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PREFACE

The 14th Annual Meeting of the U. S, Army Corps of Engineers
Agquatic Plant Control Program was held in Leke Eufaula, Oklahoma, on
26-69 November 1979. The meeting was organized by personnel of the
Aquatic Plant Contrcl Research Program (APCRP), Environmental Labora-
tory (EL), U. S. Army Engineer Waterways Experiment Station (WES).

The organizational activities were carried out and presentations
by WES personnel were prepared under the general supervision of
Dr, John Harrison, Chief, EL, and the direct supervision of Mr. J. Lewis
Decell, Program Manager, APCRP. Mr, W. N, Rushing, APCRP, was respon-
sible for plamnning and chairing the meeting.

COL Nelson P, Conover, CE, was Commander and Director of the WES
et the time of this meeting and during the preparation of the proceed-
ings report. Mr., F. R. Brown was Technical Director.
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AGENDA
1bth ANNUAL MEETING
U. S. ARMY CORPS OF ENGINEERS
AQUATIC PLANT CONTROL RESEARCH PLANNING
AND OPERATIONS REVIEW
Lake Eufauls, Oklahoma

26-29 HWovember 1979

Monday, 26 November 1979

:00 a,m. Registration, Lobby, Fountainhead Lodge

to

:00 p.m.

:30 p.m. FY 81 Civil Works R&D Program Review - R. F. Jackson,

to Office, Chief of Englneers (OCE}, Presiding (Participa-

:00 p.m, tion limited to CE personnel)

130 p.m. Reception, Ballroom {Patio, weather permitting)

Tuesday, 27 November 1979 - Ballroom

:00 a.m. Registration continues, Lobby

130 a.m, Call to Order and Announcements - W, N. Rushing,
Waterways Experiment Station (WES)

135 8.1, Welcome - COL Nelson P. Concver, Commander and Director,
WES

145 a.m. Welcome to Tulsa District - Mr., James P. Jones, Chief,
Operations Division, USAE District, Tulsa, OK¥

:00 a.m. Historizal Sketch of the Aquatic Plant Control Research
Program (APCRP) - COL YNelson P. Conover, WES

115 a.m. Keynote Address - Mr. James Barnett, Executive Director,
Cklahoma Water Resources Board

:45 a.m. Break

:00 a,m. Corps of Engineers Research and Development Program ang

Facilities - R. F, Jackson, Research and Development
Office (RDO), OCE

Presentation not submitted for inclusion in Proceedings.
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10:20 a.m,

10:40 a,m.

11:00 a.m.

11:30 g.m.

1:00 p.m.

3:15 p.m.

3:30 p.m.

4:30 p.m.

Research and Operations Interface in Aquatic Plant
Management - H, R. Hamilton, Recreation Resource
Management Branch, OCE

Initial Plans for Aquatic Weed Research by the U. S.
Environmental Protection Agency - G. E. Walsh, U. S.
Environmental Protection Agency {(EPA), Culf Breeze, FL

The FY 81 Civil Works R&D Program Review, and General
Comments — J. L. Decell, Program Manager, APCRP, WES

Lunch

USAE Pivision/District Presentations - Aquatic Plant
Problems - Operations Activities

Lower Mississippi Valley Division
New Orlieans - Bill Thompson¥®

North Atlantic Division - MAJ Paul Nelson®

North Centiral Divisiocon
St. Paul - Wayne Koerner

North Pacific Division
Seattle - Bob Rawson
Walla Walle - Alden Foote#*

South Atlantic Division - Juwlian Raynes
Jacksonville - Jim McGehee
Mobile - Doug Nester
Mobile (Leke Semincle Reservoir) - Joe Xight
Savannah - Herb DeRigo
Break
USAE Division/District Presentations (Continued)
South Pacific Division - Harry Dotson
Southwestern Division
Galveston - N, Joyce Johnson
Tulsa - Jim Skaggs

Unscheduled Presentations and/or General Question and
Answer Session

Summary of Day's Activities - J. L. Decell, WES

#* Presentation not submitted for inclusion in Proceedings.,
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8:00

8:10

8:40

G:00

9:20

9:L0

10:00

10:10

10:30

10:50

11:10

11:30

11y 50

Wednesday 28 November 1979 - Ballroom

Chemical Control Technology Development - H., E. Westerdahl,
WES, presiding

The Development of Controlled-Release Herbicide Tech-
nology Using Polymers ~ F, W, Harris, Wright State
University, Dayton, OH

Elastomeric Controlled-Release Herbicide Formulations -
G. A. Janes, Creative Biology Laboratory, Barberton, OH

Screening of Chemicals for Aquatic Plant Control -
K. K. Steward, USDA, Fort Lauderdale,.FL

Fate of Fenac in the Aquatic Environment - H, C. Sikka,
Syracuse Research Corporation, Syracuse, NY

Floridone (Sonar) for Hydrilla Contrcl - Russell Theriot,
WES*

Bresgk

Biological Control Technology Development - D. K. Sanders,
WES, presiding

Evaluation of Two Native Insects for Control of Eurssian
Watermilfoil - G. R. Buckingham, USDA, Gainesville, FL

Biological Control of Waterhyacinth, Hydrilla, and
Eurasian Watermilfoil--A Progress Report -~ T. D. Center,
USDA, Fort Lauderdale, FL

Studies on Laboratory Rearing of Arzama densa - P. C.
Quimby, USDA, Stoneville, MS

Biological Control of Waterhyacinth and Hydrilla Using
Plant Pathogens - T, E. Freeman, University of Florida,
Department of Plant Pathology, Gainesville, FL

Biological Control of Aquatic Plants in Puerto Rico -
Leonce Bonnefil, Puerto Rico Department of Natural
Rescurces, San Juan, PR

Lunch

¥ Presentation not subrited for inclusion in Proceedings.

20




12:30

8:30

Q:00

G:15

9:L5

1000

10:15

10:30

10:5h5

11205

Ll=15

11:25

11:30

p.m,

Board buses for field trip to R. 5. Kerr Reservoir,
parking lot, front of Lodge. Trip includes Dutch treat
dinner

Thursday, 29 November 1979

Mechanical Control Technolegy Development - H. W. West,
WES, presiding

A Computer Model angd Systems Cost Analysis of the Limnos
Aguatic Plant Harvesting System - John Neil, Limnos,
Itd., Toronto, Canada

Problem Identification and Assessment of Aguatic
Plants - A, M. B. Rekas, WES

Environmental Factors Affecting the Growth and Succession
of Aquatic Plants - J. W, Barko, WES

Break

Large-Scale Operations Management Test Using Insects and
Pathogens in Louisiana - D. R. Sanders, WES, presiding

Progress Report of Field Applications - R. F. Theriot,
WES

Preliminary Studies with Cercospora rodmanii -~ E. A.
Theriot, WES

Large-Scale Operations Mansgement Test of Prevention as
an Aguatic Plant Management Method - R. L. Lazor, WES,
and Florida Department ¢ Natursl Resources

RBarrier Screens for Eurasian Watermilfoil Fragment Con-~
trol - D. Thaeyer, Okanogan County Weed Control,
Oroville, WA¥

Leboretory Evaluations of Eurasian Watermilfoil Fragment
Viability - M. A. Perkins, University of Washington,
Seattle, WA

Discussion

Tunch

* Informa:iion presented by Thayer is included in the paper presented

by Lazor.
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:00 p.m.

100 %

115

130

: 45

100

:19

30

145

:00

15

Pialls

Large—-Scale Operations Management Test Using the White
Amur at Lake Conway, FL - E. G. Buglewicz, WES,
presiding

Aguatic Macrophytes - L. E. Nall, Florida Department of
Natural Resources, Tallahassee, FL

Flsh, Mammals, Waterfowl - Roy Land, Florida Game and
Freshwater Fish Commission, Tallahassee, L

Water Quality - Ray Kaleel, Orange County Pollution
Contrel Board, Orlando, FL

Benthos ~ T. L. Crisman, University of Floride, Depart-
ment of Environmental Engineering, Gainesviile, FL

Herpetofauna - J. S, Godley, University of South Florida,
Tampa, FL

Ecosystem Modeling - K. C. Ewel, University of Florida,
Department of Forest Resources and Conservation,
Gainesville, FL

Radiotelemetry Tracking of White Amur - M. P, Keown, WES

Procedure for Radiotagging of White Amur for Tracking
Studies - J. D. Schardt, Florida Department of Natural
Resources, Tallahassee, FL

Human Factors Study - R. R. Williams, WES

Use of a Recording Fathometer for Determining Distribu~-
tion and Biomass of Hydrilla - Michael Maceina,

University of Florida, Gainesville, FL

Aquatic Plant Control Activities in the Panama Canal
Zone - S. D, Parris, WES

Wrap-up - W, N, Rushing, WES

Final Adjournment
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1hth ANNUAL MEETING

U. S, ARMY CORPS OF ENGINEERS
AQUATIC PLANT CONTROL RESEARCH PROGRAM

INTRODUCTION

As a part of the Corps of Engineers (CE) Agquatic Plant Control
Research Program (APCRP), it is required that a research planning meet-
ing be held each year to provide for professional presentation of
current research projects, review of current operations activities, and
review of new research proposals, The contents of this report include
the presentations at the 1lbth Annual Meeting held in Lake Eufaula,
Oklahoma, during 26-29 November 1979.

Historically, these annual meetings consisted of a series of pre-
sentations of technical papers on research conducted during the previous
year, While these presentations proved very informative, there was a
lack of desirable open exchange, on a discussion level, between re-
searchers and operations personnel. Such an exchange was deemed neces-
sary in order to define mission problems in such a context that future
research objectives could be clearly identified and related to the
operational elements' needs.

The first priority of the APCRP is technology transfer. The APCRP
addresses four specific sectors in effecting this transfer., Each re-
search effort conducted under the APCRP is required to report their
technical findings to the U. S, Army Engineer Waterways Experiment
Station (WES) each year in the form of guarterly progress reports, an
in-progress review, and a final technical report. Each technical report
is given wide distributicn of over L0OO copies as a means of transferring
technology to the technical community. Timely resulte are periodically
rublished and distributed through an APCRP Information Exchange Bulletin
as a means of technology transfer to the general community, with a dis-
tribution of over 1000 copies, In addition, general public-oriented
brochures, movies, and speaking engagements are available. Technology
transfer to the field operations elements is effected through the con-
duct of demeonstration projects in various District Office problem
areas. Field manuals are being assembled to serve as the final product
of technology transfer to this sector.

The printed proceedings of the annual meetings are intended to
provide Corpe management with an annual summary and guide to ensure
that the resezrch is continuelly being focused on current operational
needs on &8 nationwide scale.
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PROCEEDINGS

RESEARCH PLANNING CONFERENCE ON THE
AQUATIC PLANT CONTROL RESEARCH PROGRAM

Historical Sketch of the Aquatic Plant Control Research Program

by

Melson P. Conover¥®

The predecessor to the present Aquatic Plant Control Program
{APCP) was known as the Expanded Project for Aquatic Plant Control,
which was authorized by the Rivers and Harbors Act of 1965. At that
time, research was conducted under the auspices of the expanded program.
This was accomplished by the formation of a research advisory committee

which held their first meeting in Galveston, Texas, on 13-1L October
1966.

In 1966, there were five research studies under way. These five
efforts involved the U. S. Department of Agriculture, Crops and
Entomclogy Division, the U. S. Department of Interior Fish and Wildlife
Service, the Public Health Service of the Federal Water Pollution
Control Administration, and the Universities at Auburn and Southwestern
Louisiana.

These projects continued with no significant changes or additions
until 1968. At that time, two efforts were added: research for the
application of a CO, laser for control of waterhyacinths was initiated
at Redstone Arsenal and Athens College, Alabama; and research for
development of controlled-release herbicides was initiated at Edgewood
Arsenal, Maryland, and Akron University, Ohio. The U. S. Army Engineer
Waterways Experiment Station (WES) constructed the world's largest {and
in all probability the only) floating COp laser, and the field evaluation
of this laser was completed in 1974. The studies to develop controlled-
release herbicides were expanded during that time and now include
Wright State University, the Creative Biology Laboratory, and Southern
Research Institute. In 1969, research on the use of the white amur fish
for control of submersed plants was initiated at Auburn University,
Alsbama. That same year, the Corps sponscred research at the U. 5. Fish
and Wildlife Service's fish farming experimental station at Stuttgart,
Arkansas. This research resulted in the capability to spawn monosex
populations of the white amur. The first such population spawned, as a
result of the new technique, was used to stock Lake Conway in 1977 for

¥ Commander and Director, U. S. Army Engineer Waterways Experiment
Station, CE, Vicksburg, Mississippi.
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the presently continuing large-scale test.

In 1970, efforts were initiated at the U. 8. Fish and Wildlife
Service's pesticide research laboratory at Columbia, Missouri, and fish
control laboratory, Warm Springs, Georgia, to study residues of 2,L4-D in
fish and shellfish. Later, studies pertaining to residues in water
were undertaken at Northwestern University, Louisiana, and Syracuse
Research Corporation, New York, and Virginia Polytechni¢ Institute,
Virginia.

In 1973, the Office, Chief of Engineers {OCE), initiated major
changes in the aquatic plant control program. The first of these changes
resulted in the transfer of responsibility for technical monitering from
the Planning Division of OCE, to the Operations Division, Civil Works
Directorate. Concurrently, the WES was designated as the Corps' lead
laboratory for aquatic plant control research, placing responsibility
for management of research at WES. This was the beginning of what is
presently known as the Aguatic Plant Control Research Program (APCRP).
With these changes came the mandate from OCE to elevate the program to
e level commensurate with the national problem, giving technology
transfer number one priority. Subsequently, major reorganization and
emphasis was implemented for the research program.

The program was organized intc its present structure of technology
development areas with related research efforts, respectively, identi-
fied. Responding to the OCE priority for technology transfer, the
concept of the Large-Scale Operations Management Test (LSOMT} was
implemented. The first of these was the LSOMT for the use of the
white amur, initiated in 1975 for the Jacksonville District. The
second LSOMI was initiated for the New Orleans Distriect in 1977 to
implement the use of insects and pathogens for the control of water-
hyacinths. In 1978, a LSOMT was initiated for the Seattle District to
field test the concept of prevention as an operational control method.
These LSOMT's are proving to be valuable technology transfer tools,
while at the same time enabling operations personnel to initiate scme
level of control operations much earlier than would otherwise be
possgible.

Today the APCRP is conducting a total level of effort that is
slightly more than five times the effort being conducted when WES was
assigned as lead laboratory for aguatic plant control research. The
program 1s now conducting 31 separate research efforts under the
technology development areas. Through the 3 LSOMT's being conducted
for the District Offices, 27 separate technical efforts are being
addressed. Ten other subject areas are being conducted through the
ongoing technology transfer and public information program. These
efforts range from the importation of insects to the distribution of
movies for use by interested civie groups.

Indicative of the significant progress made since 1975 is the fact
that a 5-year research and development plan was formulated to provide
program guidance for the period FY 75-80. Progress was so rapid that
the APCRP reached the 5-year level and objectives in slightly over



2 years. This necessitated the revision of the plan and a new S5-year
plan was developed covering the period FY T77~82. In FY 80, this year,
we are exactly on target level of this present plan. Efforts have been
initiated that will result in a new 5-year plan for the period FY 81-86.
This new plan will reflect the increased capability and technical
expertise that is now readily available to the APCRP as a result of
becoming a part of the Environmental Laboratory at WES.

We expect that the growth of the program will continue for the
next 3 years, but at a lessening rate. Requests from Districts for
assistance are increasing and are expected to continue. This is
believed to be due, at least in part, tc two major factors. First,
there is, in most areas, an increasing spread of many of the problem
species. Second, there is an increasing awareness of the plants and
our ability to recognize a problem. At the same time, the Corps has
increased its capability to control some cf the problems and, in some
areas, can foresee the day when the control operations will become
truly routine.

26




KEYNOTE ADDRESS

by
James R. Barnett#

As director of the Oklahoma Water Resources Board, the agency
charged with developing, managing, and protecting this state's water
resources, I'm concerned sbout any potential threat to ocur single most
impertant natursl resource, water. This in turn brings me to the pri-
mary topic of this meeting. FEurasian watermilfoil has exhibited more
than just a potential threat to Oklahoma's waters. This aquatic plant's
appearance here ig of relatively recent vintage and thus most Oklahomans
are not as aware of the problem as are the people of other infested
areas—-North Carolina, British Columbia, Canada, the Chesapeake Bay, and
the Tennessee Valley Authority region. I'm sure that is also the case
today. Many, if not most, of you are no doubt more familiar with this
plant than I am. Even so, I would like to briefly discuss its history so
as to hopefully set the stage not only for a more detailed discussion of
our activities in Oklahoma but alsc for the other speskers that will be
coming up on your program. I particularly hope to address how the plant
can adversely affect our agency's accomplishment of its statutory re-
sponsibility of planning to provide for Oklahoma's future water needs.

Eurasian watermilfoil was discovered in the Tennessee Valley
Authority (TVA) in 1960, and by 1968 it had spread throughout seven TVA
reservoirs and covered approximately 25,000 surface acres of water. It
has also invaded 67,000 acres of Currituck Sound in North Carolina and
seriously damaged the area's previously excellent fishing. This is
only one of the many ways in which this aquatic plant threatens bene-
ficial water uses.

The plant can completely cover a body of water less than 15 ft in
depth. Milfoil can damage or destroy a lake's recreational opportuni-
ties, rendering it unusable for boating, waterskiiing, and swimming and
meking it aesthetically unappealing. Fishing is difficult in infested
waters, since lures can be lost if not retrieved fast enough. This is
not to say that aguatic plants are not good for fishing--they are--
it's Just that you can have too much of a good thing! Another negative
aspect is the fact that dense aquatic plant mats can and do retard fish
growth resulting in stunted fish populations. Watermilfoil also inter-
fers with water intakes and is a particular threat to cooling water
intakes for power plants.

Furasian watermilfoil was first discovered in Oklahoma in 1964
growing in Lake Humphrey in the southwestern corner of the state. By
31966, it had completely taken over the lake. Other early infestations
were reported in Medicine Creek, Fort Cobb Reservoir, and Elmer Thomas,

¥ (Oklahoma Water Resources Board, Oklahoma City, Oklahoma.
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Carl Etling, Shawnee, and Chandler Lakes--mainly in lakes in the western
part of Oklahoma,

To date, watermilfoil has spread to meny more lakes, but exactly
how many and which ones remains a question. A 1978 survey showed 13
Oklahoma lakes infested with the plant. This question of how many are
currently infested and to what degree is currently being addressed by
the Corps of Engineers in a statewide study. The Corps’' survey should
reveal the distribution of watermilfoil to date and perhaps during this
conference they can advise as to the current status of the study.

Since watermilfoil has already spread into the McClellan-Kerr
navigation system, it is conceivable that it could continue to spread
all the way from Tulsa to New Orleans via the waterway's barge traffic,
if it hasn't already done so.

It should be noted that with the natural aging process of lakes
associated with sedimentation, the lakes will become shallow and even
more vulnerable to invasion by watermilfoil. The continuous threat of
such infestations and the plant's adverse effect on variocus beneficial
uses of water will undoubtedly result in immense economic losses. This
of course raises the question, "How can the economic importance of mil-
foil control be evaluated?" It is my understanding that this is also
a primary concern of the Corps of Engineers and they are currently de-
veloping a methodology for determining the economics of aquatic plant
control. Perhaps we can also receive more detailed information on this
issue during this meeting.

The Oklahoma Water Resources Board has been directly involved
with two milfoil control programs: one on Fort Cobb Reservoir (a
Bureau of Reclamation lske) in 197L, and another at Robert S. Kerr
Reservoir on the McClellan-Kerr navigation system for the last 3 years.
In each case, the Board's primary function was to evaluate the control
program with regard to its impact on water guality. Both the responsi-
ble Federal Agency and the Oklahoma Water Resources Board wanted to
know if the chemical control procedure using the herbicide 2,4-D had
an adverse impact on water gquality of the reservoirs.

After careful study, we reached the conclusion in three separate
publications, copies of which are available in the rear of the room,
that the use of 2,4-D did not adversely affect water quality. Thus,
the results were deemed favorable for the continued use of the chemical
in controlling the plant.

In January the Oklshoms Water Resources Board will submit to the
legislature the Oklahoma Comprehensive Water Plan, This plan will
propose distribution of water via a system of reservoirs and canals.

I believe that with the development of a system that utilizes open
canals and increases the exposure of water surfaces must also come the
planning of an organized program for the control of watermilfoil.
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CORPS OF ENGINEERS RESEARCH AND
DEVELOPMENT CONTRIBUTIONS

by

R. . Jackson*

Altheough the agenda indicates that I am to present a brief re-
view of the Corps' Research and Development (R&D) Program and Facilities,
a change in plan has been necessary and, instead, my remarks will con-
sist of & short summary of some of the contributions that R&D is making
and will make to the execution of the Corps' Civil Works program. The
Civil Works R&D program addresses six functional areas as it seeks to
completely underpin the Corps' Civil Works program. Approximately
1 percent of the Civil Works budget is devoted to R&D. Five Corps of
Engineers laboratories, the Institute for Water Resources, and the
Hydrologic Engineering Center perform R&D to solve pressing technical
prcblems facing our Divisions and Districts. In every aspect of our
Civil Works effort, we seek opportunities to apply R&D results.

ILet me illustrate some of the ways in which R&D has contributed
and will contribute to the execuvion of the Civil Works program. Re-
search in support of the dam safety program has continued on a high-
precision survey procedure that will detect movements as small as 3 mm
in monolitic structures. Tests of this procedure were conducted at
Grand Coulee Dam in July 1979. The first prototype instrument will be
manufactured and installed at the Dworshak Dam in Idaho by June 1981.
The present R&D effort is directed toward automation of the procedure
with an expected capability of monitoring on command the upstream and
downstream movement of up to 50 monoliths a day.

We are beginning to obtain results from the analysis and study of
the large quantity of data collected in late 1978 during the DUCK-X
coastal field experiment to gather ground-truth data with the NASA
SEASAT Satellite. The experiment proved that spaceborn sensors can
provide data for the coastal region for wave current and Gulf Stream
effects, inlet hydraulics, and wind wave interactiomns.

Field, numerical, and analytical studies of research data on
coastal inlets are being used to develop a physical model for the study
of the shoaling problem at Little Lake Harbor for the Detroit District.
Results of this model test will provide the basis for recommended inlet
entrance modifications and possible Jetty construction.

Results for the Coestal Engineering Research Center's (CERC) weir
Jetty study and the Murrels Inlet monitoring effort have been used to

¥ Research and Development Office, Office, Chief of Engineers, Wash-
ington, D. C.



design a terminal groin structure for Tybee Island, Georgia. Shifting
of the shoals in the Tybee Creek Inlet caused accelerated erosion of
the restored beach.

Research on module system floating tire breskwaters in the CERC
Large Wave Tank produced design guidance being used at Lake City,
Minnesota, to design a floating tire breskwater for the marina on
Lake Pepin. The lake is too deep and the bottom too soft for s con-
ventional stone or steel structure.

The Ice Engineering Facility was completed in FY 79. The research
program for FY 80 and model studies for Distriects will fully utilize
this faecility. The large test basin is currently being used to inves-
tigate severe ice jam problems at the entrance to the St. Clair River
from Lake Huron. Early results indicate that ice control siructures
such as ice booms will allow ships to transit this point and will sub-
stantially control the ice drift into the St. Clair River. The flume
test facility has been used successfully to provide the Great Lake-

St. Lawrence Seaway Winter Navigation Board with design for a water
intake structure that is not effected by the accumulation of frazil

ice., Laboratory developed underwater high flow air screens have

been installed at Poe Lock, Saulte Ste. Marie, Michigan; at the Bonne-
ville Lock on the Columbia River, Portland, Oregon; and at Lock 21 on
the Mississippi River at Quincy, Illinois, to reduce passage of ice
through the locks. The results of this initisl ice engineering research
will be published in Office, Chief of Engineers, Engineering Manuals in

1980.

A simple and inexpensive soil moisture sensor has been developed
to improve our ability to predict spring snow melt runoff and flooding.
Installation of the sensors can be tied to the GOES satellite system
for obtaining the predictive data.

Results of research to determine causes of flow concentration and
downstream scour have led to design modification for the stilling basins
at the St. Francis Lake Control Structure and the Ditch 81 Structure in
Arkansas.

Laboratory results of tests of riprap gradations are being trans-
ferred to the field for use such as a riprap channel on the Tennessee-
Tombigbee Navigation Waterwsy Project. New research is directed at
determining discharge, pressure, and water surface characteristics for
spillway crest design not addressed in current hydraulic design cri-
teria. Tests were performed on new fixed cone valves at the New Melones
Dam, California, that operate under high heads to determine valve per-
formance and to establish field operating procedures. In FY 80 the
culmination of several years of hydraulic design R&D will be published
in the revised Engineer Manual on the hydraulic design of reservoir
outlet works.

The annual cost of corrosion damage to Civil Works structures is
estimated to be $60 million. The Construction Engineering Research
Leboratory (CERL) developed guidance that was used by the Walle Walla
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District to design cathodic protection corrosion control systems for
McNary, Little Goose, and lower Granite Locks and Dams. The cathodic
Protection system is also being developed by CERL to arrest the severe
corrosion damage at the Thomas J, O'Brien lock on the Illinois Water-
way. Simultaneously, CERL is conducting a structural analysis to
assess the structural integrity of the damaged lock walls. These ac-
tions will assist in rehabilitation of the structure to restore its
normal life span., A repair and replacement cost approaching $5 million
will be avoided by this timely correction of the corrosion problem.

The CERL Paint Laboratory evaluated the cause of paint failure on
the Bourne Bridge over the Cape Cod Canal for the New England Division
and recommended a conventional paint system to arrest the problem in
lieu of an extremely expensive vinyl system. The recommended paint was
especially formulated to remove a lead primer to eliminate any possible
contemination of the oyster beds in the area. The CERL Paint Labora-
tory continues to provide extensive consulting services for the Corps
District and Division Qffices. This past year the CERL Paint Lsbora-
tory responded to approximately 200 consulting calls and made 3 onsite
evaluations.

In the early 1960's, CERL developed the existing coal tar epoxy
specification accepted and published by the Steel Structures Painting
Council, Recent research has developed an improved specification that
will further reduce the cost and the availability of this product. This
new specification has been accepted by the advisory committee of the
Steel Structures Painting Council and will be adopted by the Council
in the near future.

The Corps is committed to the use of airborne and spacecraft re-
mote sensing technology to significantly reduce costs for the acquisi-
tion and monitoring of data. A new Remote Sensing Manual is scheduled
for distribution in November 1979. This manuval will present simplified
guidance for managing and planning remote sensing missions., It will
also provide an extensive summary of remote sensing principles, equip-
ment, and image analysis with a cross-reference of past applications
to assist new users in finding assistance for solving their problems.
An example of the use of remote sensing technology to rapidly provide
information at reduced costs is in the Corps' Aquatic Plant Control
Research Program. The magnitude of a site-specific problem can be
logically determined through the use of low altitude, high altitude, or
satellite imagery missions. Imagery can then be automatically pro-
cessed and maps produced showing species composition and distribution
of plant infestations for use in planning control measures.

The Vicksburg District spplied LANDSAT data for mapping water
bedies, forests, and cleared areas in planning studies in the Yazoo
and Tensas River basins to calculate the relationship of river stage
to the area flooded. Historical trends were developed for land clear-
ing using land-use data from aerial photographs from 1941 to 1969 and
from LANDSAT data for the period 1972 to 1978. These data were then
used to develop a computer program that simulates basin flooding and
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stage-area flooded relations for nine separate flood stages. Flooded
boundaries for each of the flood stages were plotted on overlays for
standard topographic maps. These data overlays have been invaluable in
determining the economic benefits of project alternatives and for
presentation at public hearings. This flcood simulation model represents
& quantum leap in reducing costs and response time for Corps water re-
source planning studies.

An Airborne Laser Profiler System also is being developed to col-
lect valley and stream cross-sectional data for use in flood forecast-
ing and floodplain management. This system can reduce costs while
gathering accurate data rapidly. The system could become operational
early in 1980 if problems can be overcome with precise positioning of
the aircraft.

The structural analyses of Civil Works projects have previously
been hampered by complex loadings of earthquakes, intricate geometric
configurations, and complex material behavior. The Finite Element
Method is now being used for these analyses resulting in more reliable
and economical designs. Examples of use of the Finite Element Method
include verifying the seismic safety of the Savannsh District's design
for the Richard B. Russell Dam, eliminating the uncertainty about the
earthquake security of the service bridge for the Uniontown Daem of the
Louisville District, and establishing the structural safety of an
seration slot in the lower sluice of the Libby Dam to relieve a serious
cavitation problem. The Finite Element Method was used efficiently and
economically to design the chamber of the John N. Overton Lock and Dam
for the New Orleans District to include a comprehensive analysis of the
interaction between the structure and its pile foundation for varicus
design load cases. A unique application of the Finite Element Method
has been its use to establish temperature control plans for the con~
struction of wvarious concrete dams and navigation structures.

Cost savings will be realized in the Tennessee-Tombigbee Corridor
Study for allocation of State and Federal resources to implement eco-
nomic and human resource development programs by using the results of
the McClellan-Kerr Arkansas River Navigation System Study, an area with
similar social and economic circumstances.

Modeling efforts have produced design measures such as fins to
straighten inflow, umbrellas to streamline inflow, and grids to elimi-
nate severe air-entraining vortexes that rapidly damage pumps. The
generglized pumping station research facility is being used to produce
improved design criteria for arrangements and numbers of pumps for
proper inflow and discharge hydraulics at typical small pumping stations
and approach pump geometries. A model study of the Cache River Pumping
Station verified the Memphis District design and recommended no major
modifications. Extensive technology transfer is being made of this new
information, mainly through the conduct of design conferences.

Assistance provided the Panama Canal Company to control and manage
hydrilla in the Panama Canal determined that herbicides were extremely
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effective to control the hydrilla infestations. The use of herbicides
eliminated the use of copper sulfate which is toxic to aquatic animal
life forms and much more expensive to apply.

Assistance was also provided to the Seattle District for testing
methods to prevent the growth and spread of Eurasian watermilfoil. As
mechanical harvesting operations are conducted in Canadiaen waters,
watermilfoil is transported downstream into Washington. A barrier
was installed in the Okanogan River designed to trap this floating
watermilfoil,

The Dredged Material Research Program (DMRP) was successfully
completed in March 1978. Since that time, technology transfer of pro-
gram results has been accomplished by the Dredging Operation Technical
Support Program. To date, over 100 requests from 27 Districts, Divi-
sions, and OCE for assistance have been answered. The Chief of Engi-
neers transmitted his final report to Congress in August 1979. Then
OCE dispatched the final report to the State Governors and State Agen-
cies to bring to their attention the availability of this advanced
technology.

A Corps handbook was published in June 1979 describing techniques
for conducting visitation swrveys and for calculating attendance at
Corps-managed recreational areas. These techniques will provide more
uniform and consistent visitation data on which to support Corps rec-
reation planning, management, and research functions. A& report was
also published providing guidelines for establishing carrying capacity
levels and identifying techniques that address carrying capacity
problems.

The Ohio Department of Natural Resources is preparing to construct
recreational housing for 150 people at Deer Creek Lake. Our research
with land treatment of wastewater at the Deer Creek Lake demonstration
lagoon revealed a larger than expected treatment capacity. As s
result, the existing lagoon system will be used by the State of Ohio
with an expected savings of $350,000.

The Process Design Manual for the Land Treatment of Wastewater,
published jointly by the Corps, the Department of Agriculture, and the
Environmental Protection Agency (EPA) in 1978 has been revised to in-
corporate the latest research technology related to phosphorus and
nitrogen removal, applications in forest ecosystems, and for determin-
ing infiltration rates.

A special report published in 1979 on "Building Salt Marshes Along
the Coasts of the Continental United States" has provided guidance now
being used by 8 Corps Districts to establish over 30 marshes. These
marshes will provide wildlife habitat and afford bank stabilization for
the coastline., A special report published in September 1978 on "Dune
Building and Stabilization with Vegetation" provided a state-of-the-art
technique that is now a fully operational engineering practice. Our
Districets and Divisions are using this guidance to plant beachgrass in
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conjunction with beach nourishment and sand stabilization projects and
with hurricane protection projects.

The Environmental and Water Quality Operational Studies (EWQOS)
continue to focus on the environmental effects of alternative designs
and operational techniques for Civil Works projects. Physical models
such as the Dickey-Lincoln School Lake project are used to obtain in-
formation during the preliminary design phase of a reservoir project.
Studies of flow requirements and effects of flow and quality variations
from hydropower projects on downstream fisheries are being conducted
at Gilliam Lake (Arkansas), Hartwell Leke (Georgia/South Carolina),
and other field study sites. The use of vegetation to reduce the
environmental impacts of fluctuating reservoir pool elevations has been
studied at Leke Wallula (McNary Dam in Washington) and other field
sites., An Engineer Technical Letter will be published and distributed
to Corps Field Offices in FY 80 summarizing guidance for the use of
flood-tolerant plants for revegetation. Reaeration characteristics of
outlet structures have been studied at Enid Lake (Mississippi), DeGray
Lake (Arkensas), and J. Percy Preist Lake (Tennessee) with predictive
equations developed and published for use in design. Technigues have
been modeled to prevent nitrogen supersaturation at the Harry S. Truman
Lake and to study various selective withdrawal configurations with a
resulting improved predictative capability on their performance. The
study of vertical Jjets in reservoirs in physical models provides data
related to the use of destratification for improving reservoir water
guality. Similar results were obtained from model studies of mixing
and destratification techniques to improve reservoir water quality.
Field studies at Clark Hill, Georgia, investigated aeration techniques
for improving reservoir water quality. Field studies of Civil Works
projects in waterways such as dikes and revetments on the Lower Missis-
sippi River and navigation projects such as the Tennessee-Tombigbee
Waterway continue to provide important information on environmental
effects, Results of this research are being incorporated into hydrau-
lic engineering manuals and into guidance for determining environmental
impacts of water resources projects.

The Section 32 Program continues to investigate the nationwide
streambank erosion problem. The U. S. Army Engineer Waterways Experi-
ment Station (WES) published and distributed in July 1979 the interim
report to Congress which outlines the effectiveness of a wide wvariety
of bank protection methods. This program not only investigates the
adverse effects of wave gttacks and channel flow but research is de-
voted to determine the effects navigation ecraft have on streambank
stability. Initial accomplishments in FY 79 include the completion of
& model channel test facility and preliminary testing with a& model
twin-screw towboat and barges. Technology transfer of this research is
accomplished twice annually through the Section 32 Steering Committee
which has a representative from each Corps Division.
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RESEARCH AND OPERATIONS INTERFACE
IN AQUATIC PLANT MANAGEMENT

by

H. Roger Hamilton¥*

Questions facing aquatic plant control problem solvers include:

a. Are results of our research effort reaching the proper
people?

b. Are the results of our research being distributed in a
timely menner?

¢, Are the results of our research being distributed in a
format which the intended audience can understand?

d. Are the research results being applied properly?

It all comes back to the basic questions that each problem solver must
ask: who, what, where, when, why, and how? Technology transfer must
be accomplished in & timely, informative, and skillful manner if it is
to be successful.

What is technology transfer? Simply put, technology transfer is
communication, Effective communication requires two parties. There
must be a sender and the receiver for effective communication to
QCCUr,

Technology transfer forms the research and operations interface
in the Corps of Engineers Aguatic Plant Control Research Program.
Technology transfer also is accomplished in several forms. Some of
the forms include:

a. Technical reports.

b. DNewsletters or information exchange bulletins.
¢. Brochures.

4. Movies.

e. Large-scale operations management tests.

f. Meetings.

The U, S. Army Engineer Waterways Experiment Station has published
46 technical reports to date. Currently, 12 more reports are in the
publication process, making a total of 58 technical reports in the
Aquatic Plant Control Research Program.

*¥ (Chief, Natural Resources Management, Recreation-Resource Management
Branch, Office, Chief of Engineers, Washington, D. C.
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Two movies have been produced. Information exchange bulletins
and brochures have received wide circulation. Additionally, certain
Districts have published brochures and technical papers, conducted
public meetings, and provided technology transfer in a number of ways.
Seattle, Jacksonville, New Orleans, and Tulsa have been particularly
innovative in this area.

The Corps' Aguatic Plant Control Program can be broken down into
three distinct elements: research, planning, and operations. Each is
a separate element, but each relates to the others. The interface, the
need for effective technology transfer, is inescapable.

The Corps' organization within the continental United States is
composed of the Chief's Office in Washington, 10 Division Offices, and
36 District Offices, We also manage LLO lakes, 22,000 miles of inland
waterways, over 400 small boat harbors, and 3,000 miles of intracoastal
channels, We also have laborastories such as WES which has been desig-
nated as the lead laboratory for aquatiec plant control research.

We coordinate with other Federal, State, and local agencies,
private entrepreneurs; conservation and environmental organizations;
wniversities; and other interested groups and individuals.

We are in business for one purpose: to serve the public. Effec-
tive technology transfer is essential if we are to effectively and ef-
ficiently manage our program in the best interest of the public.

My feeling is that the interface between the various elements of
the aquatic plant control program is operating in a satisfactory manner.
But I do not like to operate on feelings alone. No matter how gocd a
Jjob we are doing, we still have room for improvement. I, therefore,
have designed a questionnaire which I would now like to distribute to
you., If you will complete this questionnaire and return it to me imme-
diately it will be very helpful in ensuring that ocur program is managed
in the public interest,
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Questionnaire
Aquatic Plant Control Research, Planning, and
Operations Meeting - Lake Eufaula, Oklahoma
26-29 November 1979

I represent:

U. 8. Army Corps of Engineers
Other Federal Agency

State Agency

Local Agency

Private Company

University or College

Other {Describe)

The method of control with which I am most concerned is:

My work pertains primarily to:

I receive aguatic plant control research publications produced by

the Corps of Engineers:

I read these publications:

Chemical

Mechanical
Biological
Integrated

Physical Manipulation
Other (Describe)

Planning

Research

Control Operations
Policy/Administration
Marketing

Engineering and Design
Other (Describe)

As they are published (I am on the

mailing list)
Frequently
Occasionally
Not at all

75-100% of the time
50-75% of the time
25-50% of the time
0-25% of the time
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10.

11.

12.

13.

1k,

I find the material in the publications informative and useful in
my work:

75-100% of the time
50-75% of the time
25-50% of the time
0-25% of the time

I am familiar with the Large-Scale Operations Management Tests
(LSOMT) being conducted by the Corps in cooperation with others.

Tes
No
If the answer to question #7 is yes, respond to questions 8 thru 11.

I think the LSOMT is an effective means of technology transfer:

Yes
No, because:

I, or my orgenization, have benefited from LSOMT:

Yes
o

Research and operations problems being addressed currently by LSOMT
are appropriate for this type of technology transfer:

Yes
No

Other topics which should be addressed by LSOMT include: (List
below)

Cverall management of the aquatic plant control program by the
Corps is:

Excellent
Adequate
Less than adequate
Totally inadequate

Current legislation for the Corps' aquatic plant control program is:

Adequate
Inadequate
I am not familiar with legislation

The following legislative changes should be made:
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15. Curfent policy for the Corps' aguatic plant control program is:

Adequate
Inadequate
I am not familiar with policy

16. The following policy changes should be made:

17. The Corps should establish a Center of Competence for aguatic
rlant control:

Yes
No

18. The following aspects of aguatic plant control should receive
greater emphasis from the Corps:

19. The current technology transfer aspect of the Corps’' agquatic
piant control problem is;

Excellent

Adequate

Less than sadequate
Totally inadequate

20. Please rate the technology transfer aspect of the Corps' aquatic
plant control progrem below by placing a checkmark on the line
which, in your mind, best reflects the performance.

Totally Fully
Inadecuate Average Responsive
1 2 3 4 5 6 T 3 9 16

21. Additional comments. Use another sheet of paper if needed:

Please return to:

H. ROGER HAMITZON

Chief, Natural rResource Mansgement
U, S. Army Corps of Engineers
Washington, D. C.
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INITTAL PLANS FOR AQUATIC WEED RESEARCH BY THE
U. 8. ENVIRONMENTAL PROTECTION AGENCY

by
Gerald E. Walsh*

Introduction

The Environmental Protection Agency {EPA) has been suthorized,
under the Federal Water Pollution Control Act, to "develop environmen-
tally sound methods to control aguatic weeds" (H. R. 2676; Congressional
Record, Nov. 9, 1979). Proponents of the bill further stated: "The
conferees intend that a research program be conducted with the purpose
of eventually providing environmentally sound solutions to the problems
of aquatic weed control.” We plan to approach the provlem from several
agpects with a view toward testing and developing environmentally sound
methods for weed control. The aspects include chemical, biological,
mechanical, integrated, and sequential control methods and their effects
upon aquetic systems.

Development and testing of methods for aquatic weed control have
been carried out by the U. S. Army Corps of Engineers, the U. 5. De-
partment of Agriculture, and other Federal and State agencies for many
years. However, research is needed with regard to environmental impacts
of weed control practices, and EPA, under its broad congressional man-
date, can work closely with Federal, State, county, and university
versonnel on the problems of weed control.

The EPA has little experience in control of aquatic weeds, except
in registration of herbicides for aguatic use. It has been necessary
to learn what has been done, what the current problems are, and what
the future needs will be with regard to weed control. With help from
leaders in the field, we have developed a comprehensive research plan
that is nationwide in scope. The plan is designed to (a) complement
and extend current work by other Federal and State agencies, and (b)
initiate research programs unique to EPA that promote and assist de-
velopment of environmentally safe methods of aguatic weed control.

ObJjective

The EPA research plan is designed to develop environmentally ac-
ceptable methods for agquatic weed control for practical application at

* U. S. Environmental Protection Agency, Environmental Research Labo-

ratory, Gulf Breeze, Florida,
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the loczal level., This objective will be achieved through a series of
subobjectives:

a. Evaluate new and existing methods through laboratory studies
and literature searches.

=3

Identify the methods that appear to be efficacious and en-
vironmentally acceptable.

c. Identify those methods that can be used in integrated pest
management schemes.

d., Identify, through field studies, environmentally acceptable
netheods of control for each locality and weed species.

e, Communicate knowledge gained and its practical application
to personnel involved in weed control.

Although EPA certifies certain herbicides as safe for specific
aguatic uses through its pesticide registration activities, more work
needs to be done that relates weed control practices to environmental
quality. It is clearly time to do so because, for example, new formu-
lations of controlled-release herbicides are under development, and the
sterile hybrid of the white amur {grass carp) and bighead carp are being
considered possibly for wide usage. By testing environmental impacts
of weed control measures, EPA can aid its own regulatory function by
recommending specific measures for specific problems.

Information Gaps

The EFA program will address scme of the major information gaps
in research on aguatic weed control, such as why plants occur as weeds
in some areas but not in others. Little is known about their hasic
biology, and research needs to be done in that area. Also, if more is
kriown about their basic biology, perhaps specific control measures
could be developed for each species.

Another major problem is related to long-term control. We need
to find methods that will inhibit repid reestablishment of plants.
Perhaps integrated control will be best here in order to avoid chronic
effects of chemicals on nontarget species. Controlled-release herbi-
cides may also be of great importance for long-term control.

RBiclogical control methods, such as plant pathogens and phyto-
Phagous fishes, may be studied in-depth because, if developed, such
methods may cobviate the need for extensive chemical control.

General Approach

Initially, a substantial amount of the EPA program will be carried
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out by other Federal agencies, but support will be given to research
rrojects of individuals in universities or in State regulatory and con-
trol agencies. PFProjects funded will cover the areas of chemical, bio-
logical, mechanical, and integrated control. All, except basic re-
search, will provide data with regard to environmental safety. It is
expected that, over the next few years, the program will become less
broad in scope with emphasis on development of environmentally sound
control procedures based on information gained during the program's
initial years. It is projected that the EPA program, over the next few
years, will place less importance on chemical control and more emphasis
on btiological and integrated control.

Applications of EPA Research

At present, methods are needed to control weeds safely, effi-
ciently, and economically without harm to (a) sportfishing, boating,
or recreational sites; (b) irrigation canals, reservoirs, and ditch-
banks without affecting water quality as it relates to drinking and
irrigational use; and (c) aesthetics. Knowledge gained from the EPA
program will be published and disseminated widely for judicious use
of control methods resulting in minimal negative environmental impact
in relation to water use.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-—-QPERATIONS ACTIVITIES

North Central Division, St. Paul

by
Weyne Koerner®

St. Paul District's Aquatic Plant Control Program serves the
states of North Dekota, Minnesota, and Wisconsin., While the District
has been involved in the Aquatic Plant Control Program for some time
and has attempted to implement it, most of these attempts have failed
for lack of local interest. In many cases, the supply of water bodies
suitable for recreation or other uses has exceeded the demand to the
extent that problem areass could be avoided or ignored.

North Dakota is a 'water-poor" state because it has few natural
lakes, The lakes are concentrated in the north-central and central
portions of the state. Most of the bodies of water in the remainder
of the state are reservoirs. Of the approximately 200 lakes in North
Dakota with significant recreation use or potential, about 30 have scme
type of plant overgrowth or accelerated eutrophicetion.

In addition to improving the state's recreation resources, North
Dakota has an additiocnal interest in pursuing the Agquatic Plant Control
Program. If North Dakota is to increase its supply of surface water
for recreation and other purposes, additional reservoirs are needed.
However, some existing reservoirs are experiencing problems before it
was expected. Visitor attendance at existing reservoir sites is not as
high as expected because of eutrophication or weed conditions. Thus,
the reliability of attendance estimates for other planned lske develop-
ments is in question.

Wisconsin and Minnesota, on the other hand, have a rich natural
resource in their numerous lakes and streams. The inland lakes are most
numerous in the glaciel outwash areas along the southern edze of the
Great Lakes. MNumerous lakes, in lesser density, are located throughout
both states, The problem most often brought to our attention is with
lakes that are experiencing recreation pressure and becoming eutrophic
or overgrown with rooted aquatic planits. Blue-green algae (aphonizomi-
non) and the submergent rooted aquatics (Potamogeton, Vallismeria, and
Ceratophyllum) are the most typical problem plants in the midwestern
States.

With increasing development and pressure for water-based recrea-
tion, hunting, and fishing, lakes that had been inaccessible or unusable

* U. 8, Army Engineer Division, North Central; St. Paul, Minnesota.
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in prior years are now needed to meet the demand. Wisconsin has recog-
nized this problem and the problem of the lakes becoming eutrophic and
has instituted State programs to deal with them. The Inland Lakes Re-
newal Program was established to rehabilitate degraded lakes and, if
possible, preserve the conditions of others not yet in dsnger of
infestation.

The St. Pauwl District's most recent effort in the Aquatic Plant
Control Program is a reconnaissance study for Buffalo Lake which is a
2500-acre impoundment on the Upper Fox River in Marquette County,
Wisconsin. Buffalo Lake is centrally located in the southern half of
the state spproximately 50 miles north of Madison, Wisconsin's State
capital,

Buffalo Leke was formed in 1871 when the level of a natural basin
was increased by 4 ft., The Corps of Engineers constructed & low-head
dam and lock structure at the outlet of Buffalo Lake as part of a
navigation system connecting the Wisconsin River to Lake Michigen. A
canal was constructed across a 2-mile gdivide at Portage, Wisconsin,
completing the project. In 1962 the project was turned over to the
State of Wisconsin,

Buffalo Lake is one of over 90 lakes in Marquette County and
accounts Tor almost 50 percent of the county's available surface water
area, It has a mean depth of 4.5 ft with a meximum depth of 8 ft. It
is about 12 miles long and has a maximum width of 0.5 mile. The lake
would make a fine recreation attraction to nearby population centers if
the subwmergent vegetative growth were controlled. Several resorts are
along the lake which has about 16 miles of developable shoreline, Out-
of-state residents fishing in the region exceed local participants by
4 to 1. If Buffalo Lake were not kept accessible, tourism in the area
would suffer dramatically.

Prior to 1970, an overabundance of rough fish, predominantly carp,
and wind and wave action combined to decrease water quality and the game
fishery. In 1970, a successful rough fish control and restocking proj-
ect was carried out by the Wisconsin Department of Natural Resources.
Since then, excellent, self-sustaining populations of northern pike,
largemouth bass, bluegill, perch, and bullhead have been established.
However, without the carp disturbing the lake bottom and clouding the
water, the native aquatic plant population increased to the point of
infesting the entire lake and severely restricting water-based recrea-
tional activities,

The species of submerged aquatic plant$ considered to be a prob-
lem in the lake are coontail (Ceratophyllum demerswm), Canada water-
veed (Elodea canadensis), curly-leaved pondweed (Potamogeton crispus),
sago pondweed (Potamogeton pectinatus), flatstem pondweed (Potamogeton
zosteriformis), common naiad (Najas flexilis), and wild celery (Vallis-
neria americana). All of the above, with the exception of the unat-
tached mats of coontail, are rooted submerged aquatic plants, are common
in other areas, and are natives to the upper midwest (curly-leaved
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pondweed was introduced from Europe). Their method of reproduction is
mostly vegetative, often by fragmentation of the stem. Wild celery,
sago, pondweed, and common naiad are important wildlife and waterfowl
plants. In less choking densities, all of these plants are important
beneficial members of the aquatic ecosystem. However, the growth rate
and conditions in Buffalo Lake are such that, if left uncontrolled, all
2500 acres of the lake will be choked to the water surface with sub-
merged aguatic vegetation.

Since the summer of 197h, the Buffalo Lake Improvement Association
has been involved in a mechanical weed harvesting program in an attempt
to improve the lake. Five small cutting machines are used to cut the
aquatic vegetation. In 1975, the University of Wisconsin Mechanical
Engineering Department designed a stationary removal system for flosting
vegetation which is located upstream ¢f the dam at Mcentello. The cut
aquatic vegetation floats downstream to the removal system where it is
loaded onto dump trucks,

These harvesting efforts have been unsatisfactory, in pari because
of the magnitude of the problem, present technology, and lack of funds.
Therefore, the Department of Natural Resources requested, on behalf of
the Buffalo Lake Property Owners Association and Marquette County, that
the U. S. Army Corps of Engineers perform an aquatic plant control
reconnaissance study on Buffalo Lake.

The preliminsry plan developed for the reconnaissance study recom—
mends the use of a large mechanical harvester which would be used to
maintain approximately 500 acres or zbout 20 percent of the total lake
area, The plan calls for maintaining a channel down each side of the
lake with side channels and spot clearing at selected locations. The
harvesting would begin in early spring before the problem becomes too
great and would continue through the growing season. Preliminary es-
timates of benefits and costs indicate = favorable benefit-cost ratio.

Public attitudes favor a solution other than the use of herbicides.
In addition, a herbicide control plan would probably be less efficient
than the recommended method because:

a. Current patterns within the impoundment would make appli-
cation areas difficult to pinpoint and manage.

b. Drift and dilution of the herbicide could render applica-
tion ineffective.

c. Heterogeneous plant populations such as those in Buffalo
Lake (seven species) may require more than one type of
chemical control method to achieve the desired response.

The Buffalo Lake reccnnaissance study will be forwarded to higher
authority later this year. We hope to learn from the review of this
study whether application of the Aguatic Plant Control Program is appro-
priate for this type of problem.

Inclusion of this type of problem in the program would not
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significantly increase our workload even though there are many lakes
experiencing similar weed problems. The two main reasons for this are
the 30 percent state-provided cost and the historical reluctance of
the states to get involved unless the problem has widespread signifi-
cance in the state.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--QPERATIONS ACTIVITIES

North Pacific Division, Seattle

by

Robert M. Rawson*

The Seattle District is relatively new to the field of aquatic
plant control. It has only been in the last few years that we've had
a serious problem. Our problem species is Furasian watermilfoil.

Presently, the problem is restricted to a few arcas of the state.
Milfoil has not yet caused problems at any Corps of Engineers projects
in the state, but could if it continues to spread. The Seattle Distriet
became involved in the milfoil problem when the Washington State Depart-
ment of Ecology requested that we establish a statewide management pro-
gram, Our proposed management program, which would be on a 70:30 cost
share basis, includes the control of existing milfoil problem areas and
prevention of further spread.

Qur proposed control program would be centered in the Seattle area,
Three lakes there, Washington, Sammamish, and Union, are infested. The
main impacts to date have been to aesthetics and public recreation., Our
objective in these lakes is to eliminate the major obstructions to ree-
reational use without causing an unacceptable impact to the environment.
Because of the large number ¢f possible control techniques, and local
disputes as to the advantages and disadvantages of each, our approach
was to give the maximum amount of flexibility possible to the local
sponsor to choose treatment methods for their areas. The alternatives
for the Seattle area lskes range from mechanical harvesting to 2,4-D
application. In addition, we would approve fiberglass bottom screens,
or the chemicals endothall, diquat, and dichlobenil for public swimming
beaches, The final choice will be up te the local sponsor.

The other part of our proposed program, the prevention portion,
is state-wide in scope but would be initlally concentrated in the
Okanogen area. British Columbia has had serious milfoil problems for
several years and it has moved down the Okanogen lake chain into the
U, 8. portion of Osoyoos Lake., The British Columbia Ministry of the
Environment helped us all they could in slowing down the milfoil spread,
but now we have pioneer colonies not only in the lake bul also in the
Okanc:izn River. The main objective of our prevention program is to keep
the milfoil from becoming established in the Columbia River system.

¥ Environmental Resources Section, U. S. Army Engineer District,

Seattle; Seattle, Washington.
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Work has been going on for a couple of years in the Okanogan ares,

paid for mainly by the State Department of Ecology and Ckanogan County.
We propcse to continuz and expand their work. The barrier structure
which is located on the river just below Osoyoos Lake would be maintained
to decrease ihe number of fragments floating downstream. Alsc, spot
treatments would be done to limit the sources of fragments. The pro-
posed treatment methods for spot treatment are hand removal, 2,4-D, suc~
tion dredge, and rotovating. Aerial and ground surveillance would be
maintained in these areas and also in the high risk Columbia River
reservoirs to identify new colonies for treatment. A publiic information
program will be implemented to reduce the amount of spread caused by
recreational boaters and aquarium owners.

A third problem area in the state, the Columbia Basin, is not
inecluded in our program. This area is managed by the Bureau of Recla-
mation and has several irrigation reservoirs and weterways infested
with milfoil. This area is not included in our program because it is
part of an authorized Federal project and cannot be treated under our
authority. Any work done there would have to be funded by Bureau opera-
tions and maintenance money. We are very interested in their problems,
however, and are working closely with them because of their proximity
to the Columbia River and the large source of milfeil fragments.

The main problems remaining are the public opposition due to the
inclusion of chemical alternatives and the amount of coordination re~
guired among the three levels of government. The way our program is
set up, the Washington State Department of Ecology is the umbrells
sponsor. They, however, probably will not provide matching funds for
local control efforts. Local governments or other potentisl sponsors
must propose the treatment to the Department of Ecology. The Depart-
ment will then submit a combined State proposal to the Seattle District
for funding.

Since our requested funding was cut for FY 80, some priorities of
treatment may be required. Our first commitment would be to continue
the funding for research by WES. OQur second priority would be the
program to prevent the spread of milfoil into uninfested waters. The
third priority would be the treatment of public recreation areas, and
the final priority would be the treatment of high-use public waters
which do not front public recreation areas. Within those last two
categories, which make up the control program, further prioritization
may be required. This would be done jeointly by the state and local
SpONsors.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--QPERATIONS ACTIVITIES

South Atlantic Division

by
Julisn J. Raynes*

It is believed that the waterhyacinth was imported from South
America about 188h. According to popular belief, this beautiful plant
with its lovely lavender flower was given away to visitors at the World
Exposition held in New Orleans, Louisiana. The story is that somecne
near Palatka, Florida, had placed the hyacinth in a tub and that when
the plants had multiplied sufficiently to fill the tub, the tub was
emptied into the St. Johns River.

In 1896, a Mr. Creel from Palatka, Florida, petitioned the Congress
for assistance with the waterhyacinth problem in the St. Johns River.
The hyacinth was creating havoc with navigation, often pushing the river
boats out of the channel whenever the winds shifted. Oftentimes, fisher-
men were trapped by rafts of hyscinths and held stranded until the rafts
were broken up by river currents or the winds. Similar occurrences in
the rivers and bayous of Louisiana also resulted in petitions to Congress
for assistance.

The Corps of Engineers Office in St. Augustine, Florida, made a
number of reports on the problem and even had the Department of Agri-
culture make a botanical report on the hyacinth.

Tn 1899, the River and Harbors Bill authorized the Corps to remove
aquatic growths which presented an obstruction to navigation in Florida
and Louisiana, It was later modified to include Alabama, Mississippi,
and Texeas.

Congress, recognizing that 2,4-D herbicide might eliminate the
waterhyacinth, enacted the 1958 River and Harbors Act which authorized
the expanded Aquatic Plant Control Program. This act authorized con-
trol to extend into the rivers, streams, and other waters allied to
navigation. It also recognized that the program was also to be con-
ducted in the combined interest of navigation, flood control, drainage,
agriculture, fish and wildlife conservation, public health, and related
purposes including continued research for development of the most ef-
fective and economical control measures within the South Atlantic and
Gulf Coastal regions with the Corps providing 70 percent and the states
30 percent.

¥ U, S. Army Engineer Division, South Atlantic; Atlanta, Georgia.
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In 1965, Congress extended the program to the entire 50 states of
the United States, It should be noted that sbout that time the total
program was about $800,000 to $900,000. Today its about three to four
times that much and the need is growing.

The Wilmington District, which covers North Carolina, does not
have an active control progrem at this time. The state has requested
the Wilmington District to withheld field operations. It does not pro-
vide the funding for any cost-sharing operations. However, the District
does maintain a very limited amount of field surveillance.

It is interesting to note that Currituck Sound which had about
70,000-80,000 acres of Eurasian watermilfoil was under study by
Dr. Graham Davis of East Carolina University under the Sea Grant program
during 1977 and 1978. His studies seem to indicate a correlation be-
tween turbidities created by meteorological conditions and biomass
reductions,

The decline of submerged aquatic plants in the Chesapeske Bay,
reported in 1975 and in 1979, apparently has stimulated more research
under the Sea Grant Program in its effort to determine what is causing
the decline. Dr. Robert J. Orth of the Virginia Marine Science Insti-
tute is performing the study under this grant.

In South Carolina, the Charleston District has been maintaining
a surveillance program on the alligatorweed problem. Field operations
on alligetorweed were halted several years ago because alligatorweed
was not listed on the 2,L-D label for use in slow-moving waters. 'This
has been cleared up by EPA Region IV in its interpretation that 2,4-D
DMA could be used against alligatorweed in similar amounts as used for
waterhyacinth control, i.e. 2 to 4 1b/acre.

The Charleston District is now being faced with a new problem
plant, common reed (Phragmitis communis). It was first identified in
South Carolina in 1961 even though it is widespread in this country.

Due to the wide variety of habitats invaded by common reed, f{rom saline
to fresh and from standing water to nearly dry sites, it may pose serious
problems for most of South Carolina marshes. Charleston is currently
preparing a reconnaissance type report on the extent and seriousness of
this problem plant for submission to OCE., We anticipate that Charleston
will also prepare a problem statement for inclusion in the Corps' re-
search prograw if approved.

Another provlem, reported by the Georgia Game and Fish authorities,
involves a filamentous blue-green algae called Lyngbya. It was stated
that in areas of high nutrient input, tremendous blooms can occur that
mgy render the infested waters useless. About 400 acres of the Lake
Blackshear reservoir has been affected. Over 20 acres in Lake Worth
and 200 acres in Lake 3eminole (a2 Corps impoundment) were also reported.
The state reported that several repeat applications of aquazine were
made in small areas last summer with limited success. We hope to have
more on this problem later., I feel that the Charleston program will
become involved in some form of algae control in the future.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATTIC PLANT PROBLEMS-—-OPERATIONS ACTIVITIES

South Atlantic Division, Jacksonville

by

James T. McGehee* angd Joseph C. Joyce¥*

Introduction

The Jacksonville District Corps of Engineers in cooperation with
the State of Florida, Department of Natural Resources (DNR), conducts
aquatic plant control operations under two separate authorizstions, i.e.
the Rivers and Harbors Act of 3 March 1899 and Public Law 89-298, dated
27 October 1965. Historically, this progrem has attempted to maintain
an acceptable level of control on those aguatic plant species that ex-
hibit a major economic impact on a regional basis. The aquatic plants
which fell into this category were waterhyacinth, water lettuce, alli-
gatorweed, and hydrilla. This approach was dictated by (a) the limited
funds that have been allocated to the program in past years, and (b)
the apparent lack of significant problems assoclated with other aquatic
species in water bodies under the Corps' program.

Program Authorization

After receiving numerous reguests for the treatment of minor
aguatic plant species from the general public and the agencies conduct-
ing control operations under the Corps-DWNR aquatic plant control pro-
gram, it became obvious that the problems being caused by these species
were collectively gresater than anticipated and were impacting upon the
public benefits previously derived from the treatment of the major
problem species. Additionally, other exotic plants which have shown
the potential of creating serious problems were being introduced and
the existing control program was not authorized to attack these species
upon discovery. Thus, on 13 September 1978, authority to include these
additional species into the control program was requested from the
Office, Chief of Engineers {OCE), in Washington, D. C. In this request,

¥ Recreation-Resource Mansgement Section, U. 3. Army Engineer District,
Jacksonville; Jacksonville, Florida.

*¥% Chief, Recreation-Resource Management Section, U. S. Army Engineer
District, Jacksonville; Jacksonville, Florida.
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it was noted that House Document 251, 89th U. S. Congress, lst Session
(the report which justified Public Law 89-298), stated that during an
ongoing aquatic plant control program "other obnoxious aquatic plants
will require control to prevent invasion into areas cleared of hyacinth
and alligatorweed, if full benefit of the control programs on these two
plants is to be realized." It was also recognized in this document
that a '"real need for general legislation authorizing the Secretery of
the Army to take early action to bring under control serious infesta-
tions of obnoxious aquatic plants of any type, whenever and wherever
they may occur," existed. In a letter dated 15 December 1978, OCE
granted approval to the Jackscnville District for such treatments on a
case-by-case basis; however, approval of each such treatment was to be
made by OCE.

Prior to initiation of this program, it was determined that the
treatment of these additional species was not a significant departure
from the overall program of the Environmental Protection Agency. Thus,
on 27 April 1979, an Environmental Assessment was prepared in compliance
with the National Environmental Policy Act of 1972.

Justification Procedure

In order for a given problem species to be included in the control
program, the following information must be provided to the Jacksonville
District aguatic plant control personnel:

a., Name and major watershed where plant is located.

b. Location including a map of the specific area of infestation
and the specific area to be treated.

¢. Speciles scientific and common name,

d. The principal uses of the water body in priority order.

€. The magnitude of the infestation (area) and the number of

acres to be controlled,

« The method of control, i.e, mechanical, chemical, or
biclogical,

g. If herbicidal control is selected, the name of the herbicide,
the active ingredient rate and application, and the fre-
quency of treatment.

123

. Estimated cost of control.

i. A brief statement of the nature of the physical and economic
damages caused by plant.

Once this information is received, the District staff will review
the request and, depending upon the nature of the request, &n onsite
inspection may or may not be required. After a determination is made ,




control operations can commence upon receipt of notification by the
State.

Resulis to Date

Since receiving approval to include these additional species in
the program, 28 requests (Table 1} have been received for the treatment
of 18 different species in 21 separate water bodies. Of these 28 re-
quests, 18 were approved, 4 were disapproved, and 6 were approved if an
alternate herbicide was used. The approved treatments involved 831
acres of plants at an estimated cost of $113,871 or 2.2 percent of the
overall Corps-DNR control program. The average approval time for the
requests received was 31 days.

Conclusions

In conclusion, it is felt that this minor expansion in the Corps-
DNR program filled a critical gap in the overall management of aquatic
plants and provided a substantial increase in the quality and quantity
of benefits to the public at a minor cost.
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Table 1

Minor Problem Aquatic Plant Control Program

Figcal Year 1979

Estimated

Species Water Body Acreage Costs
Myriophyllun heterophyllum E. Lake Toho 20 5,000
Alligator Leake 12 3,125

Lake Lizzie 12 3,125

Myriophyllum pinnatum Lake Stone 50 5,731
Bear Lake 25 3,540

Egeria Lake Harris 5 1,500
Suwannee-Santa Fe 15 2,403

Lake Yale 5 1,500

Leman and Salvinia Julington Creek T 210
Cabomba sp. E. Lake 'Toho 20 5,000
Alligator Lake 13 3125

Lake Lizzie 13 3,125

Suwannee~-Sante Fe 15 2,403

Potamogeton spp. Lake Marion 100 10,000
Lake Eva 4o 4,000

Winter Park Lake 15 12,094

Limnmophila sesst flora* Lake Pierce L 640
Leke Wecohyakapa Y 640

Dead Lake 1 1,000

Ceratophylium demersum Caloosahatchee River 8 1,132
Alternanthera philoxeroides  Caloosshatchee River 7 o1 32
Lake Tarpon 10 1,188

Withlacoochee River 90 7,822

Nupkor Tuteum Caloosahatchee River 8 1,132
Nelwmbo lutea Lake Jackson¥*#¥ 25 T00
Nymphaea odorata Lake Iamonia#*# 100 2,800
Lake Miccosukke¥# 100 2,800

Hydrocotyle Caloosahatchee River T 1,132
Spriogyra algae Winter Park Lsake 100 25,872
Panicum repens Lake Tarpon 25+ 885
Panicum hemitomon Withlacoochee River 120+ 9,548

¥ PEradication efforts for
*%¥ Mechanical control.
t Disapproved.

new infestations.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

South Atlantic Division, Mobile

by
Douglas H. Powell™® and R. Douglas Nester*¥

The State of Alsbama, Department of Conservation, coordinated and
funded in part by the Mobile District, conducted a comprehensive aquatic
plant survey of the Mobile Bay Delta. The survey covered those waters
from the Tombigbee River below Coffeeville Lock and Dam and the Alsbama
River below Miller's Ferry Lock and Dam, through the waterways and bays
of the Mobile Delta, to several of the major tidal streams in the upper
Mobile Bay area., The survey was initiated in August of 1979 and, due
to Hurricane Frederic, was completed in mid-October 1979. Major aquatic
plant species were identified and noted with regard to their relative
abundance. Approximate acreage or percent infestation of obunoxious
plant species was alsoc recorded in areas where serious infestations
were found.

The survey team did not locate any infestations of Hydrilla
verticillata Royle in the Mobile Delta or major river systems below
the known infestation in Coffeeville Reservoir on the Tombigbee River.
This aquatic plant has probably not had sufficient time to establish
in any of these areas. However, further survelliance of the Mobile
Delta below the known infestation will be necessary to monitor this
aquatic threat. The infestation in Coffeeville Reservoir presents a
serious threat to the entire Mobile Delts.

Wo sericus infestations of aguatic plants were found in the upper
regions of the survey area. The number and relative abundance of
agquatic plant species increased as the survey progressed southwerd
throughout the Delta. The marginal plants Zizaniopsis miliacea {Michx.)
Doell and Asch., giant cutgrass, and Zizania aquatica L., wild rice,
vere gbundant in numercus areas of the Delta but did not present prob-
lems, The ¢olonies of these plants were confined to the shallow or
shoreline areas and did not interfere with navigation or water flow,
Several other species of aquatic plants were abundant in certain lo-
calities, but nore presented any problems to navigation or water flow.

Serious problems with obnoxious aquatic plants did not become ev-
ident until the lower portion of the Mobile Delta and several arms of

¥ Game and Fish Division, Alasbama Department of Conservation and
Natural Resources, Marion, Alabama.
¥¥ U. S. Army Engineer District, Mobile; Mobile, Alabama.
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the Basin Negro were reached. PBrazilian elodea or anacharis was abun-
dant enough to cause problems in Six Bits Creek, Smith Bayou, Duck Bayou,
and Squirrel Bayou. All these waterways are located off the main body
of the Basin Negro. Significant infestations of Brazilian elodea or
anacharis made navigation by a small outboard powered bost very diffi-
cult. The percentage infestations of Brazilian elodea or anacharis found
in these locations were from 40O to 60 percent.

Burasian watermilfoil is a serious problem in several bays and
waterways of the lower Mobile Delta. A total of over 2600 acres are
presently heavily infested. The majority of these heavily infested
areas were completely lacking in navigability, except by airbeat.
Eurasien vwatermilfoil was the predominant submersed plant species found
in the lower Delta. The amount of the Eurasian milfoil will continue
to increase and replace the existing aguatic plant species now in the
Delta unless a plant management program 1s enacied scon. Major infes-
tations are as follows: Bay Minette, 288 acres (60 percent); Bay Minette
Basin, 20h acres (85 percent); Chocalata Bay, 995 acres (55 percent);
and Delvon Bay, 469 acres (55 percent).

A vast and complex aguatic community is found in the Mobile Delta.
Many different plant species were encountered as the survey team
travelled southward from the upper reaches of the Mobile Delta; these
species were grouped as follows: 2 species floating plants, 32 species
shoreline or emersed plants, and 17T submersed plant species.

Currently, the State of Alabama has no approved statewide aquatic
plant control program, The Mobile District, State of Alabama, Dept. of
Conservation, and a local environmental consultant are presently engaged
in the development of such a control program. This program, as planned,
will provide for the control of obnoxious plant growth by means of chem-
ical spraying and a suitable monitoring effort to document the adverse
and beneficial effects of the treatment on the Mobile Delta ecosystem,
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USAE DIVISION/DISTRICT PRESENTATIORS
AQUATIC PLANT PROBLEMS--OFPERATIONS ACTIVITIES

Soutn Atlantic Division, Mobile, Lake Semincle Reservoir

by
Joe Kight¥

Leke Seminole is a 22-year-old, 37,500-acre reservoir on the
Georgia-Florida-Alabama border. It is fed by the Flint and Chattahoo-
chee Rivers, Spring Creek, and Fish Pond Drain. There are four rather
separate areas of the lake: Chattahoochee River with the heaviest silt
load; Flint River, less silt load and high nutrients; Spring Creek,
spring fed and high in carbonates; and Fish Pond Drain, clear water fed
from old seepage ponds.

Many species of aquatic plants were present in lime sink ponds
that were flooded when the lake was impounded. In addition, some
10,000 acres of trees were left uncleared. This provided cover for
fish and wildlife and also mads excellent habitat for the production
of aguatic plants., I might point out that most of our problem plants
are exotics.

Waterhyacinths were first noted on the Flint River arm of the lake
in the spring of 1955, This was treated with 2,4-D from boats, which
resulted in goocd control. Very little follow-up work was done until
the summer of 1958. At this time, it was estimated that 1200 acres of
hyacinths were on the Flint River arm and that they were coming down-
stream from hydroelectric impoundments.

Two contracts were let, one in July and one in September of 1958,
Helicopters sprayed the hyacinths with 2,4-D, again with good results,
over some 3000 acres.

Following the hyacinth control program, alligatorweed (Alternan-
thera philoxeroides) became established. Again, the source of infesta-
tion was upstresm impoundments. The weed was first noted in the summer
of 1960 and its spread was very rapid. Waterhyacinths were apparently
unable to successfully compete with alligatorweed and were somevwhat held
in check. Research work by the U. S. Department of Agriculture (USDA)
Research Service, supported by the Corps of Engineers, was under way.
Biolegical control was the subject of the study. The potential use of
manatees and snails, as well as plant pathogens, was studied; however,
most of the biological control research was devoted to arthropods, prin-
cipally insects.

¥ Lake Seminole Resource Managers Office, U. S. Army Engineer District,
Mobile; Chattahoochee, Florida.
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The alligatorweed flea beetle, 4dgasicles hygrophila, was selected
for introduction after extensive studies. This beetle is in the family
Chrysomelidae, order Coleoptera. It is host specific. The first re-
lease involved approximately 800 flea beetles at two sites about 5 miles
apart on the Chattghoochee River arm in 1966. Although the beetles
became established, they never developed large populations. The second
release of 100 beetles was in May and July 1967 on the Flint River arm.
By November they had increased in numbers and had spread about 15 miles
upstream from the release site. By October 1968, they were well estab-
lished and were causing considerable damage. By August 1969, reduction
of vegetation was estimated at 77 percent.

By the end of 1970, only patches of marginally rooted alligator-
weed that showed beetle damage remained. At the start of the program,
alligatorweed mats averaged 28 ft wide. Agasiecles activity reduced
these mats by 97 percent over a b-year period. Alligatorweed is not
now considered a problem at Lake Seminole. However, with the reduction
of alligatorweed, wsterhyacinths reacted quickly to f£ill the niche.

We used wooden spray boats and aluminum skiff boats and were only
able to contain the mats. We finally got an air boat and were able to
do a better job.

The hyacinths got ahead of us again and another helicopter con-
tract in the summer of 1978 slowed them down. The helicopter operated
off a barge, the barge being under way most all the time. This was the
least expensive way to treat hyacinths. Total cost was a little over
$7.00 per acre, approximately $1.00 less than the air boat. The rental
rate was rather steep--$225.00 per hour--but operating from the barge
practically eliminated dead-heading or ferrying time. The helicopter
operator started spraying hyacinths Jjust about as soon as he was air-
borne, This was followed up with spot treatment by a fixed wing air-
craft approximately a month later. Right now, we are ahead again.

Eurasian watermilfoil, Myriophyllum spicatum, was first noted in
the Spring Creek arm of the lake in 1965. This rapidly expanded to
2000 acres in 1972, 4500 acres in 1973, 5000 acres in 1974, and peaked
out at 8000 acres in 1975. It has somewhat stabilized at this acreage.
This is probably due to the plant heving filled the available habitat
in the lake-~either having established itself or is unsble to compete
with other plant species. It doesn't seem to grow at water depths much
greater than about 12 ft.

In the summer of 1976, 18,000 1b of Aquakleen, a pelletized form
of 2,4-D, was applied at a rate of 100 lb/acre of material which egquates
to 20 1b active ingredient per acre. An additional 20,000 1b was ap-
plied to 200 acres in the summer of 1977. The treatment was effective,
but the treated areas have again become invaded and the plant is re-
established.

Hydrilla, Hydrilla verticillata, was first noted in the lake in
1968, This was & small patch adjacent to a boat ramp. Ry the summer
of 1973, the infestation had expanded to S acres and we began to work
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on it. Three different plots were treated with the equivalent of 200 1b
of Hydout per acre; 10 gal of Komeen per acre, and a combination of
4 gal of K-Lox with 2 gal of diquat per acre,

Tn 1975 there was an estimated 800 acres of hydrilla, of which
80 acres was treated. The areas treated were high use areas and we
knew that all we were doing was chemically mowing the weeds, that they
would come back, but at least the pecple could use the areas for boating,
skiing, swimming, and other water activities.

Later, we hired an Emair airplszne, an agricultural airplane built
in Texas. It had a 1200-hp engine and could haul all the material we
could put into its hopper. Our crew loaded the chemical from the
storage building into & hydraulic-operated, truck-mounted hopper. The
truck then drove down the ramp to the airplane and loaded the plane.
While the pilot was applying the material, ocur crew would be loading
the truck hopper. The losded plane would take off, apply the material
to the site., be back on the ground and loaded again in less than 10 min.

Coverage was excellent., Total cost of the truck and driver and
airplane and pilot totaled out to $1.98/1b or $L.L45/acre. Our labor and
equipment cost another $1.00/acre for a grand total of $5.L45/acre.

In 1976 there was an estimated 1200 acres of hydrilla; 90 acres
in the high use areas was treated. In 1977 there was 2000 acres; 180
acres was treated. The annual plant survey for 1978 indicated that
there was some 2500 acres of hydrilla. Today, I would guess that there
is probably close to 3500 acres.

We've tried Komeen, K-Lox, diguat, cutrine, Hydrothol, Aquathol-K,
Hydout, Aquekleen, and Banvel with dicamba. Most of these, excepting
the 2,k-D formulations, will more or less mow the plant to where the
recreating public can use the area. HNone, however, hasgs prevented the
plant from coming back, presumably from the tubers. We use Hydout be-
cause of its ease, speed, and low cost of application.

An interesting phenomenon occurred on one area. Dr. Jchn Gallager,
who is with Union Carbide, is working with us experimenting with .fenac.
Part of & cove in Rays Lake, which is a 235-acre lake connected to Lake
Seminole by & narrow channel, was treated. This cove contained 5 sur-
face acres or 50 acre-feet of water, and was treated with fenac at a
rate of 2 ppm. 'This was on 26 April 1979. The entire 235 acres was
infested with hydrilla with scattered patches of pondweed (Potomogeton
1llincensis). On 9 July 1979 the hydrilla in the entire area was
covered with a dark brown crusty substance. Condition of the plants
was deteriorating., By 20 August the hydrilla was gone, both inside the
plot and over the entire 235 acres. A very few scattered individual
stems of pondweed could be found, perhaps 10 percent of what was present
at the time of treatment.

The one thing that had happened to the area that we know about
vas the inflow of water that was high in tamnnins. There was a series
of beaver dams, perhaps a dozen, at the headwaters of the lake. A
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survey crew was remarking a boundary line which ran through the beaver
ponds. They broke a number of dams and partially drained the area.
The water in Rays Laske took on a brown, 'swamp water' appearance.

Dr. Gallagher said that he wished that the fenac could take credit
for this effect, but that it could not, After careful analysis of the
situation and much discussion, it was generally agreed that "God done
it." Samples of hydrilla from within, on the fringe, and outside the
affected area have been collected and delivered to the USDA Biocontrol
Laboratory in Gainesville., They have not had time to analyze the sam-
ples. HNeedless to sgy, we are all keeping cur fingers crossed.

To date, hydvilla has increased from a few sprigs to approximately
3500 acres. It has disseppeared from 235 acres, but we don't know why.

Giant cutgrass (Zizaniopsis miliaceae) is a little bit different.
It just keeps spreading. From an estimated 3 acres in 1960, we have
approximately 5700 acres now. It seems to spread only by vegetative
means. We know that a stalk of it will fall over and send out roots
and leaves from each node. This can and often dcoes represent a S5-ft
latersl spread each time a stalk falls over.

Giant cutgrass is an excellent silt trap. It can form a barrier
across the mouth of shallow coves (it can grow in water up to about
4 ft deep)., ©5ilt and debris soon form a bar which prevents the ex-
change of water. Then eutrophication really begins.

The big problem with cutgrass is that it literally builds land.
Of our 5700 acres of cubgrass, probably 5000 acres of it is on dry
land-~land that used to be water, This is creating problems on the
Chattshoochee River arm, The main river channel is rather sinuous with
assorted shallow sloughs on either side, The Chattahoochee carries a
rather high silt load during high water in the spring. The river would
flood these areas and deposit most of the gravel, sand, and ¢ilt in
these backwater areas. Cutgrass has, in effect, built dikes on each
side of the river on top of the natural river levees. This tends to
keep the silt load in the river channel until it gets to the lake
proper.

We have used dowpon, 2,4-D, and banvel 720 with dicambia on the
cutgrass. None of these chemicals were very effective.

Dr. Larry Hawf obtained an experimental use permit and some
Roundup; three plots were treated with 1, 2, and 3 gal of Roundup.
Application was made with a handgun with & single 8010 nozzle tip
on 20 June 1978. Application was made to runoff with an estimated
total volume of 80 to 100 gal/acre. This figures out on paper to 2,
4, and 6 gal of Roundup per acre. Checks of the plots on 26 September
1978 indicated control at 97 percent on the 1-gal plot, 98 percent on
the 2-gal plot, and 94 percent on the 3-gal plot.

Checks on 21 June 1979 indicated TO percent control on the l-gal
plot, 85 percent on the 2-gal plot, and 75 percent on the 3-gal plot.
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It is felt that most of this growth resulted from fragmented plants
washed ashore from other stands,

On 21 June 1979, application was made to three plots with a solo
backpack mistblower. Application rate was 1/2 gal/acre, 2.25 1b or 3/b
gal/acre, and 3.0 1b or 1 gal/acre., Percent control as of 20 September
1979 was 60, 60, and 70, respectively. This is the l-gal/acre plot.

As you can see, Roundup was quite effective in controlling cut-
grass. If a water label is obtesined, I think we can stop further en-
croachment of giant cutgrass.

We've tried mechanical means of plant removal. This will work
until the wind blows them back in. We'we tried cutting them and loading
them in the water. This didn't work either. We've tried mowing them
and leaving them in the water. We've tried mowing “hem on the hiil.

As a point of interest giant cutgrass will produce 16 in. of new growth
in 10 days. We've tried digging them up by the roots. A machine,
called a cookie cubter, would cut down to & depth of about 18 in.,
which was-great for deepening the shoreline. It would remove weeds,
muck , mud, sand, etc.; it would not, however, remove lightered pine
stumps.,

Of all the biological contrels, weevils, moths, a siray cow or
two, only the Agasicles flea beetle is a success. Hopefully, the
hydrillae is under attack by some organism that will at least control
the stuff.

Of the mechanical means, anything smaller than 1-1/2-yd drag
bucket is rather marginal.

Of the herbicides, we know that 2,4%-D will economically control
hyacinths and FEurasian wetermilfoil. Roundup will control cutgrass and
will be a viable solution if it is cleared for use in water. A number
of herbicides will effectively mow hydrilla. We use Hydout for the
reasons already mentioned.

In conclusion, we feel confident that new products will be de-
veloped to control our problem weeds. We are also confident that when
one weed is controlled, three or four more will take its place.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

South Atlantic Division, Savannah

by
Herbert T. DeRigo*

The establishment of a cooperative aguatic plant control program
between the Savannah District, Corps of Engineers, and the State of
Georgia has not been easy. District records show that a contract for
the control and eradication of obnoxious plant growth was in effect as
early as 1965 and amended in 1970. However, up to the present time, no
work has been done by the State under this contract.

The reason for the lack of interest in the aguatic plant control
program by the State was the fact that the aguatic plant infestations
in the main rivers and tributaries of Georgia, at that time, contributed
no major problems to the objectives of the control program. I released
the alligatorweed flea beetles (Agasicles) on the Savannah River and
Satilla River in the mid-1960's while employed by the U. S. Department
of Agriculture. At that time I was doing some research on the physiol-
ogy of alligatorweed,

In 1968 when T became employed by the Savannash District, I pre-
pared the General Design Memorandum for Georgia, outlining s comprehen-
sive progrem for aquatic plant control.

In the past 2 to 3 years, the State of Georgia began to show
some interest in the aquatic plant control program. It asppeared that
the State was receiving pressure from the public to control aguatic
growth in public places; however, the State did not have the funds to
do an adequate job. A meeting was held with the Fish and Game Division
of Georgia Department of Natural Resources {DNR) in which the State ex-
pressed an interest in the aquatic plant control program. The Savannah
District proceeded then to prepare and process an environmental impact
statement (EIS) for the aguatic plant control for the State of Georgia,
The final EIS was filed in August 1979. Another meeting was held with
the Georgia DNR in September 1979. Mr. Joe Joyce from the Jacksonville
District was present at that meeting to answer operational questions
posed by the State. Savannah District will model its program after
Jacksonville, The State was not clear as to the extent and purposes
for aquatic plant control in Georgia water bodies. We referred to the
authorization, pointing out the various purposes, but also noting that
areas of major significant impact must be affected.

* U. 8. Army Engineer District, Savannah; Savannah, Georgia.
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The Savannash District is currently adapting Jacksonville District's
computer program and contract. We will have to reach an agreement on
the contract and format of the weekly worksheet. Also an environmental
assessment will be prepared to allow for the use of cther EPA-approved
herbicides besides 2,4-D. When these last few items of agreement are
cleared, we expect to be cost-sharing with the State shortly. The pro-
gram is envisioned to represent an initial $42,000 effort for FY 80,
but is expected to expand as the program develops. A particular prob-
lem in the State is the algee Lyngbya. We expect to work with WES on
this situation.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

South Pacific Division

by

Haxrry W. Dotson*

Introduction

We have been considerably more fortunate than some of the other
Divisions, especially those in the Southeast, in that our problems with
aquatic weeds have been fairly limited. There has been no evidence to
date that current problems within the South Pacific Division (SPD) are of
major economic significance or significantly affect Federal facilities.
It is obvious that having only minimal problems has led to the relatively
minor role SPD has played in the Corps' Agquatic Weed Control Research
Program. However, I would like to share information concerning current
conditions in SPD with you so that you can better understand what the
aquatic weed control program in SPD involves.

Ares Problems

In the San Joaquin River Delta, there has been & recurring prob-
lem in the last several years with waterhyacinth. This area is located
about 60 miles northeast of San Francisco. The San Francisco-San Joaquin
Delta contains about 1000 miles of channels and sloughs and is used
extensively by recreational boaters. The waterhyscinth has creazct a
nuisance to recreational boaters in isolated areas and has troubled some
resort marina operators in the area. The problem has not affected com-
mercial navigation, flood control, or Federal facilities other than
minor instances when the weed has caused problems at the Water and Power
Resources Service pumping plant near Tracy, California. This plant
pumps water to the Delta Mendota Canal which supplies water to Southern
California. The Sacramento District has received several requests from
recreation marina operators for assistance in controlling the problem.
The District is now planning to study the current situation to determine
if there is a Federal interest. If remedial actions show economic
Justification, a project will be recommended under the aquatic weed
control program authority.

¥ U. S. Army Engineer Division, South Pacific; San Francisco,

California.
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In Marysville, California, there has been a relatively moderate
problem with hydrilla in Lake Ellis. Lake Ellils is a small, fairly
shallow lake that was constructed by the WPA in the 1920's. ZLocal
interests have requested assistance, but a Federal interest is not
evident. Local interests have expressed some concern that the weed
could spread into nearby irrigated rice fields and cause significant
problems, but there has been no evidence of this to date. The State is
currently looking into assisting the City of Marysville in alleviating
the problem at Lake Ellis.

In San Gabriel River Basin, there has been a moderate problem
with alligatorweed in the San Gabriel River Corps flood control channel.
The channel 1s located in the northeastern suburbs of Los Angeles. The
soft-bottom flood control channel is used for groundwater recharge. A
good portion of the water used for recharge is sanitary treatment plant
effluent which contributes significantly to a favorable environment for
alligatorweed. At the present time, the Los Angeles District finances
& spraying program carried out by the Los Angeles County Agricultural
Commission. The latest situation is that the problem is about 80 per-
cent under control.

In the Imperial Valley, there has been an intermitiant problem
with hydrilla in non-Federal irrigation channels and ditches approxi-
mately 100 miles east of San Diego. Problems aere have not been sig-
nificant and a Federal interest is not evident.

There has been some concern expressed that the moderate infesta-
tion of Eurasian watermilfoil that is currently causing problems in the
Pacific Northwest, particularly in Lske Washington, will spread south
to California. To date, there has been no evidence that this is occur-
ring or will occur. It appears that the problem is relatively site
specific depending on factors such as age of the water body, nutrient
loadings, and water surface fluctuation. However, T have very limited
knowledge aboul the extent of tre infestation of watermilfoil in the
Pacific Northwest or how it has progressed. Fortunately, it is evident
that conditions in Corps reservoirs in the North Pacific Division and
the South Pacific Division have not been suitsble for watermilfoil
infestation.

Conclusions

In conclusion, based on current authority and since it is not
apparent that aquatic weed related problems are creating major economic
impacts or significantly affecting Federal facilities in SPD at this
time, SFD is not recommending an aquatic weed control program. The
Sacramentoc District will investigate the problem in the San Joaquin
Delta and meke appropriate recommendations based on that study. The
Districts will continue to monitor conditions involving aquatic weed
infestations and their associated impact and initiate studies for



recommending remedial measures where it is evident that impacts are
or have potential for becoming significant.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

Southwestern Division, Gslveston

by
N. Joyce Johnson¥*

Introduction

The current aqualtic plant control prograem for the Galveston Dis-
trict consisis of the eradication and control of waterhyacinth
{Bichhornia crassipes) and alligatorweed (Alternanthera philoxeroides).
Hydrilla (Hydrilla vertieillata) has become a serious problem in por-
tions of Texas; however, control of this species is not presently
authorized as part of the Galveston District's Aquatic Plant Control
Program.

The Galveston District program is a cocoperative cost-sharing and
contractusl agreement between the Federal Government and local interests.
The Galveston District represents the Federal Government, and the Texas
Parks and Wildlife Department represents the State of Texas as the
local cooperating agency. Field operations are carried out by the
Texes Parks and Wildlife Department under the supervision of Mr. L. V.
Guerra, Director, Noxious Vegetation Control Program for the State of
Texas,

Eradication and control activities are performed in 18 designated
work areas in accordance with mubtually established geographical priori-
ties. These areas are oriented to the watersheds of major river basins
and coastel drainage systems. OQur program is primarily limited to
activities in the lower portions of the following 10 work areas
(Figure 1):

a. Nueces River Basin

b. Guadalupe River Basin
¢. North Coastal Area

d. BSabine River Basin

e. Trinity River Basin
f. VNeches River Basin

g&. Cypress Creeck Basin

¥ U, S. Army Engineer District, Galveston; Galveston, Texas.
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h. South Ceastal Area
i. San Jacinto River Basin
J. Rio Grande Basin

CYPRESS CREEK BASIN

»
SABINE RIVER BASIN )

NECHES RIVER BASIN

rﬂ

TRINITY RIVER BASIN

SAN JACINTO

GUADALUPE RIVER BASIN RIVER BASIN ‘

»

H v 7
A NORTH
NUECES RIVER BASIN COASTAL
AREA
RIO GRANDE 77
BASIN /

"\ SOUTH COASTAL AREA

Figure 1. Texas work areas
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Status and Control

Waterhyacinth

Waterhyacinth continues to be a serious aguatic plant pest in
Texas. A total of 6820 acres (Table 1) of hyacinth were estimated for
the 10 work areas in May 1979 compared with 5815 acres reported in June
1978, Control measures for waterhyacinth involve the use of EPA-
approved formulations of 2,4-D (Dimethylamine salt of 2,b-Dichlorophen-
oxyacetic Acid).

Waterhyacinth infestations are presently most criticsl in the
North Coastal Area and Sabine River Basin. The San Jacinto, Trinity,
Guadalupe, and Nueces River Basins are also problem areas which require
frequent herbicide treatment. Fewer than 100 acres occur in each of
the remaining four work areas, but these infestations must be treated
pericdiecally to control the spread of hyacinth in these regions.

Aligatorweed

Iufestations of alligatorweed have increased in recent years
throughout much of southeast Texas (Figure 2}. Available informatiocn
indicates that the species has expanded its range to the southwest and
northeast from previous localities.

The estimated acreage of alligatorweed occurring in Texas for
1971 to May 1979 has increased from 8,400 acres in 1971 to approximately
11,410 acres at present (Table 2). The Trinity and Sabine River Basins
and North Coastal Area are the most critically infested regions at this
time. However, extensive infestations alsoc occur in the Neches and San
Jacinto River Basins.

Alligatorweed control methods to date have involveg the use of
Agasicles flea beetles (Agasicles hygrophilla).

Hydrilla

Hydrills was first discovered in Texas in 1970 in the reflection
pool of the Houston Zoo., Hydrilla infestations have continued to in-
crease substantially in portions of Texas (Figure 3). Approximately
8000 acres of hydrilla was reported in Texas in 1979, compared with
2900 acres in 1977 and 1200 acres in 1976. The most sericus problem
presently occurs in Lake Conroe in the San Jacinto River Basin, where
32 percent of the 21,000-acre lake is infested. Estimates of hydrills
infestations reported by location in May 1979 are as follows:

Lake Conroe 6800 acres Raven Lake, Sam Houston
Lake Livingston LOO acres Stake fark £0 HEEES
San Marcos River 15 =acres

Toledo Bend Reserwveir 500 acres

; , South Texas, irrigation 0 acres
Lewis Reservoir, r == 2

adjacent to Lake dlisucH
Conroe 200 acres Black Creek, near San
Antonio 2 acres
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Table 1

Estimated Acreages of Waterhyacinth

In Texas (1971-1979)

Work 197k 1975 1976
Order Area or River Basin 1971 Aug Aug Jul
1 Nueces River Basin 200 25 150 50

2 Guadalupe River Basin 2,000 1,000 150 100

3 North Coastal Area 3,000 2,000 300 500

Y Sabine Riwver Basin 5,000 5,000 500 1,000

5 Trinity River Basin 2,450 2,000 2,500 1,000

6 Neches River Basin 800 800 500 200

7 Cypress Creek Basin 100 95 100 50

8 South Coastal Area 500 500 (5] 50

9 San Jacinto River Basin 700 700 2,000 3,000
10 Rio Grande Basin 5 5 10 25
TOTAL ACREAGE 1bh,755 12,125 6,285 5,975

1977 1978 1979
Aug Jun May
600 500 500
100 150 150
3,000 1,500 2,500
3,000 3,000 3,000
1,500 300 300
300 100 100
100 30 30
150 25 30
1,200 200 200
50 10 10
10,000 5,815 6,820
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Alligatorweed infestations in Texas
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Table 2

Estimated Acreages of Alligatorweed

In Texas (1971-1979)

Work 1974 18T 1976 127% 1978 1979
Order Area or Riwver Basin 1971 Aug Aug Jul Aug Jun May
1 Nueces River Basin —-— - —— —— - - -
2 Guadalupe River Basin —— —_— " — - — .

3 North Coastal Area 2,000 1,800 4,000 4,000 5,000 4 000 4,000

L Sabine River Basin 1,500 1,500 2,000 3,000 3,000 2,000 2,000

5 Trinity River Basin 3,000 3,000 3,000 6,000 6,000 3,000 3,000

é Neches River Basin L00 400 750 2,400 3,000 1,200 1,200

T Cypress Creek Basin = — - —_ - 10 10
8 South Coastal Area — - — _— e — -

9 San Jacinto River 1,500 1,500 1,500 3,000 3,000 1,200 1,200
10 Rio Grande Basin - - - - - - -

TOTAL ACREAGE 8,400 8,200 11,250 18,400 20,000 11,410 11,410
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LAKE LIVINGSTON

- 400 ACRES

RAVEN LAKE, SAM HOUSTON STATE PARK - 25 ACRES
FTOLEDO BEND RESERVOIR - 500 ACRES
LEWIS CREEK RESERVOIR - 200 ACRES
LAKE CONRQE - 6,800 ACRES
SAN MARCOS RIVER - 15 ACRES
BLACK CREEK - 2 ACRES
SOUTH TEXAS, IHRIGATION DITCHES - 50 ACRES

Figure 3.

Distribution of hydrills in Texas, May 1979



Considerable interest has been generated to include hydrilla con-
trol as part of Galveston District's Aquatic Plant Control Program.
In order to accomplish this task, economic and environmental studies
are presently being conducted in order to revise the General Design
Memorandum and supplement the Environmental Impact Statement to include
control of this gpecies. Treatment to date in Texas has primarily in-
volved experimental control on Lake Conroe and Lake Livingston by the
Texas Parks and Wildlife Department.

Considerable problems are expected with the extremely high cost
of most of the herbicides being tested. Although the Galveston Dis-
trict is presently under considersble pressure to initiate a hydrilia
control program in Texas, the effort is constrained at this time by
current technological and persconnel limitations. The Galveston Dis-
trict is interested, however, and is exploring all available avenues
to accelerate environmental and economic studies necessary to include
the control of hydrilla as part of our program. The thrust of these
studies is directed toward identifying the effective and economical
control methods for hydrilla in Texas.

Summary

The Galveston District administers an active aguatic plant con-
trol program for the State of Texas. This is a T0:30 percent cost-
sharing program with the Texas Parks and Wildlife Department.

Primary activities currently consist of control of waterhyacinth
and alligatorweed in southern and southeastern Texas. Most of this
work is performed within 100 miles of the Texas coast.

We are currently performing control operations in 10 Texas work
areas. Work orders were issued for the San Jacinto River Basin and
Rio Grande Basin during 1977 because of increased problems with noxious
plants in these regions, especially in the San Jacinto River Basin.
This compares with work in eight areas in 1976, six areas in 1973,
and only three areas in 1972.

Waterhyacinth continues to be our biggest problem. Although we
consider waterhyacinth to be basically under control, intensive efforts
are required annually to effectively control infestations.

Infestations of alligatorweed have increased in recent years
throughout much of southeast Texas. Control methods to date have in-
volved the use of Agasicles flea beetles, which have only been mar-
ginally successful in Texas.

A comprehensive survey of the extent of aquatic week infesta-
tions in the Galveston District has not been conducted since 1971. A
resurvey of problem areas is needed in order to determine the effec-
tiveness of our present program and to document the spread of certain
species.

Th




Considerable efforts will be required in order to incorporate
hydrilla control into the existing program. However, the lack of
technological information and the present manpower shortage has severely
limited the capability of the Galveston District to perform the planning
tasks expected to make the necessary changes to its program.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS-—-OPERATIONS ACTIVITIES

Southwestern Division, Tulsa

by
James R. Skaggs, Jr.*

The Tulsa District has three projects with significent infesta-
tions of Eurasian watermilfoil (Myriophyllum epicatum): Millwood, Pat
Mayse, and Robert S. Kerr Lakes. In Tulsa District alone, the range
and flexibility of this plant is evident when you compare the charac-
teristics of these three lakes. They are in three separate river
basins, three different states, and are quite different in their physi-
cal characteristics.

Millwood Lake, located in southwest Arkansas, is a medium size
like with 29,500 surface acres and average water quality. Millwood is
a swampy lake that is relatively shallow with an average depth of 6 ft.
The majority of the lake is covered by dense standing timber. This
lake provides an excellent habitat for aquatic plants and has numerous
species of floating, submerged, and emergent aguatic plents. Eurasien
watermilfoil was first identified in Milliwood in 1977 and remote sens-
ing has revealed that there is approximately 200 acres of watermilfoil
in the lake. In late summer and early fall, 40 to 50 percent of the
surface area is covered by a combination of these aquatic plant species.
The Arkansas Fish and Game Commission initiated a drawdown program in
1970 for both fishery and aguatic plant mansgement. However, this pro-
gram was unsuccessful in controlling the aguatic vegetation. As a re-
sult, the Arkansas Fish and Game Commission initiated stocking of white
amur (Stenopharyngodon idella) in 1977 to control the asguatic vegetation.
The Corps will maintain the boat lanes, boat ramps, and marine, if
necessary, by utilizing 2,h-Dichlorophenoxyaretic acid, butoxyethanol
ester (2,4-D BEE)}. This would result in an integrated aquatic plant
control program of biological and chemical control.

Pat Mayse Lake, located in northeast Texas, is a smaller lake
with 6000 surface acres of water. Pat Mayse is deeper than the other
two lakes with few shallow areas and has excellent water quality. Eura-
sian watermilfoil was first observed in this lake in June 1978. There
was approximately 50 acres of infestation at that time. Remote sensing
conducted in August and November 1978 revealed 150 and 360 acres of
watermilfoil, respectively. It was theorized that this rapid expansion
resulted from a drastic drawdown of the lake due to drought conditions

¥ U. S. Army Engineer District, Tulsa; Tulsa, Oklahoma.
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which exposed more shallow areas for plant growth. The same pattern
was experienced this year with 50 acres or less of watermilfeil in the
spring that bloomed to approximately 175 acres in late swmer. Several
boat ramps and swimming beaches were affected this year. As a result,
a control program wiil be initiated in 1980.

Robert S, Kerr Leke (Lock and Dam 15) is located on the McClellan-
Kerr Navigation System in eastern Oklahoma. Kerr is the largest of the
three lakes with 12,000 surface acres, and has a considerable amount of
shallow mud flat areas and relatively poor water quality. Eurasian
watermilfoll was first discovered in the Illinois River arm of the lake
in 1972, There was gpproximately 50 acres of watermilfoil. The infes-
tation expanded and spread throughout the lake until it peaked at ap-
proximately 1600 acres in October 1977. At that time the Eurasian
watermilfoil was located in almost all areas of the lake with the major
concentration located at the mouth of the South Canadian River, the
Sandtown Bottom, the Sanbois Islands, and the Illinois River.

A limited control program utilizing 2,4-D BEE was initiated on
Robert S, Kerr in June 1977. The program was confined to recreation
areas with 65 acres of watermilfoil being treated. In 1978 the control
program was expanded to include treatment of LOO acres. However, a
regression of the watermilfoil had begun and only 190 acres was actually
treated. In 1979, only a minimal spot treatment was conducted because
the plant had regressed to the point that only 250 acres remained in
the lake, The Illinois River arm is the only area that seems to have
been totally unaffected by the regression.

It is planned to continue remote sensing on Kerr in an attempt to
detect any reversal of the regrescion that might lead to a similar
bloom of the Furasian watermilfoll that was experienced in 1977. Tulsa
District will continue monitoring the water gquality conditions of Kerr
and is planning to initiate physiclogical and ecological studies of the
watermilfoil. It is fel®t that, if another bloom occurs, the information
from these studies might indicate what condition or conditicns cause the
drastic fluctuationg in plant population. That information could lead
to development of new control technigues.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

An Overview

by
Howard E. Westerdshl*®

Introduction

The Aquatic Plant Control Research Program's (APCRP) Chemical
Control Technology Development Project (CCTDP) was organized into spe-
cific tasks representing vital research areas. This approach provides
Corps of Engineer (CE) District Offices, Federal and State agencies,
and chemical corporations with a concise summary of the rationale and
proposed research for specific tasks within the CCTDP.

The objective of the CCTDP is to identify, eveluate, and provide
nev herbicide formulations and application technigues for the control
of both emergent and submergent aguatic plants. Six interrelated task
arcas were identified as major components required to meet this
objective:

Task I: Research Identification, Management, and Technology
Transfer

Task TI: Identification and Development 0f New Herbicide
Formulations and Chemical Plant Growith Inhibitors

Task II1: Screening and Evaluation of New Herbicide Formulations
and Chemical Plant Growth Inhibitors

Task 1IV: Field Demonstrations
Task V: Herbicide Application Technigues and Equipment Design

Task VI: Legsal and Economic Constraints to New Herbicide
Development

These tasks carefully integrate research approaches to ensure adequate
coordination and evaluation of results prior to field testing new herbi-
cide formulations or initiating production of a promising new formula-
tion., Each task area is comprised of several interrelated work units,
each addressing specific research objectives. Work units can be added
and deleted based on research accomplishmert and identification of new
or coentinuing research needs.

¥ U. 8. Army Engineer Waterways Experiment Station, CE, Vicksburg,

Mississippi.
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Task T: Research Identification, Management,
and Technology Transfer

Rationale

Past aquatic herbicide research and testing has been undertaken
with limited coordination between developer and user. Many potentially
useful products and techniques have not been effectively evaluated be-
cause of inadequate technology transfer. Technology evaluation and
transfer is especially lacking for small companies and universities in
development and testing of herbicides. Moreover, many companies are
discouraged from developing new herbicide products because of insuffi-
cient or insccurate guidance concerning present and proposed Government
regulations and evaluation requirements.

Objective

The objectives of Task I are: +to identify pertinent research
needs; to coordinate with industry and other Federal and State agencies
on current research progress and testing thus minimizing duplication of
research; to provide technolegy evaluation and transfer of relevant in-
formation concerning new herbicide formulations and application tech-
niques to CE Districts; and to coordinate task area investigations.

Approach

Personal, telephone, and written communications will be made
routinely with pertinent CE Districts to identify research needs and to
develop mutual cooperation in field demonstrations of new herbicide
formulations. Likewise, other Federal and State agencies responsible
for agquatic plant research and control will be notified for coordination
of research needs and field evaluabtion. Mutual cooperation will reduce
costs to each agency and provide thorough fate and effect evaluations
of selected herbicide formulations. Those chemicsgl companies which have
submitted, during FY 80, herbicide formulations to the USDA Aquatic Plant
Management Laboratory for evaluation will be notified to assess the po-
tential for cooperative research efforts, possibly leading to registra-
tion of the formulation.

The results of in-house and contracted research from other tasks
will be presented through scheduled workshops, input to the APCRP In-
formation Exchange Bulletin, symposia and professional society input,
Engineer Technical Letters, and production of an Aquatic Herbicide
Handbook during FY 82. The Aguatic Herbicide Handbook will include
specific information on the chemical and toxicological characteristics
of each herbicide and guidance on application techniques and equipment
necessary for environmentally safe treatment of nuisance aquatic plants.
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Task IJ: Identification and Development of New Herbicide
Pormulations and Chemical Plant Growth Inhibitors

Rationsale

The development, registration, and marketing of new agquatic her-
bicide formwlations have been hindered by increased testing requirements
for new product registration, escalating costs for research and develop-
ment, and significant regulatory constraints at the Federsl and State
levels. Furthermore, the technology and basic research presently exist
for developing new, envirommentally compatible herbicide formulations,
however, the uncertainty associated with projections of long-term prof-
its and product demand often hinders new product development.

Objective

The objective of this task is to identify and evaluate new herbi-
cide formulations for their potential as effective aquatic plant control
agents. Research emphasis is on developing new formulations of regis-
tered herbicides and naturally occurring chemical plant growth
inhibitors.

Approach

Research and development of new agquatic herbicide formulations
will be initiated by: identifying research and development activities
by industry, Government agencies, and universities; funding basic re-
search in promising areas; and funding preliminary laboratory testing
of new formulations. Major research emphasis will be: (a) the de-
velopment of controlled-release herbicide formulations; (b} the isola-
tion and development of naturally occurring plant growth regulators/
inhibitors; and (c) the evaluation of integrated aguatic plant manage-
ment methods which consider herbicide treatment in combination with
biological or mechanical control methods. Controlled-reiease herbicide
formulations being eveluated include encapsulation of herbicides in
sclid granular or fibrous polymeric matrices, microencapsulation in
simple or complex emulsions, and bonding of herbicides onto assorted
active surfaces. The modes of herbicide release from the various
matrices include rate-controlled diffusion, hydrolysis of ester links,
chemical breasking of ionic or covalent bonds, desorption by ion ex-
change mechanisms, biodegradation, rate-controlled matrix erosion, and
solubility-controlled removal of a solid matrix material. The herbi-
cides are in either solid or liquid form with single or multiple-layered
matrices. Other areas of interest include: isolation, identification,
and synthesis of naturally occurring plant growth regulators; and inte-
grated management of aquatic plants, using combinations of chemical,
biological, and mechanical control methods.
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Task III: Screening and Evaluation of New Herbicide
Pormulations and Chemical Plant Growth Inhibitors

Rationale

Recent amendments {October 1978) to the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA) of 1976 no longer require regis-
tration submission of herbicide efficacy data on target and nontarget
plants. These dats are required for establishing ecological effects.
The U. S. Environmental Protection Agency (EPA) may request this infor-
mation during the review of a petition for herbicide registration. The
Toxic Substances Control Act {TSCA) requires chemical companies to sub-
mit a premanufacture notification to EPA whenever a previously inven—
toried toxic substance is employed in a manner significantly different
from the existing use. This notification applies to new herbicide
formulations and registered herbicides whenever an approved use is ex-
panded. The FIFRA and TSCA are ambiguous cencerning specific data re-
quirements. Consequently, a chemical compaeny may not commit a new prod-
uct development or expansion of s herbicide's use without completing
extensive efficacy screening on target and nontarget plants and conduct-
ing limited laboratory or field evaluations to assess the product's
environmental fete and effects.

Only a few of the major chemical companies have ongoing efficacy
screening programs. The smaller companies may have contractors perform
this function. Consequently, no uniform procedure has been developed
for screening herbicides. The results from different groups involved
in asquatic herbicide screening may vary considerably. In general,
present screening programs rely on long-term (approximately 2 to 3
months) monitoring of gross physiological changes in target and nontar-
get aquatic plants. The initial screening is usually conducted in
small contuiners under artificial lighting or in smsll containers
located in greenhouses. The long-term monitoring limits the number of
test replications and products that can be evaluated annually.

Guidance for aquatic toxicology and environmental fate and effects
testing of new herbicide formulations is similarly ambiguous under
FIFRA. As a result, chemical companies invest millions of dollars and
several years in laboratory and field testing to obtain requisite data
only to discover still other tests to be run following review of the
data by regulatory agencies. As listed in the FIFRA, multiple organ-
isms and procedures for a specific test are referenced for selection by
chemical companies, Many times the chemical companies discover that
the regulatory agencies will request the test repeated with different
organisms or procedures. Consequently, the lack of specific guidance
may preclude economic considerations as the main obstruction to
companies involved in new product development.

Objective

The objectives of this task are: %o evaluate efficacy data on
target aquatic plants resulting from new herbicide treatments; to
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determine herbicide effects on select nontarget organisms; to determine
effective threshold concentrations of the existing and new herbicide
formulations, to evaluate chronic toxicities of selected controlled-
release herbicide formulstions; to obtain, when feasible, requisite
test data for Pedersl and State registration of the most promising
aguatic herbicides; and to recommend the most promising new herbicide
formulations for field testing or further laboratory evalustion.

Approach

A concerted effort will be made through interagency meetings and
workshops with leading authorities and researchers to recommend an im-
proved, standardized, agquatic herbicide screening program. Major em-
phasis of the screening program will be toward interlaboratory (i.e.,
Federal, State, and private) standardization of methods. Development
of short-term, cost-effective evaluation procedures for conventional
and controlled-release herbicide formulations and herbicide/adjuvant
combinations will be an important objective of the improved screening
program. Currently, the most promising approach for evaluating short-
term herbicide efficacy is to develop direct micro-scale detection pro-
cedures, e.g., assessing damage to apical tissues and cellular orga-
nelles. Indirect methods may include monitoring of plant respiration
rate, carbon fixation, and/or chlorophyll assays.

The development of controlled-release herbicide formulations
which are capable of delivering low levels of herbicides over several
months into the aquatic environment has presented new testing require-
ments: {a) the threshold herbicide concentration required to kill
apical meristems, roct crowns, and other reproductive structures must
be determined prior to field testing; and {b) the chronic toxicity of
various herbicides to select nontarget organisms, which is associated
with prolonged, low-level herbicide exposure, must be evaluated.

When advantageous to both the herbicide developer and the APCRP,
mutual cooperation may be feasible for conducting toxicological and
general environmental fate and effects testing as required under the
FIFRA for herbicide registration.

Task IV: Field Demonstrations

Rationale

Specific guidance for test site selection and experimental design
of field demonstrations for evaluating herbicides is not generslly avail-
able, Consequently, field test plans and site conditions have varied
significantly. Furtherwore, there has been slow development of aquatic
plant control management strategies which consider multiple herbicide
applications, frequency of application, and alternate spplication tech-
niques for optimizing plant control and minimizing costs. Clear, con-
cise guidance is needed concerning test site selection and development
of technically sound research plans. Permits from Federsl and State
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reguletory agencies are rapidly processed if test results from well-
designed research describe the environmental fate and effects of new
herbicide formulations,

Objective

Through cooperation with privaete industry, the appropriste test
Plans and requisite field data will be developed to describe the envi-
ronmental fate and effects of new herbicide formwlations. Also, the
feasibility for optimizing aquatic plant contrel through multiple her-
bicide combinations, frequency of application, and alternate application
techniques will be assessed.

Approach

Mutual cooperation among the U. S. Army Engineer Waterways Experi-
ment Station, CE, Districts/Divisions, chemical companies, and other
Government agencies will be continued to ensure that field demonstra-
tions satisfy most of the requirements for TFederal and State registra-
tion. Cooperative efforts will include preparation of documentation
for field test plans and evaluation of test results. The CE Districts/
Divisions may be requested to assist in locating field sites, providing
field assistance, and coordinating activities with concerned local
citizenry. The field demonstrations will be developed to provide in-
formation on application rates, rate of herbicide dispersion, nontarget
plant interactions, plant degradation rates, and water quality impacts.

Recommendations from Task V concerning application techniques and
multiple herbicide treatments for optimizing squetic plant control will
be evaluated. The best combination of herbicides and application
techniques will be field tested following recommendetions by licensed
aquatic herbicide applicators in verious states and chemical companies,
Specific recommendations will be provided in the Aquatic Herbicide Hand-
book, technical reports, and through the APCRP Information Exchange
Bulletin.

Task V: Herbicide Application Technigues
and Equipment Design

Retionsale

Equipment designs and application techniques used {or agricul-
tural and horticultural crops 2lso have been used to apply herbicide
formulations to floating, emergent, and submergent aquatic plants.
Liquid herbicides may be dispersed by airplane or helicopter, hand
spraying from a boat, or injected into the water through weighted
trailing hoses, Likewise, granular formuwlations may be dispersed by
plane or helicopter, cyclone-type spreaders from & boat, or motorized
blower units from a boat. Wind drift is a severe problem for liquid
herbicide application. Hand dispersal of liquid and granular herbi-
cides reguires a constant boat speed through weed-infested areas and
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rigid control of the herbicide amount being dispersed toc ensure the
approprialte rate of application and areal coverage.

A lack of adeguate design criteria and performance standards for
aquatic herbicide application equipment that may be applied industry-
wide has resulted in a serious lack of uniformity in equipment designs
and application techniques. Most of the granular application equipment
is bullt by the individual licensed applicators. Consequently, many
variations of similar equipment are in use, The quality conirol asso-
ciated with uniform herbicide dispersal over a given area at diflerent
rates of application is a function of how conscientious the applicator
is in eguipment calibration, quality of eguipment design, and control
of boat speed through infested areas. Consequently, the variability in
herbicide efficacy may be due to the variability in application equip-
ment and technigues used by individual applicators and less attributable
to the herbicide and characteristic environment in which the herbicide
was applied.

Objective

The objectives of this task are to evaluate existing equipment
and application technigues for improving equipment design, herbicide
efficacy, and manpower efficiency; and to reduce the potential for
adverse health effects to applicators.

Approach

An extensive review and evsluation {see Task IV) will be conducted
of equipment specifications and application techniques which are cur-
rently in use for applying aquatic herbicides. Specific recommenda-
tions and guidance will be provided in the Aquatic Herbicide Handbook.
As new equipment, application techniques, and chemical adjuvents are
developed and identified, these will be added to the Aquatic Herbiceide
Handbook and to research summeries for the APCRP Information Exchange
Bulletin. Information from licensed herbicide applicators from selected
states will be obtained via telephone and letter questionnaires. They
will be requested to provide descriptions of application technigues
for diverse aquatic environments and relative costs for the type of
applications.

Task VI: Legal Economic Constraints to New
Herbicide Development

Rationsle

Corporate decisions concerning new herbicide development, regis-
tration, and marketing are primarily influenced by existing legal and
economic constraints. The often ambiguous and rapidly changing en-
vircrmental regulatory criteria and registration procedures make herbi-
cide development and marketing a very laborious, time-consuming, and
expensive endeavor. For example, as of October 1978, the FIFRA was
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amended to provide for generic registration of each active ingredient

in a herbicide formulation. Following selection of appropriate testing
requirements, all herbicide formulations must be resubmitied to the EPA
for re-registration. Also, the indefinite and complicated interrela-
tionships of many Government regulations are unclear to those manufac-
turers and potential users with active research and herbicide develop-
ment programs. This creates high investment risks and tends to prohibit
development of new herbicide formulations.

Objective

The primary objectives of this task are: +to identify and dissemi-
nate new and improved guidance from Federal sand State zgencies concern-—
ing testing, registration, and field application of new herbicide formu-
lations: and to svaluate economic constraints influencing herbicide
research and development.

Approach

Through routine communication via telephone, meetings, and/or
workshops with State and Federal regulatory agency personnel, the de-
velopment of simplified flow diagrams, tables, etc., will be provided
for clarifying regulations cited in the FIFRA and/or subsequent legis-
lation. In conJunction with model substance profiles, being generated
by the Toxic Substances Control Act Interagency Testing Committee,
these summaries will provide an incentive to chemical companies by
clarifying requirements. These summaries will not guarantee correct-
ness, but rather will serve as guides. Specific 2reas to be included
in these summaries are Federal and State guidelines for registering
herbicides for aquatic use.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Development of Controlled-Release Herbicide
Technology Using Polymers

by
Frank W. Harris* and Chike 0. Arah*

Introduction

Controlled-release herbicides that may afford extended control of
aquatic weeds have been developed.:~9 One route to such formulations
has been the synthesis of hydrophilic copolymers containing herbicides
as pendent substituents. The herbicides are slowly released from these
systems by the hydrolysis of the herbicide-polymer bonds; however, the
rates of release do increase as the hydrolysis proceeds. The autoac-
celerations in rates are accompanied by the graduail dissolution of the
copolymers., Recently, a c¢cross-linked copolymer has been prepared that
slowly releases its herbicide at a nearly constant rate.3 The material
swells slightly but does not dissolve as the hydrolysis proceeds.

The major goals of the study were to further investigate the ef-
fect of cross-lipking on the rates of hydrolysis of copolymers of this
type and to investigate the copolymerizsation of a previously prepared
herbicidal monomer with a new hydrophilic comonomer, i.e., glyceryl
methacrylate (GMA), The specific objectives of this work were: (a)
to copolymerize 2-acryloyloxyethyl 2,hk-dichlorophenoxyacetate (AOE
2,4-D) with 2-hydroxyethyl methacrylate (HEMA) in the presence of vary-
ing amounts of the trifunctional cross-linking agent, pentaerythritol
triacrylate (PETA)}, and the difunctional cross-linking agent, 2,2-
dimethylpropanediol dimethacrylate (DPDM); (b) to copolymerize 2-
methacryloyloxyethyl 2,4-dichlorophenoxyacetate (MOE 2,4-D) with vary-
ing amounts of GMA; and (c¢) to determine the hydrolysis rates of all
the polymers perpared under slightly alkaline conditions (pH = 8.00) at
ambient temperature.

Results and Discussion

Monomers

AOE 2,4-D and MOE 2,4-D were prepared by the reaction of 2,4-
dichlorophenoxyacetyl chloride with HEA {2-hydroxyethyl acrylate) and

¥ Department of Chemistry, Wright State University, Dayton, Ohio.
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HEMA, respectively.l Both reactions were carried out in the presence

of N, N-dimethylaniline (DMA), which was used to neutralize the liber-
ated hydrochloric acid. The reaction is as follows:

|
0
Ci 0-CHz-C-Cl + HO-CHz-CHz2-0-C-C=CHz

R
Ci

0 0
— c;@o-CHg-&-o-CHz—CHz—o—c-q=CHz
&

H  AOE 2,4-D
CHz MOE 2,4-D

GMA was prepared by acid hydrolysis of EPMA:

/0\ 9 K QH 91
HpC—CH-CHz-0-C~C=CHa—® HpC-CH-CHp-0-C-C=CHp
CHs OH CHs
EPMA GMA

R
R

T R

10

Cross-linked AQOE
2,4-D/HEMA copolymers

A series of copolymerizations of AOE 2,k-D and HEMA was carried
out with equimolar amounts of the two monomers in the presence of 2,
4, and 8 percent (w/w) PETA and 2, 4, and 8 percent (w/w) DPDM (Tables
1 and 2). The polymerizations, which were conducted in varying amounts
of MEK (methyl ethyl ketone) at T09C, were run until gelation occurred.
The white polymers were isclated by precipitation in hexane and then
extracted overnight with ether in order to remove any unreacted monomers
and initiator residues. The yields of the polymers ranged from 26 to
9l percent.

The cross-linked products (Figures 1 and 2) are insoluble in
organic solvents. The Tg's (glass transition temperatures) of the net-
works range from L50 to 50°C, with the Tg's of the trifunctionally
cross—-linked polymers being higher than their difunctionally cross-
linked counterparts (Tables 1 and 2).

Linear MOE 2,L4-D copolymers

MOE 2,4-D was then copolymerized with HEMA and GMA. The MOE
2,4-D/comoncmer molar feed ratios used were 70:30, 60:40, and 50:50.
The copolymerizations were conducted in MEK at T70°C with AIBN* (0.016 g)

* AIBN = azobisbutyronitrite.
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Figure 1. AOE 2,4-D/HEMA/PETA (3)
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Figure 2. AOE 2,k-D/HEMA/DPDM (L)
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as the initiator. The products were iscolated by precipitation in
hexane and then extracted overnight with ether., The yields of the
copolymers ranged from 50 to 95 percent (Table 3).

0 ?H3 9H3
2 t HO-CH-CHp-0-C-C=CHp —p ~MC~CHali=(G-CHa)~
R (:P13 (?=() (?:()
0 0

5 R=H MOE 2,4-D/HEMA CH2  CHa
CH-OH CHz
R 0

6 R=-CH2-OH MOE 2,4-D/GMA C=0

éHz

!
0
Cl_~

Cl

An attempt was also made to copolymerize MOE 2,4-D with crotonic
acid. In this case, however, only MOE 2,4-D homopolymer could be iso-
lated from the reaction mixture.

Copolymers 5 and é are soluble in several organic solvents, such
as THF (tetrahydrofuran), DMF (dimethylformamide), and aliphatic ketones,
but are insoluble in aliphatic hydrocarbons, ethyl ether, and water.

The Tg's of these polymers range from 50 to 689C (Table 3).

Hydrolysis studies

Three 0.5-g samples of each copolymer were immersed in a buffer
gsolution (pH = 8.00) of boric acid and sodium hydroxide and stored at
ambient temperature. The amount of 2,4-~D released from each replicate
was periodically determined by spectrophotometric analysis.

The MOE 2,4-D/HEMA copolymers did not undergo hydrolysis under
these conditions. The hydrolysis data for the other linear and cross-
linked copolymers are summarized in Tables L-8 and Figures 3-6.

The hydrolysis data suggest that the release rates of the cross-
linked copolymers are strongly dependent upon hydrophilicity. As with
the previously studied linear copolymers, the rates increase with in-
creases in the degree of hydrophilieity.3 Although there is some evi-
dence that an increase in the degree of c¢ross-linking may result in a
slight decrease in the rate of hydrolysis, the hydrophilicity, as
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Figure 3. Hydrolysis of polymer 3 prepared in 25 ml MEK
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determined by the copolymer's composition at the time of gelation,
appears to be the major factor governing the rate at which a given
copolymer undergoes hydrolysis. For example, copolymer 3a hydrolyzes
more than twice as fast as 3b although it has a considerably higher
degree of cross-linking {Table 1). This can be attributed to its

higher HEMA content, i.e., its higher HEMA/ACE 2,4-D ratio. Another
contributing factor may be the hydrophilicity of the cross-linking agent
itself. Since PETA contains & free hydroxyl group, the incorporation of
this molecule into the network mey result in an increase in
hydrophilicity.

An additional example of the overriding effect of composition can
be found by comparing polymers 3a, 3c, and 3e. These copolymers undergo
hydrolysis at similar rates despite their large differences in degree of
cross-linking. Their hydrophilicities, as determined by their HEMA and
PETA contents, however, are very similar.

There is some indication that the degree of cross-linking may be
more important in less hydrophilic copolymers, i.e., copolymers contain-
ing lower HEMA/AQOE 2,4-D ratios. For example, polymers 3b, 3d, and 3f
have similar composition but slightly different release rates. In fact,
the release rates do decrease as the degree of cross-linking increases
(Table 1).

Interesting examples of the effects of composition and cross-
linking can also be found by examining the results of the cross-linking
studies with DPDM (Table 2). Since DPDM contains two methyl groups,
the incorporation of this molecule in a network should result in a de-
crease in hydrophilicity. This may partially explain why 35 releases
2,L-D at one half the rate of La. Of course, the reduced rate may be
due to Eg's significantly higher cross-link density. Considering the
results of the PETA studies, however, it is more likely that the large
difference in rates is due to the difference in composition.

A1l of the cross-linked systems release 2,4-D at nearly constant
rates. This is in contrast to linear AQE 2,4-D/HEMA copolymers which
undergo autoaccelerating hydrolysis. The explanation for this differ-
ence in behavior is not apparent.

In contrast to all the previously prepared MOE 2,4-D copolymers
and the MOE 2,L-D/HEMA copolymers, the MOE 2,L-D/GMA copolymers under-
went hydrolysis under the mild alkaline conditions. Evidently, the
extra hydroxyl group in GMA imparted enough hydrolysis to the copolymers
to permit hydrolysis to proceed., The rate of hydrolysis did increase as
the amount of GMA in the copolymer increased (Table 8 and Figure 7).
Surprisingly, the rates remained relatively linear throughout the study.
This is similar to the behavior of the cross-linked systems and may be
related to the fact that the copolymers did not go into solution as the
hydrolyses proceeded. (The autoaccelerations in the hydrolyses of AOE
2,L-D/HEMA copolymers are accompanied by the polymers' gradual
dissolution.)

The nearly constant releesse rates of the MOE 2,L-D/GMA copolymers
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Figure 7. Hydrolysis of MOE 2,4-D/GMA copolymers
and their relatively high Tg's make them excellent candidates for use in

aquatic weed control, These systems will be studied extensively in this
laboratory in the near future,

Experimental

Reagents

The HEA, HEMA, 2,3-epoxypropyl methacrylate (EPMA), and DPDM were
purchased from Polysciences, Inc., The DPDM and HEMA used in
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polymerization were distilled under reduced pressure immediately before
use. The PETA was obtained from Celanese Chemical Company and was used
without further purification. The 2,4-D was purchased from Aldrich
Chemical Company and Eastman Kodek Company and used without further puri-
fication., The AIBN was purchased from Matheson Coleman and Bell Company
and was recrystallized from methanol. The MEK was purchased from Fisher
Bcientific Company. Crotonic acid was purchased from Aldrich Chemical
Company and sublimed before use,

Instrumentation

Infrared (IR) spectra were recorded with Perkin-Elmer T735B and 457
Grating spectrophotometers. Ultraviolet (UV) spectra were obtained with
a Cary model 1k recording spectrophotometer, Inherent viscosities were
determined with a Cannon number T5 viscometer in a constant temperature
bath maintained at 300C. Differential scanning calorimeter (DSC) ther-
mograms were obtained with a Dupont 900 thermal analyzer equipped with
a differential scanning calorimeter cell, Elemental analyses were
performed by Galbraith Laboratories, Inc., Knoxville, Tennessee.

Monomer preparation

The AOE 2,4-D and MOE 2,4-D were prepared according to the known
procedure.l The GMA was prepared by acid hydrolysis of EPMA according
tc the known procedure,l0

General copolymerization procedure

Copolymerizations wers conducted in an Ace glassware polymeriza-
tion vessel equipped with & hollow trubore stirrer that permitted nitro-
gen to be introduced below the surface of the reaction mixture. The
copolymerizations were carried out in MEK at 70°C for the designated
time period (Tables 2 and 3). The GMA copolymerizations were conducted
in 80 ml of MEK for 30 hr. AIBN (0.016 g) was used as the initiator.
Cross-linked systems were run until gelation occurred. The reaction
mixtures were added to hexane, and the resulting suspensions agitated
in a Waring blender. The polymers were collected by filtration, ex-
tracted overnight with anhydrous ethyl ether to remove unreacted monomer
and initiator residues, and then dried under vacuum at 3LOC,

Hydrolysis study

The copolymers were sieved to obtain a uniform particle size (125
to 420 p). Three 0,5-g replicates of each sample were placed in individ-
ual 500-ml flasks containing 300 ml of a boric acid/sodium hydroxide
buffer (pH = 8.00). The flasks were equipped with sintered glass sam-
pling tubes that allowed the buffer solutions to be removed free of any
polymer particles. The amount of 2,4-D released was determined periodi-
cally by spectrorhotometric analysis at 198 nm.
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Table 1
Cross~Linking Studies with PETA

Volume Average mg
Solvent Weight 2,4-D Re-
Used in Percent Copolymer Composition*¥ leased per
Polymer Preparation PETA in Reaction Conversion Tg¥ Percent Molar Ratios of g of Poly-
o, ml Feed Time, hr percent  ©C cl ACE 2,4-D HEMA PETA mer per dayt
3a 25 2 3+t 28 L8 10.77 29 66 5 1.9
3o 80 2 23+ 91 L7 1h.6h4 45 53 2 0.8
3c 25 L ot 27 k9 11.09 33 58 9 1.6
3d 80 Y 23% 85 49 13.8% Lo gl by 0.7
3e 25 8 i 32 50 9.00 26 58 16 1.6
3f 80 8 23% 86 ho 13,2k 41 53 6 0.4

* Determined from differential scanning calorimeter data.
¥¥  Caleculated from chlorine analysis assuming complete incorporation of the used PETA,
t Average for a period of about 60 days.

t+ Actual time of polymerization, i.e. the time at which gelation occurred.

¥ Actual time of polymerization, i.e. reaction was allowed to run overnight during which time

gelation occurred.
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Table 2
Cross-Linking Studies with DPDM

Volume Average mg
Solvent Weight 2,4-D Re-
Used in Percent Con- Copolymer Compositiont leased per
Polymer Preparation DPDM in Reaction  version Tg¥¥ Percent Molar Ratios of g of Poly-

No. il Feed Time, hr*¥ percent ©C Gl ACE 2,4-D HEMA DPDM mer per daytt

ba 25 2 b 28 L6 10.57 28 66 6 2.2

Lp 50 2 LY 8L L5 15.35 L9 49 2 1.8

Le 75 2 192 90 45 12.62 35 62 3 ¥

4a 25 Y 3 Lk L7 12.96 39 48 13 0.9

he 50 I s 58 47 12.02 34 60 6 0.8

hr T5 i 120 89 46 10.39 27 70

hg 25 8 2 26 48 9.30 27 48 25

Lh 50 8 19 53 L7 11.92 36 52 12 .

4i 75 8 17 76 W7 11.02 30 61 9

Actual time of polymerization, i.e. the time at which gelation occurred.

Determined from differential scanning calorimeter data.
Calculated from chlorine analysis assuming complete incorporation of the used DPDM.

Average for a period of about 60 days.

No hydrolysis data were obtained.
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Table 3

Physical Properties of MOE 2.4-D Copolymers

Mole Mole Average mg
Percent Percent 2,4-D Re-~
MOE Elemental Analysis MOE leagsed per g
2,4-D  Conversion percent 2,4-D in of Polymer Tgt+ -1
Comonomer in Feed percent g H Gk Copolymer¥*  per dayX* nt o¢ IR, em
HEMA 60% 50 51.35 5.1L4 16.77 59 0.0 0.79 60 3430 (OH)
1720 (C=0j
HEMA 50% 54 52.64 5.58 15,62 A 0.0 0.7+ 65 3400 (OH)
1710 (C=0)
GMA TO%% ok 51:T3. 5.8 1T7.43 68 0.1 0.16 50 3460 (0H)
1730 (¢=0)
GMA 604+ Gh 50.70 5.39 15,45 56 0.4 0.18 53  34Lko (OH)
1720 {(C=0)
GMA 5044 95 50.75 5.68 13.49 45 2.5 0.25 68 3420 (OH)
1720 {C=0)
Note: IR = infrared,

¥ Determined from chlorine analysis.

**%  Average for a period of about 60 days.
+ Inherent viscosity (0.50 g/dl in DMF at 30°C).

t+ Determined from differential scanning calorimeter data.
¥ 35 ml MEK used in polymerization.

% 80 ml MEK used in polymerization.



Table 4
Hydrolysis Data for AQE 2,4-D/HEMA Copolymer
Cross-Linked with PETA¥

2 Percent PETA Yy Percent PETA 8 Percent PETA
mg, ng ug
2,4-D Percent 2,4-D Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,4-D
Days Polymer Released Days Polymer Released Dagys FPolymer Released
2 2.8 0.8 T 12.1 3:5 2 2.0 0.7
T 2.9 3,0 13 23.7 6.9 7 7.7 2.7
15 20.4 6.1 18 29.1 8.4 15 15.9 5.7
22 32.1 9.6 23 5.3 13.1 22 26.4 9.4
28 42,9 12.8 28 54,4 15.8 28 35.0 12.5
36 65.7 19.6 L3 75.4 21.8 36 52.7 18.8
ho 68.1 20.3 57 90.2 26.1 L2 63.1 22.5
50 89.5 26.7 63 102.9 29.8 49 49.7 28.4
53 95.9 28.7 71 113.6 32.9 55 85.7 30.5
57 103.3 30.8 88 120.3 34.8 62 90.9 32.4

* 25 m1 MEK used in polymerization.
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Table 5
Hydrolysis Data for AOE 2,4-D/HEMA Copolymer
Cross-Linked with PETA¥*

2 Percent PETA L Percent FETA 8 Percent PETA
ng ng mg

2,4-D Percent 2 LD Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,L-D

Days Polymer Released Days Polymer Released Days Polymer Released

2 1.5 s 3 2 0.5 o | 2 0.0 0.0
9 6.2 1.b 9 3.8 0.8 9 1.1 0.3
15 12.3 2.7 15 8.5 1.8 15 2.4 0.6
22 15.6 3.h 22 11.h4 2.4 22 3.8 0.9
29 22.3 4.9 29 17.9 3.8 28 6.4 1.6
36 33.0 7.2 39 32.9 6.9 36 9.0 2.2
k3 Lki.2 9.0 L2 85.5 T+5 L6 13.2 3.2
61 L5.} 10.0 61 41.2 8.7 53 1k4.5 3.5
Th 51.6 113 Th e % | 9.9 61 20.2 k.9
83 63.7 14.0 83 56.4 11.9 83 32.3 7.8
95 1.7 15.7 95 6L.1 13.5 95 40.9 9.9

* 80 ml MEK used in polymerization.
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Table 6

Hydrolysis Data for AOE 2,L-D/HEMA Copolymer
Cross-Linked with DPDM¥

2 Percent DPDM L Percent DPDM 8 Percent DPDM
mg mg mg
2,4-D Percent 2 ,4-D Percent 2,4-D Percent
per g 2,4-D per g 2, 4=-D per g 2,4-D
Days Polymer Released Days Polymer Released Days Polymer Released
2 2.7 0.8 T 5.3 1.3 L 2L 0.8
T 9.9 3.0 13 11.7 2.9 9 6.3 2.2
15 20.0 6.1 18 1Ll 3.6 1h 12.0 h,2
22 34,2 10.4 23 2.0 5.9 22 19.2 6.6
28 L 13.8 28 27.6 6.8 29 25.1 8.7
30 56.8 17.2 L3 38.5 9.0 35 31.9 11.0
36 70.6 21,4 o7 51.0 12.6 43 Y 15.4
Lo 8h. 7 o5 T 63 56.8 1h.1 L9 53.0 18.3
5l 104.0 3.6 il 6U.T 16.0 57 5T.1 19.2
55 118.8 36.1 76 71.6 17T 62 69.8 24.0

¥ 25 ml MEK used in polymerization.
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Table T

Hydrolysis Data for AOE 2,4-D/HEMA Copolymer

Cross-Linked with DPDM¥

2 Percent DPDM i Percent DPDM 8 Percent DPDM
ng ng ng
2,4-D Percent 2,L-D Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,4-D
Days Polymer FReleased Days Polymer Released Days Polymer Released
2 6.0 1.3 L 2.1 0.6 T 50 1.k
8 13.1 2.7 10 6.4 1.7 13 8.2 2.2
17 21.4 4.5 19 14,9 L.o 22 14.9 4.0
29 3h.7 7.3 31 2L, 7 6.6 3b 22.6 6.1

79 8lL.s 17.7 81 57.0 15.2 84 46 .6 12.6

¥ 50 m! #FK used in polymerization.
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Table 8
Hydrolysis Data for MOE 2.4-D/GMA Copolymers*

Molar Molar Molar
Feed Ratio MOE Peed Ratio MOE Feed Ratio MOE
2,4-D/GMA TO/30 2,4-D/GMA 60/40 _2,4-D/GMA 50/50
ng ng ng
2,k-D Percent 2,b-D Percent 2,4-D Percent
per g 2,4-D per g 2,4-D per g 2,4-D
Days Polymer Released Days Polymer Released Days Polymer Released
1 0.3 0.1 Tl 0.5 0.1 1 L, 2 1.0
0.5 0.1 Y 1.8 0.4 g 19.2 6
5 0.9 0.2 8 2.8 0.6 17 ha.7 10.2
10 i 0.2 16 7.5 1.6 25 63.7 15.2
17 1.k 0.3 29 9.7 2.0 38 82.4 18.6
25 2.3 0.4 38 16.4 3.4 g 106.3 25.3
38 2.4 0.k% 50 22.1 4.7 59 139.8 33.3
59 2.7 0.5 100 56.0 11.6 109 219.1 52.1

¥ 80 ml MEK used in polymerization,
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Elastomeric Controlled-Release Herbicide Formulations

by
George A. Janes¥ and C. A, Cogley*

Introduction

The Creative Biology Laboratory is & nonprofit corporation
chartered under the laws of the State of Ohio to do scientific research.
Qur expertise lies in the aresa of controlled release, Company research
has included many interestirz areas including snails, msrine fouling,
fertilizers, sun screens, mosguitoes, and mildew. We have also derived
a lot of humor from efforts on serious projects with woodpeckers,
coyotes, pigs, and varpire bats.

The objective ¢ our Corps of Engineer funded research is the in-
vestigation of the application of controlled release to the problems of
agquatic plants. The following controclled-release methods have been em-
ployed in *his research effort:

a. Diffusion-dissolution.
b. Exfoliation.
¢. Leaching.

Polymers have been used as controlled-release (CR) carriers in almost all
of this effort with particular emphasis on the elastomers, or rubberlike
materials. These carriers have proven uniquely suitable for controlled-
release applications, They have many physical properties that make them
well suited for this function, but perhaps most important is their
ability to accept large loadings of biocactive materials, good weathering
properties, and adaptability to a variety of final product forums.

The objective of our current Corps-funded research is the evalua-
tion of controlled-release formulations currently in development and to
refine and modify these compounds for projected field evaluations.

Background

The initial evaluation of controlled release for use against
aquatic plants involved the incorporstion of an active agent (2,L-D BERE)

¥ Creative Biology Labvoratory, Inc,, Barberton, Chio.
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in a base material and examination of how effectively it was released
in an agueous environment.

The material released to the water was examined for effectiveness.
The surprising efficacy of the CR material led to the chronicity study
where it was found that the time dose equation expected from experience
with conventional herbiciding did not hold up for chronic desing levels,
It was shown that many problem aguatic plants could be controlled with
very small smounts of toxicant if it was maintained at a low level for a
sufficiently long period of time. Perhaps most significant, the study
demonstrated that the time penalty was not excessive,.

Controlled-release aquatic herbicide development was designed to
proceed on the following path:

a. Phase I. Laboratory:

(1) Release rate,

(2) Bioassay.

(3) Feedback.

(4) Processing/geometry.

. Phase II, Leboratory and field:

(1) Release rate.

{2) Field test.

(3) Feedback.

(4) Processing/geometry.

Problems developed in that field tests were not forthcoming and labors-
tory evaluations had to be developed to supply information that was ex-
pected from the field.

Very early in the program it became apparent that CR materials
offered an easy means of directing the toxicant. Variations of floating
and sinking compounds made it possible to direct the toxicant to the
phytozone where it would have the most profound effect on the plants.
Evaluation of this approach confirmed the concept.

In pool tests, CR compounds containing 1 ppm 2,4-D (BEE) were
evaluated against hyacinths as sinkers, floaters, and suspenders with
the following results, expressed in percent mortality:

Weeks
1 2 3 4 5 6 1

Suspenders 10 30 75 95 98 98 98

Floaters 5 10 10 10 10 10 12
Sinkers 2 2 2 2 2 2 z2
Controls 0 0 0 0 Q 0 0

The suspender version of the 2,4-D material reached control level
in 4 weeks. The same msterial in the floater version had little effect
on the plants and the sinking version had such a negligible effect that
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it is doubtful it would have been noticed in a field test. It was
assumed that the reason for the increased efficiency of the suspenders
was that the toxicant was released at the root area and was fully
absorbed by the plants.

Release rate has always been the key factor in controlled release.
However, the phytozone treatment studies indicated that there is a
broader concept, i.e., delivery rate, that should be emphasized. De-
livery rate encompases release rate along with other factors that effect
the toxicant dose brought into contact with the target plant.

Del’very Rates

Several laboratory tests have been developed to evaluate the con-
cept of delivery rate: toxicant migration, toxicant absorption, and
controlied-release position.

Toxicant migration studies give an indication of how the active
agent will move in the water column. The CR material is placed at a
selected point in a 6-in.-diam, water-filled tube, which is & £t in
length., The test columns have self-sealing rubber taps at 6-in. inter-
vals along the length., At selected intervals of time, aliquote are
taken to determine the migration of the toxicant.

Toxicant absorption is evaluated by comparing the concentration
variances of standard solutions subjected to different challenges. To
3-1/2-2 test aquaria we added:

a. Nothing (toxic control).

b. Plants, three strands of hydrilla.
c. Soil, 100 g in plastic cup.

d. Soil and plants.

The significance of this test can be seen in the results of an evaluation
of copper sulfate.

The toxicant control retained 70 percent of original concentration
after 10 weeks. The plants only sbsorbed 80 percent in 1 week, died,
and rotted, but the toxicant was nct released back into the water. The
soil and plants absorbed 50 percent in 1 week and 90 percent by 9 weeks,
at which point regrowth started on the plants that appeared dead.

Controlled-release position in the test aguaria alters the delivery
of toxicant to the target plants.
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Copper versus Hydrilla, 56 1lb/acre

Pellets on bottom glass Lethal dose (LD} TO at
4 months, recovered
to LD 60

Surface LD 8 at 2 months, LD
100 at 4 months

On soil in cup LD 20 at 1 month, but
recovered

Controls 0% mortality

Toxicant Level in Water, 56 1lb/acre

Control 2.22 ppm
Plants 0.05 ppnm
Soil. {CR suspended) 0.25 ppm
Soil (CR on surface) 0.15 ppm

Hote: Dosing rate for CR material with 50 percent
copper loading.

When half the samples were removed from the plants or soil, the
release rates were comparable to that of the controls.

Microenvironments

Two groups of microenvironments were established to study the fate
of the elastomer carriers in the environment. The first group, consist-
ing of 2L units, was established in October 1977 using pond soil. 'The
formulations used were:

Elastomer Herbicide
SBR L616 2,4-D acid

CB 220 2,4-D acid

SBR 1001 2,4-D acid

SN 600 Fenac

EPCAR 5465 Copper sulfate
Natursal 2,4-D REE

Fach formulation was tested in duplicate along with a standard
control and an elastomer blank control.

The second group, established in November 1979, consisted of 22
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units. Thé three natural lake soils selected and furnished by WES were
Lake Theriot, Ross Barnett Reservoir, and Eagle Lake.

The following formulations are being evaluated in duplicate sgainst
each of the three lake soils:

Elastomer Herbicide
NRX 2,4b-D acid
SBR 2,4-D acid

EPCAR 5465 Copper sulfate

There is one control for each test material.

Downstream Transmission

A flowing system provides for a quantitative comparison of the
downstream transmission characteristics of conventional and CR aguatic
herbicides. The flow can be modified by a wvariety of organic and in-
organic challenges, many of which will be extensions of the delivery
rate studies (Figure 1)}. The comparative results between different
herbvicide formulations will provide data for designing field tests.

The test protocol is to place selected CR herbicides in the con-
trolled flow at the head of the system. A selected volume of water is
run through the system consisting of three to six units, depending on
the characteristics of the herbicide. Different application rates are
evaluated at three different flow rates. Toxicant concentrations in
tanks 1 through 6 at the conclusion of the run provide quantitative data
on the downstream characteristics of the formuiations. The following
chart is typical of an unchallenged toxicant flow through the system:

Four Unit Downstream

Flow Tank, percent Percent

_gel 1 2 3 4 _ Lost
100 0 0 0 0
8 39 29 13 7 12
16 18 26 23 15 18
2h 10 21 19 22 28
32 4 6 15 19 60
Lo 0 3 7 15 75
48 0 0 0 13 87
56 0 0 0 12 88
6L 0 o] 0 95
70 0 0 0 100
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Fach unit holds approximately 8 gal. When this volume is run
through the system, the point of highest toxicant concentration moves
one unit downstream. It takes eight plus volumes to move the toxicant
out of a four-unit system.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Screening of Chemicals for Aquatic Plant Control

by
Kerry K. Steward*

The purpose of the chemical screening project is to conduct re-
search on the use of chemicals for aguatic weed management in an attempt
to develop/discover new herbicides, growth regulators, or technigues.

Progress

This past year a variety of compounds were evaluated in the labo-
ratory: fourteen controlled~release formulations, two coded-confidential
compounds, one organic copper complex, and one adjuvant. Two chnemicals
wers field evaluated under Experimental Use Permits (EPA). Assistance
was provided in the efficacy testing of two endothall formulations
against hydrilla in the Panama Canal.

Investigation of relationships between herbicide efficacy and
plant nutrition indicated that plants cultured in soils to which com-
posted manure had been added were more resistant to diquat than were
plants cultured with additions of liquid fertilizer.

Controlled-release formulations of diquat have been effective,
at rates as low as 0.25 mg/%, against hydrilla, southern naiad, and
watermilfoil.

A coded compound from Kslo Laboratories, Inc., was very effective
against watermilfoil at 0.5 mg/%.

Several controlled-release formulations of diguat, 2,4-D, and
endothall produced complete contrel of watermilfoil at rates from 0.25
to 4,0 mg/2.

Ten experimental and standard formulations of fenac were found
to be effective against watermilfoil at a treatment rate of 0.25 mg/L.

Waterhyacinth was controlled in the greenhouse with R-241931 and
controlled-release formulations of 2,4-D and diquat.

Of the six fenac formulations previously run on waterhyacinth (st
rates of 1.0 kg/ha and higher), retesting showed fenac plus (A 09563)
to be effective at a rate of 0.1 kg/ha and fenac liquid (A 70316) and

¥ Aquatic Plant Manzgement Laboratory, U. S. Department of Agriculture,
Fort Lauderdale, Florida.

114




fenac plus dicamba (AL 3591) to be effective at a rate of 0.5 kg/ha.

Norflurszon was effective against waterlettuce at a rate of
4.0 kg/ha.

Evaluations in outside agquaria showed the coded Kalo compound and
metribuzin to have been efrfective against waterhyacinth.

The field trial of fenac in a Broward County, Florida, lake pro-
duced 100 percent control of hydrilla after 11 months. This level cf
control has been maintained through 18 months.

Field testing of hexazinone and the coubination of fenac plus cop-
per TEA in small ponds near Tampa, Florida, produced complete control
after 5 and 4 months, respectively. Dissolved oxygen depleted by the
treatments began to return after 3 weeks.

Plans for FY 80

Conventional evaluations will be conducted on new chemicals and
on new uses of registered chemicals as they are received from industry
and other sources.

This year emphasis will be placed on evaluations of controlled-
release herbicide formulations for control of regrowth of submersed
aguatic weeds. Methods will be developed which will enable experimental
formulations to be evaluated for constancy and reliability of herbicide
release.

Systems utilizing flowing water synchronized with the release of,
herbicides from formwlations will be used to evaluate thc effects of
constant herbicide concentrations on growth of various sguatic weed
species.

The results of these evaluations are expected to provide the feed-
back necessary to improve perfeormance of later generations of controlled-
releage formulations and to identify those formulations best suited for
further evaluation in outdoor tests.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Fate of Fenac in the Aguatic Environmont

by
Harish €. Sikka,* Edward J. zck,* and Henry T. Appleton*

Introduction

The herbicide fenac (2,3,6-trichlorophenylacetic acid) has been
found to be effective against submersed aguatic weeds including hydrilla.
In order to evaluate the hazards associated with the use of fenac in the
aquatic environment, it becomes important to study the environmental
fate of the herbicide since its persistence, disappearance, or partial
transformation will determine the degree of its hazardousness. Several
physical, chemical, and biological factors determine the fate of a chem-
ical in the aquatic enviromment. These include photodegradation, chem-
ical hydrolysis, adsorption tc sediment, microbial degradation, and bio-
accumwlation by aguatic organisms. Currently, very little is known
about the effects of these factors on the persistence of fenac in the
aquatic environment. This study was undertaken to assess the role of
some of the processes which may determine the environmental behavior of
fenac,

Photodegradation of Fenac

Procedure

The photodegradation of fenac in an aqueous solution was examined
following irradiation with simulated sunlight. A 2-ppm solution of
fenac in distilled water was irradiated with = L50-W Hanovia high-
pressure mercury vapor lamp in a photochemical reactor manufactured by
the Ace Glass Company. The reaction system consisted of a jacketed
borosilicate glass vessel equipped with a side arm for withdrawing sam-
ples. A double-walled, water-cooled quartz well, housing the light
source, was fitted into the wvessel and immersed in the solution to be
irradiated. The lamp was fitted with a Pyrex TT40 filter which excludes
light of wavelength less than 280 nm. Aliquots of the photolyzed solu-
tion were withdrawn at appropriate intervals and analyzed for fenac.
The samples were acidified to approximately pH 2 and extracted twice
with diethyl ether. The combined ether extract was evaporated just to

¥ BSyracuse Research Corporation, Syracuse, New York.
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dryness and the residue was dissolved in a suitable volume of hexane.

The hexane solution was analyzed for the methyl ester of fenac by gas-
liquid chromatography using an electron-capture detector. The methylated
extract was also subjected to coumbined gas-liguid chromatography (GLC)-
mass spectrometry to characterize the products resulting from the photo-
degradation of fenac.

Results

No loss of fenac was observed following 36 hr of irradiation at
300 nm in a photochemical reactor, suggesting that fenac is resistant
to degradation by sunlight. It is known that the rate of photolysis of
certain pesticides is considerably enhanced in the presence of naturally
occurring photosensitizers. Since natural waters are known to contain
photosensitizers, we conducted studies to determine whether fenac is
degraded in the presence of known photosensitizers such as riboflavin
Phosphate (FMN)., A 2-ppm solution of fenac in distilled water was ir-
radiated in the presence of 100 mg FMN/2. We noticed that the herbicide
was readily photodegraded in the presence of FMN; more than 75 percent
of the herbicide was lost after 24 hr of irradiation. These findings
indicate that, alithough fenac is not readily photodegraded in distilled
water, it may be degraded by the action of sunlight in natural waters
due to the presence of naturally occurring photosensitizers.

On the basis of the mass spectral analysis, the compounds shown
in Figure 1 were tentatively identified in the photolysate following
irradiation of an aqueous solution of fenac in the presence of FMN.

Although light (2300 nm) caused loss of fenac, it did not result
in an extensive degradation of the molecule. Most of the degradation
products included compounds in which only the side chain had been
altered. Photclysis also resulted in dechlorination as indicated by
the presence of two products in which one chlorine from the benzene
ring had been removed. These results suggest that although photodegra~
dation mey cause an extensive dissipation of fenac in natural waters
containing photosensitizers, the process may result in the formation of
degradation products which may be relstively persistent.

Chemical Hydrolysis of Fenac

Procedures

Separate 250-ml samples of distilled water were buffered to pH 5.0
(0.01 M acetate) and pH 9.0 (0.01 M borate) and were autoclaved in
Erlenmeyer flasks. Fenac was then added to the flask at a concentration
of 2 ppm. The flasks were incubated in the dark at 10° and 22°C in an
environmentally controlled chamber and meintained under sterile condi-
tions. Aliquots of solution were withdrawn periodically and analyzed
for fenac using the gas chromatographic procedure described earlier.
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Results

Analysis of water samples after 7, 1k, and 21 days of incubation
did not indicate any loss of fenac, suggesting that the herbicide did
not undergo hydrolysis during this period.

Adsorption of Fenac by Sediment

Procedures

These studies were done using four types of sediments {organic
muck, reduced clay, unreduced clay, and sandy sediment) provided by WES.
To determine the adsorption, 0.5 g sediment (dry-weight equivalent) and
50 ml of a 2-ppm solubtion of l4¢_fenac were added to an Erlenmeyer
flask. The pH of the sediment suspension was 6.5. The flasks were
shaken et ambient temperature (22°C) in the dark. Following the equi-
libration pericd (determined by measuring the disappearance of 14¢ from
the solution at various intervals over 24 hr), aliquots of the suspen-
sion were centrifuged at 12,000 % g and the clear supernatant was
counted for Ll4C. The amount of 14C-fenac disappearing from the solution
was assumed to be sorbed by the sediment. This amount was corrected
for any loss of the l4c_chemical due to sorption on the glassware. The
degree of sorption was expressed as a distribution coefficient (Kd), the
ratio of the amount of fenac adsorbed to the amcount in equilibrium
solution,

Results

Bquilibrium studies at pH 6.5 revealed a fast initial uptake of
fenac by the sediments. With all four sediments, maximum adsorption of
the herbicide occurred within the first 5 hr. Subsequently, there was
little or no change in the amount of fenac adsorbed. Therefore, all
determinations were done after 24 hr of exposure.

Table 1 shows the amount of fenac adsorbed by the sediment and the
Kgq values. The results indicate that fenac is not adsorbed by the sedi-
ments in significant amounts. All the sediments tested showed a low
capacity to remove fenac from the water as indicated by low Kgq values.
As expected, the sandy sediment adsorbed the least amount of fenac in
comparison to the other sediments.

Table 1
Sorption of Fenac by Four Types of Sediment

Fenac Adsorbed

Sediment ug/eg Sediment B
Organic muck 6.3 3.3
Unreduced clay 11.h 6.0

{Continued)
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Table 1 (Concluded)

Fenac Adsorbed

Sediment ug/g Sediment Kq
Reduced clay 7.6 3.9
Sandy sediment 3.9 2.0

The effect of pH on the sorption of fenac by the sediments was
alsc examined., With a change in pH of the solution, the relative pro-
portion of the anionic and wndissociated fenac species will change,
which may effect the sorption of the herbicide by the sediment. In
these experiments, 0.5 g sediment and 50 ml of a 2-ppm solution of ke
fenac in the appropriate buffer (0.05 M acetate, pH 4; 0.05 M borate,
PH 9) were added to Erlenmeyer flasks and the sorption of the herbicide
was determined as described above.

Table 2 shows the amount of fenac adsorbed by the sediment and the
Kg values at 2b hr. The results indicate that fenac is not adsorbed at
pd 6.5 and pH 9 in significant smounts. At pH L, which approximates the
PK of fenac (pK ~ 3.7), adsorption was considerably increased in all the
sediments except the sandy sediment. However, even at pH k4, the capacity
of the sediments to adsorb fenac is considered to be low.

Table 2
Sorption of Fenac by Four Types of Sediment at Three pH's

PH 4 pH 6.5 _pH 9
Fenac Fenac Fenac
Adsorbed Adsorbed Adsorbed
vg/e K ve/g K neg/g
Sediment Sediment d Sediment 3 Sediment d
Organic muck 19.7 12.2 6.4 3.31 8.5 4. b2
Unreduced clay 16.h 10,1 11.4 6.03 8.9 4.64
Reduced clay 2h .8 15.5 76 3.95 8.0 4,18
Sandy sediment 6.9 L.68 3.9 2.01 8.3 4,35

Biodegradation of Fenac in Lake Water and Sediment

Procedure

Four 5-gal capacity glass aquaria containing 6 £ of lake water
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and a 2-in. layer of sediment were placed in a constant temperature

(189 + 1°C) chamber. The four types of sediments (organic muck, reduced
clay, unreduced clay, and sandy sediment) used in these studies were
provided by WES. After & T-day eguilibrium period, a stock solution

of fenac was added to the aquaria so that the final concentration of
fenac in the water was 2 ppm, The fenac solution was added to the water
dropwise over a period of 2 hr to minimize disturbance of the sediment
layer. The water was then gently stirred with a glass rod to ensure an
even distribution of the herbicide throughout the water. Duplicate sam-
ples of water were taken at appropriate intervals and esnalyzed for fenac
by GLC as described earlier. Distilled water was added to the aquaria
weekly to maintain the level of water in the aquaria; fresh lake water
was added every U4 weeks to ensure an active microbial population.

Results

The concentration of fenac in water samples taken at various times
after treatment is shown in Figure 2. The dissipation of the herbicide
from the water in various aguaria followed a similar pattern. During
the first 6 weeks, extremely large variations in ferac concentration in
water were noticed. Subsequently, the fenac levels in water showed con-
siderably less fluctuations. After the fenac levels in water had some-
what stabilized, a gradual decrease in the concentration of the herbi-
cide was observed. These findings suggest that fenac is not readily
degraded by aguatic microorganisms.

Bicaccumuwlation of Fenac by Fish

These studies were carried out using two species of fish, e.g.
bluegill sunfish and catfish.

Procedures

Bioconcentration of th—fenac by bluegills was studied under dy-
namic, continucus-flow conditions. In this system, the dilution water
was delivered with a peristaltic pump to a mixing chamber into which a
syringe pump delivered a stock solution of 1hC—fenac in methanol (sp.
activity 60 dpm/ug). The diluted exposure solution (averaging 1.36 ppm
through the study) was conveyed to the exposure aquarium by gravity
flow. The fish were exposed to water containing 1.36 ppm of 1h¢_fenac.
Periodically, the fish were removed fror the exposure water and sacri-
ficed, and the total 1%C content in the fish was determined by combust-
ing in a Packard Tri-Carbd sample oxidizer followed by liquid scintilla-
tion counting.

Studies on the biocaccumulation of fenac by catfish were conducted
in two 20-gal aquaria each containing 6 kg of sandy loam and 40 % of
dechlorinated tap water. The lHC.fenac (2,3,6-trichloro isomer) was
added to the aguaria at a concentration of 2 ppm., After adding fenac,
the water was stirred and samples of water and sediment were taken and
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counted for total 1hC. After a 30-dsy mging period, catfish were added
to each aquarium. Prior to introducing fish, aliquots of water and
sediment were taken and counted for total radicactivity. The water
samples were also extracted with diethyl ether following acidification
and the ether extract was analyzed for fenac by gas chromatography using
an electron-capture detector.

The fish and water samples were taken 1, 3, 7, 1b, and 21 days
after introducing the fish into the aguaria. The fish were separated
into head, viscera, and edible flesh portions and the smount of radio-
activity in fish tissues was determined by combusting them in a Packard
Tri-Carb sample oxidizer followed by liguid scintillation counting.

Results

Bluegill sunfish. . The concentration of th—residues in bluegills
exposed to 1.36 ppm of 2U0_fenac is shown in Table 3. Ab equilibrium
(120 to 240 hr of exposure), bioconcentration factors of 8.3 in edible
tissue and 10.1 in nonedible tissue were achieved. These results indi-
cate that fenac does not bioaccumulale to a significant extent in fish.

Table 3

Bioconcentration of th—Fenac by Bluegills

Exposure Tissue 1hC_Fenac Equivalent, ppm* Bioconcentration
__hr Fraction Fish Tissue Water Factor¥¥
o4 Edible 7.50 + 0.67 1.30 5.77

Nonedible 10.69 + 1.51 8.22

72 Edible 8.8 * 0.L0 1.32 6.73
Nonedible 13.73 * 0,32 10.40

120 Edible 12.07 + 0.1L 1.h42 8.50
Nonedible 16.49 + 0,76 11,61

168 Edible 11.20 + 0.09 1.38 8.12
Nonedible 9.99 + 1.6k 7.24

240 Edible 11.43 + 0,65 1.40 8.16
Nonedible 15.886 + 0.02 11.35

¥ Values are the average of duplicate analyses, with two fish per
analysis. 1L 14
%¥¥ Bioconcentration factor = ppm ~ € in fish/ppm ~ € in water.

Catfish. During the 30-day aging period, the level of thwfenac
in water remained relatively constant. After adding the fish, the level
of total radiocactivity in the water showed little variation between
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sampling dates over a 2.-day period. The th—material in the water

(through 21 days after adding the fish) was found to be fenac as deter-
nined by EC-GLC analysis.

The levels of th in catfish at valious times after exposure to
14C_renac are shown in Table L. Ehe Yo_residue data shown in Table U
are based on the total level of in the fish cbtained b{ combustlng
the fish exposed to 14C-fenac snd counting the resulting 1 CO5.
absolute levels of feriac in the fish were not determined due to low
levels of hc residues, The results clearly show that the uptake of
fenac by the fish is gquite low. The coacentration of th residues (1hC—
fenac equivalents) in the fish was less than that in the ambient water
and appeared to have reached equilibrium within 24 hr after adding the
fish., These results confirm the earlier findings that fenac does not
biocaccumulate in fish to a significant extent.

Table L
Uptake of *'C_Fenae by Catfish¥

Days (After i, _
Introducing C-Fenac Equivalent, grams Weit Weight
TFish) Tank Whole Fish Viscers Head Edible Flesh
1 1 6.ko 0.86 0.67 0.L0
1 2 0.29 0.ko 0.29 0.33
3 1 0.20 0.78 0.35 0.36
3 2 0.35 Q.72 0.34 0.32
7 1 0.29 0.50 0.28 0.2k
T 2 0.17 0.64 0.10 0.14
10 1 0.h42 0.81 0.k6 0.31
10 2 0.19 0.64 0.10 0.14
1k 1 0.33 0.82 0.33 0.28
1L 2 0.17 0.43 0.08 0.20
21 1 0.26 1.20 0.11 C.25
21 2 0.17 0.42 0.09 0.175

¥ Values are the average of duplicate analysis, with two fish per
analysis.
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Conclusion

On the basis of the results of these studies, it appears that the
biological and nonbioclogical processes examined in this investigation
are not likely to influence the environmental fate of fenac. The herbi-
cide is expected to persist in an aquatic ecosystem because of its
resistance to biological and nonbiological degradation. However, in
spite of its tendency to persist, fenac may not present an environmental
hazard because of its low potential for bicsccumulation and low toxicity
to aguatic orgenisms.
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BICLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

An Overview

by
D. R. Sanders, Sr.¥*

Introduction

Objective

As stated in the S-year plan, the overall objective of the Biologi-
cal Control Technology Development element of the Aquatic Plant Control
Research Program (APCRP)} is to provide the operational cspability to use
blological agents for control of problem aguatic plants in the shortest
time possible. This includes insects, plant pathogens (fungi and bac-
teria), and herbivorous fishes. The Wetland and Terrestrial Habitat
Group of the U. S, Army Engineer Waterways Experiment Station (WES)
Environmental Laboratory has been given the responsibility for directing
all aspects of this program element of the APCRP, except for research
related to herbivorous fishes.

Approach

The approach to the eventual use of a biological agent for the
control of aquatic plants has traditionally consisted of four distinct
tasks. The first of these involves the search and discovery of candi-
date biocontrol agents. Because most of the troublesome aguatic plant
species are exotics, many of the searches have been conducted in the
countries of their origin. The second task involves an elaborate test-
ing program aimed at determining host specificity and potential for
control. This usually involves preliminary studies in the country of
origin, followed by more detailed host specificity studies in quarantine
in the United States. The third major task involves compilation of a
data package to support a petition for the field release of the candi-
date biocontrol agent. No exotic organism can be released in the United
States without approval of the joint U. S. Department of Agriculture
(USDA)-U. S. Department of the Interior (USDI) Working Group for the
Biological Control of Weeds. In some cases, the Working Group may re-
quire additional data prior to approval of the release. After approval
for release has been obtained, the fourth major task inveolves the suc-
cessful establishment of the bilocontrol agent in the field. This may
require some rather basic studies, such as determination of the

* U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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Subsequently, we arranged for and assisted Drs. Ted Center and Joseph
Balciunas of the USDA-SEA Aquatic Plant Management Laboratory, Fort
Lauderdale, Fla., in the conduct of preliminary feeding studies in the
Penama Canal Zone designed to support a petition for importation of

P. rugosglis into quarantine in the United States. The initial petition
was relected by the USDA-USDI Working Group due to a lack of basic in-
formation regaerding P. rugeosalis. Additional efforts will be made to
obtain the data required to introduce P. rugosaltis into querantine.

Other in-house research

Other in-house research pertains to the Large-Scale Operation
Management Test in Louisiana and the Panama Caenal Project. These studies
will also be discussed in subsequent papers.

New Regearch Projects

Three new bioccontrol reseasrch projects have sglresdy been, or will
be, initiated in FY 80. These include:

&a. Domestic survey for plant pathogens of Eurasian watermilfeil
(contract).

b. Microbiological conirol of Eurasian watermilfoil by induc-
tion of lytic enzymes in normally sywbiotic microbes of the
rhizosphere {contract).

¢. Effects of temperature on the survivel and overwintering
ability of Sameodes albiguttalis (in-house).
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BIOLOGICAL, CONTROL TECHNOLOGY DEVELOPMENT

Evaluation of Two Native Insects for
Control of Eurasian Watermilfoil

by
Gary R. Buckingham*

Although Euresian watermilfoil, Myriophyllum spicatwm L., is con-
sidered an introduced species, it is part of a complex of closely re-
lated species, two of which are native to North America. Native insects
which attack these other two species or other milfoils can be considered
for use against M. spiecatuwm. There are, however, only a few insect
species reported attacking the milfeoils in North America. These include
about four species of moths and six species of weevils. A few midges
and c¢addisflies have also been associated with milfeils but their feed~
ing habits are not well understcod, Since there have been no foreign
candidates ready for introduction into quarantine, two native insects
have been studied at the Gainesville quarantine of the Division of
Plant Industry, Florida Department of Agriculture.

Weevil

The first of these is a smell weevil, Litodactylus leucogaster
{Marsham), which occurs both in Europe and in North America. The North
American examples were previously known as Phytobius griseomicans
Schwarz. This led to earlier unsuccessful attempts to import the
European species, L. leucogaster, into quarantine from Yugoslavia since
Lekic and Mihajlovic (1970)%* had stated that it had potential for de-
struction of the seed. The laboratory colony was collected near San
Francisco, California, at a locetion suggested by Dr. Charles 0'Brien,
of Florida A&M University. This species occurs mostly in the northern
states and Canada., Locations in California and Georgiaz probably
represent recent introductions along with M. spicatum.

The adult weevil is gbout 2.7 mm long. It is gray to brown dor-
sally but yellowish on the sides and ventrally. It has a white central
patch at the front of the elytra, It can be easily distinguished from

* Biological Pest Control Research Unit, U. S, Department of szricul-
ture, Cainesville, Florida.
*% Lekic, M., and L, Mihajlovic., 1970. Entomofauna of Myrtophyllwn
spicatum L. {Halorrhagidaceae) as an aquatic weed in Yugoslavia.
J. Sci. Agr. Res. 82:63-76.
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related weevils by the paired acute pronotal tubercles and by the dis-
tinetly raised fifth strial intervals on the elytra. The eggs of L.
leucogaster are generally desposited in the ovaries which have been
eaten out by the females or among the buds. From 7 to 15 eggs per day
are deposited over a 1- to 2-month period for a maximum of over T00 eggs
per female. They hatch after 3 to L days. The newly emerged larvae
feed ingside the buds or ovaries; when they are larger they feed exter-
nally on the flowers and stems. The large larvae are pink or reddish
and generally encircle the stem while feeding., The complete larval
period lasts about 8 to 10 days in the laboratory.

The mature larva enters the water and forms a cocoon in an exca-
vation in the stem., The brown cocoon is spherical but since half of it
lies in the stem it appears to be hemispherical. It is filled with air
from the stem and if the stem becomes waterlogged so does the cocoon and
the pupa dies. The total time in the cocoon is from 5 to 8 days with an
actual pupal period of 2 to 4 days. These durations are for insects
reared in the lsaboratory at about 2LC to 25°C constant temperature and
would probably be longer for field pepulations.

Adults overwinter among litter and milfoil strands on the shore
and then move in the spring to the emersed flowers. Most activity
occurs cn the flowers, but they will readily crawl into the water when
disturbed and they often rest underwater. They are able to survive at
least 7 hr when forcibly sumbersed since they breathe from an air bubble
which surrounds their body. Some feeding occurs on the stems or buds
Just below the surface but most of it is on the emersed flowers, buds,
and flower stalks. Heavy feeding can completely destroy the flowers or
can cut the flower stalk so that it falls over and nothing develops.
Individual females eat approximately T to 20 flowers per day. They
appear to be good fliers so that they should have good dispersal, at
least locally.

The only known host plants of L. leucogaster are M. spicatum, M,
exalbescens Fernald., and M. verticillatwn L. These three species are
so close taxonomically that L. leucogaster can almost be considered
monophagous, In laboratory tests we were able to obtain eggs from
females reared on parvotfeather, Myriophyllwn aquaticum (Vell.) Verdc.,
and a few of the resulting larvae formed cocoons; however, even with
this other milfoil, we were only successful after trying various rearing
techniques over a 2-year period. Some starvation feeding occurred on
mermaidweed, Proserpinaca, which is in the same family as milfoil,
Haloragaceae, but no eggs were formed nor were larvae able to survive,
Almost no starvation feeding occurred on flowers of Peotamogeton which
are similar in appearance to those of milfoil but which are not similsar
taxonomically. Appreciable feeding was found only on several species
of Polygonum, This might seem surprising since the relationship between
Polygonwm and milfoil is quite distant, but it was not surprising and
was expected since the most common host plant of the weevil relatives
is Polygonwn. Like its relatives, L. leucogaster will eat and obtain
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energy from Polygonwnm but unlike them it does not produce eggs nor

oviposit and the larvae do not feed. This same situation occcurs in
Pakistan where another milfoil weevil overwinters on Polygonum but

does not reproduce on it {Habib-Ur-Rehman et al. 1969).%

On 22 Auvgust 1979, Mr. Russell Theriot, WES, Dr. Joe Balciunas,
University of Florida, and I released 187 mixed adults and 100 eggs at
Crystal River, Floridas. We recovered one female at least 100 m from
the original release site indicating a rapid dispersal of the released
edults. Two males were recovered on 8 November about 2.6 km from the
release site indicating reproduction and dispersal. Flowers are pres-
ent at Crystal River from June to mid-Novenber:; therefore, if the
weevils can survive the winter, they have the potential for rapid build-
up next year. Another native weevil, Perenthis vestitus Dietz., is
already present at Crystal River so that L. leucogaster will have com-
petition. We have studied this competition in laboratory cages but the
results are inconclusive.

Since we have not studied field populations of L. leucogaster, 'it
is impossible to predict its potential impact upon seed production. At
Crystal River the mat produces about 120 to 150 flowers per square metre
in the heaviest flowering areas and 50 to 80 flowers per square metre
in the moderate areas. Large areas at any one time have almost no
flowers, and these areas change throughout the season as the flowering
progresses from shore outwards and then back again. In laboratory pool
studies, flowers were emersed for only sbout 8 to 10 days. The large
numbers of flowers and the short time period that each is availeble sug-
gest that, even with a large weevil population, a great number of seeds
will still escape attack. However, since the role of seeds in the popu-
lation dynamics and spread of this plant is unknown, we can only assume
that some reduction of the seed is more preferable to aquatic weed mana-
gers than no reduction. There is alsc & chance that a pathogen might be
found which would be gble to invade the plant through the weevil damage
or could be mechanically transmitted.

Moth

The second insect studied is a small moth, Acentropus niveus
(Olivier). This moth is either native or else was naturalized from
Europe. Its biology has been well studied in Europe and Dr. Suzanne
Batrs (1977)%** USDA, Beltsville, Maryland, has studied it in the field

¥ Hebib-Ur-Rehman, M. Mushtaque, G. M., Baloch, and M. A. Ghani. 1969.
Preliminary observations on the biolegical control of water-milfoils
(Myriophyllum spp.-Haloragidaceae). C.I.B.C., Tech. Bull. 11:165-171.

** Batra, S. W. T. 1977. Bionomics of the aquatic moth, Acentropus
niveus (Olivier), a potential biological control agent for Burasian
watermilfoil and hydrilla. New York Entomocl. Soc. 85(3):1h3-152.

131



in New York and in the laboratory. Dr. Batrae concluded that it had po-
tential for use against mllfoil snd hydrilla but needed further host
specificity studies. The normal female is a8 smell gray moth, about 5 mm
long, with greatly reduced wings. We have recovered only flightless
females in our rearings from the St. Lawrence River, New York, but
recently Dr. Batra reared a winged female from there. These flightless
females emerge from their cocoons to the water's surface where they
attract the flying males which are light gray to almost white. After
mating the females enter the water and deposit a mass of yellowish eggs
on a leaf. The eggs hatch after about 11 days. The newly emerged
larvae bore into the stems and the older larvae construct loose cases
from the leaves. They leave their cases when feeding and then construct
new ones so that a majority of the cases are empty at any one time.
Counting the cases on milfoil plants and not the actual larvae thus
gives a large overestimate of the popwlation. A tightly woven cocoon

is formed on the stem and, like that of L. leucogaster, it receives air
from the stem, Waterlogged stems or even stems which are too short will
cause death of the pupa. In New York they overwinter as large larvae in
tightly woven cases. In our laboratory at long light and 22°C they have
had continucus generations, The literature indicates that there is only
one generation per year both in Europe and North Americs but I would not
be surprised if there are two generations in shallow areas. Our lsbo-
ratory generations take sbout 3 months, At constant temperatures of
25°C and sbove the larvae do not seem to develop. This species is ex~
tremely difficult to colonize and as far as I am aware no one else has
colenized it. The published biologies have beenm studied by bringing
field material into the laboratory. Even our colony has been a touch-
and-go situation so that our studies have been severely limited. Adult
emergence occurs sporadically over a long period so that it is difficult
to have sufficient numbers for successful mating.

Dr. Batra (1977)% lists six host plants in Europe and an additional
three in North America plus hydrilla in the laboratory. These hosts in-
clude Ceratophylium, Elodea, and Potamogeton. In fact, it appears from
the literature that Ceratophyllim might be a more common host than mil-
foil. We have obtained feeding by large larvae on Ceratophyllum, Najas,
Potamogeton, and Hydrilla even when in the presence of milfoil. We have
not had sufficient larvael material to compare total amounts eaten in
various situations, but in agusria they feed readily on all of them,
Although feeding on these other species does not mean that a population
can develop on them, we have now reared larvae from egg to medium size
on Potamogeton. Since we had previously reared small field-collected
larvaee to adult on Potamogeton, there is no doubt that it is a true host
plant. Acentropus, like most 1f not all the other aquatic Lepidopters
which attack macrophytes, is not specific and its potential use is de-
pendent upon acceptance of damage to the other plants. Since these
plant species are often considered weedy when in large stands, this lack

* TIbid.
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of specificity may not be that important in many situations. Since the
females are wingless, they would not disperse rapidly from a large popu-
lation buildup on & weedmat to areas where the plants were st desirable
levels, except possibly in a fast-flowing river, This lack of mobility
and their long generation time would probably keep them from causing
much damage in areas of noxrmal plant populations, If large mats of
Potamogeton or other species were used for feeding wild ducks, the duck
feeding probably would be sufficiently devastating to the Adcentropus
thet it would not be able to build up a large population.

The same two factors, long generation time and low female mobility,
which should keep this species from becoming a problem when plants are
at low densities, will probably also prevent it from being an effective
blocontrel agent.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Biologicel Control of Waterhyacinth, Hydrilla,
and Eurasian Watermilfeoil

by
T. D. Center¥ and J. K. Balciunas¥

Project A. Release and establishment of Sameodes albiguttalis; monitor
dispersal; evaluate efficacy.

Objectives

The purpose of this project is the release and establishment of
Sameodes albiguttalic at selected field sites so as to develop an appro-
priate methodology for use in waterhyacinth management. Once the popu-
lations have become established and have dispersed throughout Floridas,
emphasis will shift towards evaluating the efficacy of this insect for
waterhyacinth control.

Approach

Releases of S. albiguttalis were made between October 1977 and
June 1978. The sites were located primarily in south Florida at ca.
26° N latitude. They were continually monitored for signs of establish-
ment and dispersal., Once localized dispersal was evident, check points
north of the release aresa were repeatedly monitored until it was deter-
mined that the insect had moved across the intervening distance. These
check points were continually moved northwsrd ahead of the advancing
insect population front and the retes of dispersal estimated from the
time required for the population to move a known distance. Efficacy will
be evaluated based upon changes in various characteristics of the plant
population following the establishment of this insect at specific sites.

Current Status

Sameodes has been released at a total of 20 sites and has

* Aquatic Plant Management Laboratory, U. S. Department of Agriculture,

Fort Lauderdale, Floriga.
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established at 17 of these, We have found the type of plant present in
the release site to be a critical factor for the successful establish-
ment of the insect, A distinct preference is apparent for plants with
characteristics of luxurient growth, i.e. stout petioles, reinform
leminae, and & generally robust form. Populations do not readily be-
come esteblished on plants with spindly petioles, short leaves, and
lanceolete laminae which are characteristic of less than optimum growing
conditions. Populaticons have dispersed ca. 200 miles to the north and
ve have estimated the dispersal rate at ca. 35 km per month.

Significant Accomplishments

Procedures for developing, handling, and maintaining a laboratory
colony of 8. albiguttalis have been perfected. Populations have been
established at 17 of 20 release sites from the release of over 80,000
individuals. Populations have begun to disperse and preliminary esti-
mates of dispersal rates have been obtained. Releases have been eval-
vated in terms of the guantity released, season in which the releases
were made, and the morphologicael condition of the plants in the re-~
lease sites, The latter has been found to be the most important factor
to be considered in a release strategem for waterhyacinth management.

Project B, Domestic survey of insects on Hydrilla verticillata end
Myriophyllum spicatwn.

Objlectives

The objectives of this survey are {a) to provide quantified lists
of insects associated with each of these two submersed weeds, and (b)
to determine which of these species are damaging these weeds and, when
possible, the extent of damage and controlling fectors.

Agproach

Samples of these weeds are collected with & rake or an anchor and
placed in a plastic bag. These samples are placed on ice during trans-
portation back to the Fort Lauderdale laboratory where they are frozen.
Technicians then examine each piece of plant material under a dissecting
microscope, rate the degree of herbivore damage observed, and remove all
the fauna for subsequent identification. Most of the Florida samples are
done on a quantitative basis utilizing a specially constructed sampler.
Depth, water temperature, salinity, conductivity, and secchi disc trans-
parency are recorded at the sampling point whenever possible. In order
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to be able to determine what other weeds are attacked by the herbivores
collected, other submersed weeds in the sampling vicinity are also col-
lected using the procedures outlined.

Current Status

As of the end of November 1979, 58 collections of Eurasian water-
milfoil and its associated fauna have been made from the states of
Alsbans, California, Florida, Georgis, Louisiana, New York, Oklahoma,
Tennessee, Texas, Washington, and Wisconsin. Additional collections of
related species of milfoll and other submersed plants were also made in
seversl South Caroline locations. Preliminary compilation of the datas
from the samples processed so far indicates that only a few groups of
insects associated with Eurasian watermilfoil damage it. The most com-
monly encountered are the larvae of the midge (Diptera:Chironomidse) and
of caddisflies (Trichoptera). However, the direct damage to the milfoil
caused by the activities of these insects appears to be relatively
minor.

The most intensive herbivore damage to Furasian watermilfoil ob-
served so far is caused by the feeding of the aguatic larvae of the moth
Acentropus niveus. However, these larvae also feed on a variety of
other aquatic plants and their populations seldom build up to a level
where the damage is readily discernible from the surface. Four species
of weevils (Coleoptera:Curculionidae) have been collected from the
flowers of M. spicatum. Severael of these appear to severely damasge the
flowers and to significantly reduce seed production. We are cooperating
with Dr. Gary Buckingham (USDA) of Gainesville to monitor the release
and establishment of the weevil Litodactylus leucogaster at Crystal
River, Florida.

To date, 198 collections of hydrills and its fauna have been made.
Fifteen of the sample sites are in California, Georgia, Louisiana,
Texag, and the Panama Canal Zone; the rest are in 17 counties in Floridas.
As with Eurasian milfoil, the insect damage to hydrilla is restricted to
a few groups., Midge larvae are common and in a few locations extremely
abundant (several dozen on or in each hydrilla stem). When present at
these high densities, direct damage, such as fragmentation of stems, is
observable but at most locations the direct damage appears insignificant.
Seversl species of caddisfly larvae consume hydrilla for food and as
meterisl for thelr cases. At most places their population levels are
low and extensive demage to hydrilla caused by Trichoptera has not been
observed. The most severe insect damage to hydrilla observed was caused
by the aquatic larvee of several species of moths. In the Panama Canal
Zone, large arecas defoliated by dense populations of the larvae of
Parapoynx rugosalis {Lepidoptera:Pyralidae) are apparent in the hydrilla
mat. In Florida, the larvae of Parapoynx diminutalis reached an ex-
tremely high population level at Lake Lochloosa, and many acres of hy-
drilla appeared from the surface to be almost completely defoliated.
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From this survey, it is clear that P, diminutalis is rapidly expanding
its range in Florida and in several areas populations have reached dam-
eging levels.

It should be noted that while the direct damage caused by midge
larvae on both milfoil and hydrilla is not unusually severe, the damage
caused by pathogens associsted with excavations of chironomid larvae
could be considerable. Among the pathogens of M. spicatum isolated by
Dr. John Andrews, University of Wisconsin, is one which is freguently
associated with midge larvae damage.* Infestations of M. spicatwn in
Wisconsin have decreased dramaticelly within the last few years and this
may be part of the cause. Decline of hydrilla at Orange Leke, Florida;
Lake Conroe, Texas; and Lake Seminole, Georgia, was accompanied by high
population levels of midge larvee. We believe this insect-pathogen link
should be more thoroughly investigated.

Significant Accomplishments

A sampler has been designed and constructed which can be operated
by a single person to obtain quantitative samples of submersed weeds
and their associated fauna. Over 350 samples of submersed plants and
their associated fauna have been collected. Preliminary host specificity
evaluations of P. rugosalsis have been conducted. Extensive range ex-
tensions of P. diminutalis have been documented and significant levels
of damage to hydrilla by the larvae have become gpparent at some

locations.

Project C. Foreign Exploration for Natural Enemies of Hydrilla
vertictllata and Myriophyllum spicatwn.

Objectives

The purpose of this project is to thoroughly explore the native

ranges of hydrilla and Furasian watermilfoil in the hopes of discovering
potential biological control agents for use in the United States.

Approach

Cooperative projects are negotiated with foreign agencies to sur-
vey the target weeds within areas of specific interest.

¥ Personal communication, Dr. John Andrews, University of Wisconsin,
Madison, Wisconsin.
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Current Status

A project with the Commonwealth Institute of Bioclogical Control
(CIBC) has been agreed upon to survey hydrilla in Africa. Work will
begin when they have completed building their station in Muguga, Kenya.
Negotiations are now underway for a similar project with Queensland
Agricultural College for an Australian survey.

Significant Accomplishments

Wegotlations have been completed and a cooperative agreement
finalized with CIBC for a l-year hydrilla survey in Africa. Completion
of this work is tentatively set for September 1981,
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BIOLOGICAL CONTROL TECHNQLOGY DEVELOPMENT

Studies on Laboratory Rearing and Natural
Populations of Arzama densa

oy
R. G. Baer¥* and P, C, Quimby, Jr.*

Waterhyacinth [ Bichhornia crassipes (Mart.) Solms] is a perennial,
herbaceous, floating freshwater weed. Ii1 contributes to problems con-
cerning agriculiture, navigation, and public health and presently in-
fests about 1 million acres of water bodies which include rivers, canals,
streams, reserveirs, and coastline areas of the southeastern United
States.

Previous studies on the life history of the native moth, Adrzama
densa Wlk, have indicated that the larvae severely damage waterhyacinth
{Vogel and Oliver 1969a, 1969b; Center 1975, 1976). Therefore, these
present studies were initiated to determine the feasibility of mass-
rearing sufficient numbers of these insects for release to augment the
natural population, Behavior of naturally occurring populations of this
insect species was studied at Venice, La. Insect material for this proj-
ect was also collected from this location,

Some field-collected larvae were placed directly on an artificial
diet which in part consisted of freeze-dried waterhyacinth. A range of
3L to 81 percent of diet-fed larvae completed development to normsl
adults, Cther larvae supplied daily with fresh cut plant material
failed to complete development to normal adults.

Adult moths were meted in oviposition cages (designed by J. M.
McWilliams for mass-rearing Heliothis spp., USDA, Stoneville, Miss. ).
Eggs were sterilized and placed on the diet. Developing larvae were
changed to a new diet after the third, fifth, and sixth moit.

Developmental time (egg to adult) averaged 91 days, ranging from
73 to 163 days. Two laboratory generations were successfully reared on
the diet. Sixty-three percent of the Fy generation and eleven percent
of the Fp generation completed their development. Mating studies indi-
cate a trend towards reduced fecundity in the Fy, generation. Comperi-
sons of pupal weights indicated that diet-fed individuals were as large
or larger than those collected in the field. These heavier pupae may be
an indication of dietary imbalance as compared to normal plant food.
Modifications of the diet are presently being evaluated.

¥ BSouthern Weed Science Laboratory, U. 5. Department of Agriculture,
Stoneville, Mississippi.
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Natural enemies were found to play important roles in checking the
populations of A. densa. Parasitism by a wasp, Campoletis sp. nr.
oxylus (Cress), and a fly, Lydella radicis Townsend, were the most abun-
dant natural enemies. Field studies suggested that natural populations
of 4. densa could be supplemented with laboratory individuals but would
probably be most effective during July and the beginning of August when
parasite populaticns are low.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Biological Control of Waterhyacinth and
Hydrilla Using Plant Pathogens

by

T. E. Freeman,¥ R, Charudattan,* and R. E. Cullen¥

The objectives of this study are to search for, evaluate, and ulti-
mately utilize plant pathogens in a biological control program for agua-
tic weeds. Our efforts during the past year have been directed toward
attaining this goal. They have been concentrated primarily on twe pa-
thogens that appear most promising for control of waterhyacinth and
hydrilla. They are: Cercospora rodmanii for control of waterhyacinth
and a Dutch isolate of Fusarium rosewn 'Culmorum' for control of
hydrilla.

Cercospora rodmanii

This fungus is believed to have caused a severe decline of water-
hyacinths in Rodman Reservoir in 1971 and to a lesser extent in 1972
and 1973, In this latter year, it was isclated from diseased plants in
Rodman Reservoir by Dr. K. E. Conway. The fungus was established as a
new species and named Cercospora rodmanii after the location of its dis-
covery. Tests in both Florida and Louisiana have shown it to have s
high potential as a bioc¢ontrol of waterhyacinths. Subsequently, the
University of Florida has patented the fungus for such purposes and has
made an agreement with Abbott Laboratories to produce it in product form.

We have cooperated with Abbott and the Army Corps of Engineers in
evalusting this product form., Tests conducted in small pools at Gaines-
ville show the dry product form to be as effective in inducing infection
as fresh inocuwlum of the fungus grown in our laboratory. These results
were verified by the Army Corps in tests conducted at WES and at field
sites in Louisiana, These results, along with toxicological dsta, will
be utilized to petition for an experimental use permit from EPA. They
will also form the basis for a Large-Scale Operational Management Test
(LSOMT) in Louisiana conducted by WES and Abbett. By early 1980 we hope
te conduct a similar type test in Florida along the St. Johns River
watershed and other selected sites. In this regard, in October 1979 we
established an observation-type test of (. rodmanii in a small isolated
pond near Gainesville.

* Department of Plant Pathology, University of Florida, Galnesvilie,
Florida.
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In addition to the various field tests of effectiveness of (.
rodmanii for control of waterhyacinth, several other studies have been

conducted,

logical aspects of the pathogen and the disease it incites.,
Histological aspects of the fungus as it cccurs

summarized in Table 1.

These have concerned cultural, histological, and epidemio-

These are

on the plant are shown in Figures 1 and 2.

Table 1

Characteristics of Cercospora rodmanit

Infection
Infective propogule

Mode of infection

Cultural characteristics
Optimum temperature
Range of good growth
Growth st body temperature
{37.2%]
Survival at 37.1°C
Best medium (solid or liquid)

Growth on defined medium
Variation in culture

Sporulation

Morphology
Spore size (range)
Spore septation
Spore shape
Spore color
Conidiophores

Epidemiology
Spore production
Monthly wvariation in spores
Maximum No. spores trapped
(1 dey)

Biocontrol potential

Mycelium and either primary or
secondary spores
Through stomates

Near 25°C
20° to 30°C

None

At least 2 weeks

Potato dextrose agar or broth (fresh
or Difco brand) plus 0.5 percent
yeast extract

Yes (Czapek-Dox)

Some sectoring, especially for
pigmentation

Increased by ultraviolet light

84 to 28B4 by 3 to 5 nm

Multiseptate
Acicular, truncate bhase
Hyline

In fasciles of 3 to 12 emerging
through stomates, brown

Nil below 10°C
Maximum, October; minimum, January

498 m> of air
High

Fote: TFor a complete description of {. rodmanii see Conway, K. E. 21976.

Canad. J. Bot. 5L:2079-1083.
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Figure 1. Microscopic (light) details of Cercospora rodmanii

morphology and pathological histology. 1. Mycelial infection

through stomatal opening (25 u) 400X. 2. Conidiophores on leaf.

Note amphigenous fruiting on leaf {350 p thick) LOX. 3. Condio-
phores, 200X. L. Conidiophores, L00X.
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Figure 2. Microscopic (light) details of Cercospora rodmanit

morphology and pathological histology. 1. Conidiophores (5 u

wide) showing conidium attachment {arrow) L400X. 2. Conidium

showing truncate base, 400X. 3. Conidia of Cercospora rodmnii;

arrow points to 300-u-long conidium. L. Top view of fasciles of

conidiophores on leaf surface, 200X, 5. Subepidermal mycelium;
arrow points to base of conidiophores, 400X.
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Pusariuwn rosewn 'Culmorum’

In 1974, a disease of Stratiotes aloidee L. (Hydrocharitaceae)
was discovered near Wageningen, The Netherlands. Mature plants had
symptoms of root and crown rots and severely diseased plants sppeared
to 'sink gradually as a consequence of tissue decay. A few infected
plant parts were taken to Gainesville, where a group of fungi was cul-
tured from them, including predominatly a Fusariwn rosewn 'Culmorurn’
(Lk. ex Fr.) Synd. & Hans. In view of the close taxonomic relationship
between S. aloides and Hydrilla verticillata, the pathogenic potential
of these fungi to the latter was of obvious interest. Among the fungal
isolates obtained from 5. aloides, only 'Culmorum' was capable of kill-
ing hydrilla.

The effects of the 'Culmorum' isolate on hydrilla were determined
in three test systems, The first one consisted of incubating 8- to 10-
cm-long terminal portions of hydrilla shoots in 3- by 15-cm glass tubes
with 40 ml of sterile water to which was added dense macroconidial sus-
pensions. A dose and effect relationship was seen on inoculated
hydrilia; at lower inoculum levels the shoots were only partially dam-
aged or killed, while at higher inoculum levels the effects were drastic
or lethal.

In the second system, 20-2 aquarium tanks were layered with river
sand, filled with 1k 2 of water, and planted with 100 terminal ends of
hydrille shoots, each with an active growing vud. After 2 days, the
tanks were Inoculated with conidial suspensions of 'Culmorum' a2t approxi-
mately 80,000 or 90,000 conidia per millilitre of water in tanks. Three
weeks after inoculation, hydrilla shoots started to discolor and de-
veloped signs of rotting. In about 5 weeks, the shoots broke down com~
pletely, and some that were still green were defoliated and uprooted
and floated to the water surfacé.

In the third system, the fungus was grown for 2 weeks on a ster-
ilized mixture of nine parts sand, one part catmeal, and three parts
water, and mixed with the bottom sand in hydrilla tubes at 21:1 and 1:10
proportions (w/w) of inoculum and sand. Controls had sand-ost-water
mixture without the fungus, mixed with an equal weight of sand. A hy-
drilla plant with shoots, roots, and at least one tuber was planted per
inoculated and control tubes. After a week, the inoculated plants
turned pale and were dead by the end of 1. days.

In all these systems, the inoculated fungus could be reisclated
from inoculated, dead, dying, or green hydrilla shoots after surface
sterilization and planting on potato dextrose agar. Controls did not
yield the fungus. In addidion, the conidia were observed to germinate
on, and penetrate into, hydrilla tissue, which confirmed the pathogenic
capability of the fungus.

In order to decide that the effects of the 'Culmorum' isolate on hy-
drilla were specifically due to itg infectivity and not due merely to
massive numbers of fungal spores in water, a comparative inoculation

145




test was set up. In this test, three unidentified Fusariwm spp.,
isolated from hydrilla in Florida, a F. rosewn from Ficus elastica Roxb.,
a F. rogewn 'Graminearum' from Eichhornia crassipes (Mart.) Solms in
Florida, and two isolates of F. rosewn 'Culmorum' from the State of
Washington were included, The test tube procedure described first was
used, with inoculum densities between 2,500 and 250,000 conidia per mil-
lilitre of treated water, The results confirmed that the Dutch 'Culmo-
rum’ was indeed unique in its effects on hydrilla. The three Fusarium
spp. from hydrilla and the Ficus isolate of F. rogewn did not damage
hydrilla even at higher levels of inoculum, The 'Graminearum' from Z.
erassipes and the Washington 'Culmorums' were capable of damaging hy-
drilla, inciting similar symptoms as the Dutch 'Culmorum.' However,

the threshold of inoculum needed to cause damage by these isolates was
approximately 60,000 conidia per millilitre, or 2.4 times higher than
that of the Dutch 'Culmorum.' The Dutch isclate hence was not only
pPathogenic to hydrilla but also was more virulent than any Fusartium
tested.

Since the Dutch isolate is still maintained under quarantine due
to its foreign origin, the effects of the local 'Graminearum' isolate
vere tested in an outdoor, large-scale pool test, Hydrilla in plastic
swimming pools were inoculated with mycelial homogenates. One pool was
inoculated with a suspension of approximately 0.18 g/f conidia and
mycelium and @ second pool at 1 g/%. Control pools were maintained.
There were isolated patches of dead hydrilla & month following inocula-
tion, butl no appreciable control of this plant was achieved in pools.
This lack of field efficacy may be due to insufficient levels of inoc¢-
wlum used or poor virulence of 'Graminearum' or both.

Host range of the Dutch 'Cuimorum’ to a few common aquatic plants
of Florida has been tested., Rooted aquatic plants in 5- to 200-L glass
containers were screened, using inoculum of 125,000 conidia per milli-
litre. At this level, the isolate was lethal to Ceratophyllum demersum
L. {Ceratophyllaceae)}; Egeria densa Planchon and Vallisnerita americana
Michx. (both of Hydrocharitaceae), and Najas quadalupensis (Spreng.)
magnus {Najadacease}. On E. erassipes, it caused severe root rot. Al-
ternanthera philoxeroides (Mart.) Griseb. {Amaranthaceae); Nuphar luteum
(L.) Sivthrop, & Smith (Nymphaeaceae); and Ruppia maritima L. {Ruppi-
acegse) were not affected by this isolate.

Host range tests on terrestrial crops and nontarget plants have
been underway. Two types of tests have been undertaken--one on infes-
tivity of seeds and the other on infestivity of foliage, stems, and
roots.

In the first test, 68 crop plants have been screened for their
ability to withstand seed infection by the Dutch isclate. Fusaruum
rogewn 'Culmorunm' isclates can be seed pathogens and may colonize
and rot preemergent seeds. Our test was, therefore, aimed at de-
termining this potential with the Dutch isolate. Conceivably, this
isolate could pose problems if water treated with the fungus is used
for crop irrigation, assuming, for now, the fungus would survive in
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water for long periods of time and at large enough inoculum levels
(which is unlikely). The test was conducted by growing plants from
fungicide-free seeds in soil infested with 38,000 conidia/g soil. Seed
were allowed to germinate and establish seedlings and were observed for
3 weeks or more, The percentage of reduction in seed germination over
controls and symptoms or root or collar rots on seedlings was assessed.
Any partially germinated seeds and seedlings with symptoms or rots were
assayed for the Dutch 'Culmorum,'

Of the 68 cultivars belonging to 43 species in 14 families tested,
33 were not affected by the fungus, while 35 others registered reduction
in germination. These reductions, expressed as percent reduction from
the controls, ranged from 40 to 100, the latter in the case of castor
bean, Hadden wheat, and Thorogreen lima bean. However, of the 35 va-
rieties with reduced seed germination, only 13 had symptoms of collar
rot, brown lesions at the hypocotyls or cotyledonary rot associated with
the inability of the cotyledons to shed seed coats after germination.

The 'Culmorum' was reisolated from only 5 of the 13 cultivars that
had symptoms. It appears that at very high inoculum levels, such as
used in this test (35,000 spores/g of soil), some reduction in germina-
tion may result in some crops, together with diseaselike symptoms.
However, these results do not negate the biocontrol potential of this
pathogen for the following reasons:

a. It 1s unlikely that crops will be irrigated with the
pathogen-treated water when inoculum levels are high.

b. The fungus may not survive or multiply to the inoculum
levels used in this test.

¢c. The fungus is not likely to survive in the warm soils of
Florida.

Furthermore, these resulis are to be evaluated in relation to post-
emergence and field host-range tests,

In the second test, seedlings of 4L cultivars were tested for
foliar, stem, and root infections by the Dutch isclate. Seedlings were
established in sterilized soil in pots and sprayed with conidial incculum
of approximately 1 million spores per millilitre of water. The fungus
was sprayed on leaves and stem until the excess ran off into the soil
around the stem. Plants were then incubated in the greenhouse for 3 or
more weeks and observed for infections on leaves, stems, and roots. In
81l cases, the fungus failed to infect. Additional hosts are being
tested at this time.

The temperature optimum for in vitro growth of the Dutch isolate
has been determined. On potato dextrose agar, the fungus grew between
159 and 30°C, but the rate of growth was better between 16° and 27°C,
and the peak growth was attained earliest at 21°C. The fungus thus
appears to be adapted for relative cocler temperature, and is likely to
survive in Florida water but not in the warm soils of the southeastern
United States,
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BIOLOGICAL CONTROL TECHNCLOGY DEVELOPMENT

Biological Control of Aquatic Weeds in Puerto Rico

by

Leonce Bonnefil¥

Iintroduction

An aguatic plant control program in Puerto Rico may not be success-
ful if the peculiar nature of the weed infestation on the Island is not
first understood. If the program is based on the area occupied by the
pest plants, the importance of the infestation problem will be grossly
underestimated; and if corrective measures are extrapclated from other
countries, they may well prove inefficient or exhorbitant.

Annual cycle of
abundance of the aquatic weeds

Puerto Rico is a roughly rectengular island 160 km long and 56 knm
wide. A mountain range spans it east-west with elevations up to 1334 m.
Rainfall is abundant, reaching in places 190 mm a year. The north coast
is cut by several permanent streams that are all dammed, sometimes twice,
for the production of electrical power.

The obnoxious aquatic plants develop slong the sinuous course of
the streams and within the innumerable fingerlike coves of the reservoirs.
Twice a year the weed masses are washed downstream and first accumulate
at the reservoirs in May, later at the estuaries in October, until they
are flushed out at sea where they die in contact with saltwater.

The temporary accumulations at the dams and at the river mouths
are a nuisance and may be considered a threat to the safety of riverbank
communities in addition to interfering with public health, commerical
and sport fisheries, recreation, ete, Their removal, whatever the method
used, is a costly undertaking and the benefits to be gained must be care-
fully weighed against the financial outlay.

The aim of the present program is to keep the weeds from prolifer-
ating in the headwaters and along the streambanks, thus cutting down on
the nuriber of plants that can float downstream in the rainy season
causing inconvenient or hazardous accumulations.

Soon after the floating masses zciunulate, bank species grow over
them forming mats firmly anchored to the sides of the streams, roservoirs,
or lakes. These mats are a much more sericus menace than the floating

* Department of Natural Resources, San Juan, Puerto Rico.
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plants; they will resist the most violent current, reduce the flow of
rivers and choke good-sized streams, impede navigation, interfere with
the movement of fish and shrimp, and alter water quality creating a con-
dition of near stagnation.

Destruction of these anchored weed mats in the upper parts of the
streams and along their course is difficult by conventional methods and
sometimes even impossible due to Puerto Rico's rugged topography that
excludes the movement and operation of harvesting machines or spray equip-
ment. It would seem then that biclogical control would be a favorable
alternative.

Commonwealth Agencies
responsible for weed control

Aquatic plant data in Puerto Rico are the product of surveys and
observations conducted by the Area of Scientific Research of the Depart-
ment of Natural Resources of Puerto Rico. By ordinance of the Governor's
Office in April 1975, the Department of Natural Resources (DNR) was
formally charged with the coordination of zll efforts in weed management
in Puerto Rico. In August of the same year, representatives of all local
agencies involved in water resources management decided the DNR was the
agency best manned to conduct research in weed control. Currently, it
is expected that to that research responsibility wilil be added sn opera-
tional phase when a contract will be passed between the Corps of Engi-
neers and the DNR admitting Puerto Rico into the Aguatic Plant Control
Program under the River and Harbor Act of 1958 amended in 1965.

Aquatic plant species
and their relative sbundance

The aguatic piant species of major occurrence in Puerto Rico are
waterhyacinth (Eichhornia crassipes), slligatorweed (Alternanthera
philoxzeroides (Mart.)), paragrass (Panicwnm purpurascens), and coontail
(Ceratophyllum demerswm). TIsolated stands of Illinois pondweed
{Potamogeton illincensis), waterlettuce (Pistia stratiotes), bulrush
(Seirpus validus), cattail (Typha dominicensis), and smartweed (Poly-
gonwm portoricensis) occasionally can be found.

As indiceted earlier, waterhyacinth assumes particular importance
wvhen it becomes overgrown with alligatorweed, paragrass, smartweed, and
sometimes terrestrial species like sugarcane, castor bean, and others.
The floating mat sometimes is several acres, sturdy enough for people to
walk over. It is then very difficult to break up mechanically and
represents a difficult and costly problem.

Specific controls
for the squatic plants

Waterhyacinth and alligatorweed, the two more significant weed
species, are attacked in Puerto Rico by several native insect and mite
species, but none of them of great significance. These organisms may
have low biotic potentials or be subjected to highly efficient natural
enemies,
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In other countries, the plants are kKnown to be significantly
stressed by insects of adequate population levels. Paragrass may be con-
trolled by chemicals or by mechanical cutting along the banks. If a con-
tinued chemical or mechanical and biological control iIs put into action
at the time of lowest annual weed infestation (October-November), signif-
icant resuits may be achieved with minimum effort; from then on, simple
maintenance practices would keep the week populations at acceptable levels.

In the areas where the bank is steep and there is no boat ramp
in the immediate wviecinity, biocontrol may be the only possible method,
the others being difficult or impossible. Should it become necessary to
clear reservoirs or estuaries of large weed accumulations, then the prob-
lem would be one of great cost involving harvesting machines, loaders,
dump trucks, and large disposal areas. In 1972 {when costs were still
fairly low)}, Lake Cidra, a 245-acre lake that is 20 percent hyacinth
covered, was cleared in this manner at & cost of around $130,000. The
plants were back less than a year later.

Biological control efforts to date

The DNE has established facilities quite satisfactory for the study
of the waterhyacinth weevil (Neochetina eichhormiae). An initial experi-
ment in a glass greenhouse clearly showed the adverse effects of high
temperatures and chlorinated water source. After the initial experiment,
a screened shed and a supply of untreated undergrourni water were secured
on the grounds of the University of Puerto Rico where a captive popula-
tion of the weevils is currently maintained and is reproducing quite
satisfactorily,

Preliminary host specificity tests have been cowmpleted and the
finel results are being presented to the Puerto Rico Department of Agri-
culture, which is responsible for the introduction of plants and animals.

As soon as the official permit of introduction is obtained, popu~
lations of the insect will be released at selected sites in Puerto Rico
away from agricultural areas. These populations will be monitored to
ensure that they will have become successfully established; their effi-
ciency as control agents will also be measured. It is not anticipated
that this insect alone will bring the hyacinth down to a satisfactory
level. Experience from foreign countries, namely the United States,
points to the benefit of a combined action of the weevil and other bio-
logical control agents; the moth Sameodes albiguttalis seems to be par-
ticularly promising.

The flea beetle, Agasicles hydrophila, now recognized as a biocon-
trol agent of indisputeble efficiency for alligatorweed, should also be
considered for introduction. Alligatorweed is closely associated with
waterhyacinth and would fill the niche left by waterhyacinth. The alli-
gatorweed would then cover the floating mass of decaying organic matter
tightly held together by paragrass and other creeping bank vegetation.

Areas to be covered by the program

There is no reason to believe that the program could not involve—-
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at least eventually-—all the artificial lakes menaged by the Electrical
Power and the Water Resources Authorities on the north and west coasts,
such as Lakes Loiza, La Plata, Dos Bocas, Comeric, Cidra, Guajataca, and
Toa Vaca. These sites would be widely separated by topographical ob-
stacles and the introduced populations would be physically isolated.
Whether or not that isolation would have negative effects will have to
be discovered.

In addition to these main streams, many tributaries of varying
sizes sre completely overgrown by tightly interwoven weeds generally
imported by waterhyacinth. These creeks or brooks no longer have water
flow; there is no exchange of gases with air; oxygen is depleted to near
anoxia; and the aquatic fauna is nonexistent. These water courses are
located at the bottom of crevasses making it impossible to transport
mechanical weed removal devices or spray rigs to them. Biclogical con-
trol is the only answer to the rehabilitstion of these tributaries that
will also prevent the problem of unusually strong rains flushing the
weeds out inte lakes and rivers starting or reinforcing weed infestation.

Plan of Work

The activities discussed below are scheduled for the first 3 years
of the research program.

During the first year of the research program, it is planned to
release the waterhyacinth weevil WNeochetina, which has been studied so
far as a captive population in Puerto Rico. The sites will be closely
monitored to ensure that the populations have successfully established
themselves, The efficiency of the insect for biological control will
also be assessed. Concurrently, authorization will be sought to intro-
duce jointly or separately the moth Sameodes albiguttalis and the alli-
gatorweed flea beetle Agasicles hydrophila. Captive populations of
these two insects will be developed in the greenhouse, and their bio-
nomics will be studied.

In the second year, it is expected that the preliminary testing of
Sameodes and Agasicles will have been well under way. Authorization will
then be asked to release Sameodes, alone or together with Agasicles.
Field release will be made separately and in combination with the weevil
Neochetina, which by that time should be well established.

In the third year, it is anticipated that sufficient evidence
vould have been produced s¢ that the moth as well as the flea beetle
would be guthorized for liberation. By that time, a variety of field
populations should be under observation and a wealth of new information
should come out of that phase of the research program.

Tt must be mentioned at this point that normal delays are anti-
cipated in the processing of official permits. Therefore, the program
described above is subject to changes in the projected schedule.
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MECHANICAL CONTROL TECHNOLOGY DEVELOPMENT

An Overview

by
H. W. West*

As part of the Corps of Engineers (CE) Aquatic Plant Control Re-
search Program {APCRP), the U. S. Army Engineer Waterways Experiment
Station (WES) is conducting research on the use of mechanical systems
alone or to augment other methods to manage problem aguatic plants in
water bodies of interest to the CE. The overall goal is to develop
egquipment and techniques that can be used to mechanically control varicus
types of aquatic plants in a wide range of environmental conditions.

Technical Areas

The research has the following four main technical areas:
a. Quantitative description of the CE operational environments.

b. Determination of the operatiocnal performance of existing
equipment systems and subsystems.

Development of analytical models for use in the design and
evaluation of mechanical control equipment.

Izl

d. Design and development of new equipment to improve the state
of the art of mechanical control technology.

Work to be conducted under each of the four technical areas will be
described in a long~range research plan that is currently being developed
by WES and should be completed early in the second quarter of this fiscal
year.,

Quantitative description

The first technicsl area is the gquantitative description of the CE
operaticnal enviromment. Many of the CE's lakes and rivers have stumps,
trees, and other floating and submerged debris that pose problems to the
successful operation of many types of mechanical equipment. Other physi-
cal features, such as shallow bottoms and varying bank topographic and
vegetation characteristics, are egqually important to the cutting, re-
moval, processing, and disposal of aquatic plant material. Floating

* U. 8. Army Engineer Waterways Experiment Station, CE, Vicksburg,

Migsissippi.
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aquatic plants and floating islands of aguatic plants and soil material
pose an even greater challenge to the mechanical eguipment design prob-
lem, Emergent aquatic plant species probably will require a completely
different equipment design than that required for most other aguatic
plant species. Therefore., if mechanical equipment is to be designed to
be effective as a control method, the quantitative description part of
the research will provide the basic data needed for successful design
and operation of the equipment and/or machines.

Preliminary work on defining a portion of the operational environ-
ment for mechanical control technology development has been accomplished
by WES for the Jacksonville District. This work consisted of an evalua-
tion of & L00-mile reach of the Saint Johns River in terms of physical
characteristics of the river where infestations of waterhyacinths oc-
curred. In this study, water depths and areas of plant coverage of
waterhyacinths on the river were defined. It was found that more than
50 percent of the areas containing plants occur in water depths less
than 2 ft, thereby indicating that the presently aveilable waterborne
aguatic plant control machines would most likely experience significant
problems operating in these river conditions. Additional work of this
nature is needed to better define the physical characteristics of the
CE operational environment.

Operational performance

The second technical area of research is the determination of the
operational performances of existing mechanical control systems and the
long-term effectiveness of those systems, in terms of limiting regrowth
of the plants. Currently, there are several manufacturers who sell dif-
ferent pieces of equipment that provide, to some degree, the capability
for cutting, removing, processing, transporting, and/or disposing of
aguatic plant material, In the operational performance part of the
mechanical research program, several of these pieces of eguipment will
be evaluated to determine their field performance and their limitations
and deficiencies in providing mechanical control of aguatic plants.
Large-scale experimental tests alsc will be conducted on those systems
that have been determined to have the best overall potential for mechan-
ical control. These tests will also be designed to provide "a measure
of effectiveness" of the equipment in terms of limiting the regrowth of
the aguatic plants.

Another part of this research will determine the frequency and
time period needed to provide the most effective mechanical control
cperations for the various types of aquatic plants. The results of this
research might indicate that the most effective mechanical control op-
erations would be obtained by conducting the operations in the winter
nmonths when the plant growth and biomass is minimal, followed by a
second {and possibly third) control operation at specific times during
the plants' main growth period. The research also should definitely
indicate those times during the plant growing cycle that are best in
terms of overall mechanical control operations. Tor example, lawn-
cutting operations are more easily performed when the lawn grasses are
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less than 5 cm tall., If one waits until the grasses are 15 cm tall or
greater, most small grass-cutting machines are very ineffective, and one,
therefore, has to resort to other methods and equipment for grass
control.

Analytical models

The third technical area is the development of analytical models
that can be used in the desizn and evaluation of the mechanical control
eguipment. Since mechanical eguipment will surely continue to be used
as a primary control method for aguatic plants in the future, this will
require that the CE's operations have minimal impact on the environment.
As a result, several machines have been developed by various manufac-
turers (Figure 1) and many of them have been deployed in a variety of
water body conditions. In some water bodies, the machines have worked
adequately; in others, they have not performed as well as expected. Ex-
perimental tests also have uncovered inconsistencies in the performance
of some of the machines. These inadeguacies in the present group of
aquatic plant control machines (APCM)} demonstrate that many were de-
signed without proper knowledge of the effects of the environment on
APCM operation. Rational and successful testing and deployment of APCM's
require & quantitative understanding of the operational environment,
coupled with an equal understanding of:

a. How the APCM cut or detach the plant material from the
attaching medium, such as a substrate, or other floating
material,

b. How the detached plant material is transferred to a water-
borne platform.

¢. How the material is processed for reduction of volume or
biomass.

4. How it is transported over water and/or land.

e. How it is disposed.

e | IMNOS SYSTEM

LANTANA COOKIE CUTTER
ARUNDO SYSTEM

AZTEC WATER WEEDER

ALTOSAR SYSTEM

AQUAMARINE AQUA-TRIO SYSTEM
e ALLIED AQUATICS SYSTEM

Figure 1. Presentiy available aguatic
plant control machines
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Once these operational steps are clearly understood, improved equipment
designs can be produced and a more effective conirol operation for
aquatic plants can be conducted.

Research to date has resulted in the development of two analytical
models (the Winfrey and Limnos models) that have potential for use in an
overall procedure for predicting APCM performance. These two models,
however, do not meke up a general comprehensive APCM performance predic-
tion capability. Such a capability would have to account for all of the
functional steps as stated above.

During FY 80, WES plans to formulate a basic model (Figure 2) that
will allow prediction of APCM performance in various water bodies and
under various aquatic plant characteristicgs. The anticipated output
from the model will be the equipment performance rates for each opera-
tional function, such as cutting, transporting, processing, and dispos-
ing of agquatic plant material. A cost subroutine is to be included also
so that the ecconomics of a given APCM can be compared to other control
measures, such as chemical and biological.

Design and development

The fourth technical area is the design and development of new
APCM's to improve the state of the art of mechanical control. Work in
this area will be somewhat limited until some of the other basic work
has reached significant milestones. This work will most likely be
limited to the design of component parts of each functional area, such
as the design of new plant material processing equipment. New subsystem
designs should benefit significantly from the other three basic research
thrust areas. Once a new design for a component part of & subsystem or
machine is produced, that design will be evaluated, using the APCM
model in terms of overall subsystem and/or total system performance.

The new design{s) can also be evaluated in terms of the plant and water
bedy cheracteristics to determine how well the desiim concept is capable
of performing its function in the different operating conditicns.

Conclusions

Ve are definitely moving forward in our basic and spplied research
to develop a beltter understanding of mechanical control tecnnology and
to determine cost-effective equipment and improved operaticonal techniques
for mechanical control of aquatic plants.
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MECHANICAL CONTROL TECHNOLOGY DEVELOPMENT

A Computer Model and Systems Cost Analysis of the
Limnos Aquatic Plant Harvesting System

by
John H. Neil¥

Introduction

The mechanical control of aquatic plants has been limited by the
availability of productive cost-efficient harvesting systems, Likewise,
where mechanical controls have been implemented, harvesting costs have
been poorly documented with respect to the effect of envirommental vari-
ables such as density of plant growth, means of disposal and size of
areas cut, and variable economic inputs, including depreciation of equip-
ment, wages, fuel, repairs, end downtime. This has resulted in reported
costs ranging from $80 to $800 per acre. The combination of low pro-
ductivity and uncertain costs has limited the practical application of
harvesting as a safe and beneficial contreol procedure.

In a program designed to improve the technology of mechanical con-
trol and to rationalize cosis, the U. 5. Army Corps of Engineers eval-
vated available harvesting equipment. As a follow-up, a "Request for
Quotations"” was issued 13 January 1978 for the "Design, Manufacture,
Test, and Delivery of One or Two Mechanical Weed Control Systems," the
purpose of which was to elicit innovation in improved harvester designs
from the private sector. Ewvaluation factors included overall design
concept, level of energy input, level of operational control, estimated
per ton operational cost, estimated cost of system, and target date of
initiating field demonstration. The Limnos Aquatic Plant Harvesting
System was selected, and on 3 February 1979 an order was issued to
Limnos Limited,

The contract as negotiated related specificslly to the control of
hydrilla (Hydrillo verticillate Royle) as specified in Enviromment 2 of
the Request, although it was intended that the harvesting capability
would also be evalusted for waterhyacinth (Eichhornia crassipes Mart.).

Prior to the Corps! request, a prototype, two-stage harvester had
been constructed and evaluated by Limnos Limited. The original design
specifications called for a 2-acre and lS5-ton~per~hour capability in
rooted submersed aguatic macrophytes. Field testing demonstrated the
prineiples to be valid, and production met the objectives established

¥ Limnos, Ltd., Toronto, Canada.
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in Eurasian watermilfoil (M. spicatum) and other species typical of
temperate climates.

The Request for Quotations by the Corps had an objective of 30
tons per hour in hydrille; the mechanical design was modified to incor-
porate features required to increase productivity.

Construction commenced in Februvary 1979 and was completed in June
1979. The four units were launched in Canadian waters and tested;
minor modifications and adjustments were made. In early July, the units
were prepared for shipment and delivery was made on three tractor trailer
units to Wildwood, Florida, during the week of 16 July 1979.

The contract specified & 30-working day demonstration of the equip-
ment by the contractor. This was completed 31 August. During the demon-~
stration period, records of operation and production were kept by a
Corps project supervisor and the Limnos staff. The final responsibility
of the contract was the preparation of a report on the system based on
a computer model using data collected from field operations. The report
has been prepared to fulfill the requirement,

Concept of Design

Available mechanical harvesting systems have been based on a
single-stage operation in which plants are cut and removed by a harvester
which contains the unmodified plant material on the harvesting vessel.
When loaded, the plants are carried ashore and off-loazded or transferred
to a transport barge.

The Limnos Harvesting System utilizes a two-stage system in which
plants are cut by an independent cutter and allowed to rise to the
surface, The harvester follcwing the cutter gathers the plants from the
surface, grinds them to a slurry, and drops the fluidized product into
the hold of an attached barge. When loaded, the barge is released, an
empty one "plugged in," and harvesting continued. The loaded barge
proceeds to shore where it is off-loaded by means of a self-contained
slurry pump (Figure 1).

Operation of a contract harvester over several seasons using two
types of single-pass harvesters provided a background of experience which
identified the limitations of these systems and suggested possible solu-
tions. The following paragraphs describe the major limitations identi-
fied and the solutions implemented. These include:

a. Forward speed.

b. Depth and width of cut.
c. Materials handling,

d. Load capacity.
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Figure 1.

Limnos Harvesting System



e. Dowmtime.
f. New capabilities.

Forward speed

Single-pass systems are limited in their forward speed to about
2 mph by a conveyer submerged to the depth of cut. At higher speeds,
a cone flow is created in advance by the conveyer causing the plants to
go down or around the harvester head. By separating the cutting and
pickup operation and "force feeding' the conveyer with the collector
wheels, it was possible to increase the forward speed.

Depth and width of cut

Conventional harvesters use a cubtting and elevating system of
equal width requiring an increasingly large elevator and front-end
locaders as the depth and/or width of cut is increased. The two-stage
system enables plants to be cut to a depth of 8 ft and width of 16 P&,
When plants float to the surface and are gathered by collector wheels,
an elevating conveyer of practical size can be used.

Materials handling

The average bulk density of the harvested submersed agquatic plants
at the demonstration was about 18 pef. In a system having an objective
of 30 tons/hr, sbout 3500 cu ft/hr of plant material would be produced.
The Limnos approach to handling this large bulk density is to process
the plant material to a condition which could be pumped. As plants are
processed through the grinder, a slurry with & bulk density of 62 pef
and 5 percent solids is produced.

One of the major constraints in off-loading unprocessed plants is
locating suitable landing sites close to the harvesting operation where
the conveyer can link the barge and a large truck. In built-up or
swampy shoreline areas, long water hauls are frequently required. By
off-loading the slurry through a pipe, a clean operation can be main-
tained close to the harvesting site since the barge can be positioned
safely offshore and the slurry can be pumped to a truck located on a
roadway or suitable solid ground.

Load capacity

The use of an attached but independent barge during the harvesting
function allows for much larger loads (up to 15 tons) to be carried to
shore, Also, during loading of the barge, the harvester remains very
stable with good maneuverability. The harvester is not required to
transport plant loads to shore, thereby allowing continuous harvesting.

Downtime

Two principal sources of downtime with existing cutting systems
were found to be damage to front-mounted cutter bars and mechanical
failures of power and hydraulic components. The use of a hinged, rear-
mounted cutter allows the assembly to swing freely over bhottom obstruc-
tions and has virtually eliminated damage to the knife. The balance




of the power and mechanical systems for the Limnos Cutter Unit has been
drawn from agricultural machinery of proven dependability. Diesel trac-
tors are used to provide axle, hydraulic, and power-takeoff (PTO) power,
and liquid manure pumps are used to pump the slurry into trucks or onto
acceptable disposal sites.

New capabilities

Units of the harvesting system can be used independently or in com-
bination to provide a flexibility of operation suited to the particular
problem and the local environment. The cutter may be used alone where
remote conditions or low biomass will not result in & nuisance from
floating plants. The cutter and harvester can be used together to cut,
collect, grind, and return the ground-up plants to the water., Virtually
all of the processed plant material sinks within a few feet of the har-
vester leaving only a few small (1 in. or less) stem pieces floating.

In this mode of operation, two operators can work continuously in loca-
tions remote from a landing site to provide boat channels through open
water areas.

The product of the grinding process makes a slurry suitsble for
subsequent uses for methane generation, animal feeds, or the direct
application to land as a green manure,

Demonstration Location and Test Procedures

Harvesting operations were conducted on the Withlacoochee River,
which is located about 60 miles west and north of Orlando, Florida. It
is a brown water river, 50-ft wide in narrow areas opening to a series
of small lakes of several hundred acres. Harvesting operstions were
carried out over about 10 miles of the waterway.

The principle objectives of the testing program were to gather
data and develop operating experience for a new system in a new environ-
ment, It was also anticipated that some modification and adjustments to
the equipment would be made as the need was demonstrated.

Individual test programs included an evaluation of the capacity of
the cutter alone; tests involving the operation of the cutter and har-
vester working together in a cut, grind, and return operation; sand an
evaluation of the complete harvesting system including barging to shore
to a disposal site. The majority of the comprehensive testing of the
total system was conducted in Bonnet Lske where no convenient vehicle
access sites were available and plant slurry was disposed of by pumping
it 60 ft inland onto islands located near the harvesting sites. During
the demonstration period, various control procedures were applied to a
total of 136 acres of which full harvesting accounted for 70 acres; cut,
grind, and return 8 acres; and cutting alone 58 acres.

While the system was designed for the control of hydrillsa, some
testing was also conducted on its ability to harvest waterhyacinth.
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Where incidental patches of plants were harvested in hydrilis operations,
no problems were encountered. As the density increased, difficulty was
found in feeding the bulky disorganized hyacinth plant material through
the throat of the grinder. Once it entered, however, it was immediately
reduced to a slurry similar in appearance and consistency to hydrilla
and the product was readily handled by the barge slurry pump. When
returned to the water, the fragmented material sank and disappeared
almost immediately. The collector wheels were found to gather and feed
low density small plants efficiently. Because of the large biomass
present in dense stands of waterhyacinths, smaller and stronger collec-
tor wheels would be necessary to feed smaller quantities to the con-
veyer and prevent overloading of the grinder. A means of regulating the
pPlant flow so that the grinder is presented with a compacted organized
feed, would enable the harvester to process waterhyacinths in a more
efficient manner.

In the course of the demonstration, suitable operating practices
Were developed and modifications in design were identified that would
add significantly to harvesting productivity. The four-piece Limnos
system was operated over a period of several days and the average har-
vesting rate was 22 tons/hr (or 1.2 acres/hr) in very dense hydrilla
(18 tons/acre).

Potential for Harvested Biomass Use

One cannot help being impressed by the vast renewable biomass
resource present in hydrilla and waterhyacinth growths in Florida.
While it appears as a major problem today, its enormity is indicative
of the potential of this publicly owned résource. The Limnos system
and, the model subseguently described provide an efficient means of
harvesting major quantities of plant biomess and a method of quantifying
production and costs., important steps in the development of economic
uses.,

A Computer Model for Systems Analysis

A model of the Limnos Harvesting System was developed and pro-
grammed on a small desktop computer. This model facilitates the under-
standing of the effects of wvariation in the several parameters affecting
system performance.

The computer model is useful also as a management tool. Although
careful interpretation of the assumptions of the model is required, the
manager could determine the optimum wvalues for the parameters based on
the constraints of an actual harvest location. BSince the model esti-
mates the effective capacity of the system and the utilization of the
engines, it is possible to calculate the costs associated with a partic-
ular harvesting operation.
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The wodel

The program logic for the overall harvesting operation is shown
in Figure 2. The program is written in BASTC language and is described
briefly below.

Model input. The parameters required by the model are described
in Table 1. In most cases, the values are teken from the data collected
during the latter part of the testing and demonstration on the Withla-
coochee River, Florida. Various pieces of data were arraznged and some
interpretation was done to estimate the performance of the system,
Parameter sensitivity anelysis was conducted by varying these values in
a range about the estimated wvalue for this harvest situation.

Model output. The simulation subprogram at present keeps track of
three important times: +the total time to harvest the plot, the time
the cutter/harvester is operating under load (harvesting and turning),
and the time when a barge engine is loaded {(transport and unloading).
The total area covered is also accumulated but, at present, the program
ensures that just the plot specified is cut so that the last pass of the
cutter is adjusted to cut only that acreage left. The total acres then
is Just that specified. The program could be modified to keep other
statistics. The driver program displays the three times as well as some
other statistics it calculates. These include the percentages of total
time that the engines are running and the system capacity both in areal
rate and material (mass) rate.

Examples of the computer input and output are given in Figure 3,

In the example shown in Figure 3, the parameters input to the
model are all fixed at the values shown in Table 1, with the exception
of cutting width, which is considered to be 9 ft.

Capacity prediction

Using the computer model described above, it is possible to pre-
dict the overall capacity of the harvesting system for a specific set
of conditions. The user can then estimate costs or attempt to adapt the
operation for the most efficient harvest.

The model is capable of determining the interaction of any combi-~
nation of the 1L parsmeters listed in Table 1. Since the possible com-
binations are numerous, several of the most significant ones, including
weed density, harvester throughput, and hauling distance, wouwld normally
be selected for analyses.

Weed density. The weed denszity affects the width of cut so thatf
the harvester throughput is maintained while the width of cut is below
its maximum, This creates two distinct operating conditions.

a. For low density plots the cutter operates at maximum width
and the nharvester is operating at less than maximum through-

put. The cutting rate essentially fixes the areal capacity

and the weed density modifies the material (mass) capacity.
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Table 1

Simulation Model Parameters

Description
Plot length
Plot width

Hauling distance
Weed density
Harvester speed
Cutter width
Harvester throughput
Harvester turn time
Barge changing time
Barge load

Barge speed loaded
Barge speed empty
Unloading rate

Additional dock time

Valve
1000
250
1000
18
220
16

50
Le5>

13
450
700

Units

't

£L

ft
tons/acre
ft/min

G i
tons/hr
min

min

tons
ft/min
ft/min
tons/min

min
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plot size 1000 ft long x 250 ft
Hauling distance from corner of plot 1000 ft
Weed density 18 tons/acre

HARVESTER MAXIMUM SPEED-OPERATING 220 ft/min
MAXIMUM CUTTING WIDTH 16 fc

MAXIMUM GRINDER THRUPUT SO tons/hr

actual speed 220 ft/min

acutal cutting width 9 ft

PROGRAM INPUTS

Harvester turning time 1.5 min
Barge changing time 5 min

BARGE LOAD 15 ctons
SPEED -LOADED 450 fr/min
-EMPTY 700 ft/min
UNLOADING RATE 1 ton/min

Additional dock time 6 min

Time teo harvest plot 191.7 min
Harvester engine util. 122.7 min (64 percent)

Barge engine utilization 97.7 min (51 percent) PROGRAM OUTPUTS

Effective areal capacity 1.74 acres/hr

Effective material capacity 3l.4 toans/hr

Figure 3. Example of computer input and output
of a harvesting simulation

|c

For high densities the harvester Is limited in throughput
and the cutter takes a narrower cut. The harvesting rate
essentially fixes the materiel capacity while the areal
capacity is modified by the weed density.

The critical density between those two conditions is given by:

Maximum Harvester Throughput (1)

Dengiuy = Harvesting Speed x Maximum Cutter Width

In Figure L4, the solid line shows this effect. As expected, high
densities reduce the harvesting systems coverage rate. The optimum ef-
ficiency occurs at the critical density (10.3 tons/acre) where both
cutter and harvester are operating at capacity.

An alternative operating procedure is to always operate at the
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Figure Lk, Effect of weed density on areal capacity

maxirmum cutting width but vary the speed of travel. In this case, the
critical density would bve:

Maximum Harvester Throughput (2)
Maximuwn Harvesting Speed x Cutter Width

Density =

In Figure 4, the dotted line shows the effect of density with this
operating practice.

Similar analyses may be made of effect on production of varying
distances to landing sites, the size and shape of ploits, or operating
the equipment to cut only or cut, grind, and return.

A cost estimate. The following data are typical of the costs
involved in the Limnos harvesier operation. With a 1200-hr season and
a 70 percent achievement (i.e. 70 percent of the total hours are spent
doing actual harvesting), the harvesting system operates 8L0 hr. A
machine capacity of 1.75 acres/hr (see Figure 4) allows 1h70 acres to be
harvested.

167




a. For a 10-year life with 10 percent interest rate

Amortization = 0,26 x $120,000 = $31,200
b. Other overheads at 2 percent
Other = 0,02 x $120,000 = $2,L400
c. Repair as estimated
Repair = $17,000
d. The fuel cost is based on using 3200 gal at a cost of
$1.25/gal, which = $L,000
e. The labor cost is for five men at $L0/hr
For the seascn (1200 hr) = $48,000
Total Season Cost $102,600
Cost/hr = $122.1L
Cost/acre = $69.80
Cost/ton = $3.88 (assuming a density of 18 tons/acre)

The above cost does not include travel and transportation for the crew
operating the Limnos system.

Discussion

The model of the harvesting system has been parpared as a tool to
improve the predictability of cost and production of mechanical control.
While the foregoing analysis has been aprlied to the Limnos Harvesting
System, it may elso be used for other mechanical equipment to provide
performance and cost data.

In programs where mechanical controls are to be used, a detailed
management plan should be prepared in advance to achieve the greatest
benefit:cost ratio for the program. The objective should be to prevent
the development of an acute problem, thereby suggesting that control
activities should commence before major plant growth is in evidence.
The model indicates that harvesting at plant densities of 10 tons/acre
or less would provide control at the least cost and that the cost of
mechanical control increases significantly as the harvesting density
increases,

The plan may inelude areas such as open water channels remote from
landing sites where a cut, grind, and return operation is used, the cost
of which is about 50 percent of full harvesting. Where long water or
overland moves are required, they can be planned to minimize nonproduc-
tive time.

Where harvesting is to be conducted by a contracter, the method by
which he finances capital costs will not be the same =25 a public agency
wvho may purchase the equipment as a one time cost and budget only operat-
ing expenses thereafter. The contractor would require & short-term
write-off of capital to which his overhead and profit would be added.
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Nonetheless, a contract bvased on a firm hourly or acreage cost may be
attractive as it provides for competition =nd would enable the control
agency to make a choice based on both cost and environmental
considerations.

Datz have not been included for truck disposal of harvester produc-
tion but may be estimated at $20/hr. Likewise, costs gquoted are based
on 1979 data and future estimates should include an increase of about
10 percent per annum to provide for changes in capital and operating
expenses,

While experience in production and costs of harvesting is limjted,
there is a broad cost:benefit margin between the prices estimated and
present nerbicide costs for hydrilla. If economic uses are developed
for the harvested biomass, significan” cost reductions might be achieved,
perhaps to the point where harvesting programs could be supported by the
value of the biomass harvested.
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PROBLEM IDENTIFICATION AND ASSESSMENT
FOR AQUATIC PLANT MANAGEMENT

An Overview

by
Anthony M. B. Rekas?*

Introduction

The U. 3. Army Engineer Waterways Experiment Station (WES) has de-
veloped a concept for aquatic plant management that involves five basic
elements, each implemented at various levels depending upon the magnitude
of the aguatic plant problem.** These elements are: monitoring, report-
ing, treatment, public participation, and training. Monitoring is the
application of methods for periodic identification and assessment of
aquatic plant infestations in the problem area. Reporting is the appli-
cation of systematic procedures for reporting pertinent information on
aquatic plants to management. Treatment is the application of a spectrum
of procedures to effect the desired level of control of aquatic plant
infestations in any specified local environmental, social, or economic
situation. Public participation is the implementation of a public infor-
mation program to ensure public awareness of aquatic plant problems and
proposed treatment prorrams and te elicit public cooperation. Training
is the process of providing State and Federal personnel with the know-
ledge and technigues necessary to implement a successful ranagement plan.

The problem identification and assessment work unit of the Aguatic
Plant Control Research Program (APCRP} addresses several aspects of the
monitoring and treatment elements of aquatic plant management (Hamilton
1977). Specifically, the work unit involves the development of rapid
survey techniques to locate, identify, and map the distributicn and
character of problem emergent and submerged aguatic plant specics, the
development of a classification system to group the aquatic plant problem
areas into categories related to available control techniques, and the
development, of techniques to assess the economic and social impacts of
severe aquatic plant infestations as well as the economic and social
benefits of effective control programs.

This paper presents a summary of the previous WES research on rapid
survey techniques and the results of the 1979 water penetration tests
with various films, discusses the progress to date on the user's manual
for remote sensing of aquatic plants, discusses the progress on the

¥ U. 8. Army Engineer Waterways Lxperiment Station, CE, Vicksburg,
Mississippi.
¥%¥ See Robert Lazor's paper, page 213.
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classification system for equatic plant problem areas, and outlines the
planned approach to the development of assessment technigues for economic
and social impacts of aquatic weed infestations.

Rapid Survey Techniques

Summary of research

Since 1976, the WES research on rapid survey techanigues has been
designed to: (a) determine the feasibility of using existing remote
sensing systems to acquire data on the areal distribution of specific
plant species and a quantitative categorization of their biomass (Link
and Long 1977); (b} develop and evaluate aerial photography mission
specifications (Link 1976); (c) identify and evaluate image intrepreta-
tion technigues (Long 1979); and (d) develop and evaluate methods of
presenting the information for operational use.

The WES findings with regard to existing remote sensing systems
are presented in Table 1. Al the present time, we can recommend that
black and white imagery be used for regional surveys, color imagery be
used for detailed submerged aquatic plant surveys, and color infrared
(IR) imagery be used for detailed emergent aquatic plant surveys.

1079 water penetration tests

A portion cof the WES 1979 research work was devoted to the deter-
mination of which photographic film should be recommended for submerged
aquatic plant identification., ¥Field reports from several Districts had
indicated problems with the previous recommendation of color IR film
with a yellow filter {Wratten No. 12}, overexpcsed one f-stop. The
problems included the need for film temperature control in storage, use,
and processing (contractors did not have cameras with internal tempera-
ture controls); the determination of the exact overexposure to use; and
the past experience of both contractors and photointerpreters with color
IR film.

Since the WES had planned to conduct periodic photographic surveys
of gseveral lakes in the State of Washington in connection with our work
for the prevention of the gpread of Eurasian watermilfoil (Myriophyllum
spteatun L.) for the Seattle District, a plan was prepared to test the
water penetration capability of three films, black and white (Kodak
Double-X Aerographic Film, 2L0S), color (Kodak Fktachrome EF Aerographic
Film, S0397), and coclor IR (Kodak Aerochrome Infrared Film, 2443}, Spe-
cifications for the remote sensing mission are presented in Table 2.

The films were tested for their capablility to detect two sizes and two
colors of targets that were diver-placed in three lakes at 5-ft depth
intervals from O- to 30-ft depths (Table 3). The results, which repre-
sent three photointerpreters' opinions on the maximum depth that the
targets could be detected with 2:5000-scale imagery and 10X magnifica-
tion, are presented in Table 4., It should be noted that water trans-
parency and background color may significantly alter the maximum depins
that targets can be detected; however, these resulis are consistent with
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those reported by Lockwood et al. (1974) for similar film/filter
combinations.

Users Manual for Remote Sensing of Aquatic Plants

Methodology

An operational methodology was developed involving six sequential
steps (Table 5) whereby the user could plan, execute, and analyze the
results of a remote sensing mission (Williamson, Dornbusch, and Grabau
1974). Work from 1976 to date has emphasized the refinement of basic
aerial sensing procedures for use in aquatic plant management. Link
and Long (1977) and Long (1979} have previously reported their findings
with respect to the problem specification, ground control, data acquisi-
tion, and planning remote sensing missions and data acquisition steps.
The primary emphasis of WES regsearch efforts this past year was directed
at detailing the procedures to be used in the last three steps: data
transformation, information extraction, and information presentation for
aquatic plant management.

Data transformation procedures, Data transformation involves
putting the information obtained by the remote sénsor system into a form
sulitable for analysis or interpretation. Factors that affect the amount
of data transformation reguired include the method of interpretation to
be used, the desired accuracy, and the form of the data product to be
presented. The WES has concluded that the classical manual method of
photo interpretation is recommended for aguatic plant surveys. The
primary reason for this conclusion is based on the fact that auvtomated
interpretation procedures depend upon the capability of the instruments
to distinguish aquatic plants from background based on thelr spectral
(tonal) characteristics (versus the other image characteristics listed
below):

&. Shape.

b. Dimension.
¢. Tone.

d. Texture,
e. Pattern.
f. Locaticen,

g. Associations.

WES research has incicated that the spectral properties alone are not
sufficient to distinguish specific aguatic plant species from background
or other aguatic plant species and that texture, pattern, and associa-
tions characteristics of the plant species are often required for accu-
rate image interpretation., Accuracy reguirements depend upon the use of
the final product and the form of the final product. District angd
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Division personnel have indicated that the areal distribution of aquatic
plants is the primary type of desired information and that map products
showing plant distribution by species in a waterbody are the desired
form of this information. Additionally, the total acres of water sur-
face covered and a quantitative categorization of the biomass of each
aguatic plant species are desirable for planning aguatic plant control
measures.

Based on the above discussicn, the WES-recommended data transfor-
mation procedures are to produce a controlled photo mosaic of the entire
waterbody (to reduce image distortion and scale changes in the imagery)
and make a transparent film outline of the waterbody (i.e., a base map
from the controlled photo mosaic) on which the interpreted distribution
of the aguatic plant species will be subseguently displayed. United
States Geological Survey (USGS) maps have been found to contain too
many inaccuracies, particularly with respect to recent man-made struc-
tures znd other modifications in waterbodies, to be used for base map
purposes, It should be noted that the cost of a controlled photo mosaic
is not .insignificant. A controlled photo mosaic {1:24,000 scale) of
Leke Seminole (37,000 acres) was produced for $6,000 (1978).

Data extraction. The WES-recommended manual method for data ex-
traction includes the following procedures:

&. Interpret the outlines of the areal distribution of the
aquatic plant species from the original imagery and trace
onto transparent drafting film.

|o

Transfer the outlined distributions to the drafting film
base map using & Bausch and Lomb Zoom Transfer Scope
(208 ).

Verify the accuracy of the interpreted distributions
using the original groundtruth data or (preferably) by
taking the interpretated base map to the field and veri-
fying the distributions.

|0

|2

Determine the total acres of water surface covered by the
aquatic plant species by use of Bruning Areagraph Charts
(dot-count method).

The procedures described above were developed after several at-
tempts at using alternative procedures. The main limitation to direct
transfer using the ZTS from the original imagery to the base map with
any of the films is that the boundaries of the submersed aguatic plant
distributions are very indistinct. While they can be seen {with suitable
magnification) on the original imagery using a light table, the imagery
is usually too dark to see the boundaries using the ZTS. Image distor-
tion and scale changes on the original imagery are eliminated when the
outlined boundaries (which are easily seen) are transferred to the
drafting film outline of the base map using the stretch and magnifica-
tion features of the ZTS. The drafting film outline of the base map is
preferred because it can subsequently be overlaid onto the controlled
photo mosaic to show distribution of aquatic plants with respect to other
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topographic and cultural features. Changes in the distribution of
agquatic plant species over a period of years in the waterbody can be
easily determined by comparing (overlaying) the yearly distributions on
the drafting films on a light table, The outlined distributions can be
transferred directly to the controlled photo mosaic (rather than to
drafting film), but the resulting map does not have the flexibility of
analysis that a separate overlay allows. Groundtruth of the interpreted
boundaries is essential to the further use of the map. Errors intro-
duced by the interpretation process or by the transfer to the base map
can be eliminated by adeguate groundtruth data. The WES has developed
an automated procedure to determine the ares within a boundary, compute
the sum of individually classified areas for an entire waterbody, and
prepare a final map product; however, the procedure involves digitizing
the boundaries of delineated areas and classifying each bounded area manu-
ally. The automated procedure is more accurate then the manual procedure
{using the Bruning Areagraph charts), but does require the use of &
digital converter and a skilled operator to take full advantage of the
procedure.

Data presentation. As previously stated, the usual product re-
quired by the user is a map that accurately presents the areel distri-
bution of aguatic plant species in a particular waterbody. Such a2 map
can be used for planning aquatic plant control operations. Additional
information that can be produced includes the total acres of surface
area covered by the plant species.

Status of the user's manual

As s result of the 1979 work, the WES has completed the first
stage of investigation into the systematic application of remote sensing
techniques to specific aquatic plant mansgement problems {i.e., tech-
nigques for using remote sensing for regional and detailed surveys of spe-
cific aquatic plant species). A draft user's manual is being prepared
for use by operations personnel at the District and Division level,

Planned Rapid Survey Research

Additional WES research will be conducted to develop technigues
for mapping the more difficuli-to-obtain parameters such as plant den-
sity and growth stage, The WES hzs purchased two aquatic plant biomass
samplers for use in determining plant biomass. One of these samplers
was used to take biomass samples of Eurasian watermilfoil in the three
Washington state lakes that were covered by the aerial photographic
missions in 1979. Analysis has begun by WES of the blomass data;, WES
will attempt to correlate the biomass data with specific imagery char-
acteristics., If successful, the plant species, its distribution, and
plant biomass distribution could be determined from serial imagery for
use in planning aquetic plant control operatiors. One anticipated use
Oof biomass data for aquatic plant control is the determination of the
amount of herbicide necessary to order for each sapplication season.
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High plant biomass in an area would indicate the need to apply an aquatic
herbicide at the maximum allowable rste in that portion of the waterbody.
Thus, a map showing the distribution of selected levels of plant biomass
could be used to determine application rates per surface acres of each
level of plant biomass. These data could then be used to calculate the
total amount (pounds of active ingredient)} of herbicide necessary to
order for each appliceabion season. An additional use of plant biomass
data is to plan the sequence of control operations. An area with high
plant biomass and heavy recreational use would probably be considered a
candidate for early treatment in deference to an area with low plant
biomass and little recreational use. The final research effort will
involve development of a cost-effective, rapid, automated dats extraction
and displey capability for Corps-wide use.

Classification System Development

Work was initiated by WES on this aspect of the Problem Identifi-
cation and Assessment work unit in 1979. This work involved the identi-
fication and environmentsel factors that affect the performance of avail-
able control techniques and equipment. Efforts by WES were greatly
aided by a 1list of environmental and resource factors presented by
Joyce (1977) as shown in Table 6. Development of the classification
system will continue in 1980C with the grouping (classification) of the
various factors into & system for describing the differences between the
environmental factors in an area and the development of the correlation
between the classification system and available aquatic plant control
resources.

Development of Assessment Technigues

The approach for develcoping a rational method of assessing the
economic and social impacts of aguatic plants will be to develcop a
comprehensive assessment plan that will include the identification of
areas with reported economic or social impacts due to agquatic plant
infestations, the determination that differences in levels of plant
infestations can be correlated to the perceived impacts, the develop-
ment of a plan of study to quantify the impacts, and the development of
procedures to obtain the necessary data. The data from several study
sites will be used to establish the specific relationships between
aguatic plant infestations and resulting social and economic losses on
a cost-per-unit-of-infestation basis. Following normal Corps control
operations at these sites, the benefits of the control operations will
be determined by applying the same analysis procedures to document the
decrease in social and econcmic losses.
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Table 1

Sensing Systems and Anplicaticon to Aquatic Plant Management

Application*
Regicnal Detailed Emergent Submerged
Sensing System Surveys Surveys Plants Plants Remarks
LANDSAT + g + 0 The usefulness of this system is presently
. limited by the minimum size ¢f the reso-
lution element (approximately 1 acre)
and difficulty in obtaining a "clean
signature" for specific aguatic plant
species
Thermel infrared ; 0 0 Q This system has twe serious limitations:
it is not readily available to cpera-
tions personnel and it is extremely
costly
Side-locking radar 0 0 0 ¢ This system has several limitetions: it
is not readily available toc operations
personnel, it has a minimum resolution
of 50 ft, and it is extremely costly
Aerial photography
Black and white ++ ++ ++ ++ Black and wnite photography is the least
Color i ok S ik expensive method to cover large areas,

Color infrared

but is more difficult to interpret than

++ ++ +++ ++ color imagery. Color 1s easy to inter-
pret, easy to handle, and has excellent
water penetration capability. Color IR
has produced the best contrast fo- emer-
gent plants, but is extremely difficult
to handle in use (temperature control);
interpretation requires trained photo
interpreters; and it does not have as
much capability to penetrate water as
color or black and white film

¥ 0 = not suitable; + = limited suitability; ++ = suitable; +++ = optimel suitability.



Table 2

Specifications for the Remote Sensing Mission

Camera: Zeiss RMK-A with 6-in. Zeiss lens

Film types: Color: Kodak Ektrachrome EF Aerographic (S50397)
Color Infrared: Kodaek Aerochrome Infrared (2LL3)
Black and White: Kodak Double-X Aerographic (2L405)

Filter: Color film - None, Color IR - Zeiss R, Black and
white - Zeiss A

Time of day: Between 10:00 a.m. and 2:00 p.m.
Cloud cover: Less than 10 percent
Altitudes: 2,500 £t {1:5,000 scale)

5,000 £t {1:10,000 scale)
10,000 ft (1:20,000 scale)

Exposure: Optimum land exposure

Forward and
side overlap: 60 percent forward and 30 percent side
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Table 3

Target Specifications and Placement

Water Depth to
Target Type Target Size Target Colors Targets, ft

Plywood panel 4 B8 x4 P White, green 0, 5, 10, 15, 20, 25, 30
Concrete block 16 in. x 8 in. White, green 0, 5, 10, 15, 20, 25, 30

Table b
Water Penetration Test Reswlts, 1:5000 Scale Imagery

Detection Limit
{water depth, ft)

White Green

Site Film Panel Block Panel Block

Leke Osoyoos Color 20 15 15 10
(Secchi disc - 12 £t, Color infrared 20 10 5 0
background - sand) Black and white 20 10 10 0
Laeke Sammamish Color 15 10 10 5
(Secchi disc - 14 £t, Color infrared 15 10 0 0
background - sand) Black and white 10 5 0 o}
Lake Whatcom Color 15 10 5 0
(Secchi disc - 16 ft, Color infrared 15 10 0 0
background - mud) Black and white 15 10 0 0
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Table 5
Steps Required for Application of Remote Sensing Techniques

to Aquatic Plant Management

Step

Identification

Problem specification: Wnal problem needs to be solved, what are
the specific kinds of information necessary to solve it, and
can a remote sensing system be used to obtain any or all of the
needed information?

Ground control data acquisition and planning remote sensing
missions: What types of ground control date are necessary to
plan the remote sensing mission, what is the best sensor system
to use, and what are pertinent migsion profile parameters?

Data acguisition: Actual process of collecting ground control

data and remote sensing imagery. This step may interact
periodically with Step 2.

Data transformation: Putting the data obtained by the remote

sensing system into a form suitable for analysis or
interpretation.

Information extraction: Performing the analysis or interpretation

to obtain the needed data from the product of the remote sens-
ing system.

Information presentation: Putting the extracted data into a form
in which it can be used to assist in solving the problem at
hand.
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Table 6
Datas Regquirements for Planning Control Programs®

Environmental Factors

Aquatic plant species present

Existing and potential population level of aquatic plants
Morphology of waterbody

Streamflowv (seasonal and daily trends)

Weather (seasonal and daily trends)

Obstructions (man-made and natural)

Collection points for plants

Environmental constraints (critical fish and wildlife habitat, sensitive
crops, etc. )

Uses of the waterbody (crop irrigation, water intakes, etc.)

Resource Factors

Man power (in-house, contract, or hired labor)
Availsble control methods (biological, chemical, mechanical)
Funds (operation and meintenance, special need)

Equipment requirements (boats, sprayers, harvestors, etc.)

* Modified from Joyce (1977).
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NATURAL, SUCCESSION OF AQUATIC PLANTS

Environmental Factors Affecting the Growth and Succession
of Aquatic Plants

oy
John W. Barko¥®

Introduction

The concept of succession derives from the early studies of
terrestrial plant communities by Cowles (1899, 1901) and Clements (1916,
1936), who first described it as a universal process of directional
change in vegetative community structure. More recently, succession has
been further elucidated from an ecosystem perspective (Odum 1969),
necessitating that functional--in addition to structural--changes be
considered. In a classical sense, lentic aguatic ecosystems undergo
succession as they change from deep, open water systems to shallower
systems, due to accumulaticons of sediment and organic matter, until a
fully terrestrial condition is attained {Wetzel 1975)., Classical suc-
cession in most lakes occurs slowly over geological time and thus is
difficult to study except in paleclimnological terms.

Another type of succession, referred to as cyclic {Krebs 1972),
occurs over brief periods of time and is essentially nondirectional.
These cyclic changes are superimposed upon ordinal changes inevitadly
wrought as & consequence o7 classical (or long-term) ecological succes-
sion. Cyelic changes in plant communities result from short-term
(natural or man-induced) variations in the physical, chemical, or biotic
environment. Palterns of explosive zquatic plant growth followed by
their declining abundence observed for species such as Myriophyllum
spicatwn in North America (Carpenter 1979) and Flodea conadenstis in
Europe (Sculthorne 1967) represent a form of cyclic succession. Short-
term changes in the composition of aguatic plant communities promoted by
the implementation of various control practices represent ancther form
of cyclic succession.

The strengths and weaknesses of different species relative to en-
virormental conditions ultimately control plant succession., Whenever a
system becomes disturbed, the competitive equilibriuwn among species is
changed, and they re-sort themselves in accordance with an altered set
of envirvonmental conditions. The ability to predict the ocutcome of this
re-sorting process assumes the fellowing crucial capebilities:

¥ U, S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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a. An understanding of major environmental factors affecting
plant growth, species composition, and succession.

b. An ability to quantitatively detect changes in various para-
metric aspects of these major factors.

c. A knowledge of the range over which these factors and
associated parameters independently and interactively in-
fluence different aguatic plant species.

Our present understanding of environmental factors affecting the
growth of aguatic plants is somewhat rudimentary, but is currently being
expanded through various experimental research programs. Available
measurement and analytical capabilities with regard to most agquatic-
environmental parsmeters far exceed our current ability to interpret the
data., This problem is well demonstrated by ow present inability to
readily translate information on changing environmental conditions
(i.e., temperature, light, nutrients, etc.) into anticipated effects on
aguatic plants.

Mistinction Between Life Forus

The influence of various envirormental factors on squatic plants
can be most clearly addressed by first considering the ecologically im-
portant distinctions between aquatic plant life forms (Sculthorpe 1967).
Life forms of aguatic plants include (&)} free-floating (e.s., duckweed),
(b) floating-leaved {e.g., waterlily), (c) cmergent (e.g., giant cut-
grass), and (d) submersed (e.g., miifoil). Members of the last three
categories (emergent, floating~leaved, and submersed plants) are rooted
and attached to a substratum. Free-floating plants often have roots,
but these do not function in attachment. Emergent aquatic plants, al-
though adapted to constant or periodic standing water, are most similar
to terrestrial plants. These have easily distinguishable and func~
tionally separable seriasl and rooted portions. Submersed plants are
the most highly adapted to the aquatic environment. These plants rerniin
totally submersed throughout their 1ife span, lack structural rigidity,
and therefore are dependent upon the buoyancy of the water for their
support. Floasting-leaved plants are intermediate in form between emer-
gent and submersed life forms and have characteristics of both., Similar
to the emergent aguatic plants, floating-leaved plants possess separate
aerial and rooted portions. In addition to large floating leaves,
smaller leaves, similar to those of submersed plants, are often produced
by floating-leaved plants at the sediment surface.

Fach of these life forms is specifically adapted to cope best with
different aspects of the aguatic environment and conseguently vary in
their response to changes in environmental conditions. Thus, the spatial
orientation of plant communities within the aguatiec ecosystem and their
demands on the environment differ considerably. These differences are
reflected in the typical zonation of life forms in aquatic systems from
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emergent vegetation in shallow areas, through floating-leaved vegetation
at intermediate depths, to submersed vegetation in deep water (Wetzel
1975). Albeit this zonation tends to lessen competition among life
forms, competition for environmental resources among species of a simi-
lar life form can be intense,

Physical and Chemical Factors

Light of wavelengths between approximately 390 and 760 nm is used
by squatic plants in photosynthesis. This range represents the violet
to red portion of the visible light spectrum. In general, the penetra-
tion of different wavelengths of light into natural water depends upon
the quantity and kinds of dissolved materials and suspended particulate
materials that differentially absorb and scatter portions of the light
spectrum. In many lakes, light penetration is significantly limited
by turbidity associated with suspended sediment. The same effect can
occur during phytoplankton blooms that frequently become dense enough
in enriched situations to limit submersed aquatic plant growth (Jupp
and Spence 1977).

Owing to the differential shade tolerances of submersed plant
species, both their growth and zonation are affected by light avail-
ability (Spence and Chrystal 1970a,b; Bowes et al. 1977a). Investiga-
tions of the comparative light relations of submersed plants {Haller
and Sutton 1975; Titus and Adams 1979) have demonstrated strong compe-
tition for light by coexisting species. The importance cof this compe-
tition in affecting successional changes in the distribution and compo-
sition of aguatic plants in perturbed systems has recently prompted much
needed investigation of the photosynthetic characteristics of several
species (Van, Haller, and Bowes, 1976; Bowes et al. 1977a,b, among
other studies).

Water temperature affects rates of various biochemical processes
in plants. In general, overall carbon metabolism (i.e., plant growth
rate) is strongly influenced by temperature, and different species
demonstrete characteristic thermal requirements (Sculthorpe 1967). Few
data are available on either the temperature optima or threshclds of
thermal tolerance for aquatic plants. The principal reason for this
dearth of information stems from the inability in most investigations
to separate the effects of temperature from those of light on plant
growth.

Species introduced from tropical areas (e.g. Fichhornmia, Pistia,
and Hydrilla) can generally tolerate rather high temperatures. Water
temperature has been demonstrated to be an important factor in tuber
production by Hydrilla verticillata (Van, Haller, and Garrard 1978).
This species, and Myriophylium spicatwn as well, photosynthesize maxi-
mzlly at relatively warm temperatures: 350-36°C (Van, Haller, and
Bowes 1976). Myriophyllwn also grows in the arctic (Holmquist 1971)
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and thus appears to be quite thermally flexible. In contrast, Hydrilla
grows very poorly at water temperatures below 20°0C (Rarko and Smart
1981b, in preparation), which may explain its limited latitudinal dis-
tribution in the United States. Data of this nature for other intro-
duced species are presently lacking and need to be obtained before the
influence of this important environmental factor can we appropriately
assessed.

The role of sediment in the nutrition of aguatic plants varies
among life forms. However, the majority of vascular aguatic plants are
rooted, and their growth and distribution are markedly affected by sedi-
ment characteristics. TFor the most part, regions of nutrient absorption
depend upon the relative availability of nutrients with respect to the
distribution of plant tissues having an absorptive capability. There-
fore, floating plants are usually forced to derive nutrients from the
water. Nutrient uptake by emergent plants, which have extensive root
systems and little absorptive surface exposed to the water, occurs
almost exclusively from the sediment. With submersed and floating-
leaved plants, nutrients may be absorbed from either the sediment or the
water (Denny 1972). However, recent evidence has suggested that their
roots are functionally very similar to those of emergent plants (Bristow
1975). Therefore, because nutrient availability is usually zreater in
sediments than in water, sediments represent a potentially important
source of nutrition to submersed and floating-leaved plants. The phos-
phorus nutrition of rooted submersed plants (Barko and Smart 1980) and
floating-leaved plants (Twilley, Brinson, and Davis 1977) appears to be
predominantly sediment based., Morecover, it now appears that rooted
aquatic plants may be gble to fulfill wost nutritional requirements by
absorbing nutrients from the sediment {Barko and Smart 198la, in
preparation).

With most aquatic plants, water chemistry, from a nutritional
standpoint, is probsbly much less important than sediment chemistry.
Obviously, floating plants {including Ceratophyllimm) represent a notable
exception to this statement because they usually have no direct contact
with bottom sediments., Two important, but less emphasized, aspects of
water chemistry are pH and alkslinity. As with temperature, both of
these factors can directly or indirectly affect overall aguatic plant
metabolism,

The floating species Pistia and Eichhormia epparently have dis-
creet pH requirements that can influence the nature of competition be-
tween them (Chadwick and Obeid 1966; Tag El Seed 1978). This factor
(i.e., pH) probably alsc influences interactions amorn.; other life forms,
but there is no definitive information available in this regard.

In most freshwater systems, alkalinity is normally imparted by
bicarbonate, carbonate, and hydroxyl ions. Alkaline systems demonstrate
pH values exceeding 7.0 {neutrality) and tend to be buffered against
dramatic pH change. In highly alkaline waters, there may be some selec-
tivity for plant species that can utilize bicarbonate sources of inor-
ganic carbon in photosynthesis because free 002 concentrations are low
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{(Wetzel 1975). In alkaline systems, plants must be further able to
effectively withstand heavy carbonate precipitation and associated
epiphyte development on their leaf surfaces, In nonalkaline (i.e., un-
buffered) systems, plants must be adaptable to oftentimes dramatic diel
variations in pH associated with changes in system metabolism., The
gpecies composition of acidic versus alkaline environments can differ
markedly {Hutchinson 1975), yet there is little definitive information
relgted to the underlying causes of such observations.

Biotic Factors

As indicated earlier, one of the key interactions between phyto-
plankton and rooted submersed plants involves competition for light.
Similarly, the dense growth of attached {epiphytic) algae on the leaf
surfaces of submersed plants can contribute to their decline (Phillips,
Eminson, and Moss 1978). Dense populations of floating plants (duck-
weeds, hyacinths, etc.) may also competitively exclude submersed vegeta-
tion by reducing the depth of light penetration in water. Additionally,
these floating plants compete for dissolved nutrients with the
phytoplankton.

There are few data on allelopathy {(i.e., chemical interference)
among aquatice vascular plants. However, the influence of extracellular
metabolites on algal species succession has been demonstrated by Keating
{1977, 1978). The possible importance of similar allelochemical inter-
actions among vascular aguatic plants has recently been suggested by
Szczepanski (1977). There are many types of compounds involved in al-
lelopathy. These include aldehydes, alkaloids, alcohols, amino acids,
enzymes, glycosides, ketones, organic acids, vitamins, etc. Hot all
allelopathic substances are specific in their mode of action. Like
herbicides, they can affect different aspects of plant growth (e.g.,
vhotosynthesis, respiration, cell division rate, ion upteske, membrane
permeability, etc.)}, and may be poisonous to a variety of aguatic orga-
nisms. The role of allelochemical substances in aquatic plent succession
can apparently be influenced by aqueous nutrition in the case of duck-~
weed (Wolek 197h4) and sediment nutrition in the case of emergent
hydrophytes (Szczepanski and Szeczepanski 1976). Research on allelopathy
among agquatic plants is currently in its infancy, but may someday provide
new perspectives in aguatic plant control.

Grazing is probably the most obvicus biotic factor affecting
aquatic plants. However, the quantity of aguatic plant tissue actually
consumed in the living state by grazing animals (herbivores) is small,
usually less than 10 percent of that produced {Wetzel 1975). Some in-
troduced grazers such as the white amur are capable of consuming far
greater quantities of plant mass than native grazers, and this capability
has been implemented through their use in the control of aquatic vegeta-
tion (Sutton 1977; Mitzner 1978). Due to the apparently selective feed-
ing habits of the white amur, its introduction cen alter plant community
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composition (Van Zon, Van der Zweerde, and Hoogers 1976; Fowler and
Robson 1978). Such alterations have similarly been reported as a con-
sequence of selective herbicide application (Hestand and Carter 1977)
and lake drawdown (Hestand and Carter 1975). Unfortunately, these
changes have not been predictable and the final outcome of various con-
trol procedures has oftentimes been unfavorable when the aquatic eco-
system is considered as & whole.

Conclusions and Ongoing Research

Conclusions

In squatic ecosystems, particularly those affected by human activi-
ties, changes in plant community composition are often very rapid and
have been essentially unpredictable. Even in terrestrial plant communi-
ties, where succession has been most intensively examined, there is still
an inadequate understanding of the factors actually causing observed
commuricy changes. This same problem in aguatic systems has made it
difficult or impossible to suggest manipulations to alleviate undesir-
able trends. Thus, algae blooms, for instance, remain an unaveidable
consequence of increased pelagic nutrient enrichment. Before we can
predict which species will replace others, either during natural or man-
induced succession within aquatic plant communities, it is imperative
to fully understand the influence of different environmental factors on
aquatic plants, both singly and interactively. In the future it will
become increasingly necessary to interface the information gained
through definitive experimental work in these regards with laboratory
and field investigations of aguatic plant control to ultimately develop
a capability for predicting changes in plant community composition re-
sulting from the implementation of different control practices.

Cngeoing research

Tesearch designed to increase cur understanding of aguatic plant
succession was initiated in 1979 with an investigation of the influence
of temperature and light on the growth of the submersed species, Egeria
densa, Hydrilla vertiecillata, and Myriophyllum spicatwn. Statistical
analyses of growth data (e.g., biomass, shoot density, height, inter-
node spacing, photosynthesis, and respiration) indicste pronounced ef-
fects of both temperature and light on all three species over ranges
common to aquatic systems, Similarly, in an earlier investigation
(Barke and Smart 1980) supported by the WES Environmental Water Quality
and Operational Studies Program (EWQOS), the significant influence of
sediment characteristics on two of these species (Hydrilla and Myrio-
phyllum)} was noted.

During 1980, we plan to more discriminantly investigate the in-
fluence of sediment characteristics on the growth of rooted submersed
plants. Additionally, we will utilize available information on the
independent effects of light, temperature, and sediment to coanduct an
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investigation of the competitive relations among these three introduced
species and their native counterparts under different combinations of
the above. conditions. During the conduct of these research efforts, we
will rely heavily upon spplicable environmental data currently being
collected at various sites across the country where these species grow
sbundantly. This will eneble us to establish realistic environmental
gradients in our experimentation and to qualify the conclusions and
recommendations forthecoming from these studies.

In the future, we will interface the information gained through
cur continuing experimental work with lsboratory and field investiga~
tions of aquatic plant control to ultimately develop a capability for
predicting changes in plant community composition resulting from the
implementation of varicus control practices. Additionally, these data
will input the development of conceptual and mathematical formulations
for predicting the probability and mode of encroachment of introduced
submersed plant species into presently noninfested aquatic systems.

Our recent work has exclusively involved rooted submersed plants.
Excellent re’ated research on this aguatic plant life form is currently
being conducied by other agencies and at numerous universities. As
emphasized earlier in this article, relatively little definitive infor-
mation exists on the envirommental requirements of other aquatic plant
life forms., This remains an important area of needed research, in which
we hope to initiate participation in the near future.
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LARGE-SCALE OPERATTIONS MANAGEMENT TEST OF INSECTS AND PATHOGENS
FOR CONTROL OF WATERHYACINTH IN LOUISIANA

An Overview

by
D. R. Sanders, Sr.¥

Introduction

Waterhyacinth became a significant problem in Louisiana waterways
during the 1890's., About 1900, a concerted effort was initiated to
develop methods to provide relief from the rapidly ciovanding problem.
The earliest efforts consisted primarily of mechanical systems aimed at
the physical removal of the plants. Later, chemical methods {e.g. so-
dium arsenite) were employed for waterhyacinth control. About 1945,
control emphasis was shifted to the use of 2,4-D, and this chermical re-
mains today as a primary method of controlling waterhyacinth,

Although 2,4-D is very effective in controlling waterhyacinth in
areas where the chemical can be appiied by conventional ground or
aerial spplication, much of the total waterhyacinth acreage in Loulsiana
is in backwater areas (e.g. swamps) that are not conducive to chemical
control. During periods of high water, the waterhyacinths are flushed
out of these nursery areas into the heavily utilized rivers, canals, and
lakes, thus magnifying the problem. Clearly, a need exists to develop
methods of controlling waterhyacinth in these backwater aress.

During the past 10 years, research conducted as part of the
Biological Control Technology Development element of the Aquatic Plant
Control Research Program (APCRP) has resulted in the discovery of several
organiswms capable of impacting waterhyacinth. Some of these organisms
(e.g. Neochetina eichhorniae) have been cleared for use and were sub-
sequently released in Louisiana. Others (e.g. Sameodes albiguttalis)
have only recently been cleared for release. A fungal plant pathogen,
Cercospora rodmanii, is ready for a large-scale field evaluation under
the auspices of ah Experimental Use Permit from the Environmental Pro-
tection Agency. Although these organisms have been individually eval-
vated at some level for potential as biocontrol agents of waterhyacinth,
no large-scale field evaluation of coribinations of these corganisms has
been attempted.

Faced with continuing problems with waterhyacinth proliferation

¥ U, 8. Aruy Engineer Waterwsys Experiment Station, CE, Vicksburg,
Mississippi.



in nursery areas, the New Orleans District {NOD) requested in 1979 that
the U. S. Army Engineer Waterways Experiment Station (WES) conduct a
Large-Scale Operations Management Test (LSOMT) of insects and pathogens
for the control of waterhyacinth in Louisiana. With funds provided by
the Office, Chief of Engineers, through NOD, the project was initiated in
1977. Details of the plan of tests are presented in WES Instruction
Report A-T9-1.

Purpeose and Scope

The purpose of this study is to develop and demonstrate an opera-
tional capability for the use of selected combinations of insects and
plant pathogens for the control of waterhyacinth in Louisiana.

The LSOMT will encompass all portions of the State of Louisiana
where waterhyacinth is a problem. Study areas will be established in
each of the nine major river basins in Louisiana.

Appreoach and Objectives

Test organisms

Based upon the results of previous research, the following or-
ganisms were selected for inclusion in the LSOMT:

a. PNeochetina eichhormiage - this insect, the mottled water-
hyacinth weevil, has already been released and is widely
distributed on waterhyacinth in Louisiana. The Louisiana
Department of Wildlife and Fisheries has been instrumental
in distributing the weevil in Louisiana.,

Arzama densa - a native noctuid moth, Arzama densa is
devastating in its effects on waterhyacinth, but is very
sporadic in occurrence, thereby rendering management of
this insect extremely tentative.

o

c. Sameodes albiguttalis - a Pyralid moth introduced into this
country from Argentina, Sameodes has not been released in
Louisiana at the inception of this project. Mr. Theriot
will discuss more about our work with Sameodes later.

d. Cercosporg rodmanii - originally isolated from declining
waterhyacinths in Rodman Reservoir in 1971, this host-
specific fungal plant pathogen has since been developed
to the product formulation stage by Abbott Laboratories.
This formulation is ready for extensive field evaluation.
The only introduction of C. rodmanii in Louisiana prior to
the LSOMT was its inclusion in the Lake Concordia study
performed by the WES from 1975 to 1977.
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Approach

Due to diversity of the organisms involved, and the fact that not
all species are at the same stage of operational development as a bio-
control agent, it is necessary to consider this LSOMT as being composed
of several separate but interdependent sutdies, as follows:

a, Pilot field study of Cercospora rodmaniti.

b. Efficacy test of the Abbott Laboratories {AL) formulation
of Cercospora rodmanii.

Evaluation of equipment for application of the AL formula-
tion of Cercospora rodmanit.

|6

d. Evaluation of the large-scale field application of insect-
pathogen combinations.

e. Supportive studies (mass-rearing requirements for A.

densa).

With respect to the use of (. rodmanii, two distinet approaches
will be evaluated in the LSOMT. The first approach involves point re-
leases of the fungus to determine its ability to establish and spread
by natural means and beccome epidemic con waterhyacinth over a large area.
If successful, the need for the ability to mass-apply C. rodmanii would
be cbviated. The result would be & simple, economic method for the use
of C. rodmanti as a biocontrol agent. The second approach involves the
development and evaluation of a system for the mass application of the
fungus. This consists of an attempt to artificially generste a local-
ized epidemic through mass spplication of inoculum. The availability
of such a system would permit targeting the use of (. rodmanii in areas
of greatest concern,

The successful conduct of this LSOMT will, to a large degree,
hinge on our ability to intermesh these studies to obtain data that will
provide a rational basis for a recommendation of combinations of these
biocontrol agents to operations personnel for field use. To obtain the
data necessary to accomplish this goal, it will be necessary to define
the populetion dynamics of both the target plant and the biccontrol
agents. We must alsoc be able to define the interactions of these orga-
nisms under field conditions. In addition, optimum treatment rates and
mode of estgblishment of the respective biocontrol agents must be deter-
mined, Extraneous factors (e.g., weather, predators) and their effects
on waterhyacinth and the biocontrol agents must be defined. Finally, a
timetable must be developed for obtaining a given level of anticipated
control after epplication of the combinations of agents by operations
personnel. Such information will enable the operations personnel to
more effectively integrate these blocontrol agents into their owverall
program of waterhyacinth management. To effectively transfer technelogy
resulting from this LSOMT, an engineering manual will be prepared
following completion of the study in 1983,
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Objectives

Given the overall purpose and apprcach of the LSOMT, the following
genergl objectives of this project are:

a. To determine necessary and sufficient means for establishing
effective populations of the test organisms in the field.

b. To evaluate the effectiveness of the introduced combinations
of species,

c. To determine probable environmental limitations on the
ability of these organisms to maintain effective field
population levels.

Pilot Field Study of Cercospora rodmanii

Introduction

A pilot field study was initiated as part of the LSOMT in 1977
to determine if €. rodmanii would become established, thrive, and
spread in Louisiana, thereby producing effects similar to those observed
on waterhyacinth in Rodman Reservoir, Florida.

Objectives
The specific objectives of the pilot field study are:

2. To determine appropriate methods for transplanting, dis-
seminating, and establishing C. rodmanii in the field.

b. To test the ability of the pathogen to develop to epidemic
proportions from the point application of small quantities
of inoculum.

c. To develop sppropriate monitoring and observation require-
ments for the large-scale test sites,

d&. To acquire familiarity with the basic phenclogy of water-
hyacinth in the test area.

Procedure

ATter selection of suitable test sites and initial site character-
izations, three sites were treated with Cercospora-infested plants in
dune 1977, and additional sites were trested with cultured wet mycelium
in August 1977. The same gpplication methods were used to treat addi-
tional sites in 1978.

Following treatment, the sites were inspected at approximately
monthly intervals through the 1977, 1978, and 1979 growing seasons,
Notes have been kept on the general condition of the plants, including
height, growth stage, vigor, symptoms of disease, presence of insect
activity, and general site conditions {e.g., water quality, water depth,
and rate and direction of water flow). Specimens were collected
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periodically for verification of the presence of (. rodmanii. In addi-
tion, observations were extensively documented with coler photographs.

The data are currently being analyzed and a report is being pre-
pared for publication in FY 80,
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LARGE-SCALE OPERATIONS MANAGEMENT TEST OF INSECTS AND PATHOGENS
FOR CONTRO! OF WATERHYACINTH IN LOUISIANA

Progress Report of Field Applications

by
Russell F. Therict*

Introduction

This portion of the LSOMT involves the application of Neocheiina,
Cercospora, and Sameodes at an operational level.

Purpose

The overall purpose of this part of the ILSOMT is to obtain the
dats necessary to determine the feasibility of using selected combi-
nations of insects and pathcgens to control waterhyacinth on an opera-
ticral basis in Louisiana.

Objectives

The specific objectives of the large-scale application test are:

a. To determine the most effective combination of biccontrol
agents for the control of waterhyacinth in Louisiana.

b. To develop the framework for an operational system for the
routine use of biclogical asgents for control of
waterhyacinth.

c. To assess the cost of implementation of the resulting
operational system.

Approach

Test area and types

The State of Louisiana has bveen selected as the test area.

*¥ U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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Louisiana has more than four million acres of fresh water, nearly all
of which is potentially infestable by waterhyacinth. The state is
drained by nine major river basins, all of which have substantial in-
festations of waterhyacinth,

Two basic typss of field tests will be conducted, varying accord-
ing to the size of test sites and degree of replication. In the repli-
cated test, the efficacy of various treatment combinations of (ercospora
and Neochetina and the effect of climate on effectiveness of the treat-
ment combinations will be determined on l-acre sites. In the unrepli-
cated tests, sites ranging in size from 20 to L0OO acres will be treated
with various combinations of agents and application scenarios that would
be difficult or impossible %o duplicate within the time frame and scope
of this LSOMT.

Test organisms

The orgaenisms to be evsluated in this test include:

a. Cercospora rodmanii - plant pathogen.

b. Neochetina eichhorniae and N. bruchi - weevils.
c. OSameodes albiguttalis - moth.

4. Arzame densa - moth,

Replicated tests

To determine the effect of climate on efficacy of the various
treatments, a random block design will be used. Each trestment will be
replicated three times in each of the two blocks (north and south
Louisiansa) as follows:

Treatment North Louisiana South Louisiana
Cercospora only 3 sites 3 sites
Neochetina only 3 sites 3 sites
Cercospora end Neochetina 3 sites 3 sites
Untreated contrels 3 sites 3 sites

12 sites 12 sites

For the purposes of this test, the state was divided into north
and south regions by using the northern boundaries of the Parishes of
Beauregard, Allen, Evangeline, St. Landry, and Pecinte Coupee as the di-
viding line. The resulting line generally divides the State of
Louisiana topographicelly end climatologically. This delineation will
rermit us to evaluate the effects of different climate regimes on the
activity of the biocontrol agents. To meximize the potential impact of
Cercospora in the overall test area, at least one test site will be
utilized in each major river basin where a suitable test site can be
found.
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With input from the New Orleans District and Louisiana Wildlife
and Fisheries personnel, whose job it is to control in excess of one
million acres of waterhyacinth in Louisiana, 60 potential test sites
have been identified and are now being evalvated for possible use in
the test.

After application of tesit organisms for each test site, data col-
lection {Table 1) snd eveluation will be conducted by & contractor. A
Request for Proposals for this work was released on 2 November 1979 and
responses will be evaluated in December 1979.

Thus far, we have 12 acceptable sites in south Louisiana and 6 in
north Louisiana for the replicated test. Finding additional sites in
north Louisiana this year has been difficult. Although north Louisiana
historically has had a waterhyacinth problem, the April census of acres
infested has been reduced from 35,000 in 1975 to 10,800 in 1978. In-
spection of this area during the spring and summer of 1978 revealed no
more than 300 total acres of waterhyacinth north of Alexandria. It is
possible we will have to modify the test to reduce the number of sites
in north Louisiana.

Unreplicated tests

Purpese. The purpose of these tests is to demonstrate the effec-
tiveness of combinations of biccontrol agents and application scenarios
when applied at a scale (20 to LOO acres) that is not feasible for
replication.

ObJective. Specific objectives of the unreplicated tests include:

a., To determine the effectiveness of the commercial formulation
of Cercospora when gpplied in summer or fall.

b, To determine the effectiveness of multiple applications of
the commercial formulation of Cercospora.

c. To determine the effectiveness of a Cercospora/Arzama agent
combination in controlling waterhyacinth.

d. To establish Swmeodes albiguttalis in Louisiana,

e. To determine the effectiveness of a Cercospora/Sameodes
agent combination in controlling waterhyacinth.

Test scenarios, Six separate tests will be conducted during the
LESOMT. These are as follows:

Cercospora epplied in summer.

S

Cercospora applied in fall.

Multiple applications of Cercospora (spring, summer, and
fall),

g

[f=N

Cercospora/Arzama.

Sameodes.

[ |®

Cercospora/Sameodes.
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Table 1
Data Collection

Major Data
Categories

Specific Parameters

Sampling Interval

Target plent
{waterhyacinth}

Test organisms
Neochetina spp.

Cercospora
rodmanii

Other orgenisms
impacting tar-
get plant

Arthropods
{insects
and mites)

Pathogens
{viral,
bacterial,
fungal)

Generel system
gqualities

Water quality

Meteorclogy

Abundance

Biomass

Reproduction. - sexual and asexual
Plant vigor

Height

Root length

Number of petioles

Population density

Population conditions

Number ¢f individuals at each stage
{adult, larvee, pupae)

Spatial distribution

Impact on target plant (feeding scars
and larvaee tunnels)

Infectivity (propagules per leaf)
Verification of Cerecospora
Pathogenicity (leaf demage index)

Population density

Populstion condition

Number of individuals at each stage
(adult, lervae, pupee)

Spatial distribution

Impact on target plant (feeding scars)
{larvae tunnels)

Pathogenicity {leaf damage index)
Identification of organisms producing
described sywptoms

Geographic location
Perimeter description
Water inflow and outflow
Backshore land use

Water depth

Water temperature

pH

Dissolved oxygen
Hardness

Total phosphorus

Total organic nitrogen
Nitrate-nitrite
Potassium

Armonia

Selinity

Rainfall

Alr temperature

Frost days

Relative humidity

Wind velocity and direction

Pretreatment; 4, 8, and 12 weeks
posttreatment; then quarterly
thereafter

Initially

Initially

Initially

Initially

Pretreatment; 4, 8, and 12 weeks
posttreatment; then quarterly
thereafter

Pretreatment; 4, 8, aud 12 weeks
posttreatment; then quarterly
thereafter

Initially

Monthly from nearest official
weather station

Monthly from nearest official
weather station
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Data collection., analysis, and portrayal. The basic parameters,
procedures, and timing for data collection, analysis, and portrayal will
be the same as were used in the replicsated test. Major data categories
and frequency of sampling will be the same for each test. Onsite moni-
toring will be accomplished by WES personnel.

Supportive studies

During the course of the preliminary and exploratory studies lead-
ing to the formulation of this LSOMT, several problems were revealed
relaeting to aspects of the biology of the organisms that directly affect
their value as biocontrol agents for waterhyacinth or an eventual manage-
ment of thzm for that purpose.

One such study in which we are engaged is the study regarding re-
quirements for the artificial rearing of Arzama densa. Arzama is a
native noctuid moth that causes considerable damage to waterhyacinth
vhen found in fairly large numbers. The problem with Arzama is that
it is found only sporadically and usually in small numbers. After re-
viewing some of the successes that the U. 5. Department of Agriculture
(USPA) has had in mass-rearing insects for control of pests, the WES
has funded the USDA Southern Weed Science Laboratory, Stonevilie,
Mississippi, to develop methods for culturing 4. densa in an artificial
environment for timed mass releases in the field.

In view of the observed destructiveness of the individual Arzama
larvae on waterhyacinth, it would be advantageous to release this in-
sect en masse on gites where the waterhyacinth 1s insufficiently im-
pacted by natural populations of other insects or pathogens, or in
seasons unfavorable for the natural regeneration of this or other in-
sects in the field. Further, early-season Arzama releases, before the
waterhyacinth has attained significant biomass, may inflict proportion-
ally greater damage to the waterhyacinth., This could resuit in in-
creased effectiveness of Neochetina and Cercospora.

Summary

In summarizing the progress of the LSOMT since January of this
year, we have accomplished the following:

The test plan has been written, published, and approved.

> o

Of the 24 replicated test sites, 18 have been preliminarily
chosen.

Sameodes has been introduced into Louisiana and evidence of
reproduction has been noted.

|o

d. The spring efficacy test has been completed and a report
written and sent to Abbott Laboratories, who petiticoned
EPA on 31 October 1979 for an Experimentsl Use Permit.
Approval is expected within the next 6 months.
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The fall efficacy test and eguipment evaluation test have
been conducted and the data are presently being analyzed.

A Request for Proposals for the dats collections on
replicated sites was published on 2 November 1979, and
proposals will be evaluated in December 1979.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST OF INSECTS AND PATHOGENS
FOR CONTROL OF WATERHYACINTH IN LOUISIANA

Preliminary Studies with Cercospora rodmanit

by
E. A. Theriot*

Introduction

The plant pathogen Cercospora rodmanii was isolated from declining
waterhyacinth plants on Rodman Reserveoir in 1973 by Dr. Conwey at the
University of Florida. The University was given patent rights to the
organism by the U. S. Army Corps of Engineers, and Abbott Laboratories
(AL) has been granted the rights to develop a commercial product form
for sale and distribution. One of the pathogens to be evaluated in the
LSOMT in Louisiana will be this formulation.

Objectives

The objectives ¢of these studies are:

a., To evaluate the infectivity and pathogenicity of the AL
€. rodmanii formulation.

b. To establish treatment rates to be used in spring and fall
applications of the large-scale field test in FY 80 in
Louisiana.

c. To evaluate conventional commercial application equipment
to apply the formwlation.

Spring Efficacy Test

Procedure

Fifteen test tanks with a l—m2 surface area were lined with a
double layer of polyethylene to prevent a toxic reaction by the water-
hyacinth from the galvanized coating of the tanks. The tanks were

* U, 8. Army Engineer Waterwsys Experiment Station, CE, Vicksburg,
Mississippi.
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then filled with tap water, and the water levels were mainteined at

15 cm from the top of the tanks for the duration of the test. Nutrient
solution was added to each tank to ensure that plant growth was not
limited by & nutrient deficiency. The test tanks were placed in three
general areas on the WES grounds, five tanks to an ares, and the tanks
were separated by a minimum distance of 100 m to prevent cross-~
contamination.

A remote weather station was positioned at one tank for the dura-
tion of the spring study. This station recorded the air temperature
and relative humidity in the waterhyacinth canopy, the wind direction
and velocity, and the tank and water temperatures on an hourly basis.

To measure the effects of the Cercospora formulation on the
growth of waterhyacinth, the newest emergent leaf of six plants was
tagged., This made it possible $to discriminate between original plant
tissue that received direct application and new untreated tissues in
the tanks.

The AL formulation of C. rodmanii, a wettable powder containing
106 visble propagules/gram, was applied at rates of 5, 10, and 20 g/m2,
In addition, there were two sets of controls: one set was untreated,
and the other was treated with the growth substrate contained in the
formulation. Each treatment rate and control was replicated three
times,

Treatments were randomly allocated to test tanks within each of
the test areas. A hand-held sprayer was used to apply the formulation.
Following application, the tanks were covered with a sheet of plywood
for a 2L-hr period due to the threat of rain. This ensured the presence
of the inoculum on the leaf surface for a sufficient time to initiate
infection.

Data were collected from each tank 1 day prior to treatment; post-
treatment data were collected at 3 days and 1, 2, 4, and 6 weeks after
treatment, The data included the nwiber of new emergent leaves on the
original plants, the number of dead leaves, and the number of daughter
plants. To determine the effects of (. rodmanii on waterhyacinth, the
disease index/leaf was determined by the use of the scale of 1-10 de-
veloped by Dr. Conway¥* (Table 1), A value of 1 represented & leaf with
no apparent symptoms; & value of 10 indicated a dead leaf and peticle.
Velues of 2-9 corresponded to increasing coverage of a leaf surface by
disease symptoms. The wvalues for diseese damage reflected not only
C. rodmanii, but slso disease symptoms elicited by other organisms. The
average disease index (ADI) for original leaves, new leaves, and leaves
of daughter plants was also determined.

Results

Enviromumental conditions at the initiation of the test were less

¥ Conway, K. W. 1976. "Evaluation of Cercospora rodmanii as a Bio-
logical Contrel of Waterhyacinth," Phytopathology, Vol 66, pp 914-917.
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than optimal., Although relative humidity was 90 percent or higher dur-
ing the majority of the 3-day period of initial infection, the ambient
temperatures within the waterhyacinth canopy were within the optimal
temperature range for . rodmanii growth only 40 percent of the time
(Figure 1}.

Infectivity., Three days after treatment, it was observed that the
formulation had successfully infected the waterhyacinth tissues in the
treated tanks, Evaiuation of the 3-day posttreatment data revealed
statistically significantly higher ADI values in the treated tanks than
in either controls (Table 2), However, the observed differences between
the treatment rates were not statistically significant.

Pathogenicity. The leaves originally treated with the formulation
continued to display statistically significant higher ADI values than
the controls until Y4 weeks posttreatment, after which the ADI values
were virtually the same for all treatments. This was due to the fact
that the majority of the original leaves in the test tanks had been re-
placed. B5ix weeks after application, no original leaves remained in
any of the tanks.

Although the observed differences in ADI for the new emergent
leaves on the original plants were not statistically significant for
any evaluation period, values for the ADI were consistently higher in
the treated tanks as compared to the controls (Table 3). Two weeks
after application, there were fewer daughter plants in the treated
tanks as compared to the controls, but the values were found not to be
satistically significant (Table L). Four weeks after application, the
ADT values for the daughter plants were significently higher in the
treated tanks as compared to the controls.

One week after the final data collection, plant tissues were re-
moved from each tank for examination. (. rodmanii was verified in tis-
sues from the tanks treated with the formulstion, but was not found in
any of the tissues taken from the control tanks. The 100-m distance
between test tanks proved to be sufficient to prevent cross-contamination
for the 6-week period.

Conclusions
Conclusions from the study are:

a. The AL formulation of (. rodmanii is infectious on water-
hyacinth tissues, even under less than optimal environmental
conditions and on plants of high vigor.

. The fungus was able to proliferate throughout waterhyacinth
tissues following initial infection.

c. Secondary infection of new waterhyacinth tissues can be
expected to occur after treaiment.

d. A S—g/m2 treatment rate was sufficient to achieve adequate
infectivity for a spring application.
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Fall Efficacy Test

Procedure

The AL formulation for the fall study, containing L x 106 visble
propagules/gram, was applied at rates of 1, 2.5, 5, and 10 g/m2. Since
there was no significant difference between the treated and untreated
controls in the spring test, only an untreated control was used in the
fall test. Otherwise, procedures were the same as for the spring test.

Because the last data collection date was 20 November 1979, the
data have not been evaluvated. However, typical (. rodmanii symptoms
manifested themselves on the waterhyacinth tissues epproximately 2 weeks
earlier than in the spring test, This is believed to be due tc the more
favorable temperatures for growth of €. rodmanii during the initial
infection period.

Equipment Evaluation Study

Objectives
The objectives of this study are:

a. To determine methods of application end equipment that can
be used in the large-scale field application test.

b. To verify the infectivity of the AL formulation of C.
rodmanii on waterhyacinth in the field.

c. To compare growth and disease advancement of (. rodmanit
on waterhyacinth in Louisiana with Dr. Conway's results
in Florida.

Procedure

Test site., A test site near Laplace, Louisiana, was selected for
this study, and fifteen 21-me plots were established, three blocks of
five plots per block. Plots were separated by a distance of 100 m.
While the obvious advantage of using conventional herbicide spray equip-
ment to apply €. rodmanii was recognized, it was also realized that the
high pressure pump could possibly destroy the fungal cells. To assess
this possibility, treatments included the AL formulation with 1 x 104
viable propagules/gram at a rate of 5 g/m? spplied at 150 psi with a
John Bean Roadside Spray unit with a piston-~driven pump, and an impeller-
driven transfer pump at 20 to 25 psi. Also, a set of control plots for
each type of equipment were sprayed with tap water. Additional plots
were treated with cultured wet mycelia of (. rodmanii applied by the
transfer pump at a rate of 50 g/mg. This was the same rate used by
Dr, Conway in earlier studies with the fungus. Each treatment was
replicated three times, The test was initiated on 19 September 1979.
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Dgta collection. Data were collected prior to treatment and at
2, 4, and 7 weeks after treatment. Twelve plants were randomly selected
from each plot on each sampling date by using water shoes. The disease
index was determined for each leaf, and ADI valuves were determined for
each plant and test plot. Root lengths and plant heights were deter-
mined prior to application and on the final sampling date.

Results

The deta have been collected, but analysis of the data has not
been ccmpieted. However, tissues were collected from each plot at L
and 7 weeks posttreatment, and {. rodmanii has been isolated from plots
treated with the AL formulation and the wet mycelium. The fungus was
not isolated from tissue samples from control plots. To further verify
the ebility of the fungal cells to survive the high pressures of the
application equipment, samples were taken directly from the spray
nozzles on the day of application. Cercospora rodmanii was isclated
from samples from each type of equipment. Therefore, it has been dem-
onstrated that the AL formulation of (. rodmanii can be applicd with
conventional herbicide application equipment.

Summary

The potential of the AL formulation of Cercospora rodmanii as
a biccontrol agent of waterhyacinth has been clezrly demonstrated in
these tests. The formulation will be tested further for compatibility
with adjuvants, surfactants, and nutrient media to enhance its survival
and infectivity on the leaf surface.
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Table 1. DISEASE INDEX FOR DAMAGE TO LEAVES OF
WATERHYACGINTH BY CERCOSPORA RODMANII

2 3 4

NUMERICAL 1
RATING NO SPOTS ON 1-4 SPOTS ON LESS THAN 25% OF LESS THAN 50%
SYMPTOMS  _EAF OR LEAF, NO LEAF SURFACE WITH OF LEAF SURFACE
PETIOLE. PETIOLAR SPOTS, NO COALESCENCE  WITH SPOTS, SOME
SPOTTING. OR PETIOLAR SPOTTING.  COALESCENCE, NO
PETIOLAR SPOTTING.
6 7 8 9
LESS THAN 50% OF LESS THAN 75% SPOTS,  GREATER THAN 75% DEAD LEAF BLADE,
LEAF SURFACE COALESCENCE, (30%) SPOTS, COALESCENCE, PETIOLE GREEN, BUT
WITH SPOTS, COA- TIP-DIESACK, IN- 160%) TIP-DIESACK, HEAVILY SPOTTED.
LESCENCE, 10% CREASING PETIOLAR COALESCING SPOTS
TIP-DIEBACK, SPOTTING. ON PETIOLE.

PETIOLE SPOTTING.

5

LESS TRAN 25% OF
LEAF SURFACE WITH
SPOTS, COALESCENCE,
SOME TIP-DIEBACK
AND PETIOLAR SPOTS.

ot

10

DEAD LEAF BLADE
AND PETIOLE
{SUBMERGED).




Teble 2

Average Diseasse Index Per Leaf for Original Waterhyacinth

Tissues After Treatment with Three Rates of Cercospora

rodmenii and the Carrier Substrate®

Treatment Time, days
Rate 0 3 7 1k 28 L2
0 {control) 1.19 a 1.57 a 2.0Ta 2.8 a 8.7 a 10.00 a
0 (substrate) 1.21 & 1. 77 & 2.52 8 3.37a 8.76 a .92 a
5 g/m2 1.17 a 2.21 b 2,98 v L4,05b 8.99 a 10.00 a
10 g/m2 1.18 a 2.56 b 3.3 b 4.28v 8.92a 10.00 a
20 g/m° 2.27a 2.68b 3.53b 14.67b 9.29 a 10.00 a

¥ Means within a column followed by the same letter are nhot signifi-
cantly different at the 5 percent level as Jjudged by Duncan's Multiple
Range Test.
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Table 3

Average Disease Index Per Leaf for Emergent Leaves of

Original Waterhyacinth Plants After Treatment with

with Three Rates of Cercospora rodmanii and the

Carrier Substrate¥

Treatment Time, days
Rate 0 3 7 1k 28 42
0 {control) NAX* NA 1.17 a 1.33 2 2.49a k.21 a
0 (substrate) NA NA 1.21 a 1.27a 2.3 a 3.62a
5 g/m2 NA NA 1.31 & 1.72a 2.80a 4.71 a
10 g/m2 NA NA 1.44 a 1.57a 2.97a L.74 a
20 g/m2 NA NA 1.32 a 1.48a 2.92a L4.78 a

¥ Means within a column followed by the same letter are not signifi-
cantly different at the 5 percent level as judged by Duncan's Multi-
ple Range Test.

*% NA = Not epplicable because there were no emergent leaves on this
date.
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Table U

Average Disease Index Per Leaf for Daughter Plants

After Treatment with Three Rates of (ercospora

rodmanii and the Carrier Substrate¥*

Treatment Time, days
Rate 0 3 Ui 1h 28 L2
0 (control) HA** NA 1.00 a 1.50 a 2.60 & L4.60 a
0 {substrate) NA NA 1.10 a 1.47 a 2.96a L.L0 a
5 g/m° NA NA 1.07a 1.93a 3.43b k4.bL7a
10 g/m2 NA NA 1.00 a 1.53 2 3.47Tb 4.83a
20 gzmg NA NA 1.07 a 1.80 a 3.97b 4.07 a

¥ Means within a column followed by the same letter are not signifi-
cantly different at the 5 percent level as Judged by Duncan's Multi-
ple Range Test.

®% NA = Not applicable because there were no daughter plants.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST TO EVALUATE PREVENTION
METHODOLOGY FOR CONTROL OF EURASTAN WATERMILFOIL IN WASHINGTON

Prevention as an Aguatic Plant Management Method

by
R. L. Lazor¥* and E. A. Dardeau, Jr.¥

Introduction

In cooperation with the U. S. Army Engineer District, Seattle
(NPS), WES has initiated a LSOMT to evaluate the concept of prevention
as an operational technigue for managing problem aquatic macrophytes
in the State of Washington. The primary obJective of the LSOMT is to
prevent the submersed aquatic macrophyte, Eurasian watermilfoil
{Myriophyllium spicatwn L.), from reaching problem-level proportions in
selected water bodies within that state.#*¥ ERurasian watermilfoil, a
member of the plant family Haloragaceae, was first introduced into North
America in the nineteenth century. Since 1960 it has rapidly spread
across North America and has reached problem levels in most water bodies
where 1t has become established.+ Its broad ecological amplitude has
enabled it to adapt well to spring, fluvial, lacustrine, and estuarine
ecosystems in the United States and Canada.

LSOMT

The WES develcoped a LSOMT designed to provide the data that would
result in the identification of prevention methodologies that can be
implemented to prevent Burasian watermilfoil from reaching problem-
level proporticns., Component plans of the LSOMT were developed to in-
clude the following elements:

Test site selection plan.

&,
b. Monitoring (surveying) plan.

¥ U, S, Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.

¥¥ U. S. Army Engineer Waterways Experiment Station, CE. 1979,
Large-scale operations management test to evaluate prevention
methodology. Draft Work Statement, Vicksburg, Mississippi.

+ ERlser, H. J. 1969. Observations on the decline of the watermilfoil
and other aquatic plants, Maryland, 1962-1967. Hyacinth Control
Journal 8(1)52-60,
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Reporting plan.
Treatment plan.
Public awareness plan.

Training plan.

The preliminary results of the 1979 field tests under each component
plan are discussed herein.

Preliminary Results of 1979 Field Tests

Test site selection

The NPS selected 13 water bodies for evaluation as candidate test
sites. Through Joint NPS-WES coordination, the five test sites shown
in Pigure 1 were selected, based on the following criteria: (a) pres-
ence of Buresian watermilfcil; (b) encompassing both fluvial and la-
custrine ecosystems; (c) encompassing a typical range of environmental
conditions found in eastern and western Washington; and (d) encompass-
ing Category I, II, and IIT designations as follows:

_a-_c

g.

Category I (Prevention). Low problem levels that are in
close proximity to documented infestations and are, there-
fore, vulnerable to potential infestation.

Category II {Maintenance). Small areas with problem-level

occurrence of Eurasian watermiifoil and with a large aresa
of potential infestation.

Category ITI (Control). Extensive infestations that sig-

nificantly impact user interests.

The sites chosen were:

j"_’

Lake 0soyoos - a 5729-acre (2036 acres in the United States)

natural lake on the Okanogan* River (Okanogan River Miles
79.0-90.0) (a trivutary of the Columbia River) located on
the United States-Canadian border in Okanogan County,
Washington, and in British Columbia. Category I
(Prevention).

Okanogan River - also located in Okanogan County. Reach

selected as & test site is that between Zosel Milldam
(Mile 77.4) and the downstream end of Lake Osoyoos (Mile
79.0). Category I (Prevention).

Lake Whatcom -~ a 5029-acre natural lake located in Whatcom

County, Washington. Serves as the principal water supply
for the City of Bellingham. Category II (Maintenance).

¥ This river name is spelled "Okanagan" in Canada.
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Figure 1. Locations of test sites on Lake Osoyocos, Okanogan River, Lake Whatcom, Lake
Sammamish, and Sammamish River in the State of Washington



d. Lake Sammamish - a 4897-acre naturel lake located approxi-
mately 13 miles east of Seattle, in King County, Washington.
Category III (Control).

e, Sammamish River - also located in King County. Outlet of Lake
Sammamish and drains directly into Lake Washington. Reach
that encompasses the test site extends from the Lake Sam-
mish cutlet (Mile 15.3) downstream to the Highway overpass

at Marymoor Park (Mile 1L.L4). Category II (Maintenance).

Monitoring

At each of the three lacustrine test sites, professional divers
made underwater observations to determine the maximum depths of Eura-
sian watermilfoil occurrence. These depth limits were plotted on topo-
graphic maps and overlays to color aerial photographs at a scale of
1:10,000 to 1:20,000. In the summer of 1979, survey teams used this
information to make further onsite inspections by boat to map the aresal
distribution of Eurasian watermilfoil in these three lakes between the
shoreline and the maximum depth of occurrence. The field teams mapped
the boundaries of each colony. Colony boundaries were established using
fathometer surveys supplemented by information supplied by the divers.
Below are the pertinent data on Eurasian watermilfoil at each lacustrine
test site:

Mazxi mum Potential Infested
Lacustrine Depth of Infestable Area
Test Site Occurrence, ft Area, acres 1979, acres
Lake Osoyoos 25 hos#¥ 8%
Lake Whatcom 25 506 15
Leke Sammamish 35 928 135

¥ Does not include Canada.

Underwater surveys were not conducted at the two fluvial test sites
since water depths were less than 25 ft and the assumption was made
that Eurasian watermilfoil potentially could occur throughout the area.

Ground truth data collection., Interpretations of aerial photog-
raphy are useful in establishing plant colony locations and determining
changes in configurations of colony boundaries over time, but do not
provide information on plant density or the amount of biomass present
in & plant population. The WES approached the problem by attempting
to characterize the aquatic plant populations of Lakes Osoyoos, Whatcom,
and Sammamish in terms of their biomass. Maps and remote imagery of
Lakes Osoyoos, Whatcom, and Sammamish were overlaid with grids, and
random numbers of grid squares were selected on each. The WES field
teams then used the WES biomass sampler to sample all the selected grid
squares,_  This sampler collected all aguatic vegetative material inside
a O.25—m2 column that extended from the surface of the water to the
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lake bottom, Team members measured depths, identified =211 plants, made
wet weight determinations, and counted meristems with each sample. The
biomass values for Eurasian watermilfoil found in the sampled grid
squares were then used to compute the biomass of this species in the
three water bodies, The following tabulation is the total and unit
biomass values that were determined for Lake Osoycos, Lake Whatcom, and
Leke Sammamish:

Lacustrine Total Biomass Unit Biomass

Test Site 1b* 1lb/acre*
Lake Osoyoos¥*¥ 62,629 147.4
Lake Whatconm 37,026 T3.2
Lake Sammamish 4,130,287 s 432,7

¥ Using wet weights and considering only
that area of water body inside maximum
depth of occurrence.

¥%¥ Does not include Canada,

From the wet weights, numbters of meristems, and depth values collected
in each 0.25-cm® column of water, the biomass-density (i.e., wet weight/
unit volume) and meristem-density (i.e., number of meristems/unit
volume) determinations could then be made. Table 1 shows the ranges of
biomass and meristem density values for the grid squares containing
Eurasian watermilfoil in each lsake.

Renote-sensing migssions. In the summer and early fall of 1979,
NPS and the WES scheduled:

a. Operational missions - to map the extent of the areal
coverage of Eurasian watermilfoil in the three lacustrine
test sites.

b. Experimental missions - to evaluate interpretation tech-
nigues for identifying small developing colonies of this
submersed squatic macrophyte species.

Missions were flown with the following film-filter combinations:

a2, Black and white., Kodak Double-X Aerographic {2405); Zeiss
A fiiter.

. Color. Kodak Ektachrome EF Aerographic (S0397); no filter.

o

c. Color infrared. Kodak Aerochrome Infrared (2LL3); Zeiss R
filter.

Many areas that appeared to contaln submersed aguatic vegetation were
tentatively marked but had to be field checked for verification of the
presence of Eurasian watermiifeoil, Often areas of dead organic mate-
rial were confused with the problem colonies. Remote imagery did, how-
ever, adequately serve to supplement the ground truth surveys in this

study.
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As a part of the remote-sensing effort of the LSOMT, missions were
flown over Lake Osoyocos, Lake Whatcom, and Leke Sammamish to determine
the limits of feasible detection depths for underwater target panels
and blocks, The target panels were L- by L-ft sheets of plywood painted
white or green and placed at 5-ft depth increments from the water sur-
face to a depth of 30 ft while the target blocks were 16- by 18-in.
blocks of concrete painted the same colors and placed at the same depth
increments. Table 2 gives the results of the target-detection effort
for the three types of 1:5000-scale imagery with a 10X magnification;
it shows that the color film (S0397) proved to be the best overall in
terms of its waler penetration capability at all three test sites.

Reporting

The WES performed a study and anaslysis of reporting techniques in
use by other agencies. A draft report®* of the findings of the study
has been prepared.

Treatment

During 1979, two mechanical trestments of Eurasian watermilfoil
were implemented. These treatments included the erection of a barrier
system on the Okanogan River and a hand-pulling exercise on both the
Okanogan River and Lake Osoyocos. Each is discussed below.

Barrier system. In late July 1979, the NPS constructed a barrier
system consisting of debris, operational, and evaluation barriers across
a 290-ft-wide cross section of the Okanogan River, 0.1 mile downstream
from the Cherry Street Bridge at Oroville, Washington. Cost {1979) for
desisgn, construction, operation, and maintenance was $95,000. This
system was operated for a 1lZ2-week period until mid-October of that year.
Below is a description of the three barriers:

2., Debris barrier. Large open-mesh barrier designed to inter-
cept large floating debris (e.g., logs) upstream from the
operational barrier, Extends from slightly above the water
surface to within 3 ft of the streambed {to permit migra-
tion of anadromous fishes).

b. Operational barrier. Large fine-mesh structure intended to
collect fragments of Eurasian watermilfoil. Top is placed
in the same position (with respect to the water surface)} and
has approximately the same dimensions as the debris
barrier.

c. Ewaluation barriers., Two barriers, each having five sets
of six vertically srranged 1-ft2 net sections that extend
from slightly above the elevation of the water surface to
the elevation of the streambed. One elevation barrier

® Hogg, E. A. 1979. Inventory and assessment of current methods for
managing aguatic plant information., Draft Miscellaneous Paper. U. 8.
Army Engineer Waterways Experiment Station, CE, Vicksburg, Mississippi.
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(No. 1) was placed upstream from, and the other (No. 2)
dowvnstream from the debris and operational barriers. These
barriers were designed to evaluate the effectiveness of the
operational barrier at removing Eurasian watermilfoil frag-
ments from a water body.

Wet weights of the vegetative material collected on the opera-
tional barrier were obtained, and average weekly percentages of Eurasian
watermilfoil were determined from those found in several representative
samples. Total wet weight of vegetative material declined bul the per-
centage of Eurasian watermilfoil found in the samples increased each
week. During the first week (29 July-U4 August), the height of the grow-
ing season, only 5.2 percent (by wet weight) of the total quantity of
vegetative material collected was Furasian watermilfoil, whereas in the
twelfth week (1h4~20 October), when fragmentation was in progress, the
percentage had reached 34.8,

The evaluation barriers were in place for 11 weeks, their last
week of operation being T-13 October 1979. Evaluation barrier No. 1
served as the control for the experiment. An overwhelming majority of
the material collected on the control barrier (No. 1) was intercepted
on ¢r in the net sections sempling the 0- to 1-ft depth range. Although
lesser total weights were collected each week on the downstream barrier
(No. 2), these we’zhts had a more even vertical distribution, indicating
that the operational barrier was performing as designed and that some
fragments had passed beneath the operational barrier., Analyses of the
effectiveness of the barrier system are shown in Table 3. Effectiveness
values ranged from a low of 23.5 percent during week No. T (9-15 Sep-
tember) to a high of 85.6 percent during week No. 5 (26 August-
1 September). The average weekly effectiveness was 62.2 percent.

Hand-pulling exercigse. During late summer 1979, a WES field team
conducted a special exercise designed to evaluate the efficiency of
small-scale hand removal of Eurasian watermilfoil at two test plots on
the Okanogan River (Nos. 1 and 2) and one test plot on Lake Osoyoos
(No. 3). The following tabulation includes the descriptions of the
test plots:

Test Plot
No. 1 No. 2 No. 3
Area treated, ft€ 1470 612 150
Estimate percent Eurasian 25 35 30
wagtermilifoil coverage
Average depth, ft 2D . 3.0
Bottom sediment Sit%t (over Sand and Silt {in crevices
gravel) gravel between pieces
of stone
riprap}*¥
Underwvater visitility Poor Good Good

¥ Tasgt plot was located on the submerged portion of a stone breaskwater.
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The test plots were enclosed with 0.25-in. mesh capture nets attached
to floats. The team measured and characterized each of the test plots,
recorded numbers of man-hours, recorded wet weights, and made estimates
of percent. success (in terms of areal coverage) of the areas cleared
and of percent root removal at each sample site. Table 4 summarizes
the results of this 1979 exercise.

Public awareness

The WES has participated in four NPS-sponsored public meetings,
two radic interviews, and in the publication of two newspaper articles.
Another important area of WES contribution has been in the preparation
of NPS information brochures for the public. The WES coordinated all
publicity activities of the LSOMT with the Chief, Public Affairs
Office, NPS,

Training

Two aguatic plant management workshops were conducted by the WES
in cooperation with the NPS during the summer and fall of 1979 for
planning, engineering, and operational staff of Federal, State, and
local agencies in the State of Washington. The workshops provided
primary training that emphasized aquatic plant identification and re-
productive biology, monitoring, and treatment technigues.




Tce

Table 1

Biomass Density and Meristem Density Values of Furasian Watermilifoil in

Lake Osoyoos, Lake Whatcom, and Lake Sammamish

Number of Biomass Density Values Meristem Density Values

Number Grid Points for Grid Samples Contain- for Grid Squares Contain-

of Grid Containing ing Eurasian Watermilfoil ing Furasian Watermilfoil

Points Eurasian g wet wt/m3 no/m>

Test Site Sampled Watermilfoil Maximum Mean Minimum Maximum Mean Minimum
Lake Osoyoos 145 11 394 55 1.5 135 19 0
Lake Whatcom 1L6 12 a3 1k G.7 103 15 0
Lake Sammamish 99 34 2782 279 0.k 907 132 0




Detection of Underwster Target Panels and Blocks

Table 2

cn 1:5000-Scale Imagery

Detection Limit
(Water Depth), ft

White

Green

Test Site Film Panel Block Panel Block
Lake Osoyoos Color 20 15 15 10
(Secchi disk - 12 ft, ;
buckpronnd, ~ sand) Color infrared 20 10 5 0
Black and white 20 10 10
Lake Sammamish Color 15 10 10
(Secchi disk - 14 ft, .
- camd) Color infrared 15 10 0 0
Black and white 10 5 0 4]
Lake Whatcom Color 15 10 0
(Secchi disk - 16 ft, )
badiareund = mad) Color infrared 15 10 0 o]
Black and white 15 10 0
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Table 3
Percent Effectiveness of the Barrier System, Ckanogan River,

Oroville, Washington: 29 July-13 October 1979

Total Wet Weights of Vege-
tative Material Collected
for Entire Okanogan River

Cross Section, g Percent Effectiveness
Barrier Barrier of Barrier System
No. 1 No., 2 1007 - Wet Wt No. 2
Week No. (Upstream) { Downstream) " 7 Wet Wt No. 1
T 5,750.6 1,173.3 79.6
2 4, 602.4 751.1 83.7
3 5,117.8 801.2 84.3
L 2,523.8 L43.5 82.4
5 2,412,3 34T.3 85.6
6 9,737.3 3,082.7 &4, 7
7 5,984, 7 4,578.0 23.5
8 10,L42.4 4,8096,1 531
9 TsT32,9 4,380.5 67.9
10 6,884, 7 2,L90.1 59.3
11 7,268.1 2,954.6 50,3
Totals and 68,477.0 25,808.4 2.2
average
gffectiveness
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Table L
Results of 1979 Burasisan Watermilfoil Hand-Pulling

Exercise on the Okanogan River and Lake 0soyoos

Sample Site
No. 1 No. 2 No. 3
Okanogan River Okanogan River Lake Osoyoos

Yo. of field personnel
involved L 3 2

Man-hours reqguired for
Setup
Dismantling
Hana-pulling

—1
wowm
L O no
Ui o O
wo
NN AR

|
|
|

O
<0
(o2
b}
\n
w1

Total

Estimated percent suc-
cess {areal) at re-
moval of Eurasian
water: i1foil from
colonies where
Furasian watermilfoil
dominates ~ 95 =1q] 35
Other speciles
domlnate Lo 80 90

Estimated percent suc-
cess (areal) at root
removal 35 50 g0

Total wet weight of
Furasian watermilfoil
removed, g 7933 20,801 5992
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LARGE-SCALE OPERATIONS MANAGEMENT TEST TO EVALUATE PREVENTION
METHODOLOGY FOR CONTROL OF EURASIAN WATERMILFOIL IN WASHINGTON

Laboratonry Evaluations of Eurasian
Watermilfolil Fragment Viagbil ity

by

Michael A. Perkins¥

Introduction

‘tirasian watermilfoil (Myriophyllwm spicatwn L.) is an exotic
aquatic plant thought to have been introduced into North America some-
time around the turn of the century. While difficulties exist concern-
ing specific taxonomic interpretation, it is clearly evident that this
plant, or a variety therecof, 1s now widely distrivuted throughout the
United States and Canada. Where it dcoes occur or become established,
its prolific growth most often results in water use problems.

The situation in the Pacific Northwest is no different in this
respect. While modes of introduction or specific environmental require-
ments have yet to be fully defined, nuisance growths of milfoil have
been described in both British Columbia, Canada, and Washington State.
It is apparent that the regional distrivution of the plant is increas-
ing and will wmost likely continue to do so. A large area of the Snake
and Columbia River systems is potentially capable of sustaining milfoil
growth; central and eastern Washington State are areas of particular
critical concern. Milfoil infestations within the Okarncgan River basin
in British Columbia are thought to represent a major source for intro-
duction into the Columbise River system (Figure 1).

Studies on the biclogy and reproductive characteristics of Eura-
sian watermilfoil suggest that, while viable seed production may be
prolific and ensure the continuation of the species, asexual reproduc-
tion through axillary bud production and vegetative fragmentation
(auto fragmentation) with subsequent fragment dispersal is a more domi-
nant process and probably accounts for the rapid and widespread distri-
bution of the plant (Patten 1956; Smith, Hall, and Stanley 1967; Grace
and Wetzel 1978). The work of Wilson (1972) would suggest that milfoil
fragments may be particularly suited for this role in that they tend to
accumulate excess guantities of plant nutrients, which would favor their
surviwval during the free-floating period when concentrations of nutri-
ents in the agqueous medium may be limiting. Aside from auto

* Department of Civil Engineering, University of Washington, Seattle,
Washington.
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fragmentation processes, a variety of aquatic activities may also lead
to the production of frsgnents (e.g., boating, harvesting) that may
serve as propagules for dispersal.

In consideration of ithe potential role of fragmentation as a dis-
persal mechanism, containment barriers have been employed within the

L. WASHINGTON

sl

L. OS0oYoos
\ CANADA

U.S.

OKANOGAN o
R.

QL

FISEATTLE

r

COLUMBIA R
' i Y

WASH.

ORE.

Figure 1. Washington State showing locations of river basins and lakes

mentioned in the report. Sources of fragments utilized in the study

were Lake Washington's Union Bay (UB) and the Okanogan River just below
the outlet of Lake Osoyoos
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Okanogan River basin in an attempt to retard the passive dispersal of
fragments within specific lakes and/or into the State of Washington.

An evaluation of the drift of milfoil fragments in the Okanogan River
and the effectiveness of the barriers for containment is currently being
conducted.* However, it seems likely that active processes involving
transport mechanisms such as waterfowl or interleke boat traffic may
constitute an equally important avenue for dispersal. A quarantine
project conducted in British Columbia indicated that approximately

2L percent of the boats that left milfoil-infested water bodies did so
with fragments attached to their equipment (Province of British Columbia
1978).

With either active or passive dispersal mechanisms, a central
question that needs further evaluation concerns the viability of these
fragments. While it has been reported that a single fragment can gen-
erate a prodigious number of new fragments in a years time (Coffey and
McNabb 19T4), the durability of these fragments appears to be generally
assumed. The relationship between fragment viability and factors such
as size, desiccation, or quality of receiving water has not been fully
defined,

It would be intuitively reasonable to assume that a milfoil frag-
ment could withstand desiccation for only a limited period of time be-
fore losing the ability to take root and grow. The importance of trans-
fer mechanisms such as boat trailers might then relate to the period of
time the trailer, boat, and any adhering fragments were out of the
water,

The various fragmentation processes can be expected to lead to
the production of fragments that vary in size. Smaller sized fragments
may be more easily gdispersed by waterfowl or might escape containment
barriers such as those described above. The viability of small frag-
ments would seem important in an assessment of the effectiveness of
containment programs for controlling plant dispersal.

The question of water guality characteristics assumes consider-
able importance since they undoubtedly serve a basic regulatory func-
tion in regard to interlake transport. Eurasian watermilfoil is con-
sidered to be a calciphilous plant. The relationships between pH,
alxalinity, celcium concentrations, and plant distribution have been
indicated by Spence (1967); Hutchinson (1970); Van, Haller, and Bowes
(1976) ; Grace and Wetzel (1978), and others. The extent to which
plant populations become adapted to local water guality conditions must,
to scome degree, dictate the viability of fragments derived from that
population for transport to other water systems of differing
characteristics,

The work described herein was directed toward further elucidation
of factors that may influence miilfoil fragment viability. The ability

¥ Personal communication, D. Thayeér, Okanogan County Weed Control,
Oroville, Washington.
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of miifoil fragments to take root and grow was used as the measure of
response; emphasis was placed upon evaluating the influence of drying
and varying fragment length,

Methods and Materials

Plant material for testing was obtained from two areas within
Washington State. Union Bay, & heavily infested embayment at the outlet
of Lake Washington, was selected as the source of milfeoil representative
of plant growths within western Washington. The Ckanogan River, Jjust
below the outlet of Lake Osoycos, served as the second source and was
selected primarily because of the importance given to fragment drift
from British Columbia (Figure 1). In both cases, whole plants were
manually collected, washed free of adhering debris and periphyton, and
transferred to the laboratory for processing.

The growth experiments were conducted in 30- by 30- by 60-cm
(1- by 1- by 2-ft) chambers constructed of 0.6 em (1/4 in,) clear
plexiglass., Each chamber contained 15 cm (6 in.} of organic sediment
obtained from milfoil beds within Union Bay. Coarse plant materials
and other debris were remcved from the sediments. To ensure uniformity,
individual sediment samples were mixed prior to introduction to the
chambers. The chambers were then fillied to approximately 5 cm from
the tup (L0 cm water column) with water collected from Union Bay and
allowed to equilibrate in the dark for at least 7 days before plant
materials were introduced. To compensate for evaporative losses, water
levels were meintained at the 5-cm mark for the duration of the experi-
ments., The plexiglass growth chambers were set up in a glass green-
house in order to provide natural lighting (Figure 2a, b). DNo attempt
was made to control water temperature variation. The experiments began
on 17 August and were terminated on 3 October. Air temperature within
the greenhouse was monitored daily with & maximum-minimum thermometer,
Over the period of investigation the maximum averaged 35.2° 1_2.30C and
the minimum averaged 11.8° + 1.20C,

Processing of the plant materials entailed an initial separation
and tap water washing of vegetative shoots, Ten-centimetre unbranched
apical sections were then removed and transferred to buckets conteining
Union Bay water., For each treatment, 10 fragments were individaully
drawn from each bucket., Treatments consisted of either air drying in
the laboratory at 25°C for varying periods of time or subsectioning
the 10-cm fragments into smaller lengths.

The fragment lengths used were 0.5, 1.0, 2.0, 5.0, and 10.0 cm.
With the exception of the 0.5-cm fragments, only apicel cuttings were
tested. Both apical and intersegmental fragments were utilized for the
0.5-cm tests. After cutting to the required lengths, 10 fragments from
Osoyoos and 10 fragments from Union Bay were lmmediately transferred to
the growth chambers with the basal end being inserted intc the sub-
strate. The 0.,5-cm fragments were allowed to float rather than being
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a., Greenhouse

b, Growth charbers

Figure 2, Growth experiments {Continued)
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c. 10-cm fragment after 1k days
of growth

d. Growth chamber, 10-cm fragments
after growing 1h days

Figure 2. (Concluded)
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implanted. An additional 10 fragments from each size class were then
taken for the determination of average dry weight and node count. Dry
weights were determined after oven drying at 60°C for 2L hr.

Shoot growth and root development were used as the criterias for
fragment viability, Evaluations were made after 14 and 28 days growth
(Figure 2¢, d} at which times the chambers were examined for percent
survival., One half of the surviving plants were removed for determing-
tion of average shoot length and averzge shoot and root dry weight at
14 days and the remzining plants were removed at 28 days.

The drying experiments were all conducted with 10-cm apical frag-
ments, The drying times for the initial experiment were 1, 2, 6, and
8 days (Figure 2e)., Ten fragments from both Lake Osoycos and Union Bay
were selected for each drying time, Each fragment was blotted to re-
move excess moisture and the fresh weight was determined. The fragments
were then placed in enamel pans and allowed to air dry (2500) for the
designated periods after which the fragments were reweighed. The frag-
ments were then rewetted with Union Bay water and transferred to the
growth chambers in the greenhcuse. In a subsequent run of the drying
experiments, new collections of Osoyoos and Union Bay plants were ob-
tained., Ten-centimetre apical cuttings were again prepared as previously
outlined, but the drying periods were shortened to 6, 12, 18, 2L, and
48 hyr. After drying, the fragments were rewetted and transferred to
the growth chembers, but this time allowed to float in the cheambers
rather than being implanted in the sediment as had been done for the
initial test, The 1l0-cm fragment length plantings served as controls
for the drying experiments.

Results

The results of the fragment length experiments are summarized in
Table 1. Data collected for the initial dry weights of the wvarious
fragment lengths were lost and the values eppearing in the tables were
estimated from a separately derived regressicn of dry weight against
fragment length, The linear transformation of the regression was:

2

In dry wt = Ln 0.0108 + 0.1777 Length, ¥~ = 0.645, n = 53 (1)

Most of the Union Bay fragments showed a good growth response ex-
rressed either in terms of increases in shoot length or drxry weight.
While plant growth within the size classes was somewhat variasble, a
consistent pattern was the tendency for relative increases (vercent in-
crease over initial condition) to be greater for the smaller sized frag-
ments {1 and 2 cm) while the absolute values were greater for the
larger sized fragments (5 and 10 ecm).
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Table 1

Summary of Milfcil Fragment Length Experiments

Union Bay

Initial
Lengih, cm . 2 5 10
No. nodes 3 L B 13
Total dry wt, mg* 12 L5 26 6l

il days growth
Shoot length, cm 2.5 + 0.4 .2 % 0.6 9.3 % 0.1 13.2 + 1.2
Shoot dry wt, % 9L, 2 93.3 83.0 91.0
Root dry wt, % 5.8 6.7 17.0 3.0
Avg dry wt, mg 28,0 + 1,3 40,2 + 7.0 2.9 + 28,7 165.9 + 18.L
Percent survival 96 50 100 100

28 days growth
Shoot length, cm 8.5 + 2.1 14.7 + 2.0 24,3 + 3.5 0.3 & 3L
Shoot dry wt, % 81.9 82.8 85.L 83.6
Root dry wt, % 18.1 1742 1k .6 16.4
Avg dry wt, mg 102.0 + 32.5 161.3 + k6.4 228.3 + 28.7 331.0 + 91.0
Percent survival Q0 g 100 100

Lake Osoyoos

Initial
Length, c¢m 1 2 8 10
Neo. nodes 3 L & 12
Total dry wt, mg¥ 12 15 26 &l

1L days growth
Shoot length, em 33 £ 1.8 6.9 + 1.9 Bl & 0.7 9.2 + 2.3
Shoot dry wt, % 86.5 8k.g 15k go.2
Root dry wt, % 13:5 15:1 2.9 17.8
Avg dry wt, mg 10.6 + 2.6 30.6 + 10.2 37.8 +# 13.9 88.8 + 70.5
Percent survival L0 50 0 50

28 days growth
Shoot length, cm Ll,J + 2.0 0.0+ 0.2 20,1 % 2.0 22.6
Shoot dry wt, % 72,7 81.8 86.2 83.8
Root dry wi, % 27.3 18,2 13.8 16.2
Avg dry wt, mg 117.4 + 1.0  137.2 + 7.5 200.8 + 18.7 Lss5.5
Percent survival Lo 40 50 30

Note: Intervals for the mean are plus or minus 1 standard error.
¥ Values estimated from regression of lenghth versus dry weight.
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Based upon percent survival, the growth of the Osoycos fragments
was poor. Two to three days after introduction into the growth chamber
these fragments began to discolor. By 2 weeks it was apparent that less
than half of the fragments would survive. For these fragments that did
survive the transfer 1o Union Bay water and sediment, the growth re-
sponse was comparsble to that observed for the Union Bay fragments. The
same tendency for relative increases to be greater for the smaller frag-
ment sizes was oObserved.

After 28 days in the growth chambers, the mean growth of surviving
fragments (including branches} expressed as centimetres of shoot length
increase was 7.5, 12.7, 19.3, and 10.3, respectively, for the 1-, 2-, 5-,
and 10-cm Union Bay fragments and 10.1, 17.0, 15.1, and 12.6, respec-
tively, for the 1l-, 2-, 5-, and 10-cm Osoyoos fragments.

The average dry weights for the various fragment sizes (shoot and
root) at 1L and 28 days sre presented graphically in Figure 3. A lag
in the growth response of the Osoyocos fragments 1s evident, but by 28
days the average dry welights were comparable. The increasing slopes
tend to suggest that the larger fragment sizes grew more rapidly,
Growth rates, expressed as the average 28-day accrual of total plant
dry weight, were similar for both Union Bay and QOsoyoos fragment sizes.
These rates, as milligrams dry weight per day, were 3.21, 5.21, T7.21,
and 9.54 for the 1-, 2-, 5-, and 10-cm Union Bay fragments, respectively,
‘and 3.75, 4.36, 6.25, and 14.34 for the 1-, 2-, S5-, and 10-cm Osoyoos
fragments, respectively. These rates are shown in Figure L as & func-
tion of initial fragment length. The comparsbility and tendency for
the average rates to generalize to a single curve are evident. The
condition of the 10-cm fragment growth chambers is shown in Figure 2c
and 2d4.

There were no cousistent differences in the extent of root de-
velopment for the various fragment sizes. After 14 days, mean root dry
weight expressed as a percent of total plant dry weight was 9.6 + 7.1
for the Union Bay fragments and 17.8 + 7.0 for the surviving Osoyoos
fragments. Root development after 28 days growth amounted to 16.6 +
2.1 percent for the Union Bay fragments and 18.9 + 8.2 percent for the
Osoyoos fragments. The tendency for a greater proportion of plant
growth to be diverted to early root development in the Osoycos fragments
is evident but not significant based primarily upon the small numbers of
suwrviving replicates.

While growth response based upon mean increases in length or plant
dry weight would suggest & close similarity between Union Bay and
Osoyoos fragments, a more sccurate representation of the results of the
length experiments would reflect the percent mortality observed with the
Osoyoos fragmenits. Total plant biomass (grams dry weight) accumulating
within the wvarious chambers was computed on the basis of average dry
weight and percent survival., The results are presented in Figure 5.
After 14 days growth, plant biomass for all fragment sizes of the
Osoyoos plants averaged only 29 percent of that for the Union Bay frag-
ments., By 28 days, plant biomass for the Osoyoos fragments had
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increased but still averaged only LU percent of that attained by the
Union Bay freagments.

The O0.5~cm fragments were derived from both apical and interseg-
mental cuttings, five of each were taken from both Osoyoos and Union
Bay materiasl. Each fragment had a single whorl of leaves. Nine of
the Union Bay fragments, five intersegméental and four apical, showed a
positive growth response after 1L days. Five of the Osoycos fragments,
two intersegmental and three apical, showed shoot and root development
over the same period. Growth of the intersegmental fragments consisted
of new shoot and adventitious root formstion originating from the leaf
axials. Average new shoot length for the Union Bay intersegmental frag-
ments was 2,8 + 1.0 cm with all fragments developing either cne or two
roots, Only two of the Osoyoos intersegmental fragments showed signs
of root initiation and only one of these had new shoot development
(2.7 cm).

Growth of the 0.5-cm spical fragments consisted of shoot elonga-
tion and expansion from the terminal bud. The four Union Bay fragments
had an average shoot growth of 2.8 + 1.1 cm and each formed one adven-
titicus root. The three Osoycos fragments had an average shoot length
of 3.2 + 2,8 cm with one, two, and three adventitious roots forming on
the individual fragments.

The mean fresh weight of materia’ at the initiation of the frag-
ment drying experiments was 0.629 + 0.11 g for the 10 Union Bay frag-
ments and 0.589 + 0.13 g for the 10 Osoycos fragments. Weight loss for
all of the dried frsgments was fairly constant regardless of drying
time and amounted to approximately 84 percent of the fresh weight. The
Osoyoos fragments were noticeably encrusted with calcium carbonate
(Figure 6a), while the Union Bay plants showed only slight encrustation
{Figure 6b). Upon rewetting the fragments prior to planting in the
growth chambers, all appeared green and healthy (Figure Ta, b).

After 2 days in the growth chambers, the plants began to discolor,
turning from green to brown. After 1 week, the fragments from both
Union Bay and Osoycos appeared sickly and were heavily epiphytized.
Plants removed at this time showed no visible sign of shoot growth, new
shoot formation, or root development. At the end of 1L days the frag-
ments for all drying periods were dezd and partially decomposed (Fig-
ure 8). This condition may be compared to the 10-cm fragment length
tests that served as the controls for the drying experiments. The
Union Bay fragments showed an average increase in dry weight of 160 per-
cent, 100 percent survival, and root development averaging 9.5 percent
of the total plant dry weight. The Osoyoos 10-cm fragments showed
50 percent survival with an average increase in dry weight of 38.7 per-
cent and root development averaging 17.8 percent of the total plant dry
weight (Figure 2c, d). Observations on the dried plants showed no sign
of either root or shoot initiation at 1b days and the experiment was
terminated.

To Zurther test the effects of fragment drying, new collections
of Osoyoos and Union Bay plants were obtained and 10-cm apical cuttings
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a. Osoyoos
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Fragments dried 48 hr and rewetted prior to planting



Figure 8. Fragments dried 2 days prior to
planting. Fragments shown here 1l days
after planting

were prepared. Drying times were shortened to &, 12, 18, 24, and L8 hr.
After drying, the fragments {10 each treatment) were rewetted with
Union Bay water, transferred toc the growth chambers, and allowed to
float rather than being implanted in the sediment.

Weight loss with drying at 25°C proceeded very rapidly and
leveled off after 12 hr at 86° + 2.8 percent of the fresh weight
(Table 2, Figure 2). Weight loss after 6 hr drying averaged T7 percent
of the fresh weight.

The fragments again became discolored soon after placement in the
chambers end by 5 days most fragments appeared necrotic. There were no
apparent differences in response with either the Union Bay or Osoyoos
fragments; the 12-, 24—, and 4B-hr dried fragments showed no evidence
of viable plant growth. Some indicaticon of new shoot initiation from
leaf axials was observed in eight of the 6-hr dried fragments (four
Union Bay, four Osoyoos) and two of the 18-hr dried fragments (both
Union Bay).

After 1l days in the growth chambers, the 12-, 24-, and 18-hr dried
fragments had all surk to the sediments and were partially decomposed.
There was no evidence of root or shoot initiation on any of these frag-
ments. Three of the 20 fragments that had been dried for 18 hr (two
Union Bay, one QOsoyocos) showsd limited signs of auwxiliary shoot forma-
tion but no significant growth, Thirteen of the fragments that had
been dried for 6 hr contained new auxiliary shoots and some adventitious
root formation, New shoots averaged three per fragment and ranged in
length from 0.5 to 2.0 cm.
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Table 2

Eurasian Watermilfeil Fragment Drying Summary

Drying % Survival
Time Initial Final Average Weight After
hr Weight, g Weight, g Loss, g 14 days
Union Bay
6 0.6826 + 0.0545 0.1796 + 0.0205 0.5030 + 0.0385 T0
12 0.7475 + 0,0818 0.1223 + 0.0168 0.6261 + 0.0658 0
18 0.9422 + 0,1019 0,15i2 + 0.0172 0.7910 + 0.0878 20
2k 0.8924 + 0.1215 0.,1490 + 0.0102 0.743L4 + 0,1137
48 0.8002 + 0.1003 0.1373 + 0.0142 0.6629 + 0.0893
Lake Osoyoos
6 0.8438 + 0,0913 0.1697 + 0.0300 0.6742 + 0.0655 60
12 0.7169 + 0.0669 0.0832 + 0,0112 0,6251 + 0.0638 0
18 0.7715 + 0.0756 0.0823 + 0.0075 0.6892 + 0.0690 10
24 0.926L4 + 0.1256 0.0906 + 0.0089 0.8359 + 0.1185 0
48 1.0862 + 0.1592 0.1159 + 0.0160 0.9703 + 0.1L35
Note: 10-cm apical cuttings air dried at 25°C for varisble time
periods. Valiues are means + 1 std error, n = 10 for all times.
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Figure 9. Percent weight loss as a function of drying time at 25°C
for 10-cm apical fragments of Eurasian watermilfoil

Discussion

Asexual reproduction through vegetative fragmentation has been
implicated as a major process accounting for the successful spread of
Eurasian watermilfoil (Patten 1956; Smith, Hall, and Stanley 1967;

Coffey and McNabb 1974). With some reservation, the results of the

work reported herein support that contention. Fragment survival and
viability, regardless of length or stem origin, are high within a body

of water having comparable characteristics. Fragments containing but

a single whorl of leaves can initiate new shoot and root formation that,
once settled in a suitable substrate, would lead to new plant populations.

Perhaps the most striking result of the length experiments was the
failure to obtain good growth with the Okanogan milfoil. Disregarding
initial fragment lengths, of the L0 plantings only 20 survived to 1
days. Counting plants removed at 1b days as survivals, only 16 plants
would have survived 28 days growth for & 60 percent mortality. This is
in contrast to the Union Bay fragments that had only a 5 percent mor-
tality after 28 days growth.
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The differences mey be attributable to water quality character-
istics of the two sources of plant material and the fact that only
Union Bay water and sediment was used as the growth medium. & sumnary
of selected water quality characteristics for the two sources is pre-
sented below:

Total Hardness
Alkalinity {Ca, Mg)
Na K Ca Mg
r— mgCa003f£ 1 7 /L awly mald mgCaC03/£
Osoyoos* 97-125 8-8.9 9.9 2.3 34.2 8.7 121
Union Bay*¥ 33-L0 6-8 3.5 1.4 10 5 L6

¥ Personal communication, Newroth and Bryan, British Columbia
Ministry of Environment.
%% Data from Perkins, Boston, and Curren (1979).

It would seem likely that plants adapted to the hard water condition of
the Okanogan River basin would be stressed by the transfer to the rela-
tively soft water condition of Union Bay. This may account for the ob-
served mortality of Osoyoos fragments., It is interesting to note that
the Osoyoos condition would correspond to pH and calcium envelopes
developed by Hutchinson (1970) for central Sweden while the Union Bay
condition would correspond to northern Swedish lakes. The observation
that surviving Osoyoos fragments gave comparable average growth re-
sponses to the Union Bay fragments suggests that, while the transition
may be difficult, it can be successful, Giesy and Tessier (1979) re-
ported successful Y., spicatwnm transplants under even more extreme con-
ditions of alkalinity, hardness, and calcium concentrations although
their plants were already adapted to a low alkalinity, relatively soft
water condition.

The guestion of water quality characteristics related to plent
dispersal undoubtedly has significance in regard to initial fragment
swvival. However, the argument may be moot in the sense that there
need be only one surviving fragment to ensure future generations.

The results of the drying experiments have obvious implications
in regard to interlake transport of fragments by mechanisms such as
boat trailers, Under the somewhat moderate conditions of drying {25°0)
utilized, the fragments showed a rapid weight loss (Figure 9) and almost
complete mortality after 12 hr of drying. Clearly, the importance of
interlake transport by boat trailers must be viewed with some doubt.
While initial guarantine studies in British Columbia suggested a moder-
ate transport of milfoil fragments on boats and trailers (24 percent of
boats examined) leaving milfoil-infested lakes, continued evaluations
indicate that only a very small fraction of boats still contained
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fragments further on down the road (88 boats out of 18,000 examined).*¥
Coupled with the observations on drying, the effectiveness of this par-
ticular transport mechanism is questionable.

¥ Personal communication, Peter R. Newroth, British Columbia Ministry
of Environment.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

An QOverview

[
Eugene G, Buglewicz¥*

The Large-Scale Operations Management Test (LSOMT} using the
vhite amur fish was initiated in Februvary 1975 at a meeting held at the
U. 8. Army Engineer Waterways Experiment Station (WES) and attended by
Corps of Engineer representatives from the South Atlantic Division,;
Jacksonville District; Office, Chief of Engineers; U. S. Fish and Wild-
life Service; U. S5, Department of Agriculture; and other agencies.

One of the purposes of the weeting was to determine if research
had matured to the point that it could be tested on a large scale. Re-
sults of small-scale studies had shown that the white amur had the
ability to control the aguatic plant hydrilla. It was concluded that
the white amur had the potential for use as & macrophyte control agent
in a large-scale test, and that the State of Florida with its aquatic
plant problems, specifically hydrilla, may be receptive to using the
fish applying the concept of an LSOMT.

The large-scale test concept was presented to the State of Florida
as a way of answering questions concerning the effect of the white amur
on hydrilla; the effect of the white amur on nontarget components of the
ecosysten; the effect of the white amur on the ecology of the lake; and
the definition of the operational reguirements for using the white amur
as an aguatic plant menagement tool.

After much deliberation and searching, Lake Conway, near Orlando,
Floride, was selected as the LSOMT site. Lake Conwgy 1is a series of
five interconnected pocls with a surface area of approximately 7.5 km® .
Lake Conway is an urban lake with a considerable smount of shoreline
supporting permanent homesites.

Study milestones initially set for the LSOMT included a l-year
period of baseline data collection (prestocking studies) and approxi-
mately 3 years of poststocking monitoring work. By September 1976,
contracts to perform the baseline studies had been awarded and data
collection had commenced with the exception of the herpetofauna work
which commenced during 1977.

The Florida Game and Freshwater Fish Commission was responsible

¥ U, 3. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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for fish, memmal, and aguatic bird inventories and data collection; the
Department of Natural Resources, the aquatic macrophyte populations;
Orange County Pollution Control Authority, the characterization of water
and sediment guality; University of Florida, zooplankton, phytoplankton,
and benthic invertebrate populations as well as development of a generel
ecosystem response model; and, by the suwmmer of 1977, the University of
South Florida, herpetofauna characterization in Lake Conway.

Prior to stocking white amur, however, two considerations had to
be addressed. The first was the escapement and possible reproduction
of the fish outside the immediate study area. The U. S. Fish and Wild-
life Service, under contract with the Corps of Engineers, had previously
perfected a technique for producing an all-female (monosex) white amur
population, These fish were not sterile; however, the chances of pro-
ducing a mele in a2 stocked population were considered very small. To
prevent escape of the stocked population into an adjacent watershed,
physical barriers were constructed at inflows and outflows to Lake Con-
way. Thus, using a monosex fish population and lowering the chance for
escape from the test site, the probability of reproduction and/or es-
capement was considerably diminished.

The second consideration had to do with the numbers of white amur
to be stocked to attain control of the aquastic plant population. A
stocking rate model was developed at WES that described basic white
amur-hydrilla intervactions., The model used the then current literature
values and expert opinicn as to the growth, consumption, and predation
of white amur, and growth rates of hydrilla as a function of total
plant biomass.

As a result of thé input from the prestocking studies and the
running of the stocking rate model, an average of four fish per acre
was stocked in Lake Conway in September 1977. With the stocking of
the white amur, the study entered the poststocking phase of study with
all contractors continuing to collect dats on Lake Conway.

As the contractors' studies progressed into the poststocking phase,
additional research needs were identified. These needs are discussed
in the following paragrsaphs.

During discussions with the contractors over the course of the
study periodi, general comments concerning loss of sampling sites became
commonplace, reaching a crescendo during 1978. For instance, in a
pericd of 2 weeks an established sampling site would be replaced by a
graded sand beach, complete with sod lawn, swimming pool, and two-
story house with boat dock. GSince the white amur may eliminate
littoral zone habitalt, change water quality, cause fish populations to
change, or cause other pertubations, it was obvious that loss or gain
of components of the Lake Conway system would have %o be guantified and
apportioned between the white amur and other causes. As a result, this
past summer, Randall Williams, WES, and William Brown, Central Florida
University, initiated and completed a Human Factors Study in the Lake
Conway area.
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The stocking rate model developed for the Lake Conway study has
shown its utility in providing an operational tool for the introduction
of the white amur into an aquatic system. However, the model does have
limits in that it can only handle one cohort of fish at a time. The
need for multiple fish cohorts for aguatic plant management on a long-
term scale is readily apparent; as the initial fish stock is removed
for whatever reason (disease, predation, unexplained loss), thereby
decreasing plant consumption rates, the possibility of regrowth of the
target plant to nuisance proportions may occur. Second, the amount
of information generated on both the white amur and hydrilla has in-
creased considerably since 1975. This past year, the original model
was evaluated in the light of this new information and additional re-
quirements placed on the model. Hal Schramm, WES, conceived & second
generation model taking into account the forcing functions included in
the first generation model, but also including growth rate of hydrills
as related to season, photoperiod, density of plants, and cropping rate
of the white amur, The white amur consumption rate, likewise, is cal-
culated as & function of temperature, weight of the white amur, and
season of the year. The status of this model is that it is currently
on our computer and performed its first successful run on 15 November.
The second generstion model will be summarized in document form during
January with recommendations for continued development.

Tne last major change to the study plan occurred this past fiscal
year with the initiation of radiotracking the white amur and selected
herpetological species., This particular project has involved the
expertise of Malcolm Keown, physicist at WES, and Laryy Nall and Jeff
Schardt, Florida Department of Natural Resources, and Steve Godley,
University of South Florida.

Intensive field data collection will cease in September 1980. We
anticipate that some reduced level of fieldwork will continue at Lake
Conway. We should assure ourselves that we have achieved control of the
nuisance aguatic plant problem in Lake Conway; if we have not achieved
control, we should determine to what extent we have eliminated or
changed the -populations of agquatic plants and be convinced that the
changes in the other components of the Lake Conway system can be iden-
tified or anticipated. If we can accomplish these goals, we have
conducted a successful large-scale operations management test.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Aguatic Macrophytes

by
Larry E. Nall* and Jeffrey D. Schardt®

Introduction

The Florida Department of Natural Resources under contract to WES
has been conducting aquatic plant studies in Lake Conway since October
1976. As of 31 September 1979, 36 months of continuous data have been
collected from the lake. The purpose of this report is to give in-
terested parties a brief update of results at the conclusion of the
third study year, It is impossible to give a complete presentation of
results in the space allotted; therefore, the results presented herein
are brief illustrations of the major trends presently occurring in Lake
Conway. Preparation of a detailed report covering results through the
third study year is in progress.,

Methodolo

Two major types of vegetation studies are employed in Lske Conway.
The first type uses a hydraulic plant biomass sampling device which is
lowered from a 24-ft pontoon boat (Figure 1). The boat and sampling
device were designed specifically for use in Lake Conway. The device
takes a measured sample at 100-m intervals along 18 transects whose
locations axre shown in Figure 2. Transect samples yield biomass and
frequency of occurrence data.

The other major type of sampling is performed by a scuba diver,
Sixteen 1.0-ha underwater study plots are located in areas of special
interest (Figure 3). A diagram of an underwster plot is shown in
Figure 4, The diver surveys the area to determine the percent fre-
quency of occurrence, measwres plant height at fixed points, and uses a
0.25-m? quadrant to collect plants from which stem density, wet weight,
and plant height are recorded.

¥ Florida Department of Natural Resources, Bureau of Aquatic Plant
Research and Control, Tallahassee, Florida.
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Figure 1,

.

Lake Conway

aquatic plant sampling device
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The first annual report¥® contains greater detail on these sanpling
technigques and others in use in the study.

Results

Feeding preference
Table 1 presents a list of aguatic plant species in approximate

*# Nall, L. E., and Schardt, J. D. 1978. "Large-Scale Operations Man-
agement Test of the Use of the White Amur for Control of Problem
Aguatic Plants; Report I: Baseline Studies; Volume I: The Aquatic
Macrophytes of Lake Conwey, Florida." Technical Report A-78-2, U. 8.
Army Engineer Waterways Experiment Station, CE, Vicksburg, Mississippi.
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Table 1

Approximate Feeding Preferences of the White Amur¥ *#

Greatly prefers:
« Vitella and Chara spp.
x Hydrilla vertictllata
Najas spp.
* Potamogeton spp.
Duckweeds (Lemma, Spirodella, Wolffia, Wolffiella, Azolla)
Ceratophyllum demersum
Eleocharis acicularis
Flodea canadensis
Pithophora sp.

Will control but does not prefer:
Myriophyllum spp.
Bacopa spp.

Egeria densa
Nymphaea spp.
Polygorum spp.
Spirogyra sp.
Utricularia spp.
Cabomba spp.
Fuirena scirpoides
Brasentia schreberi
Hydrocotyle spp.

Will not control effectively:
* Vallisneria spp.
Typha spp.
Myriophyllum brasiliense
Phragmites spp.
Carex spp.
Seirpus spp.
Eichhornia crassipes
Alternanthera philoxeroides
Pistia stratiotes
Nymphotides spp.
Nuphar macrophylluwn

¥ Only these species common to Florida are listed.
%% Compiled from the “iterature. See Nall and Schardt (1978) for
citations.
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order of preference by the white emur. The positions of the four major
species present in Lake Conway, Hydrilla verticillata, Potamogeton
illinoensis, Nitella megacarpa end Vallisneria americana, asre indicated
by stars. Wote that Hydrilla, Potamogeton, and Nitella are highly pre-
ferred but Vallisneria is not controlled effectively. It was believed
strongly that Vallisnerig would not be affected or would benefit by the
amur's presence, but the order in which the three preferred species
would be controlled, if at all, could not be confidently predicted be-
cause of their closeness on the list. The reswlts that follow will
show a definite preference.

Transects

Important effects detected by transect sampling are shown in
Figures 5-11. Figures 5 and 6 show the changes for Hydrilla in the
South and West Pools, respectively, which had the most significant
Hydrilla populations. Percent occurrence of Hydrilla was found to be
rising and reached a maximum coverage of about 70 percent in South Pool
and sbout 55 percent in West Pool. Both distribution maximums occurred
at about month 20 (May 1978). Afterwards, the coverage in both pools
declined steadily until occurrence was negligible by month 36 (Septem-
ber 1979). Biomass also exhibited similar trends. The standing crops
vere low when first encountered. The bicmass increased steadily until
near the end of the second study year after which it declined to trace
levels before the end of the third year. Distinct seasonal trends are
evident in the Hydrilla biomass for both pools, but are most obvious in
West Pool. Populations began lncreasing during the spring and maxirums
occurred during late summer., The population began to decline steeply
in early fall.

Figure 7 contains the results of transect samples for Potamogeton
in East Pool, which contains the largest population of the species.
The area occupied by the species began at just over 40 percent when
first sampled and increased very slowly to just over 50 percent at the
end of year two. The population distribution has declined slowly during
yvear three. The population is presently just below initial levels. Tae
effect on the biomass is more evident. During the first two study years,
the population exhibited seasonsl biomass peaks through the summer and
fall, After the winter biomass decline in year three, the normal sum-
mer popuwlation increase did not occur. The Potamogeton population is
81111 widely distributed in the lake, but its biomass is at a low level.

Figures 8 and 9 show the status of Mitella in Middle and West
Pools, respectively. WNitella exhibits two biomass peaks in late spring
and early fall, The population declines briefly during midsummer.
Middle Pool has the largest Nitella populations in the lake. WNitella
produces a much greater biomass than any of the other specles present
in the lake system. The distribution in the pool declined during the
first four months of the study and incressed during the remainder of
the first year. Levels have remained relatively constant since the
end of the first year. Some indication of biomass decline is evident,
During the baseline year, the biomass peaks were near 1200 g/mg. During
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year two, the peaks reached about 1000 g/mg. During the third yesr,
biomsass peaked at about 70O g/mz, only slightly above minimum levels.
The effect in West Pool is more evident. The distribution has remained
fairly 5.able since the middle of year two. The decline found in the
last two months o€ the third year may be the first indication of a de-
cline in distributicz. West Pool biomass shows a more significant ef-
fect, After the seasonal peak at the end of year two, the population
declined for the winter as expected., However, the biomass continued to
decline and maintained this low level throughout most of the third study
year.

Vallisneria is the last of the major species in the lske and the
only one that fish do not prefer. Figures 10 and 11 show the reaction
of Vallisneria in the East and West Pools, respectively, which have the
largest eelgrass populations, Although somewhat varisble, the percent
occurrence of Vgllisneria was essentially unchanged during the three
study yeers in East Pool. The biomass, which was also highly variable,
was highest during the baseline year and lower but unchanged between
the second and third test years. The decline occurred too soon after
stocking to be attributed to the amur. The effect in West Pool is more
interesting. Biomass and frequency of occurrence occurred at low levels
until midwsy through year two when both began to increase steadily.
These increases are presumably in response to the decline of other plant
species caused by the amur.

Plots

Plot samples (Figures 12-14) show similar results but in greater
detail. Plot No. 1 (Figure 12) is located in South Pool. The site has
contained an almost total coverage of Nitella and a small Hydrilla popu-
lation., The Hydrilla occurrence declined midway in the second study
year and was eliminated by the end of the third year. The Hydrilia
population at this site was too sparse to provide consistent height or
density data. #itella maintained an almost complete coverage until
the final months of the third year when the coverage began to decline
considerebly. The height also declined to consistently lower levels
than previously recorded at the site., Seasonal increases in height were
evident in the fall months. ©Stem density, although varisble, showed a
steep decline to very low levels during the final months of the third
year.

Plot No. 7 (Figure 13) in East Pool when first encountered con-
tained a sparse population of Hydrilla with negligible height or stem
density. The area had a history of a dense Hydrilla mat that had been
controlled chemically. By the end of year one, Hydrilla had increased
to a total coverage; height and stem density were also beginning to
increase., By the later months of year two, Hydrilla height and stem
density hed reached substantial amounts, then began to decline steeply.
By year three, height and density were minimal and the frequency was
beginning to decline. Hydrilla was sbsent from the pis% during month
36. Simultaneously with the decline in Hydrilla height and density,
Nitella and Vallisneria began to appear rapidly. Within three months,
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Nitella had developed an 80 percent occurrence and significant heights
and density, but in an equal period Nitella was reduced to miminal
velues. Presumably, the amur had greatly reduced the Hydrilla and then
turned to the increasing NMitella population., Meanwhile, the Vallisneria
was increasing to a near 100 percent occurrence and developing signifi-
cant heights and density, spparently in response to the absence of its
competitors and without effect from the amur,

Plot No. 10 (Figure 14) in West Pool was located in one of the
most dense Hydrilla populations in the lake system. Hydrilla dominated
the site during year one, but declined while Nitella and Vallisneria
vegan increasing. During year two, Hydrilla declined to minimal levels.
The: trend of declining Hydrilla and increases in other species began
during the baseline and thus was not initially due to the amur, but
the rapid decrease in all parameters at the end of year two probably
was due to the fish. As in plot Wo. T, Nitella increased rapidly but
as the Hydrilla disappeared the Vitella was soon affected. Again,
Vallisneria was not affected.

Vegetation mapping

Figure 15 shows a map of the vegetated area of Lake Conway with
the percent cover of each pool indicated. Figure 16 shows & similar
map of the distribution of Hydrilla. Both maps were made just prior to
stocking., The maps were prepared by running closely spaced transects
with a recording fathometer and were supplemented by deta from all other
sampling techniques. TFigure 17 shows a similar map of the total vege-
tation cover prepared near the end of the third study year. Changes
relative to the baseline map are indicated. Middle and East Pools show
little change, The decrease occurred in South and West Pools, which
contained the only large populations of Hydrilla. The absence of
Hydrilla is responsible for the change. Figure 18 shows a maep of the
present distributior of Hydrilla. Compared to Figure 16, the difference
is obvious, Although Hydrilla still occurs sparsely in much of the
lake, no significant populations exist worthy of recording.

Discussion

The results presented are clear and easily interpreted. All sam-
pling techniques have shown the near elimination of Hydrilla, the target
species,; throughout the Lake Conway system., In & classic demonsiration
of feeding preference, Hydrilla, where present, was greatly reduced
before the other species were affected. After the reduction of Hydrilia,
¥itella and Potomogeton have also shown major effect but large popula-
tions of these species still remain. Vallisneria, a nonpreferred
species, has shown definite increases. The elimination of or increased
stress on competitive species by the amur has allowed Vallismeria to
flourish.

From the viewpoint of demonstrating the vegetation control capacity
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Distribution of hydrilla in Lake Conway prior to stocking
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of the white amur, the project can already be called successful. The
wndesirable species Hydrilla has been practically eliminated. The
effect on other more desirable submersed species hes not been fully
determined. Trends are indicating declines in Nitella and Potamegeton,
and elimination or drastic reduction of these species is probable.
Should these species be removed, the effect on Vallisneriaq and the
marginal species, which are not preferred by the fish, is uncertain.

In overstocked situations, the elimination of submersed vegetation was
foilowed by the removal of the shoreline vegetation.® It is not known,
as yet, 1f this same effect will cccur in Lake Conway, which was stocked
at a much lower rate.

¥ Miley, W. W., II, Leslie, A. J., Jr., and Van Dyke, J. M. 1979.
"The Effects of Grass Carp (Ctenopharyngodon idella Val.) on Vegeta-
tion and Water Quality in Three Central Florida Lskes.'" Final Report,
Florida Department of Natural Resources, Bureau of Aquatic Plant
Research and Control, Tallahassee, Florida.
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LARGE~-SCALE OPERATIONS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Fish, Mammals, and Waterfowl

by
Roy Land*

Introduction

Florida's warm climate is conducive to the growth of aguatic plants.
Many varieties of exotic plants have been imported and introduced into
Florida's waterways where they have become a nuisance by impeding navi-
gation, reducing angler access, and replacing beneficial native aguatic
plants within the ecosystem. Hydrilla (Hydrilla verticillata}, the
most common pest plant in the southeastern United States (Hamilton
1976),%* is found in 280,000 ha in Florida (Haller 1977).

Native aquatic plants serve several beneficial functions: nursery
for juvenile fish; nesting sites for many bird species; habitat for in-
vertebrate organisms that are a source of food for fish; a sump for
nutrients that would otherwise be converted to phytoplankton; and
shelter for many fish, birds, and aguatic mammals. Increased nutrient
levels may produce an increase in phytoplankton and could possibly
shift the standing crop relation.

Mechanical removal of problem plants has proved to te too expen-
sive because continuved harvesting is usually reguired. Chemical con-
trol is usually less expensive than mechanical harvesting, but long-
range effects on the ecosystem have not been deterrined; therefore, only
a few herbicides have cteen approved for use in public water systems
{Graves 1976).%* Both methods are short term; & biological control
agent is most appealing because, ideally, once the agent is established,

no further control is required,

Many sgents have been tested, and an exotic fish, the white amur,
or grass carp {Ctenopharyngodon idella), appears most promising for
control of hydrilla {Cross 1969). Its consumption of large quantities
of hydrilla has been documented by Avualt (1965) and Subtton (197L).

This report desls with fish, waterfowl and wading birds, and
aguatic mammal populations 1 year prior and 2 years after stocking of
3.9 grass carp per acre in Lake Conway.

¥ Florida Game and Fresh Water Fish Commission, Tallahassee, Florida.
¥* HWational briefing on the white amur »research project, Lake Conway,
Florida. Washington, D. C, 27 April 2976.
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This study will help to determine the effects of grass carp as s
control agent for problem vegetation.

Description of Study Area

Lake Conway is & 747-ha chain of five natural lakes in Orange
County, Florida. Mean lske elevation is 25.7 m msl (mean sea level),
mean annual temperature is 22°C, and average rainfall is 131 cm {Guil-
lory et al. 1977). The chain, in the northern portion of the Kissimmee
River drainage basin, has one inlet and cone outlet stream. Considerable
urbanization and shoreline development has replaced much of the natural
vegetation with white sand beaches; however, cattails (Typha latifolia)},
maidencane {Panicwm hemitomon), pickerelweed {Pontederia cordata), and
furiena (Furiena scirpoides) form a fringe of emergent vegetation in
parts of the lake, Dominant submerged vegetation at present includes
nitella (Nitella sp.), Illinois pondweed (Potamogeton illinoenstis), and
hydrilla., Bottom substrate is primarily sand with some areas of organic
deposition.

Methods and Materiels

Fish populaticns

Fish populations were sampled using five methods: electrofishing,
Wegener rings, gill nets, blocknet, and creel survey,

Electrofishing was utilized to compare fish populations from
vegetated and nonvegetated beach sites; 30-min sampling periods were
conducted for each habitat type at each of four sites.

Wegener rings {Wegener, Holcomb, and Williams 1973) were used to
sample shallow water fish populations. Each sample covered 0.002LT ha;
two samples were taken at each of six sites. Rotenone was applied at
approximately 2 mg/% and all fish removed, sorted by species, grouped
into 10-mm size classes, and weighed to 0.0l g.

Two b5,7-m gill nets {stretch varied from 5.08 to 15.24 cm) were
set for 12 hr from 1976-1978 and for L8 hr during 1978-1979. Fish
captured were sorted to species, counted, and weighed to 0.0l g.

Blocknet samples (0.4 ha) were taken biannually at three sites.
Rotenone was applied at 2 mg/%, and all fish were collected, sorted to
species, grouped in 2,5Lk-cm size classes, counted, and weighed.

A stratified random roving creel survey utilizing nonuniform
probability sampling was used to measure the sport fishery. Creel data
were analyzed by the Scutheastern Cooperative Game and Fish Statistics
Project, Raleigh, North Carolina.

Stomach contents from largemouth bass (Micropterus salmoides),
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bluegill (Lepomis mocrochirus), and bluefin killifish (Lucania goodel)
were examined and enumerated. Foregut contents (from esophagus to the
first turn} of grass carp were examined; items were quantitated visually,
or, where two or more items were present in more than trace amounts, by
water displacement,

Waterfowl and wading birds

Waterfowl and wading birds were counted monthly from an airboat.
Migratory waterfowl were collected by shotgun during winter months,
gizzards were removed and food habits determined. Percentages of each
item were determined visually or volumetrically when possible.

Agquatic mammals

Vigual surveys of aquatic mammals were conducted during the
baseline year and several museum traps were set during one week (7-11
March 1977). Systematic trapping was conducted during both poststocking
years: Tomahawk double-door treadle operated traps were baited with
fish to sample larger memmals (raccoon, Procyon lotor;, opossum, Didel-
phis marsupials); Sherman traps (3.5 by 3.5 by 9 cm) were baited with
peanut butter to capture hispid cotton rats (Sigmodon hispidus)} and rice
rats (Iryzsomys palustris). Becauce Florida water rats (Neofiber alleni)
are relatively invulnerable to capture by conventional traps {(Birken-
holz 1963), specially constructed traps were placed in this animal's
nests. Monthly counts were made of Florida water rat nests at four
sites; nest material, surrounding vegetations, and weter depth wvere
noted. Percentage of vegetation at each site was estimated visually.

Fish Population Results

The results for the fish population studies are given in the fol-
lowing paragraphs.

Electroficshing, vegetation

Year I - 1976-1977 (prestocking). Vegetation samples averaged
164 fish per hour weighing 17.42 kg. The species that yielded the
largest numbers and weights were chain pickerel (Esox niger), brook
silverside (Labidesthes sicculus), warmouth (Lepomis gulosus), bluegill,
redear sunfish (Lepomis microlophus), and largemouth bass.

Year IT - 1977-1978 (poststocking). Vegetation samples produced
an average of 181,35 fish and 7.7l kg in weight. The species yielding
the largest numbers were bluegill, redear, and largemouth bass. The
species producing the most weight were largemouth bass, chain pickerel,
and redear sunfish.

Year IIY - 1978-1979 (poststocking). Electroshocking samples on
vegetative sites increased in numbers and weights. Average number of
fish taken per hour increased from 181.35 (1977-1978) to 293.23 (1978-
1979}, an increase of 16.2 percent. Weight per hour increased to 7.71
kg, an increase of 199 percent.
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Low water levels part of the year hampered, if not nullified,
all stocking efforts at certain sites. With the return of higher water,
fish appeared to be concentrated within the littoral zone. The greatest
weight increase was due to grass carp and largemouth bass, Grass carp
weight per hour increased from 1718.L9 kg (Year IT) to 3476.17 kg (Year
III) per hour. Number of individuals captured increased with the higher
water lewvels.

Electrofishing, beach

Year T — 1976-1977 {prestocking). An average of 436 individuals
per hour weighing 12.25 kg were collected on beaches. By number, brock
silversides, bluegill, and redear were the most often collected. Blue-
gill, redear, and largemouth bass produced the most weight.

Year II - 1977-1978 (poststocking). The average number of indi-
viduals was 484 with an average weight of 5.37 kg. Brook silversides
produced the largest numbers while largemouth bass, redear sunfish, and
bluegill produced the greatest weights.

Year IIT - 1978-1979 {poststocking). Individuals averaged 695
and weighed an average of 6.67 kg. Average numbers increased by 59
percent from Year I and L4 percent from Year II. Aversge weights de-
creased by 56 percent from Year I and 46 percent from Year II.

The first year there were fewer beaches, which confined the fish
that utilized them. These fish were easier to capture. Shoreline de-
velopment has expanded beach habitats, which makes sampling more
difficult,

Wegener ring

Year I - 1976-1977 {prestocking). Wegener ring samples yielded an
average of 20.87 fish, weighing 11.52 g per collection. Numerically,
mosquitofish (Gambusta affinie) and bluefin killifish (Zucania goodei)
comprised 68 percent of the total. Seminole killifish (Fundulus semi-
nolis) had the largest average weight per sample, followed by mosquito-
fish, bluefin killifish, warmouth, and bluegill.

Year IT - 1977-1978 (poststocking). Average number of fish per
sample declined from the baseline year; however, the weight per collec-
tion was almost identical to that of the previous yesr. The average
number of fish was 14.92 per ssmple and the average weight was 11.53.
Mosgquitofish, bluefin killifish, and Seminole killifish were the most
abundant species collected. GSeminole killifish and mosquitofish yielded
the most weight. More bluefin killifish were observed than in 1976-
1977, and yellow bullhead (Fetaluruse natalis) and sailfin mollie
(Poecilia latipinna) were captured for the first time in 1977-1978.

Year 11T - 1978-1979 (poststocking). The average number and
welght per sample decresased from the previous year. The average number
per sample was 11.1 and the weight averaged 10.7. Mosquitofish and
Seminole killifish were the principal species captured in Wegener ring
samples in 1978-1979. Seminole killifish and bluegill produced the
greatest weight.
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This decrease was due to lower water levels, which eliminated some
of the most productive sampling sites in Lake Gatlin. Shoreline de-
velopment forced a change in sampling sites to less desirable locations.

Gill nets

Year I - 1976-1977 {prestocking). Thirty-one specimens per net
day (24 hr) weighing 17.78 kg were taken in gill nets., Florida gar
(Lepisosteus platyrhincus), glzzard shad (Dorosoma cepedianum), and
largemouth bass were the three dominant species in terms of both num-
bers and weight.

Year II - 1977-1978 (voststocking). Twenty-six specimens per net
day were sampled weighing an average of 15.65 kg, with chain pickerel,
largemouth bass, and bluegill the most dominant by number. Florida gar,
largemouth bass, and gizzard shad produced the most weight.

Year IITI - 1978-1979 (poststocking). All species declined in num-
bers and weights from Year I and Year TI. Number of species per gill
net day averaged 11.78 with an average weight of 8,06 kg. Largemouth
tass was the most common species captured with an average weight of
L.88 kg per gill net day. Largemouth bass, gizzard shad, and Florida
gar combined comprised 79.19 percent of the total numbers and 80.36 per-
cent of the weight.

Modification in sampling methods by using a larger mesh size net
reduced the efficiency in capturing smaller fish., Another modification
involved changing from & 1l2-hr set to a 48-hr set. Averages were
smaller when done this way. Fish appeared to move more at night and
this alsc lowered the averages. There were no apparent changes in the
pelagic fish populations.

Blocknet

Year I - 1976-1977 (prestocking). Sportfish aversged 7,227.1
fish/ha with a weight of 82.67 kg, Forage species averaged 29,36L4.4/ha
and weighed 19.13 kg/ha., Other species included the Florida gar, lake
chubsucker (Erimyzon sucetta), brown bullhead (Ietalurus nebulosus),
and yellow bullhead, which yielded an average of 225.6 individuals
weighing 18.7 kg/ha. Average number and weight per net was 41,635.L
and 103.17 kg, respectively.

The most abundant speciles included bluespotted sunfish, bluegill,
redear sunfish, bluefin killifish, and largemouth bass. Forage species
dominated samples numerically, and the sportfish comprised the major
portion of welght.

Sportfish include the largemouth bass, black crappie (Pomoxie
ntgromaculatue ), bluegi’l, redear sunfish, warmouth, and chain pickerel.
Forage species include the threadfin shad (Dorosoma petenense), golden
shiner (Notemigonus crysoleucas), coastal shiner (Notropis petersoni),
tadpole madtom (Noturus gyrinus}, flagfish (Jordanella floridee), least
killifish {Heterandria formosa), bluespotted sunfish (Ennecanthus
gloriosus), dollar sunfish (Lepomis marginatus), and swamp darter
(Btheostoma fusiforme). Other species include the Florida gar, lake
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chubsucker, brown bullhead, and yellow bullhead.

Year IT - 1977-1978 (poststocking). Sportfish aversged T,747.8
fish/ha and weighed 76.7 kg. Forage species averaged 29,914.2/ha,
which weighed 31.8 kg. Other species averaged 76.2 individuals and
weighed 1.1 kg. Blocknet data indicated sportfish comprised the majority
of the estimated standing crop of 109.2 kg/ha, even though bluespotied
sunfish dominated numerically with 63 percent, but comprised only 15 per-
cent by weight. Average number of individuals per net was 37,737.3.

Year ITI - 1978-1979 (poststocking). Sportfish averaged 8,965
fish/ha which weighed 83.8 kg. This was an increase of 20 kg from
Year II and an increase of 1.1 kg from Year I. The forage species aver-
aged 28.593 and weighed an average of 34,6 kg. Other species averaged
302.5/ha and weighed 2.5 kg, Average number and weight per net was
38,099.74 and 128.6 kg, respectively.

Sportfish increased numerically each year following Year I. The
sportfish weight for Year IT was slightly less than Year I but was
slightly larger for Year III., Forage species did not change appre-
ciably between the three years. Other species showed no trend between
the three years. HNo apparent change had occurred in the fish popula-
tion on Lake Conway,

Creel
Data are not available at this time,

Largemouth bass food habits

Year I - 1976-1977 (prestocking). Fourteen fish species,
Palaemonetes, Gomphidae, and Physidae were consumed by largemouth bass.
An average of 106.9 prey organisms weighing 470.4 g were found per 100
fish.

Fish remains comprised the largest category of food items--L3.L
percent by number and 1b.4 percent by weight. As a group, fish totaled
80.6 percent by number and 85.7 percent by weight. The most common
fish prey, in order of numerical abundsnce, included threadfin shad,
largemouth bass, bluespotted sunfish, bluegill, and redear sunfish.

Procambarus and Palaemonetes were important invertebrate food
items, with Gomphidae, Physidae, and Insectra o7 little significance.
Crayfish ranked third in bilomass, second in numerical zbundance, and
first in frequency of occurrences for all identifi=d categories.

Year IT - 1977-1978 (poststocking). Largerouth bass were primarily
piscivorous, with unidentified fish remains most abundant numerically.
Almost 35 unidentified fish were found per 100 stomachs. Crayfish (Pro-
cambarus sp.) was the second most abundsnt item followed by brook silver-
side and grass shrimp (Palaemonetes paludosus). Threadfin shad declined
in number from 1976-1977, and no cannibalism was found during 1977-1978.
By weight, redear sunfish was the principal food item and bluegill,
unidentified fish, sirens (Siren lacertina), and unidentified Lepomis
followed in importance. Unidentified fish was the food item most often
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encountered, found in 29 percent of stomachs examined. Crayfish was
second in freguency of occurrence, with no other organisms found in more
than 5 percent of the bass examined.

Year TIT - 1978-1979 (poststocking). Eight species of identifi-
gble fish were preyed upon by largemouth bass totaling 53.99 percent by
number and 90.23 percent by weight. Food items ranked in order of ob-
gervance following identifisble figh were: unidentified fish, copepods,
grass shrimp, and crayfish.

Overall, bass food habits apparently have not changed. Smaller
fish were examined this year; therefore, smaller food items (copepods)
appeared to be of a greater importance,

Bluezill food habits

Year T - 1976~1977 (prestocking). A total of 27 taxonomic cate-
gories, based on the lowest level of identification, were found in blue-
gill stomachs examined. A range of 12 to 141 food orgenisms was found
in the individuals examined.

Dominant groups of food organisms by number were Chironomidae
(36.9 percent), eggs (21.6 percent}, Cladocera (13.h4 percent), and
Trichoptera (13.4 percent). Other common dietary items included vege-
tative matter, Protozoa, Ostracoda, Gastropoda, Amphipoda, and Clicidae.

Year IT - 1977-1978 (poststocking). Crustaceans were the most
sbundant item in bluegill diets (53 percent) with cladocerans, copepods,
and amphipods increasing in number compared to 1976-1977. The percent-
age of crustaceans increased by 33 percent from the baseline year.

Insects comprised 36 percent by number of bluegill food items:
chironomid larvae and pupae constituted cover 99 percent of this
category.

Crustaceans were observed in 98 percent of bluegill stomachs ex-
amined, with amphipods the most common category. Insects were found in
95 percent of all fish examined; dipterans were the most common order
{84 percent) and chivonomids the most often encountered family (74 per-
cent)., Other commen items were Trichoptera larvae, hydracarinids, and
plancrbvidae snails.,

Year III - 1978-1979 (poststocking). Chironomidse was the most
important food item, occurring 1,199.72 times per 100 fish examined.
Amphipoda, Trichoptera, and Ostraccda ranked second, third, and fourth,
respectively, in value as food items,

There vas no major change in bluegill food habits from Year IT,
but 8 slight increase was noted in number of items from Year I.

Bluefin food hsbits

Year T - 1976-1977 (prestocking). A total of 23 food categories
were found. An average of 2,023 food corganisms were found per 100 fish.
Cladocera dominated in stomachs, yielding 1,019 organisms per 100 fish
(50.46 percent). The only other groups that comprised more than
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10 percent of the total were Ostracodas and Chironomidae. Other common
food organisms includl=d Copepoda, Amphipoda, Hydracarina, and eggs.

Year II - 1977-1378 (poststocking). Crustaceans dominsted ‘n
stomach contents of bluefin killifish (79 percent by number)} followed
by insects (17 percent). Ostracods were the most numerous prey items,
comprising L2 percent by number of the diet occurring in 48 percent of
fish examined., Copepods were the second most abundant item and were
found in L0 percent of bluefin killifish stomachs. Chironomid larvae
were the principsl insect by number consumed constituting 15 percent of
the diet.

Year ITY - 1978-1979 (poststocking). Cladocera occurred 309.h
times per 100 fish (39 percent). Copepoda were second in frequency of
occurrence, identified 135.3 times per 100 fish. Chironomidae were the
most important insect food item encountered.

Food habits of bluefin killifish have not changed drastically f{rom
Year I and IT.

White amur food habits

Year II - 1977-1978 (poststockingl; Grass carp fed almost ex-
clusively on vegetation, Sixteen fish less than 500 mm were sampled
and they preferred hydrilla, while larger specimens had consumed prin-
cipally Illinois pondweed and Nitella. Other plant species and animal
food were taken in negligible amounts.

Yesr IIT - 1978-1979 {poststocking). OFf the 25 fish examined,
34.83 percent of the Zood consumed was filamentous algae. Nitella
(30.42 percent), I linois pondweed (16.88 percent), and hydrilla
(12.21 percent) comprised the majority of the bulk. Animal foods
were found in trace amounts.

Six fish were captured in a somewhat isolated (one narrow entrance)
cove and all had consumed large amounts of filamentous algae; this ac-
counted for & change in food preference from Year IL. These six fish
were an isolated situation and probably do not represent a true prefer-
ence in food vegetations. Food preference appears to have shifted
from I1llinois pondweed to Nitella. This shift is most likely due to a
loss of Illinois pondweed in Lake Conway.

Waterfowl and Wading Birds Resultis

Sampling results

Year I — 1976-1977 (prestocking). A total of SO species and an
average of 1,981 individuals per month were observed. The ten most
abundant species were ring-neck duck (dythya collaris), muscovy duck
(Catring moschata), American coot (Fulica americana), Tlorida gallinule
(Gallinula chloropus cachinnans), herring gull (Larus argentatus), mal-
lard duck (4dnas platyrhynchos platyrhynchos), least tern (Sterna
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albifrons), tree swallow (Iridoprocne bicolor), red-winged blackbird
(Agelaius phoeniceus), and boat-tailed grackle (Cassidix mexicanus};
each averaged more then 20 individuals per month and, when totaled,
comprised 88,48 percent of the total avifauna. Other common species
averaging between 5 and 20 individuvals per month included canvasback
duck (Aythya valisineria), limpkin (Aramus quarawna), pied-billed grebe
(Podilymbus podiceps), great blue heron (Ardea herodias), green heron
(Butorides vivescens), least bittern (Ixobrychus exilis), and fish crow
{Corvus osstifragus).

Yeor I - 1977-1978 (poststocking). Forty-one species of water-
fowl and wading birds were observed with a mean of 1,015 individuals
per month, Average number per month was considersgbly lower than the
baseline year. November through February produced the largest numbers
due to the influx of migratory waterfowl, with American coots, ring-
necked ducks, and ring-billed gulls the most numercus species observed
during this period. Fewer species of migratory waterfowl were observed
as compared to Year I. Principal wading birds present were greai blue
heron, green heron, great egret (Casmerodius albus), and Louisiana heron
(Egretta tricolor).

Year IIT - 1978-1979 (poststocking). Fewer species of waterfowl
and wading birds were observed on Lake Conway. The number of species
declined by 30 percent, dropping from 41 species in 1977-1978 to 29
species for the year 1978-1979. The average number of birds per obser-
vation decressed by 20 percent in 1978-1979. Average number of birds
per observation decreased to 908 during Year ITI. 'The winter quarter
again had the greatest influx of birds; this quarter's survey revealed
1,385 birds. Ring~-necked ducks totaled only 221 specimens in the win-
ter quarter. The most predominant species observed was mallard duck,
with a total of 152.25 per observation.

The winters of Year I and Year 11 were milder than the winter of
Year ITI. Milder winters most likely caused fewer waterfowl to over-
winter on Leke Conway. Urbanization (shoreline development) is a
probable cause for the reduction of wading birds.

Waterfowl food habits

Year II - 1977-1978 (poststocking). Gizzards from four species of
waterfowl revealed ten plant species and nine animal taxa, Leaves and
stems of hydrilla and Illinois pondweed were the most commonly en-
countered food items, with hydrilla accounting for 14 percent by volume
of all gizzards examined. Nitella oogonia were found in 23 percent of
the specimens, but constituted a small wvolume. Mallards and Florida
ducks fed heavily on seeds, principally Tllinois pondweed and wax myrtle
(Myrica cerifera) seeds. Ring-necked ducks consumed primarily Nitella
cogonia, with Illinois pondweed seeds the second most abundant food
item.

Year IIT -~ 1978~1979 (poststocking). Cattail (Typha latifolia)
seeds and Illinois pondweed leaves were noted in 46 percent of coot
gizzards examined this year., Cattail seeds ranged from 20 to 200 per
gizzard when present. Other vegetation noted wes waterhyacinth
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(Eichhornia crassipes) leaves and roots. Insect remains were found in
two gizzards.

I1linois pondweed was preferred by ring-necked duck with 75 per-
cent of the gizzards containing at least one piliece of a plant. One
gizzard contained a small amcunt of hydrilla., Total animal matter con-
sisted of six snails (Physidae) and 1 ml of c¢rushed clam shells.

Tllinois pondweed was one of the most preferred food items of
vaterfowl in both years. Illinois pondweed proved to be an important
food item in both years. Hydrilla was important in the first year, but
quantity consumed during the second yesr was drastically reduced, The
reduction in consumption of hydrilla msy be due to the reduction of the
plants in the lake,

Aguatic Mammals Results

Sempling results

Year I - 1976-1977 (prestocking). Aquatic-oriented mamrals ob-
served in, or adjacent to, Lake Conway included opossum (Didelphis mar-
suptalig), raccoon (Procyon lotor), river otter (Luttra canadensis),
Florida water rat (Neofiber alleni), and marsh rabbit (Sylvilagus palus-
trig). Three hispid cotton rats (Sigmodon hispidus) were the only maum-
mals captured during the week of T-11 March 1977.

Year II - 1977-1978 (poststocking). Sherman traps captured pri-
marily hispid cotton rats, but success was quite low (0 to 15 percent).
Three rice rats (Oryszomys palustrig) were also taken. Racocons and
opossunms were the principal larger mammal species present., Forty-seven
traps set for Florida water rats produced nine animals, with success
per site varying from O to 60 percent.

Numbers of Florida water rat houses observed were quite variable,
ranging from 39 in January at the west pool site to 0 in March at all
locations. Maidencane and plckerelweed were the preferred piants for
constructing houses, although other plants were used when these plants
were sbsent.

Year TII - 1978-1979 (poststocking). Loss of two sites due to
urbanization greatly curteiled sampling of aquatic mammals. Agein,
numbers of houses varied greatly with extremes in water levels. Winter
and spring trapping produced 26 hispid cotton rats, 8 opossums, 3 rice
rats, 4 raccoons, 1 marsh rsebbit, 1 river otter, and 1 Florida water
rat.

Floride water rat nests ranged from 12 in the spring quarter st
the west pool site tc 0 for the same site in the fall quarter. Water
levels were normal for the spring quarter and extremely low during the
fall quaerter. The most sought after plants for house construction were
again maidencane and pickerelweed,
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Loss of aquatic mammals was primarily due to urbanization. If the
loss of shoreline is continued, aguatic mammals will have to seek other

locations.

Summary

The apparent reduction of Illinois pondweed and hydrilla has had
nc definitive effect on fish populations during the three study years.
Continued loss of Illinois pondweed could cause a shift from littoral
zone fish to pelagic species. Loss of this plant and hydrilla {impor-
tant food items for migratory birds) could also mean a decline in over-
wintering waterfowl. Continued feeding by grass carp on Illinois pond-
weed could possibly cause complete elimination of this plant. Currently,
uwrbanization has had the greatest effect on aguatic mammsls.

283




References

Avault, J. W. 1965. Biological weed control with herbivorous fish.
Proc, South. Weed Conf., Jan. 19-21, 1965. Dallas, Tex.

Birkenholz, D. E. 1963. A study of the life history and ecology of
the round-tailed muskrat (Neofiber alleni True) in north-central
Plorida, Ecol. Mon. 33:187-213.

Cross, D. C. 1969. Aquatic weed control using grass carp. J. Fish
Biol. (1)}:27-30,

Guillory, V. et al. 1977. Lake Conway Grass Carp ProJect. Florida
Gawe and Fresh Water Fish Commission Mimeo Report: 91 pp.

Haller, W. T. 1977. Hydrilla. Circular S-245. Institute of Food
and Agricultural Sciences, Agricultural Experiment Station,
University of Floride, Gainesville, Fla. 13 pp.

Sutton, D. L. 19Tk, Utilization of hydrilla by the white amur. Hya-
cinth Control J. 12:66-73.

Wegener, W.,, D. Holcomb, and V, Williams, 1973, Sampling shallow water
fish populations uvsing the Wegener ring. Proc. S. E. Assoc. Game
and Fish Commission 27:663-66L,

284



LARGE-SCALE OPERATICNS MANWAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Water Quality

by
R. T. Kaleel¥*

Introduction

The mission of the Orange County Pollution Control Department in
the Leke Conway LSOMI has been to document prestocking or baseline water
quality characteristics and subsequent changes occurring since the stock-
ing of the white smur, Additionally, the chemical and physical analyses
of benthic sediments and aquatic macrophytes were undertaken.

Operating Procedures

To accomplish this, monthly water samples were obtained from near-
surface, middepth, and/or near-bottom levels in the water column at 11
selected stations (Figure 1). Also, guarterly samples were obtained
from stations located near the center of the respective pools. This
sampling schedule was changed during the second poststocking period
whereby some of the selected stations were sampled every other month,
Table 1 lists the parameters that were selected to document water qual-
ity as well as the chemical and physical characteristics of benthic
sediments and aquatic macrophytes. All water quality analyses were
performed according to the procedures outlined in Standard Methods,**
or were performed in accordance with procedures mutuazlly agreed to by
the Orange County Pollution Control Department and WES.

Prestocking Data Analysis

The prestocking or baseline time frame began in January 1976 and
extended through August 1977. Table 2 illustrates the wmean concentra-
tions and stendard deviations of several parameters recorded for Lake

¥  QOrange County Pollution Contrcl Department, Orlando, Florida.
¥%  American Public Health Association. 1971. Standard Methods for
the Examination of Water and Wastewater. 13th ed.
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Table 1
Water Quaelity Parameters

Chemical and Biological Apalysis

Dissolved oxygen (DO) Solids, volatile
Biochemical oxygen demand {BOD) Turbidity

Chemical oxygen demand (COD) Sodium

Hardness Calciuvm

pH Magnesium

Alkalinity Potassium

Acidity Iron

Phospheorus, total Copper

Phosphorus, ortho Lead

Phosphorus, total unfilterable Chlorophyll a
Nitrate-nitrite Chlorophyll b

Ammonia Chlorophyll ¢

Organic nitrogen Ratio, chlorophyll b:a
Chlorides Functional, chlorophyll a
Solids, total Nonfunctional, chlorophyll a
Solids, suspended Carotencids, nonastacins

In Situ Measurements

Temperature Oxidetion reduction potential
Specific conductance Dissclved oxygen

Secchi disc Primary productivity

PH
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Table 2

Baseline Data Comparison

132497 400117
Lake Gatlin South Pool
Standard Standard
Parameter Mean Value Deviation Mean Value Deviation
Temperature 23.6°C 5.79C 23.2°C 5. 6%
Conductivity 270 umho/cm 12 umho/ecm 210 umho/cm 12 umho/cm
Alkalinity L0 mg/2 3.6 mg/Q 32 mg/ % 1.4 mg/2
Hardness 82 mg/ % 4.8 mg/s 60 mg/ 2 5.8 mg/8
Caleium 1% mg/2 1.8 mg/2 13 mg/% 1.8 ng/t
Sodium 16 mg/% 2.5 mg/1 15 mg/2 0.9 mg/2
Potassium 5.3 mg/4 0.3 mg/t 4.0 mg/2 0.3 mg/2
Magnesium 11,0 mg/2 0.7 mg/% 6.5 mg/% 0.4 mg/
Secchi disc 2,1l m 0.7 m 2.9 m 0.Tm
Organic nitrogen 0.56 mg/2 0.13 mg/% 0.49 mg/2 0.07 mg/2
BOD 1.3 mg/% 0.5 mg/t 1.1 mg/t2 0.4 mg/2
COD 15 mg/% 5 mg/% 16 mz/% b mg/z
Total solids 170 mg/2 16 mg/2 130 mg/% 6 mg/2
Total phosphorus
(filtered) 0,018 mg/2 0,006 mg/% 0.017 mg/Lt 0©.007 mg/s
Total phosphorus
{(unfiltered) 0.028 mg/% 0.009 mg/f 0.025 mg/% 0.009 mg/%
Volatile suspended
solids 2.5 mg/4 1.8 mg/s 1.7 mg/t 1.2 mg/2
Carotenoids 6.5 ng/m3 L.8 mg/m3 3.1 mg/m3 2.8 mg/m3
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‘Gatlin and a sampling station in the south pocl. These data more or
less represent the extremes documented during the baseline study.
Specific conductance, hardness, and total solids data show that Lake
Gatlin is more highly mineralized than the south pocl. Considering ell
data compiled for total filtersble phosphorus, total unfiltered phos-
phorus, and organic nitrogen, all concentrations fell within one stan-
dard deviation of the respective means calculated for the baseline
study. Nitrate-nitrite, ammonia, orthophosphorus, and copper were segl-
dom measured in concentrations greater than their respective detection
limits. Iron and lead concentrations were only reported at the detec-
ticen limits during the baseline study. Figure 2 illustrates the general
trend of decreasing mineralization from Lake Gatlin downstream through
the various pools. Likewise, Pigure 3 shows that chlorophyll & levels
followed a similar pattern--the phytoplankton community declined from
Lake Gatlin downstresm to the south pool.

Parameters found to vary seasonally included organic nitrogen,
total filterseble phosphorus, dissolved oxygen, chlorophyll 2, and caro-
tenoids. Figure 4 illustrates a summer and fall maximum of organic
nitrogen and chlorophyll a and a concomitant minimum of total filter-
able phosphorus. The reverse trend occurs in the winter and spring--a
maximum of total filterable phosphorus cccurs with a corresponding mini-
mum of organic nitrogen and chlorcphyll a concentrations. Similar
seasonal trends were noted in each of the respective pools during the
baseline period.

Another factor that was documented during the baseline study was
the tendency of the wvarious pools to stratify during the warmer months.
Table 3 shows that an extreme stratification was occurring at the sta-
tion along the west shore of the west pool, and a less severe stratifi-
cation occurred in the east and south pools. While stratification is an
important determinant in the vertical distribution of various parameters
occurring in the water column, statistically, dissolved oxygen, pH,
turbidity, and chlorophyll s were found to vary significantly with
sampling Zdepth.

Table 3

Stratification Data

Wast Pool East Pool South Pool
(157435) (370510) (340160)
8-25-76 9-30-76 6-24-76

Depth Temp Do Depth Temp Do Depth Temp e

m oC mg/ ¢ m o¢ ng /4 ol og ng/¢
N.S, 27.5 7.6 .S, 28.5 8.2 N.S. 27.0 8.1
3.7 27.5 7.4 3.2 28.5 6.7 4,3 27.0 7.9
7.0 23.5 0.1 6.0 27,5 0.2 8.5 26,0 0.2
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Figure L. Correlation of selected parameters for sampling
station 132497, Leke Gatlin

Thus, baseline studies documented spatial and tewmporal trends

with regards to water guality. A4lso, other limnological factors were
identified and documented that influence water quality.

Poststocking Data Analysis

Septerter 1977-August 1978

The first poststocking time periocd began in September 1977 and
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extended through August 1978. Table L gives a comparison between ad-
Justed baseline and poststocking mean concentrations. The adjustment
in the vuseline data was necessary because of seasonal bias that re-
sulted from comparisons of the 20-month baseline time frame versus the
12-month poststocking time frame, Volatile suspended solids, biochemi-
cal oxygen demand, turbidity, and totsel filterable and total unfiltered
phosphorus decreased in concentration. Mean organic nitrogen, chloro-
phyll a, and carotenoid concentrations were relatively unchanged by
comparison.,

Wgter qualitly parameters previously reported at concentrations
less than their respective limits of detection followed a similar pat-
tern for this poststocking period. However, copper, nitrate, and
ammonia measurements exceeded detection limits on several occasions.
Also, during this first poststocking period, the trend of decreasing
mineralization from Lake Gatlin downstream through the various pools
changed somewhat., Figure 5 shows that the mean values for hardness
were very similar in all pools--the means ranged from 61 to 65 mg/R
for all stations, except for Lake Gatlin. Figure 6 illustrates that
the distribution of chlorophyll a followed a similar spatial pattern as
that of hardness.

In summary, a trend developed in which &1l pools exhibited simi-
lar concentrations of water quality parsmeters, with the exception of
Lake Gatlin. Alsc, mean concentrations of phosphorus decreased st all
stations, while copper, nitrate, and ammonia were occasionally detected
in the water column at most stations,

September 1978-August 1979

"he second poststocking time frame began in September 1978 and
extended through August 1979. Table 4 slso gives a comparison of data
collected during the second poststocking time pericd. Comparing the
mean velues, four of the nine parameters decreased in concentration
when compared to the baseline data. Net decreases were noted for total
filterable phosphorus, total unfiltered phosphorus, BOD, and volatile
suspended solids. Organic nitrogen values remained relatively un-
changed on a percentage basis compared to the baseline period. Potential
significant percentage increases were noted for ammonia nitrogen, COD,
chlorophyll s, and carotenoids. Statistical tests were performed on the
parameters identified as having potenitially significant changes in con-
centration levels. At the 95 percent confidence level, only ammonia
nitrogen and total unfiltered phosphorus exhibited significant change.
Both of these parameters showed significant change at the 99 percent
level of confidence. Only at the 99.9 percent level of confidence did
changes in the concentrations of these parameters become insignificant.

Several of the water quality parameters previously reported as
nondetectable ceased to conform to this patiern, Nitrate-nitrite
nitrogen was observed in measurable concentrations as the result of a
decrease in the detection level for this parameter. However, smmonia
nitrogen was previously only occasionally measured in amounts exceeding
the minimum detectsble lewvel. During this poststocking period, this
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Comparison of Prestocking and Poststocking Data

Table 4

Adjusted
Baseline Baseline  Poststocking I Net Poststocking II Net
Parameter Mean Value Mean Value Mean Value Change, % Mean Value Change, %
Total filtered phosphorus 0.017 0.0165 0.012 -2k 0.010 mg/% -39
Total unfiltered
phosphorus 0.025 0.025 0.016 -36 0.015 mg/g -40
Orgenic nitrogen 0.50 0.515 0.50 -3 0.53 mg/% L
Carotenoids .2 3.1 3.3 +6 4.4 mg/m3 +30
Volatile suspended solids 1.8 1.8 12 -33 1.6 mg/4 -11
BOD 1.3 1.4 0.9 -36 1.2 mg/t -7
COD 1.5 1.6 1.3 -19 20 mg/L +25
Chlorophyll s 6.3 5.5 5.9 +7 6,1 mgtur- +14
Ammonia nitrogen 0.09 mg/8 +hh
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parameter was found to exceed the detection limits at all 11 sampling
stations. Total filterable phosphorus concentrations were consistently
observed to be present in amounts less than the detectable level. Other
minor changes were noted concerning the frequency in which detectable
values occurred,

In summary, the baseline report nofed a trend of decreasing min-
eralization proceeding from Lake Gatlin to the south pool of Lake Conway.
This trend appeared to change during the first poststocking periocd in
that the south, middie, eastern, and western pools developed a tendency
toward similar water guality conditions. This change appears %o have
continued during the second 12-month poststocking period.

Conclusions

Statistical analyses show that the changes in water quality that
occurred during this second poststocking period were insignificant,
with the exception of phosphorus and ammonia nitrogen concentrations,
The potential tremnds that were noted during this sampling period are
summarized as follows:

a. Filtereble and unfilterable phosphorus concentrations are
decreasing significantly.

b. Ammonia nitrogen concentrations have increased to levels
exceeding the minimum detectable level of this parameter,
and the increase that has occurred is statistically signifi-
cant, albeit the mean concentration is 0.09 mg/%.

¢, COD concentration levels have increased slightly, but not
significantly.

d. Organic nitrogen concentration levels are relatively
unchanged.

e. Carotencids and chlorophyll a levels are increasing, al-
though not significantly.

f. Volatile suspended solids and BOD concentration levels have
reversed their previous decreasing trend and have reverted
to levels greater than the first poststocking period, but
less than the baseline period.
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LARGE-SCALE OPERATTOYS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Benthos

by

Thomas L. Crisman¥* and Floor M. Kooijman¥

Introduction

The Department of Environmental Engineering Sciences of the Univer-
sity of Florida has been responsible for monitoring the response of
phytoplankton, zooplankton, and benthic invertebrates to white amur in-
troduction into Lake Conway, Florida, as part of the LSOMT conducted by
WES. White amur (7000) were added to Lake Conway during September of
1977, but prestocking data collection began in April 1976. This paper
presents the initial results of biological analyses for the second
poststocking year (September 1978 to September 1979). A detailed report
covering this period will be supplied to WES at a later date.

Secchi Disc Transparency

In lake systems such as Lake Conway that are little influenced by
inorganic turbidity, water clarity, as measured by a Secchi disc, pro-
vides a semigquantitative estimate of algal density in the water column.
Secchi transparency in Lake Conway has always been greatest during winter,
the period of lowest algal biomass, and least (1.8 to 2.0 m) during
summer associated with an expansion of algal populaticns. With the
excepticn of the absence of a pronounced increase in Secchi transparency
during the winter of 1978-1979, no major differences in water clarity
were apparent between prestocking and poststocking years. The low winter
Secchi transparency during the second poststocking year is attributed to
an sbnormally high seasonal algal population during this period.

Phytoplankton

Atgal density 1n the water column of Lake Conway (Figure 1) was

* Department of Environmental Engineering, University of Florida,
Gainesville, Florida.
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Figure 1. Phytoplankton concentrations in the Middle Pool of Lake Conway both before and after
the September 1977 introduction of white amur



generally maximal during summer and minimal during late winter and early
spring, thus paralleling seasonal changes in Secchi disc transparency.
Algal populations were higher during the summers of both the first and
second poststocking years than recorded for the prestocking years, and
the 1978-1979 winter algal density was at least double that recorded for
a comparable period during previous monitoring.

The importance of blue-green algae generally paralleled seasonal
changes in total phytoplankton concentrations. Blue-green algae rarely
constituted greater than 60 percent of total phytoplankton individuals
in Lake Conway prior to white amur introduction, but following the spring
of the first poststocking year (1978), blue-green algae consistently
represented greater than T5 percent of total algal abundance (Figure 2).
This increased importance of blue-green algae was accompanied by a
30 percent reduction in the total number of phytoplankton species
encountered in the lake. Blue-green algae became dominant largely at the
expense of diatoms and c¢ryptophytes.

Zoor:iankton

During the prestocking years, zooplankton populations (Figure 3)
were maximal during spring (March-May), fell to minimal levels during
summer, and displayed a secondary population peak during fall (September-
November). The spring peak during the first poststocking year was
extended relative to that of previous years. In addition, the fall popu-
lation peak during this year was nearly equal to the spring peak, and
populations remained high throughout the winter and spring of the second
poststocking year. The extended seasonal zooplankton population peaks
cbserved especially during the second poststocking year are attributed to
the increased availability of phytoplankton, the principal zooplankton
food, during this period.

Or an annual basis, the zooplankton assemblage of Lake Conway was
dominaten by copepods during both the prestocking and poststocking
perieods. The two major subdominants, cladocerans and rotifers, increased
in importance seasonally, but no major difference in their overall
importance can be associated with the introduction of white amur.

Benthic Invertebrates

Throughout the Conway study, the density of benthic invertebrates
was consistently higher at shallow (less than 4 m) than at deep (greater
than 4 m) stations (Figure L) with maximal numbers appearing generally
during winter and minimal numbers during summer. Similarly, the same
trends were evident for the number of benthic invertebrate species
encountered in the Conway system. Neither the density of individuals nor
the number of benthic species differed markedly between the prestocking
and poststocking periods.
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Finally, the relative importance of the major benthic invertebrate
groups did not change as a function of white amur introduction. Although
minor seasonal differences were noted, shallow stations were dominated
throughout the year by oligochaetes and chironomids, while these two
groups shared their dominance of the benthic assemblage in deep water
with the phantom midge, Chaoborus. Chaoborus is not entirely benthic
in its behavior, but migrates vertically through the water column to feed
on zooplankton in the surface waters at night.

Conclusions

Phytoplankton and their principal grazers, zooplankton, have dis-
played the greatest biotic response to the introduction of white amur
into Lake Conway, Florida. Algal concentrations began to increase
markedly over prestocking levels 10 months following white amur intro-
duction. Prestocking seasonal patterns are still evident, but popula-
tions for any given month are now at least double those of comparable
months from the prestocking period. This increase in total aigal
abundance has been accompanied by increased dominance of blue-green algal
species largely at the expense of diatoms, cryptophytes, and green algae.
Zooplankton populations also increased in response to increased algal
availability; however, unlike the algae, no major shift in zooplankton
dominance accompanied white amur introduction.

The bilotic response to fish stocking was least pronounced with the
benthic invertebrates. Shallow stations {less than 4 m) consistently
were characterized by higher benthos densities than deep (greater than
Y m) stations throughout the investigation, but no major population or
compositional changes can be associated with white amur introduction.
The greater density and diversity of the shallow relative to deep
stations are attributed to greater habitat diversity (macrophytes, sub-
strate heterogeneity) and less pronounced oxygen stress at the former
stations.

In summary, the plankton (phytoplankton and zooplankton) have
increased as 8 result of the introduction of white amur into Lake Conway,
but it is still too early to determine whether the system has reached a
new level of biotic stability. It is likely that the plankton biomass
increase is only temporary and that plankton biomass will stabilize at a
lower level with time.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Herpetofauna

by
J. 8. Godley,¥ Roy W, McDiarmid,* and G, Thomas Bancroft¥

Introduction

The environment of centrel Florida with its extensive lake habitats
provides an ideal setting for intensive field studies of subtropical
aquatic ecosystems. With the exception of a few local studies, no de-
tailed, integrative investigations of aquatic community dynamics exist,
Thus, the proposal by WES (Addor and Theriot 1977) to investigate
the suitability of the white amur Ctenopharyngodon idella (herein re-
ferred to as grass carp) as a potential biclogical control agent of
hydrilla (Hydrilla verticillata) was particularly interesting and
timely. MNot only did the proposed study include an evaluation of the
effectiveness of the grass carp as a weed control agent and its lmpact,
direct or indirect, on the associated biota of the system, but it also
provided an opportunity to do the first detailed study of a community
of amphibians and reptiles in a large aquatic environment.

Objectives

In June of 1977 a study of the herpetofauna of Lake Conway was
initiated with the following objectives:

a. To determine the species of amphiblans and reptiles in-
habiting the lake system.

b. To ascertain the habitat requirements, distribution, ecology,
and seasonal activity of these species in the system,

¢. To establish quantitative baseline population data for the
more common or otherwigse important svpecies in each pool in
the system including density by habitat, relative age (size)
structure, moverents, growth, reproduction, food habits, and
related parameters as deemed feasible,

d. To quantitatively monitor changes in the species composition

¥ Department of Biology, University of South Florida, Tampa, Florida.
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or their population parameters during poststocking periods.

e, To determine whether any changes are the result, directly or
indirectly, of the grass carp weed control program.

Because of the ecological and behavioral differences that charac-
terize the amphibian and reptile species of Lake Conway, several differ-
ent kinds of collecting equipment and techniques were used. A 16-ft
Jon boat with a 25-hp outboard motor was used in placement and monitor-
ing of funnel traps, conducting alligator counts, and censusing
shoreline sites.

Sampling Program

The Lake Conway herpetofaunal sampling program involved long-term
mark and recapture studies of certain species and incidental and/or
short-term studies of the remaining species. Becsuse of the varied
ecologies and life histories of the species, several different measur-
ing and marking procedures were required. These techniques are oubt-
lined in the following paragrsphs.

Aquatic salamanders

Early in the study no permeanent marking technique was available
for salamanders of the families Amphiwnidae end Sirenidae, and species
either were released unmarked or taken for destructive samples. From
September 1977 through July 1978, adults of these salamanders were ex-—
perimentally tagged with plastic numbered Floy fish tags (Model No.
FD-68) similar to those described by Pough (1970). The tags, measuring
4.8 cm in total length and weighing 2.0 g, were inserted through the
base of the salamander's tail with the T portion protruding through the
opposite side {salamanders lack the pterygial bones of fishes prevent-
ing internal anchorage of the T). Specimens were weighed {to 0.1 g),
then snout-vent length (SVL = tip of snout to posterior margin of vent)
and total length (TL = tip of snout to end of tail) were measured by
placing the salamander in a V-shaped, clear plexiglas measuring device,
As a scoondary means of identification, all bite marks, scars, and de-
formities of salamanders were recorded beginning in March 1978. After
processing, all salamanders wvere released at the capture site.

Many salamanders that were Floy-tagged, released in the field, and
subseguently recaptured had ripped out the tag. Although these animals
could be distinguished as a recapture, positive identification of indi-
viduals often was not possible and Floy-tagging of salamanders was dis-
continued., Beginning in August 1978, all Siren and Amphiwmna were cold-
branded for 8 to 10 sec on the abdomen with copper wire numbers dipped
in liquid nitrogen., These brands were recognizable for at least 1 year
in the field and this methed was used for salamanders for the remainder
of the study.
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Aguatic turtles

All speciles of agquatic turtles in the lake system were monitored.
Standard measurements taken were weight (to nearest 0.1 g for turiles
< 1000 g; to nearest 10 g for turtles > 5000 g) and carapace length (CL =
straight mid-line distance with ¢alipers from anterior-most to posterior-
most point of carapace) and plastron length (PL = anterior-most to poste-
rior-most point of plastron) to the nearest millimetre. Throughout the
study emydid turtles {Chrysemys floridana, C. nelsoni, Deirochelys reticu-
laria) were marked by drilling holes in (adults) or notching (juveniles}
the marginal scutes using a numbering system similar to Cagle's (1939).
Other species were toe-clipped from Juwly 1977 through December 1977 but
merked with numbered Floy fish tags (4.8 cm total length, 2.0 g} begin-
ning in January 1978. The Floy tags vere inserted through a hole
drilled in a posterior marginal scute of the turtle.

Alligators

American elligators (Alligator mississippiensis) were not marked
for recapture on Lake Conway because {a) the animals are difficult and
dangerous to capture and process, () Federal and State permits are
required for these procedures, and (c) the alligator population on
Lake Conway was found to be small and easily monitored by nocturnal
censuses and nest counts.

Larvsl amphibians

The composition, distribution, and relative density of the tad-
pole fauna of Lake Conway were estimated for each permanent trapping
station at the five littoral zone sites, Initially, five standard
sweeps of a dip net were taken before the funnel traps were set at a
station, In addition, the number and identity of all tadpoies col-
lected gt littoral zone and deepwater trapping sites were recorded.
Because dip netting disturhed the vegetation at trapping stations and
was less successful at collecting tadpoles than funnel traps, dip net-
ting was discontinued. Beginning in April 1978, all tadpoles collected
in traps were staged (Gosner 1960) to obtain population estimates of
developmental rates and larval lifespan.

Adult frogs

Fros species were monitored by shoreline censuses, herp-patrols,
and funne. traps. Because of their cryptic nature and difficulties in
capturing adequate numbers of most species, adult frogs in genersl were
not marked for recapture, Instead, the most effective method of moni-
toring the frog populations proved to be recording the calling activi-
ties of males during herp-patreols. This sampling technique was ex-
panded in December 1978 to include actual counts of calling males per
10-m increments on all permanent shoreline sites.

Snakes

A1l species of aguatic and semiaquatic snakes on Lake Conwey
were monitored by diurnal shoreline censuses, herp-patrols, and funnel
trapping. All collected snakes were identified, sexed (adults only),
weighed and measured, individually marked by clipping the wventral
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scales (Brown and Parker 1976), and released at the capture site.

A total of 5,836 individusls representing 11 species of amphibians
and 16 species of reptiles were observed or captured on Lake Conway dur-
ing the 1l5-month baseline study period. Only species dependent on Lske
Conway proper for socme portion of their life cycle and therefore po-
tentially affected by the introduction of grass carp were considered.
Approximately 93 percent of the sampled herpetofauna was obtained within
the first 3,000 specimens and one species thereafter. Based on this
sample there are three species of salamanders, eight anurans, one croco-
dilian, eight turtles, ané seven snakes inhabiting thé Lake Conway com-
plex. Seversal other rare species may be present.

The probability of capturing or observing a species wvaried by
sampling method., Of the 27 amphibian and reptile species known frcm
Lake Conway, 23 species were identified on herp-patrols and three
(Deirochelys reticularia, Hyla femoralis, H. squirella) were known only
from herp-patrol activities, No species were taken only in funnel
traps during the baseli~c study period, but this method did account for
a sizeable portion {>30 percent) of the observations for Amphiwng means
(93.5 percent), Siren lacertina (57.8 percent), Knosternon subrubrum
(49,1 percent), Nerodia eyclopion (31.1 percent), and most anuran larvae.
Three species were known only from shoreline censuses, including a sala-
mander (Furycea quadridigitata) snd two snakes (Regina alleni, Thamno-
phia sirtalis). All other species were taken by at least two sampling
methods.

Judging from the total cumulative species-number curve for Lake
Conway shown in Figure 1 and the total number of observations recorded
for each pool, between 70 and 80 percent of the total herpetofsunal
species inhebiting each pool has been recorded. South Pool had ithe
greatest total number N of observations (N = 1,429) and the highest
number of recorded species (N = 22); West Pool had the lowest total
number of observations (888) and recorded species (14). Other nools
have intermediate values but the species rank order is not in agreement,
perhaps indicating differences in habitat avsilabilify, species even-
ness, and/or sampling error.

The known distribution of herpetofaunal species varied by pool.
Cf the 27 species presently recorded from the Lake Conway syster, 11
occur in all pools. These 11 species account for 9L4.Ll percent of the
total observations; none represent less than 1,71 percent of the species
total, Among the 16 species not known from all pools, no single species
contributes more than 1.35 percent to the species total. Additional
observations in poststocking years should more clearly define the dis-
tribution of amphibians and reptiles within the Lake Conway system.

Twenty-six species were observed on permanent shoreline sites.
One salamander {Furycea quadridigitata), a frog (Hyla squirella}, three
turtles (Chelydra serpentina, Deirochelys reticularia, Kinostermon
baurt), and four snakes {Coluber constrictor, Regina alleni, Thamnophis
sauritus, T. sirtalis) were recorded only on these permanent sites.
The treefrog Hyla femoralis is the only species on Laske Conway not
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known from a permanent shoreline site,

The mean relative densities of 11 species were found to vary sig-
nificantly between the five permanent shoreline sites during the base-
line study period, Funnel trapping showed significant between-site
differences in the relative densities of two salamanders (Amphiwma means,
Siven lacertina}, three frogs (Hyla cinerea larvae, Rana grylio adults
and larvae, R. utricularia larvae), two turtles {(Kinostermon subrubrum,
Sternotherus odoratus) and a snake (Nerodia eyclopion). The mean nuuber
of individuals observed or collected per hour on herp-patrols varied
gignificaently in four species including one frog (4deris gryllus) and
three turtles (Chrysemys floridana, C. nelsoni, S. odoratus).

Four species of frogs (Hyla cinerea, Gastrophryne carolinensis,
R. grylio, R. utricularia) recorded on herp-patrols differ in the mean
densities of calling males, but the site neans were not significantly
different if the entire baseline study period was considered. When
only the breeding seascns o these species were analyzed, significant
between-site differences in mean densities were obtained for A. gryllus,
Hd. c¢inerea, R. grylio, and R. utricularia. Apparently, the large num—
ber of tied scores introduced by including the many nights during the
nonbreeding season, when no frogs were calling, biased the rank sums
tests and significantly reduced the differences between sites.

Community Analyses

Included below are detailed community analyses of the five per-
manent shoreline sites on Lake Conway.

South Pool

The South Pool permanent shoreline site had the most diverse her-
petofauna of any site (19 species), but also received the most sampling
effort, The relative density of Kinostermon subrubrum was significantly
greater on South Pool than on all other sites. The highest total number
of observations for 11 other species also was recorded from the South
Pool site inecluding two frogs (Aeris grylius, Hyla squirella), four
turtles (Chrysemys floridana, Kinosternon bauri, K. subrubrum, Sterno-
therus odoratus}, and five snakes (Coluber constrictor, Farancia aba-
cura, Nerodia cyclopion, Regina alleni, Thamnophis sirtalis). Four of
these species (#. squirella, C. constrictor, R. alleni, 7. sirtalis)
were encountered only on the South Pool site during the baseline study
period. Thus, many elements of the Lake Conway herpetofauna sre best
known from Scuth Pool.

During the haseline study the shoreline of the South Pool site was
develeoped gradually for a housing subdivision. Because shoreline ge-
velopment was insidious, changes in herpetofaunal populations sre ex-
pected to be subtle,
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Middle Pool

The Middle Pocl site had the second highest number of recorded
species (18), but the mean relative density of any one species was not
eignificantly higher or lower than other permanent shoreline sites.
Middle Pool was the only site where the salamanders Amphiuma means and
Stren lacertina were equally common (4. means was 4.27 times more abun-
dant than S, Lacertina averaged over all sites). Especially common
species were pig frogs (Rana grylic) and ribbon snskes (Thamophis
sauritus). OF the two female alligators (Alligator mississippiensis)
known to nest on Lake Conway during the baseline study period, one
nested in the marshes of the Middle Pocl site and successfully hatched
12 to 16 young in August 1977. The nest site of this femaie was
destroyed in April 1978 and to the best of our knowledge she did not nest
on Lake Conway in the summer of 1978,

The Middle Pool site underwent significant changes during the
baseline study pericd. On 26 April 1978 all upland and shoreline vege-
tation between markers 0 and 120 was cleared with bulldozers and drag-
lines for a housing development but markers 121 to 200 were left intact.
To better elucidate changes in the distributicn and abundance of the
herpetofauna as a result of the perturbation, the analyses that follow
were divided into several subsets. All transects were divided into
"disturbed" and "undisturbed"” sections., In addition, analyses were
further subdivided into before and after disturbance categories.

After habitat modification, only 1 individual (a Rana utriculariq
larvae} was collected in 122 trap days on the disturbed section; 12
individuels representing six species were taken in 180 trap days before
this section was cleared. On the undisturbed section, 10 individuals
of four species were collected in 50 trap days before the adjacent
section was cleared; 24 individuals of nine species were recorded in
70 trap days after clearing. These data suggest that (a) clearing of
the emergent vegetation severely reduced herpctofaunal populations in
the altered areas and (b) surviving individuals may have emigrated to the
adjacent, undistrubed habitat.

The spatial distribution of calling frogs also varied as a result
of habitat modification. Unfortunately, rigorous recording of the
exact locations of calling males did not begin until December 1977;
thus, the predisturbance period is underrepresented, However, four
frog species called before disturbance, but only two species were
recorded from this section thereafter. A4eris grylius and Bufo terres-
trig can inhatit and successfully call from shore grass or bare beach
environments. However, both Hyla cinerea and Rana grylico require thick
emergent vegetstion; these species apparently were extirpated from the
disturved zone.

Bast Pool

A total of 15 amphibian and reptile species were observed on the
East Pool site during the baseline study period., The relative densi-
ties of three species (Amphiuma means, Siren lacertina, Hyla cinerea
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larvae), as measured by funnel trap success, were significantly higher
at Fast Pocl than at all other sites. In addition, East Pool was the
only site where the dwarf salamander, Eurycea quadridigitata, was found.
A1l of these species were associated with the mats of waterhyacinth
(Bichhornia crassipes) that dominated much of the site.

In contrast to funnel trapping, the number of nonfrog species ob-
served or collected during herp-patrols on the East Pool site declined
through time, This was due primarily to the relatively large numbers
of Sternotherus odoratus collected on early trips, which were not seen
later in the study period.

The temporal distribution of calling frogs on East Pool was simi-
lar to that of other sites. Greatest activity for most species occurred
from spring through early fall with a peak in late summer. Ranag uitri-
cularia was the only species to call frequently in the winter.

West Pool

The West Pool permanent shoreline site had the lowest number of
amphibian and reptilian species (N = 12) recorued o+ any site, This
was caused by an apparently depauperate sneke fauna: only one species
{Nerodia cyclopion) was recorded on the West Pool site but seven were
known from the Lake Conwey system. Four turtle species (Chrysemys
floridana, C. nelsoni, Stermotherus odoratus, Triomyx ferox), which
were common on most of Lake Conway, were relatively rare on the West
Pool site. However, the greatest total number of observations of three
frog species (Hyla cinerea, Gastrophryne carolinensis, Rana utricularia)
wvere recorded from this site.

Trap stations O through 70 were located on beach hsbitats in
several stages of plant succession. These stations produced no captures
even though 24.1 percent of the totsl number of traps set in West Pool
during the baseline study period were located in this region. On non-
beach trapping sites, the 14 stations dor ‘nated by waterhyacinth pro-
duced the greatest proportion of captures, accounting for 61.2 percent
of the total captures but only 36.5 percent of the traps set.

As noted for South Pool, the distribution of salamanders and rep-
tiles observed on West Pocl herp-patrols appeared to be dependent primar-
ily on off-shore habitat preferences of the component species. Sierno-
therus odoratus was the most commonly encountered species, and over 21
percent of the observations of this species on West Pool were recorded
at sites where dense stands of FPotwmnogeion occurred in shallow water.

The distribution of all species of calling anurans on the West
Pool site appeared clumped. The most abundant species, Hyla cinerea,
requires erect vegetation for calling sites, It called primarily from
four areas containing dense stands of Pontederia lanceolata or Typha
latifolia., The second most common frog, Gastrophryne carolinensis,
vocallzed most frequently from grass clwups along four sections of the
West Pool site,
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Gatlin Canal

For a disturbed man-made habitat, the Gatlin Canal site contained
a surprisingly high number of species (N = 14). This may be because of
the diverse array of microhabitats within the canal and/or because of
the accessibility of the two other major, alternate habitats (West
Pool and Lake Gatlin). Gatlin Canal was the only site where all species
cf aquatic turtles were known to occur, and the relative density of
three species {(Chrysemys floridana, C. nelsoni, Sternotherus odoratus)
was relatively high. However, for the effort expended at the Gatlin
Canal site, the diversity and abundance ©of snake species was low, prob-
ably because of the proximity of development and the tendency for land
owners to xill most snakes.

Slightly more individuals (54.2 percent of 387 total observations)
were sighted on the east side of Gatlin Canal than on the west side.
Sternotherus odoratus was the most common reptile at this site. The
largest concentration of stinkpots occurred near the entrance of Gatlin
Canal into West Pool, where a large patch of Nuphar Lutewn was estab-
lished. The species also was common along the shore opposite the Nuphar
bed, wiiich was bordered by Paspalum sp. and beach habitat. Other areas
in Gatlin Canal also produced large numbers of stinkpots but the associa-—
tion of the turtle with specific habitats was not obvious.

Compared with other sites, relatively few frogs were heard calling
in Gatlin Canal, but their spatial distribution was patchy. For exam-
ple, the southern toad, Bufo terrestrig, called only from beach habitats
or where the grass was mowed to the water's edge. Hyla cinerea was
heard calling mostly from stands of Pontederia lanceclata or Typha
tatifolia.
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LARGE-SCALE OPERATIONS MAWAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Ecosystem Modeling of the Effects of White Amur
Grazing on Energy Flows

by

Katherine Carter Ewel* and Thomas D. Fontaine, III*¥

Introduection

A model that incorporates both carbon and phosphorus flows is be-
ing formulated in order to predict the effects of white amur on ecosys-
tem structure and function in Lake Conway, Florida. The major organic
matter storages and pathways (Figure 1) include three producer groups:
phytoplankton; macrophytes and epiphytic algae, which appear to have a
mutualistic relationship with one another; and epipelic (benthic)
algae, which grow on the sediments and around the stems of macrophytes.

Feeding relationships derived from the literature indicate that
zooplankton feed most heavily on phytoplankton, and benthic inverte-
brates depend primarily on epipelic algae; both groups obtain 10 to
20 percent of their food from dead organic matter. Three categories
of fish are distinguished: herbivorous fish, such as gizzard shad,
which feed from a variety of sources but most heavily from epiphytic
algae; primary predator fish, such as bluegill, which depend primarily
on benthic invertebrates; and secondary predator fish, such as bass,
which prey mainly on other fish. Because feeding habits of young preda-
tory fish are more similar tc those of herbivorous fish, young primary
and secondary predator fish have each been separated from the adults.

Phosphorus flows in the model gererally parallel carbon flows with
one major exception: each of the three producer groups derives its
phosphorus from a different source (Figure 2). Phytoplankton take up
phosphorus from the epilimnion and release it through leaching and
respiratory processes. Some phosphorus is transported to the sediments
as cell death oeccurs and dead organic matter sinks to the bottom, Ma-
crophytes, on the other hand, obtain phosphorus from sediments, releas-
ing it to the epilimnion as leaching, respiration, and in situ micro-
bial decomposition occcur. A substantial proportion is cycled back to
the sediments as leaves are sloughed off both during and at the end of
the growing season. Epipelic algae apparently also take up phosphorus

¥ Bchool of Forest Resources and Conservation, University of Florida,
Gainesville, Florida.
¥%*  Savannah River Ecology Laboratory, Aiken, South Carolina.
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from interstitial water in the sediments, but do not release much
vhospherus into the epilimnion.

During the summer, the hypolimnion in Lake Conway becomes anaero-
bic. At this time, the simulated hypolimnilion becomes continuous with
the interstitial water. Fall turnover and isothermal c¢onditions
throughout the water column in the winter allow exchange between phos-
phorus storages in the hypolimnion and epilimnion in both the model
and reality.

Baseline data for simulating this model were obtained from other
teams on the Lake Conway project; productivity data obtained from
nonthly measurements of changes in oxygen levels in open water and
light~and-dark bottles are reported in Table 1.

Energy Flows in Lake Conway

Macrophytes and algae contrivute nearly equally to gross primary
productivity in Lake Conway (Table 1), although it should be noted that
neither productivity nor biomass of epipelic algae was measured directly,
and had to be estimzted., In Lake Conway, an estimated TO percent of the
net primary production is grazed; the rest becomes dead organic matter
and is either consumed by detritivores or accumulates on the lake bot-
tom as sediment. The lake ecosysiem therefore appears to be dominated
by a grazing food chain, elthough the primary grazers--—zooplankton and
benthic invertebrates--also consume substantial amounts of dead or-
ganic matter,

The major vole of the macrophytes in tne Lake Conway ecosystem
appears to be twofold: they provide a substrate (and possible nutrient
source) for eviphytic algae, and they facilitate the flow of phosphorus
from sediments to the water column.

Possible Role of White Amur in Lake Conway

The Lake Conway model does not yet produce a reliable baseline
simulation. However, variations within a bL-year period are reasonable;
comparison of the effects of simulated introduction of white amur with
these baseline simulations will indicate trends that should be watched
for in Lake Conway.

Simulated effects of white amur grazing on macrophyte biomass are
evident within 1 year after stocking; biomass declines %o half the ex-
pected level after 3 years (Figure 3). Similarly, phytoplankton levels
decline relative to the simulated baseline conditions (Figure 4). This
would be csused by a net decrease in available phosphorus in the water
column as macrophyte biomass decreases (Figure 5}). Epipelic algze, on
the other hand, show little change in biomass until the beginning of
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Table 1

Primary Production in Lake. Conway¥*

Producer

Phytoplankton
Macrophytes
Benthic algae
Total

Biomass

gC/m2

0.13
36‘9**
18

Gross Primary
Productivity
£C/ne-day

1.2
1.7
0.3
3.4

¥ Ewel, K. C., and T, D, Fontaine III,

A model for evaluaticon

of the response of the Lake Conway, Florida, ecosystem to introduc-

tion of the white amur.

Technical Report A-78-2.

U. S. Army Engi-

neer Waterways Experiment Station, CE, Vicksburg, Mississippi.
¥%®  Assumes epiphytic algae represent 30 percent of total weight.
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the fourth poststocking year (Figure 6). Increase at this time reflects
higher light availability since the shading caused by phytoplankton and
macrophytes lessens.

Simulated zooplankton and herbiverous fish biomass levels decrease
wanrealistically and cause decreases in predstory fish populations that
feed heavily on them. Conseguently, the magnitude and direction of %these
changes are not reported. However, it is clear that the food chain
within Lake Conway must shift from s grezing emphasis to a detrital base.
Accordingly, simulated levels of benthic inveriebrates, which depend pri-
marily on epipelic algee and detritus, increase slightly over the three
poststocking years that were simulated (Figure 7). A shift in species
composition toward fish that can subsist on benthic organisms and dead
organic matter would be expected.

Observed Changes in Lake Conway Productivity

Cross community production and respiration rates appear to have
changed significantly from baseline estimates, although sampling fre-
guency was insufficient to detect changes in seasonal patterns (Figure
8). Annual gross community production appears to have decreased, and
annual community respiration has remained the same, leading to a slight
decrease in net community production (Figure 9). Similar trends are
evident in plankton productivity and respiration (Figures 10 and 11).

Metabolism measurements in Lake Conwey therefore support the
model's prediction that producer biomass levels (and biomass consumed
by herbivores) will decrease after white amur are introduced, although
more intensive sampling would be necessary to detect & significant
change in metabolism rates.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Radiotelemetry Tracking of White Amur

by
Malecolm P, Keown¥®

As part of the ongoing data collection effort at Lake Conway,
aquatic macrophytes are being monitored on & regular basis to detect
any changes that may occur in species compesition, biomass, spatial
distribution, and general condition. BSince the stocking of Lake Conway
with white amur in September 1977, regular cbservations have indicated
a definite effect on plant populations resulting from the fish's
presence, The overall net effect will be determined after the data
collection and enalysis are completed, What cannot be determined from
these observations is a correlation between fish movement within the
lake system and the decline or occurrence of the macrophytes as a func-
tion of time. In order to establish this correlation, sdditional data
are reguired. The examination of this problem has indicated that
tracking fish movements at comperable time intervals to the other data
collection efforts would provide the needed information.

Pish tracking using wWitrasonic technigues dates back to 1951;
radiotelemetry techniques were utilized beginning in 1968 as an out-
growth of terrestrial tracking. Most of the ultrasonic tracking has
been done in the 30- to 150-kHz range. The optimum frequencies are
70 to 80 kHz due to minimum. interference from underwater noise sources,
i,e, outboard motors, flow past hydraulic structures, wave action, etc.
The major detriments t¢ ultrasonic propagation are turbulence and tem-
perature gradients. Turbulence raises the ultrasonic background noise
level., Temperature gradients often found slong an ultrasonic propaga-
tion path render this mode unsuitable for direction finding technigues.

Radiotracking experiments to locate fish have been conducted on
frequencies from 27 to 16L MHz., The two dominant factors affecting the
propagation of radio signals through water in this part of the electro-
magnetic spectrum are the electrical conductivity of the propagation
medium (water) and the radiation efficiency of the underwater antenna.
The value of electricsl conductivity is dependent on the guantity of
electrolyte present and the transmission frequency; an increase in
either parameter raises the conductivity. The effect of an increase in
conductivity is to shorten the propagation path length over which com-
munications can be maintained for a given transmitter/antenna and

¥ . S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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antenna/receiver configuration., Conversely, as the freguency is raised,
the dimensions of the antenna in a fish radiotag become larger with
respect to the transmission wavelength, thus increasing the radistion
registance of the antenna and in turn promoting a more efficient trans-
fer of energy from the tag to the propagation medium, Because of these
opposing factors, a trade-off must be made to establish an optimum op-
erating frequency. Experiments have shown that the use of frequencies
in the 30~ to 50-MHz band present a good compromise between the high
conductivities experienced at short wavelengths and the improvement in
antenna radiation efficiency that results when a shorter wavelength is
used,

Fish tracking technology has moved rapidly forward over the past
few years., In 1970, radiotag design 1life was a matter of a few days;
4 years ago, commercislly available tags could be purchased with design
iives measured in terms of weeks; now tags have advertised lives in ex-
cess of 4 years. Currently used teg transmitters operate in a pulse
mode, i.e., the oscillator is controlled by a triggering circuit that
allows operation conly during a very short part of the duty cycle, thus
considerably lengthening the life of the tag. Although the power input
of the tag transmitters now being used at Lake Conway is approximately
one tenth of a milliwatt, the effective radiated power of the tag is
much less because of the poor radiation efficiency of the antenna, as
well as additional losses that occur because the transmitter is not
100 percent efficient in converting the power dissipated by the tag
battery inte electromagnetic energy.

Bench testing has shown that the radiation pattern of the Lake
Conway tags is nearly spherical because the antenna is small as com-
pared with the transmission wavelength. Thus, these fish tags can be
considered for all practical purposes as a radiation point source. As
an electromagnetic wave travels away from the tag towards an abovewater
receiving antenna signal, attenuation is experienced over three dis-
tinct parts of the propagstion path: through the water, at the air/
water interface, and through the alir. The signal attenuation through
water is approximately 3.5 db/m at L9 MHz for an electrical caonductivity
of 200 umhos/cm (Lake Conway water). As the wavefront approaches the air/
water interface, only the portion of the incident signal that makes an
included angle of 6.4 deg or less with the water surface normal is
propagated across the interface (Figure 1). The remainder of the signal
is reflected Vback into the water;, thus, less than 0.5 percent of the
power radiated from the tag is availlable to be transmitied across the
air/water interface, exclusive of the losses incurred due to water
attenuation between the tag and surface. Once the signal has crossed
the interface, the remaining energy is distributed intc wvertically and
horizontally polarized components,

Prior to a full-scale tracking effort at Lake Conway, a feasi-
bility study was conducted at WES during the summer of 1978 to evaluate
the effectiveness of radioctelemetry techniques for fish tracking. This
study had three objectives:
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Figure 1. ©Signal propagation path from tagged
fish to receiving antenna

To determine a typical maximum working range and depth for
commercially available fish tracking equipment.

@

b. To determine the best type of receiving antenna for locating
a tagged fish.

¢. To tag two fish and track them over a l-week period.

The reservoir at Lake Park, south of Vicksburg, was found to have an
electrical conductivity of 180 umhos/em, which is very close to the
conductivity value of the water in the Lake Conway system. A& test
range was laid out at Lake Park to determine the maximum signal detec-
tion depth for selected horizontal ranges. The results of this test
series indicated that signals could be detected from a conventional

fish tag at a 2-m depth over a horizontal distance of 900 m. At dis-
tances less than 200 m, detection depths in excess of 6 m were realized.
Several receiving antennas were tested with a vertically polarized
three-element yagi proving to have the best gain and azimuthal sccuracy.
Two fish were tagged at Lske Park in August 1978, and their positions
were successfully located over a 6-week period.

Having determined that fish could be successfully tracked using
radiotelemetry techniques, a moblle tracking unit was assembled at Lake
Conway (Figures 2 and 3). Note that two yagis are used here for im-
proved azimuthal resolution. The antenna system is called a null-peak
array. When the yagi transmission lines are the same length, the sig-
nals are additive resulting in a 3-db gain over a single yagi. When a
half-wave section is added to one of the transmission lines, the signals
are 180 deg out of phase with each other, resulting in a deep null in
the array radiation pattern. The null aziruth, which is determined by
a minimum reading of the receiver's signal strength meter, occurs at the
same gzimuth as the azimuth towards the tagged fish. Typical azimuthal
error with the yagis in phase is 10 and 3 deg when they are 180 deg out
of phase.

Since May 1979, 20 fish have been tagged at Lake Conway (Figure 4).
Nine individuals are currently being located on a daily basis; of the
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Figure 2. Mobile tracking unit at Lake Conway

Figure 3, Receiving equipment used at Lake Conway.
A coaxigl antenrna switch is shown on the left, the
180-deg transmission line phase shift unit in the
center, and the radiotelemetry receiver on the

right

333




Figure 4. Rediotag being inserted into white amur

remainder, three fish are assumed to be dead, three have moved into
areas that are currently not actively being sampled, and five have
disappeared, presumably as a result of transmitter failure or removal
from the lake system.

Two metnods have been used to locate the fish., The first method
used was simple triangulation. Initially, the location of the mobile
tracking unit was determined by triangulaeting with at least three known
points on the shoreline., An observahtion site and compass rose attached
to the mast of the antenna array were used to determine the relative
angies beitween these known points. This location was then plotted on a
map of the pool using a swing-arm protractor. The azimuth to a radio-
tagged fish was initially determined by rotating the antenna in the
general direction of maximum signal amplitude with the yagis in phase;
the measured azimuth was then determined by switching in the 180-deg
phasing line and rotating the antenna until the null in the radiation
pattern was obtained. The orientation of the antenna array was then
the same as the azimuth from the tracking unit to the fish. This azi-
muth was laid out on the pool map from the previously plotted location
of the tracking unit. After completing this procedure from at least
three locations, the position of the fish was estimated to be at the
intersection of the azimuths.

The triangulation method of acguiring data has proven to be some-
what slow., A quicker and probably more accurate method has been de-
veloped as a result of field experience, Using the second approach,
the antenna array is oriented broadside with the direction of travel of
the mobile tracking unit. The driver of the craft then proceeds in the
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direction of maximum signal amplitude. As the tracking unit passes over
the location of the fish, there is a drastic reduction in signal
strength; this is explained by the fact that the front-to-back ratio of
the antenna array is in excess of 20 db., After passing over the fish,
the craft then circles back to the estimated position of the fish to
verify the location. If this location is close encugh to shore so that
the pesition of the tracking unit is known, the location of the fish
can be plotted directly on a pool map; if the location is far from land,
it can be determined by trisngulating with known points along the
shoreline.

The procedures that have been described herein can only be used
to determine the surface location of a tagged fish. As part of this
study, an attempt is being made to develop a technigue to estimate tag
depth as a function of signal strength. Four variables determine the
signal strength of an implented fish tag at a given receiving location:
the electrical conductivity of the water, horizontal range, depth, and
the antenna radiation pattern of the tag. The electrical conductivity
of Lake Conway is constant throughout the system and thus would not
affect the relative signal strength. As indicated, range can be esti-
mated with good accurzcy by the methods described previously and,
therefore, is a known perameter. The radiation patiern of the tags is
essentially a roint source; it follows then that o tag's orientation
is of no consequence, Thus, the tag depth can be possibly estimated
from signal strength alone. Studies are now being conducted to deter-
mine if this approach is feasible., The end product is anticipated to
be a nomograph that will provide an estimate of depth as a function of
signal strength.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Procedure for Radiotagging of White Amur for
Tracking Studies

by
Larry E. Nall¥* and Jeffrey D. Schardt*®

Introduction

Intensive studies of the effect of the white amur on vegetation
are under wayl and definite declines in vegetation have been noted.
However, WES scientists have decided that a correlation between vege-
tative decline and fish presence would be desirable and thus initisated
a study? to determine the feasibility of using telemetry techniques in
Lake Conway. The study reviewed and tested various types of equipment
and concluded that a fish tracking study should be included in the
Lake Conway project.

It was decided that the Florida Department of Natural Resources
{DNR) would be sble to incorporate the telemetry research into their
present workload. Also, after studying the vegetation for nearly 3
years, DNR was in a better position to interpret the tracking data in
relation to plant communities and had ready access to amur for implant-
ing transmitters and had considerable experience in handling the fish.

Questions we hope to answer ¢y this research are:
. Do the fish remain staticonary or ~ove during feeding?

. Is there any preference for food type?

o o

What is the relationship between water temperature and
feeding activity?

2

L

Is there any preference for specific areas?

Does actlivity vary according to time of day?

s o

Is there any preference for depth zone?

Is there any interchange among pools?

> fa

How much wvariability is there in indivicual behavior?

Is there any gregarity among individuals?

I
.

®¥ Florida Department of Natural Resources, Orlando, Floridsa.
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Methodology

Radio equipment

The WES staff has constructed a small pontoon boat to carry the
rotating yagi antenna (Figure 1). An AVM Instrument Co. Model LA12 48
channel receiver is being used (Figure 2). Thirty AVM SM1 fish module
transmitters were available to be installed in white amur. The trans-
mitters are approximately 11 cm in length, 3 cm in diemeter, and weigh
an average of 61 g (less than 1 percent of the total weight of the fish
in which they were installed). Battery life is claimed to be about
4 years. The system operates between 49.605 and 50.075 MHz.

Location techniques

Two methods -are used for locating the fish. Rach fish can be
found by triangulation using two (preferably three) readings (Figure 3).
To do this it.is necessary to firmly anchor the boat and locate its
position by measuring the azimuths of three landmarks of known position.
A heading of O deg is assigned to one of these landmarks and the posi-
tion of the transmitting fish is measured relative to this heading by
noting the direction of maximum signal strength. Another location
method is simply to pursue the fish with the tracking bost until the
maximum signal strength is found and then determine that position in
the above manner. The second method has been used exclusively since
rid=July., Both methods of tracking were compared using submerged, un-
implanted transmitters at depths ranging from 1 to 6 m. The second
nethod proved not only to be twice as fast as triangulation, but also
extremely accurate. FEach transmitter was found within 5 m of the hoatl.
The triangulation method usually located the fish within s 300- to T00-
sg-m area, Once located, points are plotted on a map of the pool.
These peints can also be recorded in a tabuwlar form by using a six-
digit coordinate system developed specifically for the Lake Conway
project. An example of this system is given in Figure 3. In addition
to location, time, signal strength, weather, boating activity, and ra-
dio interference are noted at each sighting.

Implantation

The fish used for the implanting procedure were obtained from
other ponds and lakes using rotenone (a fish toxicant) removal tech-
niques, which are most effective on the white amur.3 Only female
fish weighing between 13 and 18 1b were used, thus duplicating the fish
sex and size already in Lake Conway. To retain these fish before and
after the implanting procedure, a temporary holding facility (Figure 4)
was constructed on the shore of Lake Conway in front of the DNE field
office, The facility used 1200-% holding tanks and a lake water flow-
through system.

A V-shaped surgical trough was constructed to hold the fish ven-
tral side upward with the gills submersed in an serated 80-% aguarium
(Figure 5). The fish were initially anesthetized in a 4 ppm quinaldine
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Figure 1. Telemetry boat with yagi antenna

Figure 2., AVM U8 channel radio receiver
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Figure 4, White amur holding facility

Figure 5. Surgical holding trough

340




solution in one of the holding tanks. This aided handling during weigh-
ing and transferring to the operating tank. A quinaldine solution of

Y to 15 ppm was used in the surgical tank depending on the amount neces-—
sary to prevent movement for each individual.

Once suitably anesthetized, two to three rows of scales were re-
moved arcund the incision site, A4 5- to T-c¢m incision was made ver-
tically just anterior to the pelvic fin girdle (Figure 6)}. The lower
end of the incision stopped gbout 2 to 3 cm from the midventral 1line.
This incision site was chosen because the transmitter and viscera place
a strain on the sutures on a longitudinal midventral incision, which
could cause the wound to reopen. The transmitter was inserted into
the abdominal cavity and positioned at the lowest point. All instru-
ments and the transmitter were scaked in alcohol before use, and sterile
gloves were worn, but no further attempt at sterility was made. A1l
fish were confirmed to be female by the presence of eggs.

Figure 6, Incision site

Closure was accomplished using 000 Type C Chromic Gut suture mate-
rial. Four to six deep stitches were made through the body wall using a
6 D half circle cutting suture needle. Five to seven shallower stitches
were made through the epidermis using a smaller 8 D half circle cut-
ting needle, which ensured a tight closure (Figure 7).

After closure, 10 ml of injectable terramycin solution, which con-
tains 50 mg/ml oxytetracycline hydrochloride, was administered
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Figure 7. <Closed incision

intramuscularly. This was a dosage of approximately 55 mg oxytetracy-
cline per kilogram of body weight. Intraperitoneal injections and
antibiotic ointment applied directly to the incision were considered
but rejected because of a suggestion that this might dissolve the su-
ture material prematurely.

After implantation the fish were returned to holding tanks for
a 24-hr observation period before release. In some of the later opera-
tions a few of the fish were released immediately after recovery be-
cause of crowded conditions in the holding tanks.

Each pool was stocked with implanted fish in proportion to the
total number of fish originally stocked in Lake Conway. However, the
Middle Pool was not stocked because of its large size, lack of diverse
hebitat, and greater depths, although three fish were released in the
Middle Pool before this decision was made, It is felt that the amount
of knowledge gained from this pool wversus the amount of effort to find
the fish would not be acceptable. The number of fish released is as
follows:

Radio Fish

Pool Released
South 12
Middie 3
East T
West 8
30
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Angalysis

Results can be easily interpreted by comparing fish location maps
with depth and plent distribution maps. The literature review should
indicate what types of statistical analyses are utilized for this type
of data; however, use of statistical methods in this type of study may
be superflucus. Computer methods of mapping fish coordinates and com-
paring them with the vegetation and depth maps are being investigated.
However, implementation of such a system may be more time-~consuming
than manual mapping techniques.

Status and Preliminary Results

Radic equipment

The radio equipment used in the project was reliable, None of
the thirty transmitters failed or weakened until 22 October 1979. Since
that date four implanted transmitters have fgiled; two control trans-
mitters, which have not been implanted, have quit transmititing; and the
beat frequencies of two others have slowed so much that accurate track-
ing is nearly impossible., Excluding the three Middle Pool fish, this
leaves eleven reliable transmitters in the lake and eight transmitters
to be . installed in early December. Characteristics of the transmitters
are presented in Table 1. Note that the beat rate occasionally dif-
fers considerably from the rate claimed by AVM. A new, more sensitive
receiver was purchased by WES but it did not function properly when
tested by the WES technician, The receiver was returned to AVM for
repair.

Implantation

Twelve female fish were captured from Lake Holden in Orlando on
2h April 1979. Ten of these fish were acceptable and implanted on 2,
3, and b4 May 1979. All of these fish survived the operation and were
released after 24 hr. No mortality has been experienced with these
ten fish. Thirty fish were obtained from Fort Lauderdale ponds on 7
and 8 August. These fish were transported to Orlande and implantation
teok place on 10 August. Because of exceptional stress caused by cap-
ture and transportation in midsummer temperatures, many of these fish
died before surgery was stiempted. Several of the fish were in such
poor condition before the operation, they did not recover afferwards.
Transmitters were removed from these fish. Ten fish in fair condition
were released, There is an indication that two of these fish have died.
Searches using SCUBA will be initiated to recover the transmitters using
a special submersable loop antenna designed by the WES technicians.
Characteristics of released fish are swmarized in Table 2., The re-
maining eight operable transmitters will be implanted during December
s0 that the cocler weather will not have the same harmful effect as in
August.
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Transmititer Characteristics

Table 1

Opt BPM BPM Fish
Transmitter Bank Channel Freq (Specified}* (Actual) No. DPool¥*

14251 1 1 83 1 S
14252 il 2 70 2 )
14253 1 e 92 3 S
1hosy 1 b 92 4 S
14255 1 5 86 p] 8
14256 1 6 79 6 8
1h257 1 7 T1 7 S
14258 1 8 79 8 M
14259 1 9 80 o M
14260 1 10 83 10 M
1h261 1 11 k.25 80 80 11 S
1Lh262 1 12 b.50 116 116

14263 2 1 3.50 97 102 13 S
14264 2 2 4,00 88 90 1l E
14265 2 3 L.oo Th 78

14448 2 i L.oo 110 120

LhikLhg 2 el 3.50 8L 76 17 E
o450 2 6 3.50 101 100 18 E
1L4s1 2 7 3.50 96 90 19 E
14hLs2 2 8 3.75 120 116 20 E
14453 2 9 3.75 T2 T2

14bhsh 2 11 3.50 96 g2

RS 2 12 3.60 103 110 23 W
14456 3 1 3.25 96 94

14457 3 2 %.50 100 92 25 W
154k58 3 3 825 108 112 26

1L459 3 4 350 130 128

1160 3 5 3.25 100 100

® B 3 6 3.25 72 7h

1Lu62 3 7 3.25 108 110

¥
%%

BPM = beats per minute.

5 = south, M = middle, E = east, W = west,




Table 2

Telemetry Fish Data

Fish Transmitter Total Pool Date
No. No. Length, cm Weight, 1b Stocked* Stocked
1 14251 84.5 12.88 S S/3/79
2 1kes2 81.5 15.31L S 5/3/719
3 14253 87.1 16.13 S 5/3/19
4 14254 81.0 15.06 S 5/4/79
5 14255 82.8 16.69 S 5/4/79
6 14256 83.0 16.75 s S/L/T9
7 14257 88.5 18.74 s 5/4/79
8 14258 43.5 1b.41 M 5/5/79
9 14259 87.8 18.81 M 5/5/19
10 14260 8L.0 13.69 M 5/5/79
11 14261 79.0 15.50 g 8/10/79
13 14263 73.0 15.50 S 8/10/79
1k 1426k 85.0 16.75 E 8/10/79
17 1LL49 82.0 17.00 E 8/10/79
18 14450 81.0 13.00 E 8/10/79
19 14452 78.0 13.00 E 8/10/79
20 1L452 81.0 15.00 E 8/10/79
23 14455 82.0 16.25 W 8/11/179
25 1Lbs5T 87.0 17.50 W 8/11/79
26 14458 77.0 13.50 W 8/11/79

* 8 = south, M = middle, E = east, W = west.
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Other equipment

Of all the various phases of the study, by far the most trouble
was caused by the tracking beoat. Initially, the boat was equipped with
a fan motor. The fan propulsion was most inefficient: +top speed was
S mph, it was loud, and maneuverability was poor. A transom assembly
had to be constructed and welded on the boat so that an outboard motor
could be used, Adding this structure, acquiring an acceptable motor,
and installing the steering and control cables lost ceveral weeks of
tracking time,

The anchoring system also had to be modified. At first, the boat
was anchored at each corner by a Danforth type anchor. This system was
ineffective because the torgue from antenns rotation caused the boat to
rotate many degrees from its O-deg azimuth, thus invalideting the di-
rectional reading. Also, the anchors were very difficult to pull up.
Two metal collars were welded to the side of the boat and 6.10-m alumi-
num peles were inserted through the collars thus firmiy anchoring the
boat. This system worked well but had to be reinforced when the col-
lars were torn from the light metal to which they were attached. Per-
fection of the anchoring system also cost several weeks tracking
time.

Tracking

Since the predominance of observations have been taken in South
Pool, which has been stocked with implanted fish much longer than the
other pools, the following results and discussion will deal primarily
with that pool.

Thirty-five days were devoted to tracking between 5 June and 12
November. This includes two diurnsel sampling periods. Number of ob-
servations per fish are shown below:

Fish Sightings Fish Sightings

1 31 6 18
2 27 7 18
3 35 il 16
L 37 13 16
5 38 Total 236

Positions for each fish have been plotted and cennecting lines drawn to
show distance traveled between sightings and bottom type crossed as the
fish moved from point to point. These are presented in the Appendix.
Dotted lines represent elapsed periods greater than 1 week between
sightings, A map with all the sightings for all the fish to date is
shown in Figure 8,
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Discussion

Examination of the composite map in Figure 8 shows a distinct
preference by all of the fish for two areas along the north shore and
south central shores of South Pocl., Compariscon of these locations with
a8 vegetation map shows that the fish are concentrating in dense areas
of Nitella and occasionally Potamogeton., Comparison with a depth map
(Figure 9} shows that most of the sightings (221 of 236) vary from 1 to
3 min depth. The Iowa Conservation Commission” also conducted telem-
etry studies with the white amur in conjunction with an impact project.
Results showed that most of the fish preferred shalilow water {(less than
3m). In Iowa, as in South Pool, fish were generslly sedentary, par-
ticwlarly around weeded areas. Fish sighted in deeper water in the
center of South Pool may either be transitory or feeding on Hydrilla
which grew in deeper waters. It is believed that they were transitory
since fish were never found in deep water on consecutive sightings. Also,
vegetation studies under way in Lake Conway show thzt Hydrilla had
nearly been eliminated in South Peol by June 1979, The introduction of
the fish into the lake came too late into the project to show prefer-
ence between Hydrillg and Nitella by feeding location.

Examination of the maps for individual fish {in the Appendix}
shows variations in behavior among the fish, Fish No. 1 prefers the
southern shore of the pool; however, it crossed the pool to explore the
northern shore and returned to the south shore that night covering
nearly 2 km in a 24-hr period. This occurred during a diel sampling.
Number 2 has crossed seversal times between the south and east shores,
No other shoreline locations have been recorded for fish No. 1 and No.
2, Fish No. 3 is a wanderer that generally prefers the north-central
area, Although it has come close to leaving South Pool on three dif-
ferent occasions it has not yet done sc. Fish No. 4 and No. 5 pre-
ferred the north shore until early November. 3oth are presently on the
south shore of South Pool. Fish No. 6 and No. 7 showed no clear
preference for any particular area. Fewer sightings are available for
these two fish because of their wandering habits and the fact that they
have not been found since mid-October in South or Middle Pool. When in
deeper water, location is difficult or impossible, and it is possible that
these transmitters have also failed. Fish No. 11 and No. 13 were only
recently stocked and have moved little. They are apparently recovering
slowly from surgery or hawve died.

The East and West Pools were stocked on 1bh August 1979. The fish
from West Pool moved directly to East Pool where they have remained
(Figure 10). It is apparent, as in South Pool, that these fish prefer
the vegetated shellow areas of the lake, Most sightings {56 of 64) are
again less than 3 m (Figure 11),.

Nine remaining transmitters will be implanted and the fish re-
leased in the East and West Pools in early December. With the lower
workload in December and barring unforseen difficulties, tracking will
proceed on a more regular basis.
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LARGE-SCALE OPERATIONS MANAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Human Factors Study

by
Randall R. Williams¥

Introduction

Basic scientific research stresses the control of as many inde-~
pendent variables as possible while systematically wvarying the dependent
variables, However, this form of testing procedures is often not rele-
vant to resl world situations. Large-scale prototype testing has be-
come an increasingly appropriate step between the confinement of the
controlled laboratory setting and the variebility of natural systems.,

Such was the research status of the white amur prior to the Lake
Conway LSOMT., To accurately assess the white amur as a management tool
for controlling hydrilla, it was necessary to study the amur in a large
aguatic system. Thus, the research began at Lake Conway in 1975.

As the Lake Conway test proceeded, investigators bhecame increas-
ingly conscious of the external uncontrolled variables that could be
confliecting the results of this field test. It became obvious that a
study was needed to investigate how human activity or acts of nature
unrelated to the presence of white amur could obscure the impacis of
the amur. A "Natural and Human Factor Study"” was developed to docu-
ment a wide variety of variables that might have immediate or long-range
effects on water quality and/or abundance, distribution, and species
composition of vegetation, fish, and wildlife of Lske Conway. It was
hoped that the study would provide information to determine the proper
reason for any change in the Lake Conway system occurring from 1975
wntil 1979, If the white amur was the causative agent, s0 be it; but
if some other factor was involved, we did not want the white amur
credited with, or blamed for, the change.

Scope

The scope ¢of the Natural and Human Factors Study included:

*¥ U, S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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a, Definition of the boundaries of the study ares with regard
for focus on potential impacts.

b. Determination of pcralation changes about Lake Conway.

¢. Quantification of land-use changes in the study area.

d. Measurement of the extent of habitat changes.
Identification of changes in resource management strategies.,

€
f. Documentation of factors affecting the physical or chemical
condition of TLake Conway.

Methodelogy

A research plan was formulated after a review of literature and
conduct of & series of exploratory interviews with the staff of appro-
priate agencies, or individuals either knowledgesble of the study or
familliar with the study area.

From these preliminary interviews, it became spparent that infor-
mation illustrating population changes and land-use changes was limited,
The informaticn base that was most correlative to 1975 through 1979
land-use changes about Lake Conway was the traffic zone information
furnished by Orange County Planning Department. The six traffic zones
that surround Lake Conway were chosen as the area for study. However,
neasurements and particular attention were directed to the shoreline
and littural zone. These two areas {traffic zones and shoreline)} be-
came the focal points for the study.*

Data Sources

Interviews

Our data sources consisted of interviews with L0 agency officials
who work directly with pertinent Lske Conway data. Also, 10 long-term
Lake Conway residents were interviewed for their ideas on changes that

had cccurred within the last U4 years.

Aerisl photography

We analyzed all available aerial photography for land-use changes,
residential g:owil, and vegetation changez. We also used the multi-
spectral phoito analyzer (System 100) at Kennedy Space Center to assist
in identifying vegetation changes.

* QOrange County Planning Department, 1974-1979 Traffic Zone Section,
Orlando, Florida.
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Surveys

Various surveys were conducted throughout the study area. COuser-
vations were made last summer to supplement existing documents and con-
firm interview information. Specific survey obJectives were made to
cbtain counts of area and shoreline homes, determine recreation patterns
and intensity, determine ground truth for serial photo analysis, and
identify and document habitsats.

Other data sources

Additional information was obtained from baseline and intermediate
reports of LSCMT, Lake Conway; the Resources and Planning Act datas tables
of the U. 8. Department of Agriculture Forest Service (Fort Collins);
and the Habitat Evaluation Procedure handbocks and files from the
Project Impact Evaluation groups of the Fish and Wildlife Service,

U. 8. Department of Interior (Fort Collins). Regular resource books
were also used and are listed in the reference section.

Results

The data and results of the study will be published this spring.
The remainder of this paper will present examples of observations that
might be of interest to the interpretaion of data gathered by LSOMT
Lake Conwgy contractors.

Population changes

In population growth, Orange County remains in the top 1 percent
naticnally. Since lakes naturally attract residents and are locales for
recreational activities, Lake Conway, with its desirability for resi-
dential development, has had changes in land and water resource use.

Estimates of the changes in population from 1275~1979 in the
study area {six traffic zones) indicate that about 15 percent more
pecople now live in this area than did in 1975. This i1s an increase
from §,000 people in 1975 to 10,150 in 1978. Projections in 1978 for
1980 predict another 15 percent growth in the target area in just 2
years, which will bring the population to 11,250,

Land-use changes

Target area traffic zones. The total land area of the study area
(comprised of the six traffic zones) is 930 ha. This value excludes
the 717 ha of water surface. From 1975 to 1979, there was a land-use
conversion of 140 ha of land. This represents a 16 percent change in
land use. Most of this change represents loss of undeveloped natursl
land or agricultural land use (orange groves and pasture) to residen-
tial development,.*

¥ Qrange County Planning Department, 1974-1979 Traffic Zone Section,
Oriando, Florida,
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Shoreline zone, From 1975 to 1979, there was a 10 percent change
in shoreline and littoral zone vegetation., Most of this change was
caused by the addition of 185 new shoreline homes. The trend is for
natural vegetation to be cleared and replaced by beaches or lawn sod.

A total of 2600 m of shoreline and littoral zone were drastically
changed in this manner from 1975 through 1979. However, another 1100 m
of shoreline was also developed from a natural vegetated state to a
marginal residential form of land use (shrubs, uncut lawn grass, or
vegetative regrowth areas).®

Habitat loss

A study was performed to estimate the loss of habitat caused by
urban and residential changes mentioned previously. Particular infor-
mation that was crucial for this study effort was identification and
definition of habitat regquirements for the known fish and wildlife
species of Lake Conway. Our approach was to establish habitat suit-
ability conditions. A habitat suitability condition can be defined as
the conditions that support life by providing either feeding, resting,
or nesting cover.

For each of the known species of Lake Conway, a list of life sup-
port requirements was made resulting in the compilation of habitsat re-
quirement data for each species.

To better estimate the loss of habitats and the cause of the loss,
60 habitat suitability conditions were condensed into five general land-
use categories., These broad categories are:

a. Natural undeveloped areas.

b. Marginal natural areas intermixed with residential

developetent.
C. Agricultural land use,
d. Extreme developed areas.

. Open water,

|

From the aforementioned data, a guantifiable habitat benefit unit was
derived by totaling the number of species that require a particular
habitat multiplied by the number of life support conditions (food,
resting, or nesting cover) it may provide.

This quantifisble habitat benefit unit was used as a basis for
estimating values for loss duve to land-use changes, Changes in habitat
provisions were then estimated for the various species groups of mammals,
birds, fish, and herpetofauna of Lake Conway.

¥ Tbid.
Some figures were derived from studies by the East Central Floridas
Regional Planning Council, Winter Park, Florida, 1979. Florida De-
partment of Transportation Topographic Office, Aerial Photography Sec-
tion, Tallahassee, Florida.
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Resultant percentage of habitat loss in the target ares and around
the shoreline {(1974-1978) is listed below:

Target Zone Shoreline Area

Species Percent Loss Percent Loss
Memmal s 17 12
Birds 15 10
Herpetofauna 10 9
Fish 1

These values are felt to be conservative or less than actuael loss due

to (&) the broad definition of habitat suitability conditions, (b) the in-
terpretation of aerial photography, (c) the overlap of broad land-use
categories, and (d) the ecological bias that, although hebitat condi-
tions were available, the area of habitat often was minute and clus-
tered with much spacing caused by urbanization,

Water guality

Storm water runoff is & serious threat to lake water guality in
Orange County. The rapid population growth has caused much of the ri-
parian area to be roofed or paved over. This urbanization of the water-
shed has greatly reduced the infiltration rates of the in situ soils.

The deep sand native soils on nearly level slopes has caused infiltration
to be irmediste and complete.

Because of this rapid infiltration, the water table averages from
120 to 150 cm., Earlier work by Blancher (1979) and Feilows (1978) in-
dicates that 7.6 cm of rainfall is necessary before any surface runoff
can be detected. Estimation of total runoff in the Leke Conway system
shows an increase from 1973 to 19Tk of 11 percent and, in 1975, to
1L percent,

The problems of storm water runoff in Lake Conway prompted the
Board of County Commissioners, Orange County, and the Lake Conway Navi-
gation and Advisory Board to retain the firm of Canin/Miller Associates
to study storm water pollution of the lake complex, Their report {1978)
listed over 50 existing storm water pollution discharges into Lake
Conway. Also, in 1978, a storm water detention facility was constructed
to treat runoff from one of these 50 discharges instead of direct pipe
discharge into the lake. This one structure, during the rainy season of
1978, prevented 220 1b of trash and debris, 33 tons {dry weight) of
sediment, and approximetely 2400 1b of plant biomass from entering the
lake. Sediment analysis indicates that 60 "b of phesphorus, 174 1b of
nitrogen, and 4200 1b of chemical oxygen demand have been prevented from
entering the lske system by this one structure.¥®

¥ Interview with Joseph M, Mele, P, E., Orange County Engineering De-
partment, Public Work, 2 July 1979, Orlando, Florida,
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Seepage, as determined by Fellows (1978), provides another cul-
tural eutrophication problem. Via seepage, 6 to 12 percent of all ni-
trate fertilizer applied along the shoreline has been determined to
enter into the lake., Approximately 75 percent of the residents about
Leke Conway use septic tanks with absorption fields.¥ The soil types
around Lake Conway are highly permeasble, allowing the water table to
rise into the septic fields or allowing the leachate from the septic
fields to pollute the groundwater and lake water. Another problem with
this form of sanitation is that most residents shunt the gray water
directly into the so0il and some are highly suspected of routing this
very nutrative wastewater into the lake via submerged pipes. A review
of the complaints registeresd by lskeshore residents with the Orange
County Pollution Control Department substantiated the previously men-
tioned water quality perturbations., These complaints consisted of five
major categories: dredge and fill activities (39); algae {11); fish
kills (10); canal problems (9); and white foam (7).%

The survey of the 10 residents also aided further in documenting
the earlier findings that water guality of the lakes has gradually de-
teriorated., Residents were alsc concerned about the steady decrease of
natural habitat and increased recreational usage. Our recreation sur-
vey revealed, however, that the lakes appear to be well within normal
use ranges for comparable bodies of water.

Conclusions

The results of this study, when used in conjunction with contrac-
tors' reports from the LSOMT Lake Conway study, will allow WES scien-
tists and engineers to accurately and confidently assess the effects of
the white amur and, solely, the effects of the white amur.

Therefore, the management capahbility for the white amur as an
aquatic plant control tool can be successfully evalunated in natural
systems where its use is much needed,

¥ QOrange County Pollution Control Department, Department Files, 1975-
1979, Orlando, Florida.
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LARGE-SCALE QPERATIONS MAWAGEMENT TEST USING THE
WHITE AMUR AT LAKE CONWAY, FLORIDA

Use of a Recording Fathometer for Determining Distribution
and Biomass of Hydrilla

by

Michael J. Maceina* and Jercme V. Shireman*

Introduction

Uncontrolled growth of aquatic vegetation can alter both the abun-
dance and well being of fish populations, limit recreational use, create
health hazards, and block navigation and irrigation routes. The intro-
duction and spread of exotic aquatic plants and increased nutrient
levels, particularly in urban and agricultural areas, have greatly com-
pounded the problem., It becomes necessary, therefore, to control these
plants if a water body is to be utilized to its fullest extent. Heller
(1977)%¥ 1lists four basic types of control that include: (1} mechanical
harvesting, (2) chemical herbicides, (3) biological control agents, and
(L) physical control by water level manipulation.

Research efforts continue to examine, formulate, and improve weed
control methods, while considering positive and/or adverse irmpact of
these control methods on the entire aguatic system. In order to deter-
mine and evaluate control methods, quantitative and qualitative data
pertaining to plant communities are needed.

The purpose of this research project was to investigate the po-
tential of a recording fathometer for conducting vegetation surveys.
The use of this instrument could possibly save time, labor, and capital
equipment outlays.

ObJectives

The objectives of this project were to:

* University of Florida, Gainesville, Florida.

¥¥ Haller, W. T. 1977. Hydrilla - a nev and rapidly spreading aguatic
weed problem, Agricultural Experiment Station/IFAS Cir. S-245,
University of Florida, Gainesville, Florida. 13 pages.
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a, Evaluate the use of a recording fathometer as a means of
conducting vegetation surveys.,

. Develop procedures to estimate plant biomsss from fathometer
recordings and record vegetation changes that occur during
the study period.

c. Develop quantitative vegetation parameters ithat describe
lake vegetation,

Materials and Methods

A DE-T719 precision Survey Fathometer (Raytheon Marine Co., Man-
chester, N, Y.) was utilized for all vegetation surveys (Figure 1) con-
ducted on two central Florida lakes {Lake Baldwin and Lake Wales) from
May 1978 through March 1979. An extendable bracket to house the trans-
ducer was permanently mounted on the transom of a L4.9-m, aluminum, flat-
bottomed boat powered by & 20-hp outboard motor (Figure 2). The trans-
ducer was mounted at a 14-1/b-deg angle above the horizontal to
facilitate improved echo depth souwnding reception while the boat was
moving, The transducer was mounted so that the bottom cof the boat was
even with the bottom face of the transducer making the apparatus "weed-
less.” A marine 12-V battery supplied power to the fathometer., Cali-
bration procedures were according to the instructions outlined by the
manufacturer (Raytheon Marine Co,, 1972).

A fathometer works on the principle of echo depth sounding by
computing the time interval required for sound waves to Ltravel at a
known wvelocity from a known point to a reflecting surface and retwmn.
The precise water depth is calculated by multiplying one half the time
interval by the velocity of sound in water. Hard bottoms such as sand
and rock provide the best reflective surface for sound waves, producing
sharp and clear images on chart paper. Aquatic weeds have a lower
specific density and generally cause weaker reflections; therefore,
tracing patterns are not as clear and defined.

The DE-~T719 is a lightweight (21.3 kg) portable recording fathom-
eter that can be mounted temperarily or permanently. The recorder pro-
vides a detailed chart tracing pattern of underwater topography in
depths between 0.7 and 125.0 m {Figure 3). Depths are accurate over
this range to +0.5 percent. The DE-T19 is well suited for freshwater
vegetation surveys providing high resolution recordings due to the
narrow transducer beam width, high sounding rate, rapid chart speed,
and high signal frequency. Operating frequency is 200 Hz.

Bottom depth readings were consistently accurate to within 0.1 m
of the true depth when calibrated with a weighted sounding line. Ad-
Justment to true depth was made by slightly altering the speed of
sound control, which is located inside the machine., Highest sensitivity
was achieved by setting the sensitivity on-off control dial to its
highest position and utilizing a chart speed of 10.16 cm/min, Metric
chart paper was used during all surveys.
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Figure 2. Fathometer transducer and bracket
attached to the boat
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Figure 3. A section of chart tracing recorded from

Leke Baldwin showing start of transect, lake bottom,

and hydrilla infestation. Note the tall stand of
hydrilla merging with the transducer line
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Recent aerial photographs were obtained for each study lake. Per-
manent landmarks were obtained from these photographs and transects
were conducted by traversing the lake from one landmark to another
across the lake., Referral to the aerial photographs allowed for exact
transect location,

To conduct a transect, the following procedure was followed. After
calibration, the fathometer was switched on and the on-off sensitivity
dial set to the highest sensitivity. The boat was backed slowly to the
edge of the lake and aligned between the starting point landmark and the
landmark across the lake, The boat was quickly accelerated to a speed
of 2 to 3 m/sec (4 to 5 knots). After boat speed was stabilized, a fix
mark was placed on the chart paper by engaging the fix mark switch. The
boat was driven across the lake towards the chosen landmark maintaining
a constant speed by adjusting the speed control on the motor throttle.
During this time, field observations of vegetation conditions, transect
number, lake, and date were written directly on the chart paper with
pencil, Within 10 m of the oppesite bank, emergent vegetation, or other
structure, another fix mark was placed on the chart designating the end
of transect., The outboard moter was quickly shifted into reverse to
stop the boat. The fathometer was turned off and the boat was driven to
another point on the shoreline to start the next transect. With experi-
ence, cone man could operste both the outboard motor and the fathometer at
the same time, Bathymetric maps were constructed for each study leke.

Differentiation of wvarious submersed macrophytes from tracings was
accomplished by dropping a bucy over the side of the boat marking an un-
known vegetation community while transects were being conducted. A
corresponding fix mark was placed on the chart marking the buoy position.
Upon completion of a transect, a weighted dredge was lowered at each
buoy and vegetation was collected for identification.

Hydrilla biomass was correlated with fathometer tracings to esti-
mate total hydrilla standing crop in Lake Baldwl'r, While monthly
transects were being conducted duriung August and December 1978 and March
1979, weighted numbered buoys were dropped to mark sampling stations.
Simultaneously, corresponding fix marks were placed on the chart paper
and the number of tre buoy was recorded on the paper. The following day,
a circular core biomsss vegetation sampler was used to take replicate
0.257-m? samples at each buoy (Figure 4). Samples collected with the
biomass sampler were washed und shaken in a nylon net to remove excess
sand, mud, and water and weighed to the nearest 5 g on a platform scale.
Wet weights were later converted to kilograms per metre for analysis. A
total of 202 samples were collected on these three dates at depths vary-
ing from 1.7 to 6.2 m and in different hydrilla densities.

Fourteen vegetation transects totaling 11.32 km in distance were
conducted monthly on Lake Baldwin from May 1978 to March 1979 (Figure 5).
Sixteen transects, 13.24 km in distance, were run in Lake Wales, Florida,
during May, August, and November 1978 and in Feoruary 1979.
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Techniques and Results

Differentistion
of submersed mascrophytes

During the study, hydrilla was the only submersed macrophyte
found growing in Lake Baldwin, Separation of vegetation commumities by
species did not occur. In Lake Wales, eelgrass beds were found growing
at depths to 3.0 m and did not reach a height greater than 0.7 m from
the hydrosoil. During the late spring, summer, and fall hydrilla could
be differentiated from eelgrass simply by exsmining differences in vege-
tation height on the chart tracing (Figure 6). Typically, hydriils was

Figure 6. Section of a transect as recorded by
the fathometer, Lske Wales, Florida, illustrating
stands of Vallisneria snd Hydrilla

found growing taller than eelgrass. In some cases examination of
fathometer tracings revealed that hydrilla pati{erns were denger near the
top of the plant, whereas eelgrass patterns were less dense and more
evenly distributed. According to Haller and Sutton (1975)¥% the major
portion of the biomass production in hydrilla is located in the upper
portion of the plant, whereas in eelgrass biomass is more evenly dis-
tributed. This accounts for the differences in tracing patterns.

Evenly mixed stands of hydrillas and eelgrass appeared as pure stands of

* Haller, W, T., and D. L. Sutton. 1975. Growth and competition be-
tween hydrilla and vallisneria communities. Hyacinth Contr. J.
13:48-50,
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hydrilla on the tracing., When eelgrass dominated, tracing patterns
were characteristic of pure stands of this plant.

A lake adjacent tc Lake Baldwin, Lake Susannah, was utilized to
further test the detection of submersed macrophyte species by charac-
teristic and distinctive tracing patterns. Filamentous blue-green
algae Lyngbya sp. characteristically grows 0.1 to 0.2 m in height above
the hydroscil and was recorded as a low flat mound. The tracing is
similar in pattern density to the hydrosoil (Figure 7). During the

=

Figure 7. Section of transect recording in Lake
Susannah, Florida, illustrating filamentous blue-
green algae, Lyngbya sp.

summer and fall months, this pattern was distinguishable from all other
types of submersed macrophytes in the lake. Hydrilla, southexrn naiad,
Nitella, and Chara were sampled in different areas; however, differences
in tracing patterns could not be detected. During the winter when sub-
mersed vegetation was near the bottom, Lyngbya could not be differen-
tiated from the other macrophytes by tracing patterns.

Correlation and predic-
tion of hydrilla biomass
utilizing chart tracings

Biomsgs data collected from August and December 1978 and March
1979 were used for analysis and model building. Two models correlating
hydrills btiomass with fathometer tracings were based on tracing pattern
characteristics., The first model, thick hydrilla, was indicated by
sampling stations where dense and thick hydrilla did not permit a clear
reading of the lake bottom {(Figure 8a). The high hydrilla density pre-
vented sound waves from penetrating and/or reflecting back to the
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transducer through the plants. A second mogdel, sparse hydrilla, per-
mitted a clear reading of the lake bottom due to sparse and/or shallow
hydrilla stands (Figure 8b).

mﬁd » 1 8 =
|

b, Bparse hydrilla biomass ssmpling station

Figure 8, Sections of chart tracings along vegetation
transects in Lake PBaldwin
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For thick hydrilla, the following multiple regression was found
to be the best Titting (R2 = 0.796) and highest probable model (P <
0.01) relating thick hydrilla biomass with tracing characteristics:

Y = 1.977 + 1.029X, - 1.341 (1nx2) (1)
where
Y = wet weight of hydrilla, kg/sg m
Xl = height of hydrilla from the hydroscil to the top of the plant

along the fix mark, m

]
]

distance from the top of the hydrilla plant to the surface

e cf the water along the fix mark, m

Por sparse hydrilla, the following multiple regression eguation
vas determined to be the best fitting (R® = 0.807) and highest prob-
able model (P < 0,01) relating sparse hydrillas biomass with tracing
characteristics:

1nY = -5.099 + 0,982 (1nx1) + 1.301 (1nX2) ~ 0.282 (1nx3) (2)

where
Y = wet weight of hydrille, kg/sq m

X, = hydrilla height from the hydroscil to the top of the plant
along the fix mark, m

X2 = verticsal cover of hydrilla on the tracing, percent

X3 = distance from the top of the hydrilla plant to the surface
of the water along the fix mark, m

Comparison of fathometer
and direct biomass
sampling methods

In order to evzluate the total hydrilla standing crop estimate
generated by utilizing fathometer tracings, hydrills standing crop was
also determined by the method reported by Nall and Schardt (1978).*

* Nall, L. E., snd J. D. Schardt. 1978. Large-scale cperaiions
management test of use of the white amur for control of problem
aguatic plants. Report 1, Baseline studies, Volume 1, The aguatic
macrophytes of Lake Conway, Florida. Technical Report A-78-2. U. S.
Army Engineer Waterways Experiment Stetion, CE, Vicksburg,
Mississippi.
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On 8 March 1979, following collection of replicate hydrilla biomass
samples to correlate tiomass with chart tracings, 100 random biomass
samples were taken utilizing the core vegetation sampler. A map of
Lake Baldwin was constructed and a grid pattern overlaid with two hun-
dred O0.L-nha (l-acre) blocks. One hundred blocks were randomly selected
for sempling from a random numbers table. At each ssmpling site, water
depth was measured and recorded. Hydrilla samples were washed and
shaken to remove excess sand, mud, and water and weighed to the nearest
5 g. Weights were converted to kilograms per square metre for analysis.

Analysis of the direct random biomass sampling method determined a
mean value of 1.21 + 0.23 kg wet hydrilla/m2 (+ 0.05 percent) (Table 1).
Total standing crop was calculated and found to be 0.95 i_O.lB million
kilograms hydrilla for the entire lake. The estimated mean biomass
calculated from fathometer tracings was slightly lower, 1.04 kg
hydrilla/mg. These two means were not statistically tested due to
the different collection methods utilized and derivation of wvarilances,
but the occurrence of overlapping confidence intervals exhibited by
each mean might indicate that the mean values were not significantliy
different. However, the fathometer biomass estimate was generated from
those areas contalning only hydrilla or for T70.5 percent of the area of
the lake. The biomass estimate generated from direct random sampling was
calculated for tne entire area of the lske including those areas with and
without stands c” hydrilla. Of the 100 blomass samples collected, only
14 samples contained no hydrilia. These observations were calculated
into the mean and confidence interval values which reduced the estimate.
However, total standing crop estimates were observed to be much larger
for the direct random biomass sampling (9L6,640 kg) than the estimate
calculated from fathometer tracings (576,800 kg). Because the confidence
intervals did not overlap, it is likely that these values are signifi-
cantly different.

Inspection of the data revesled reasons for this discrepancy.
Data from the direct random biomass sampling method indicated theat
hydrilla was inhabiting 86 percent of the lake. Pathometer tracings re-
vealed only Tl percent of the lake area contained hydrilla. We feel
that the Tl percent coverage figure caleculated for the lake is more
accurate due to the high number of transects conducted (1L) and the
total distance covered by these transects {11.32 km). Therefore, cal-
culation of mean hydrilla biomass and total hydrilla standing crop
values from the direct random bilomass sampling data overestimated the
amount of aydrilla in the lake due to the number of samples taken in
hydrilla,

Closer inspection of the data revesled this source of error. Of
the 100 samples collected by the direct random sampling method, only
L percent were taken in water depths greater than 6.1 m. However,
depth interval area values for Lake Baldwin demonstrate that 28.0 per-
cent of the lake area is greater than 6 m in depth. The random sampling
method underestimated the amount of sampling required in this portion of
the lake. This method, though, placed the remaining 96 percent of the
sampling effort in water depths less than 6 m, while actually 72 percent
of the lake area is less than 6 m, Cnly 3 percent of the lake area
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Table 1

Comparison of Fathometer and Direct Random Biomass Sampling Methods

for Hydrilla Biomass and Total Hydrilla Standing Crop
for Lake Baldwin, March 1979

Kilograms of
Hydrilla per

Calculated Area Calculated _square metre _Total Hydrilla, kg
Method Infested, ha Percent Cover X LB¥  UB¥ X LB¥ UB¥
Fathometer tracings 55 .3 05 1.0h 0.80 1.31 576,000 LhLi,620 725,890
Direct biomass
sampling 67.4 (78, L)%= 86 (100)** 1.2 0.98 1.4k oké,640 768,320 1,128,960

¥ LB = 95 percent lower bound confidence value, UB = 95 percent upper bound confidence value.
¥¥ Kilograms hydrilla per square metre and total hydrilla (in kilograms) were calculated from the
total area of the lake,



grester than 6 m contains hydrilla, Therefore, it appears a dispropor-
tionate amount of sampling effort was placed in hydrille-infested waters
by the direct random biomass sampling method causing an overestimation
of the total hydrilla standing crop.

The principal advantage of utilizing a recording fathometer for
vegetation surveys is the savings in time and manpower. In Lake Bald-
win, 14 transects covering a total distance of 11,32 km were completed
in 3 hr. From previous experience, the completion of a 100-m {0.1-km)
conventional line intercept transect with points at 2-m intervals re-
quires 0.5 to 1.0 hr for completion and two surveyors. With experience,
one person can operate the motorboat and fathometer simultaneously and
sample a greater portion of the lake.

Compared to other indirect or noncontact vegetation survey tech-
nigques that sample submersed macrophytes, a recording fathometer is
advantageous since vegetation is monitored in two planes in the water
column: vertical and horizontal., Cther methods examine only the water
surface or horizontal plane of the water column,

The resuits of this study indicate that a recording fathometer
is best suited for aquatic vegetation surveys in lakes where the problem
plant exists as a monocuwlture. Small beds of eelgrass, though, were
distinguishable from hydrilla., Gross morphological differences in plant
structure appear to account for variation in recording chart tracing
patterns. Future testing may prove that other submersed macrophytes
can be differentiated from hydrilla by examination of chart tracing
patterns, Our previous tests indicate that differentiation between hy-
drilla and other submersed macrophytes of similar morphological struc-
ture (Ceratophyllum, Myriophyllum, Utricularia, Cabomba, and Egeria)
cannot be accomplished by examination of tracing patterns.

If projects require that different submersed macrophyte species
be treated as a group, a recording fathometer could be utilized to gen-
erate quantitative data for the entire submersed aquatic plant community.
Random direct contact sampling or line intercept transects could be em~
ployed to monitor species abundance and diversity. Results of this
study demonstrated that Tathometer tracing patterns could be correlated
with actual hydrilla biomass and the total standing crops of hydrilla
in Lake Baldwin could be estimated throughout the year.

The utilizeation of fathometer tracings for estimation of biomass
eliminated the chance of error that occurs when employing & random num-
bers table for selection of sampling stations. A systematic random ap-
proach of selecting biomass prediction stations on chart tracings
aliowed all water depths to be adeguately sampled., Choosing biomass
prediction stations containing only hydrilla reduced variation about
the mean, By determining predictive independent vegetation variables
that were utilized to calculate mean biomass values at 1-m intervals,
variation was further reduced in the models. A greater number of hy-
drilla biomass prediction stations, 152 versus 86 for the biomass sam-
pies, were used in the analysis utilizing the fathometer method as com-
pared to direct random biomass sampiing method in March 1979 in Lake
Raldwin.
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One major limitation of the fathometer for estimaticn of hydrilla
bicmass and total standing crop was the inability to conduct transects
in water depths less than 1 m; therefore, direct estimation of biomass
in these water depths was prevented. Also, when Tormulating predictive
regression models correlating fathometer tracing patterns with actual
biomass, only itwo observations in water depths less than 2 m were
utilized in the analysis. Therefore, because of limited sempling, bio-
mass estimates from these shallow water areas may be biased. In Lake
Baldwin, 9.2 percent of the lake area was less than 2 m in depth. This
area contained a small percentage of the total hydrille standing crop
in the leke. Due to these sampling errors, total standing crop esti-
mates were possibly slightly inaccurate.
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AQUATIC PLANT CONTROL ACTIVITIES IN
THE PANAMA CANAT, ZONE

by

Stephen D. Parris¥*

Background

Since December 1976 WES has maintained an assistance program with
the Pansma Canal Commission (PCC)** for aquatic plant management. This
program has benefited the aguatic plant control programs of both organi-
zations, It has provided WES with a year-round test ares for new chemi-
cal, biological, and mechanical techniques potentially applicable in
the United States. Panama has proven to be especially suited for in-
sect and pathogen work and may yield new insects and microcorganisms for
use in biocontrol techneclogy. This assistance program has helped the
PCC upgrade the qualifications of perscnnel and modernize the equipment
of its aquatic plant control group. They now have an ongoing biocon-
trol program utilizing the white amur and the hyacinth moth Sameodes,
they also have the equipment to utilize herbicides superior to the
copper sulfate they have used in the past.

Currently, the APCRP of WES and the PCC are in the second year
of a S-year, long-range program., This program is scheduled to continue
providing PCC with operational aquatic plant management information,
and WES with data useful in its research and development and technology
transfer roles.

The assistance program between WES and PCC was initisasted late in
1976. TC Phillip Custer, Assistant to the Director of the Engineering
and Construction Bureau of the PCC, visited WES to obtain information
on aquatic plant control., The PCC was particularly interested in
utilizing the white amur for hydrilla control. However, since the over-
all aquatic plant control program in the Panama Canal included few
state-of-the-art technicues, PCC was also interested in assistance with
chemical and mechanical technologies. As an outgrowth of LTC Custer's
visit to WES, the assistance program was forma:.'y initiasted in December
1976, The WES asgreed to assist PCC in upgrading its capadbilities in
chemical and mechanical methods of aguatic plant management as well as
providing the specifically reguested assistance with the white amur.

¥ U. 8. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
*¥  Formerly the Panams Canal Company .
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WES Activities, FY 77-78

One of the first efforts initiated by WES was to obtain gerial
photography to determine the amount and location of hydrilla in Gatun
Lake, the reservoir through which the cansl runs. Color infrared pho-
tography at a scale of 1:2L,000 was obtained in January 1977. From this
film it was determined there were 11,600 acres of hydrilla in Gatun
Lake.,

During March 1977, PCC approved the proposed programs for insect
and pathogen, white amur, chemical, and mechanical programs. From
March through November 1977, WES continued work planning the various
programs., During November 1977, WES and PCC released the hyacinth
weevil Neochetina bruchi, in Gatun Lake, and established the hyacinth
moth Sameodes albiguttalis, in field test cages. November 1977 saw the
final publication of the white amur Environmental Impact Statement (EIS)
prepared by PCC. By January 1978, it was evident that the initial inocc-
wlation of hyacinth moth was & failure, the moths having been destroyed
by ants that gained access to the test cages. In addition, two experi-
mental herbicides (EL-171 and E-51) were applied during January 1978.

The initial shipment of white amur to the canal took place in
February 1978. Rather than purchase fish that were 1 to 2 1b in size
and therefore nonsusceptible to peacock bass predation, the decision was
made to stock fingerlings in grow-out areas containing sufficient
hydrilla for the amur to reach 1 to 2 1b in weight before their release
into Gatun Lake. Fish were transported in a tanker truck that was
flovn from Little Rock, Arkansas, to the Canal Zone in an Air Force
C-130 cargo plane. There was high mortality in this first shipment due
to the abrupt temperature change from the cocl water of the truck to
the warm water of the grow-out area, Mortality of the shipment was
estimated to be over 90 percent. Arrangements were immediately made
for a second shipment of white amur fingerlings.

During May 1978, there was an additional release of Sameodes and
Neochetina; the initiation of large-scale testing of 2,k-D on water-
hyacinth began in June, During August, approximately 1LL,000 white
amur welghing 1 to 2 1b from the second shipment were released from
their grow-out area into Gatun Lake, and an additional 177,000 finger-
lings from Arkansas were stocked in a separate grow-out area.

The mechanical harvesting test was also completed during August.
By September 1978, the hydrilla beds that had been harvested were com-
pletely recovered to their previously topped out condition. Hydrilla
had been harvested to a depth of 5 ft, and only 6 weeks was required for
regrowth,

FY 79 Activities

Personnei from WES and PCC met in the Canal Zone the first week in
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March to specify program cbjectives for the remainder of FY 9.

LTC Custer and PCC staff did not wish to continue the nmechanical har-
vesting program. Hydrilla regrowth after previous harvesting efforts
was sO rapid as to make mechanical harvesting cost prohibitive. The PCC
and WES were able to reach an agreement on scheduling and implementation
of the program for FY T79.

In order to determine the spread or decline of hydrilla in Gatun
Lake during the first 2 years of the program, color infrared aerial
photography of the Psnama Canal-Gatun Lake area was obtained., The
mission was flown from an altitude of 12,000 ft, and the imagery ob-
tained was interpreted by WES. The acreage figure obtained was compared
to that obtained from the photo mission flown im 1977. As of March
1979, there were sbout 12,140 scres of hydrilla in Gatun Lake, as com-
pared to 11,600 acres in 1977, a L.4 percent increase in 15 months.

Chemical program

An important thrust of the APCRFP is the encouragement of field
testing of herbicides pursuant to registration for aquatic use. Cur-
rently, there are relatively few herbicides available to the Corps of
Engineers Districts for aguatic plent management programs. The APCRP
has actively cocperated with and encoursged chemical companies to seek
Federsl registration, and, in the case of registered herbicides, addi-
tional data for EPA-approved label modifications. In addition, for the
FY 79 test, an important consideration was the development of a field
test plan that can be used, with modifications, for testing a variety
of aquatic herbicides under the suspices of the APCRP.

The basic test plan for the chemical test in Panama was sgreed
upon during the March meeting by representatives from WES, PCC, and the
Pennwalt Corporation. The herbicides selected were Hydout and Aquathcl-
K, both of which have endothall ss their active ingredient.

The chemical field test began in early April. An area known as
the Irijocles Basin was selected and eight plots were established. Each
plot was surveyed and mapped and ranged in size from 3.1 to 3.5 acres,
Two plots were randomly designated as controls, and the remaining six
plots were treated, three with Hydout at 200, 300, and 400 1lb/acre, and
three with Aquathol-X at 8, 10, and 15 gal/acre. Biomass samples of
the aquatic vegetation were taken at the rate of five per acre. Sam-
ples were taken before treatment and at intervals of 7, 1L, 21, 49, and
84 days after application,

The persistence and dispersion of endothall in the aquatic eco-
system were & primary concern. Samples of water, sediment, and plant
biomass were taken within each plot and on the perivhery of each plot
at days 0, 1, 3, 7, 14, and 21. Endothall residues can be detected
only by extremely sophisticated analyticel techniques; as part of their
contribution to the test, Pennwalt donated the services of their analy-
tical laboratory in Tacoma, Weshington, for analysis of all residue
samples, Samples were immersed in an ice-brine solution in the field
immediately after collection and stored frozen in the PCC commissary to
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retard degradation of endothall residues. After day 21 samples were
collected, all samples were shipped by air freight on dry ice to the
Pennwalt laboratory in Tacoma, Washington.

In addition tec herbicide residues, a variety of water quality
parameters were monitored both in the field and through laboratory
analysis (Teble 1), Laboratory analysis of those paremeters that could
not be measured in the field were performed by the PCC water quality
laboratory located in Panama.,

Phytoplankton and zooplankton populations were alsc monitored dur-
ing studies. OSamples were collected through day 21 and are currently
being analyzed by a contractor.

Agquathol~X had the most immediate effect on the test plots.
Hydrilla within these plots dropped below the surface within 36 to
48 hr after application. Even the lowest application rate, 8 gal/acre,
resulted in good control., Only on the fringe areas of several plots,
where Agquathol-K was not directly applied, did hydrilla fail to drop
out, This may indicate that endothall did not disperse widely afier
application. ProJect divers reported that the hydrilla had fallen to
the bottom, forming a mat 2 to 3 ft thick. Biomass samples at that
time were composed of brown, decomposing hydrilla,

Hydout trested plots responded more slowly. It was 7 to 10 days
after application before there was a noticeable decrease in hydrilla,
In the lightest treatment plot, 200 1b/acre, control was not achieved.

By July, hydrilla biomass in the Aguathol-X plots was 85 percent
of the pretreatment level, with asbout 60 percent recovery in the Hydout
plots. By October, the Aquathol-K plots had recovered fully, while the
Hydout plots still had not topped out. Control was maintained on the
Hydout plots longer than expected, which may have been due to greater
persistence of endothall in the sediment due to the sinking pellet formu-
lation. Sedinment residue data will be closely examined in regard to
this hypothesis.

Currently, biomass and water quality data are being analyzed at
WES, while residue analysis by Pennwalt Corporation is nearing comple-
tion. The data will be synthesized at WES during FY 80, and a detailed
presentation of the results will be made at the APCRP meeting next year.

Biological program

The primary emphasis of the biological program during FY 79 was
on insects and pathogens. Personnel at WES worked with PCC to estab-
lish grow-out facilities so a continuing population of Sameodes moths
for stocking purposgses could be maintained in Panama. Temporary grow-
out tanks were completed and inoculated with Sameodes in July, and a
viable population appears to be established. In May and July, samplies
of indigenous insects, fungi, and bacteria were collected. Work with
these specimens is continuing at WES in hopes that new biocontrol
agents will be jdentified. In addition to the fieldwork, information
pertaining to Cercospora rodmanii, a fungal pathogen of waterhyacinth,
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Table 1

Water Quality Parameters Monitored in Test Plots

Monitored in the Field

Specific conductance
Uissolved oxygen

pH

Water temperature

Secchi disk reading

Analyzed in Laboratory

Total alkalinity

Color

Hardness

Total Kjeldahl nitrogen
Ammonia nitrogen

Total phosphate
Dissolved solids
Biological oxygen demand
Turbidity
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was delivered to PCC for inclusion in an Environmental Tmpact Assess-
ment (ETA) for future testing.

Planned FY 80 Activities

In September 1979, a team from WES returned tc Paname to discuss
the program for ¥Y 80. Personnel at PCC were interested in maintaining
the progrem with WES, but the political situation at that time made
future planning difficult. Basic questions concerning funding of the
new Panama Canal Commission had not then been rescolved in Congress,
With this in mind, a scaled-down program for FY 80 was established.
There will be no further effort in mechanicsal haresting and no WES-
coordinated chemical field tests, although WES will continue to provide
information in these areas if requested. The primary effort will con-
tinue with the biological program. During FY 80, additional insect and
pathogen samples will be ceollected, and damage at field test sites will
be evaluated. Identification of pathogens collected will continue at
WES., The WES personnel will also assist PCC in their culture and
release of Sameodes and the field test of the fungal pathogen of water-
hyacinth C. rodmanii. In & related effort, WES personnel will work
with USDA in collecting and evaluating the moth Paraponyx rugosalis
for future testing.

The WES has a limited work schedule planned for Panama in FY 80.
As part of the Aguatic Plant Problem Identification and Assessment
ProJect, WES is planning to field test a variety of aerial photography
technigues in the canal this spring. The opportunity will also be
taken to verify the extent of aquatic plant infestations in Gatun Lake
gs previously indicated by color infrared imegery. This serial photo-
graphic ground truth exercise will give additional information on the
accuracy limitations of the imagery studies,
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