; ultimately, data were collected at 15 sites throughout
Florida. The objectives of these studies were to determine if S. albiguttalis would
be persistent, if it could be augmented if it were not persistent, and if it had a
significant impact upon waterhyacinth populations within the context of relative
comparisons with other control agents and the plants’ ability to recover from
serious injury.

APPROACH

Although methods were diverse since 15 sites and nearly 5 years were involved,
basically, the approach was aimed at deriving waterhyacinth leaf budgets. Debits

* U.S. Department of Agriculture, Fort Lauderdale, Florida.
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to the budget involved leaf mortality caused by various factors including S.
albiguttalis larvae, weevil adults and larvae, pickerelweed borer larvae, water-
hyacinth mites, spider mites, various pathogens, frosts, drought, etc. The average
contribution to leaf mortality by each of these was assessed for leaves of each age
class as determined by stem position. In addition, the average survivorship of
each leaf age class was determined. Credits to the leaf budget were represented by
the average rate of leaf production per shoot. The resultant balance between leaf
mortality and leaf production was represented by the number of live leaves per
shoot. Hence, the relative effect of any given mortality agent could be measured
by its impact on the number of live leaves per shoot, and the severity of injury
could be gauged according to the ability of the plant to replace injured leaves.
These data were collected both on tagged plants, which were periodically
reexamined, as well as on randomly chosen nontagged plants, which were
examined only once.

Other data collected at the sites included parameters such as standing crop,
plant density, shoot height, proportion of shoots killed by S. albiguttalis larvae or
other factors, leaf morphometric measurements, and root length.

CURRENT STATUS AND ACCOMPLISHMENTS

The project is now complete and a comprehensive project report has been
prepared.

Data indicate that S. albiguttalis will, under certain conditions, be an effective
biological control of waterhyacinth. This will generally be true only where the
waterhyacinth population is in a predominantly colonizing mode. In these
situations, the plants are small, luxuriently growing, have large inflated leaf
petioles, and often do not exist as part of a continuous mat. Infestations are
usually heaviest in areas where the plants have been killed by frost, drought, or
herbicide and are regrowing, or along the developing fringe of a mat.

At a site near St. Petersburg, the waterhyacinth within a canal were periodically
washed out by floods. As the plants began to recolonize the canal, the damage
inflicted by S. albiguttalis infestation became intense. Later, the infestation only
caused damage to shoots along the fringe of the growing mats. It is estimated that
70 percent of the shoots were injured at this site in the fall of 1979 and, by the
spring, ca. 40 percent had been killed. This greatly retarded the rate at which the
waterhyacinth plants covered the water surface and nearly 8 months were
required for this to occur.

At sites in the Everglades Conservation Area 3A differing patterns of S.
albiguttalis infestation were seen depending upon the characteristics of the sites.
The shoots at a site in the main channel generally sustained persistently heavy
injury (60-80 percent), whereas those in more impounded areas showed heavy
injury only in the spring and fall. It is felt that this is due to either the physical or
nutritional state of the plants or related to periods of active growth.

At a site in Lake Okeechobee, many shoots were infested by S. albiguttalis
larvae just prior to a severe drought. As the area dried out, the shoots became
stranded in wet mud and the S. albiguttalis injury increased. Leaf production was
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very slow so the shoots had difficulty replacing injured leaves. Shoots injured by
S. albiguttalis desiccated rapidly and only those which were not injured were able
to survive the drought. Thus, the combined effects of the larvae and environmental
stress proved devastating to the plant population.

At two sites in Broward County, 100 shoots were tagged and their fate followed
over relatively long periods of time. At one site, 31 percent were killed by S.
albiguttalis larvae, 43 percent by weevil larvae, and only 25 percent survived for 1
year. At the second site, 78 percent were killed by S. albiguttalis larvae, 7 percent
by weevil larvae, and only 14 percent survived.

Life table studies of waterhyacinth leaves show distinct spatial patterns. Only
S. albiguttalis larvae, weevil adults, weevil larvae, and, occasionally, environ-
mental factors affect the young leaves, injure the apical buds of the shoots, cause
leaf production to cease, and effectively kill the shoots. Most other factors usually
only cause superficial injury and usually only to older leaves, although sporadic
outbreaks of any of these agents may temporarily cause severe shoot injury.
Overall, generalizing from all sites, it is estimated that biological control by S.
albiguttalis and the two species of waterhyacinth weevil results in a 34 percent
reduction in waterhyacinth productivity. This is based upon the observed
reduction to leaf longevity which is usually brought about by the early destruction
of young leaves. Unfortunately, damage caused by S. albiguttalis larvae is
sporadic and unpredictable.

At many sites, absolutely no damage to the plants resulted from S. albiguttalis
infestation. This was even true when large supplemental releases were attempted.
When data for such sites are reviewed, it is apparent that these are generally
established waterhyacinth populations, the shoots are morphologically adapted
to a competitive phase of growth, and observations indicate that the leaves have a
generally tough, leathery texture. At sites where the populations grow into this
phase, the S. albiguttalis population disappears, although a residual population
may persist temporarily by feeding within the youngest, tenderest leaf petioles.
Hence, in this situation, S. albiguttalis will probably never be éffective.

CONCLUSIONS

Sameodes albiguttalis, more than either of the other two waterhyacinth insects,
should fit comfortably into a management scheme. Its effectiveness may be
maximized in a maintenance program where the waterhyacinth population is
constantly perturbed and always in a colonizing mode. Many possible manage-
ment strategies exist in which this insect and herbicidal or mechanical control
could be integrated and experimentation along these lines should be given a high
future priority.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Overseas Searches of Insects on Hydrilla

by
Joseph K. Balciunas*

This report presents some preliminary findings of a 6-month trip (13 April-24
October 1982) to Africa, India, Southeast Asia, and Australia (see Figure 1). This
trip was the second in a series of overseas trips in search of natural enemies of
hydrilla (Hydrilla verticillata Royle). These trips are intended to be preliminary
surveys. The emphasis is on finding a great number of hydrilla-damaging insects
species by collecting at as many hydrilla sites in different locations as time and
circumstances permit. Evaluation of any particular insect species potential and
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