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PREFACE

The 19th Annual Meeting of the US Army Corps of Engineers Aquatic Plant
Control Research Program was held in Galveston, Texas, on 26-29 November 1984.
The meeting is required by Engineer Regulation (ER) 1130-2-412 paragraph 4c¢ and
was organized by personnel of the Aquatic Plant Control Research Program
(APCRP), Environmental Laboratory (EL), US Army Engineer Waterways
Experiment Station (WES), Vicksburg, Miss.

The organizational activities were carried out and presentations by WES
personnel were prepared under the general supervision of Dr. John Harrison, Chief,
EL. Mr. J. Lewis Decell was Program Manager, APCRP. Mr. W. N. Rushing,
APCRP, was responsible for planning and chairing the meeting. Mr. E. Carl Brown
was Technical Monitor for the Office, Chief of Engineers, US Army.

This report was edited by Ms. Jamie W. Leach of the WES Publications and
Graphic Arts Division (P&GAD). All copy layout was accomplished by Ms. Gracie
B. Park, P&GAD.

COL Robert C. Lee, CE, was Commander and Director of the WES at the time of
the meeting. COL Allen F. Grum, USA, was Director of WES during the

publication of this report. Mr. Fred R. Brown and Dr. Robert W. Whalin were
Technical Directors.
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AGENDA

19th Annual Meeting
U.S. Army Corps of Engineers
AQUATIC PLANT CONTROL RESEARCH PROGRAM

Galveston, Texas
26-29 November 1984

MONDAY, 26 NOVEMBER 1984

10:00 a.m. Registration—West Promenade
-5:30 p.m.
6:30 p.m. Reception—Music Hall Terrace

TUESDAY, 27 NOVEMBER 1984
General Session, Music Hall

8:00 a.m. Registration Continues
8:30a.m. Callto Order and Announcements
—W. N. Rushing, Waterways Experiment Station (WES), Vicksburg,
Mississippi
8:40 a.m. Welcome to the Galveston District
—COL Alan L. Laubscher, Commander, USAE District, Galveston,
Texas
8:50 a.m. General Comments
—F. R. Brown, Technical Director, WES, Vicksburg, Mississippi
9:00 a.m. Comments by the Technical Monitor
—E. Carl Brown, Natural Resources Management Branch, Office,
Chief of Engineers (OCE), Washington, DC
9:10a.m. Comments by the Program Manager
—J. L. Decell, Aquatic Plant Control Research Program (APCRP),
WES, Vicksburg, Mississippi
9:25a.m. BREAK
9:40 a.m. USAE Division/District Presentations
Aquatic Plant Problems—Operations Activities
Lower Mississippi Valley Division, New Orleans District
—Frank J. Cali
North Atlantic Division, New York District, Lake Champlain, Vermont
—David J. Papp
North Atlantic Division, New York District
—Simeon M. Hook
North Central Division, St. Paul District
—Wayne Koerner
North Pacific Division, Seattle District
—Robert M. Rawson
South Atlantic Division, Charleston District
—John L. Carothers
South Atlantic, Jacksonville District
—Edward Knight



South Atlantic Division, Jacksonville District, Aquatic Plant Control
Operations Support Center
—James T. McGehee .
South Atlantic Division, Wilmington District
—Charles R. Wilson
South Atlantic Division, Mobile District
—Michael J. Eubanks
South Atlantic Division, Lake Seminole
—Joe Kight* ‘
Southwestern Division, Galveston District
—Joyce Johnson
Southwestern Division, Tulsa District
—Loren M. Mason
Pat Mayse Lake, Texas
—John H. Rodgers, Jr., North Texas State University, Denton, Texas
Southwestern Division, Little Rock District
—Clyde Gates*
12:00 noon LUNCH
1:30 p.m. Ecology of Aquatic Plant Species—Overview: Effects of Sediment
Composition—Final Report on Work Unit
Environmental Interactions—Initiation of Work Unit
—J. W. Barko, WES
1:50 p.m. Effects of Water Chemistry on Aquatic Plant Species
—R. M. Smart, WES
2:05 p.m. The Development of Computer-Aided Evaluation Systems
—B. M. Sabol, WES
2:25p.m. BREAK
2:40 p.m. Biological Control Technology Development—Overview
—E. A. Theriot, WES
2:50 p.m. The Control of Hydrilla with Plant Pathogens
—E. A. Theriot, WES
3:05 p.m. Overseas Searches and Evaluation of Insects for Control of Hydrilla
—J. K. Balciunas, University of Florida, Aquatic Plant Manage-
ment Laboratory, Ft. Lauderdale
3:20 p.m. Update on Control of Eurasian Watermilfoil with Microorganisms
—H. B. Gunner, University of Massachusetts, Amherst
3:35 p.m. Domestic Survey of Pathogenic Microorganisms on Eurasian
Watermilfoil
—W. C. Zattau, WES
3:50 p.m. The Control of Waterhyacinth with Neochetina
—R. M. Stewart, WES
4:05 p.m. Biological Control of Waterhyacinth and Alligatorweed in
Galveston District and at Jean Lafitte Park, Louisiana
—A. F. Cofrancesco, WES

4:25 p.m. Biological Control of Waterhyacinth in the California Delta
—R. M. Stewart, WES

* Presentation not submitted for inclusion in proceedings.
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8:30 a.m.

8:50 a.m.
9:05a.m.
9:20 a.m.
9:35a.m.
9:50 a.m.
10:05 a.m.
10:15 a.m.
10:35 a.m.
11:05a.m.
11:20 a.m.

11:35 a.m.
12:00 noon
1:30 p.m.

1:45 p.m.

2:00 p.m.

2:15 p.m.

2:30 p.m.

2:45 p.m.

3:00 p.m.

WEDNESDAY, 28 NOVEMBER 1984
General Session — Music Hall

Chemical Control Technology Development—An Overview and
Description of New Work Units

Controlled-Release Poly GMA 2,4-D Development and Evaluation

Herbicide Application Technique Development for Flowing Water

Herbicide Concentration Effects on Stressed Plants

—H. W. Westerdahl, WES '

Evaluation of Herbicide/Adjuvant Mixtures in Flowing Water

—K. D. Getsinger, WES

Herbicide Threshold Concentrations and Exposure Time Requirements
—J. F. Hall, WES

Herbicide Evaluation Program

—T. K. Van, USDA, APML, Ft. Lauderdale, Florida

Development and Evaluation of Controlled-Release Fluridone Pellets
—R. L. Dunn, Southern Research Institute, Birmingham, Alabama

BREAK

A New Aquatic Plant Infestation in Florida

—J. C. Joycee, Director, Center for Aquatic Weeds, University of
Florida, Gainesville

Latest Developments of the Triploid White Amur

—J. M. Malone, J. M. Malone and Son Enterprises, Lonoke, Arkansas

Triploid White Amur Research in Washington State

—G@G. Pauley and Gary Thomas, University of Washington, Seattle
Induced Triploidy in the White Amur

—J. Cassani, Lee County Hyacinth Control District, Fort Myers, Florida
The Lake Conroe Texas White Amur Project

—R. Betsill, Texas A&M University, College Station

Discussion, Questions and Answers

LUNCH

The Potomac River Hydrilla Project—Introduction
—J. L. Decell, WES

Toward Development of an Operational Program for the Potomac
—R. Pace, USAE District, Baltimore, Maryland*

Survey of the Submersed Aquatic Vegetation on the Potomac in the
Immediate Washington Area

—N. Rybicki, U.S. Geological Survey, Reston, Virginia

Survey of the Submersed Aquatic Vegetation on the Potomac from
Quantico, Virginia, to the Highway 301 Bridge

—R. A. Allaire, Northern Virginia Community College,
Woodbridge, Virginia

Preliminary Laboratory Research Results on Monoecious Hydrilla

—T. K. Van, USDA, Ft. Lauderdale, Florida

Preliminary Laboratory Research Results on Monoecious Hydrilla
—L. W.J. Anderson, USDA, Davis, California

Demonstration Trials on the Potomac—Fall 1984
—W. N. Rushing, WES

* Presentation not submitted for inclusion in proceedings.
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3:15 p.m.
3:30 p.m.

3:45 p.m.
4:00 p.m.

4:15 p.m.

8:00a.m.
-11:00 a.m.

Results of Mechanical Harvesting Demonstration Trial, Fall 1984
—B. M. Sabol, WES

Future Work on the Potomac River Hydrilla Project
—J. L. Decell, WES

Questions and Answers

Closing Remarks
—J. A. Pfeiffer, Jr., R&D Directorate, OCE, Washington, DC

Adjourn 19th Annual Meeting

THURSDAY, 29 NOVEMBER 1984
West Parlour

FY 86 Civil Works R&D Program Review, Directorate of Research and
Development, OCE (Corps of Engineers Representatives ONLY)

vill
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)

units as follows:

Multiply By To Obtain
acres 4046.873 square metres
acre-feet 1233.489 cubic metres
cubic yards 0.7645549 cubic metres
feet 0.3048 metres
gallons per acre 0.00093 cubic decimetres per

square metre
gallons (U.S. liquid) 3.785412 cubic decimetres
horsepower 745.6999 watts
(550 foot-pounds per second) .
inches 25.4 millimetres
miles per hour 1.609347 kilometres per hour
miles (U.S. statute) 1.609347 kilometres
pounds (force) per square inch 6894.757 pascals
pounds (mass) 0.000112 kilograms
pounds (mass) per gallon 0.12 kilograms per
cubic decimetre
square miles 2.589998 square kilometres
tons (mass) per acre 0.22 kilograms per square metre
tons (2000 Ib mass) 907.1847 kilograms
yards 0.9144 metres

X1V



19th Annual Meeting
US Army Corps of Engineers

AQUATIC PLANT CONTROL
RESEARCH PROGRAM

INTRODUCTION

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

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

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

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

The contents of this report include the presentations of the 19th Annual Meeting
held in Galveston, Texas, 26-29 November 1984.



COMMENTS BY THE TECHNICAL MONITOR

by
E. Carl Brown*

INTRODUCTION

The Natural Resources Management Branch of the Office, Chief of Engineers,
(OCE), US Army, has responsibility for the overall staff supervision of the Corps’
Aquatic Plant Control Research Program (APCRP). As a member of that group, I
was assigned the responsibility of Technical Monitor for the research efforts
associated with the program just before our 1983 annual meeting in Raleigh, N.C.,
and have been favorably impressed with the dedication and professionalism of the
people (public and private) I have met through the research and control program.

OBJECTIVES

Two simple objectives for this presentation are:

e Emphasize the importance of communication and cooperation between the
various public agencies, industry, environmental organizations, and private
citizens in accomplishing aquatic plant control in an efficient and environ-
mentally acceptable manner.

® Present some views on the value and objectives of aquatic plant control
research.

COMMUNICATION AND COOPERATION

Represented here today are (a) Corps employees, (b) representatives from other
Federal agencies, (¢) State employees, (d) industry representatives, (e) students, (f)
academic institutions, (g) interested citizens, and (h) media representatives. Thank
you all for showing an interest in the program. This mix of participants is germane
to some thoughts I want to convey about cooperation and communication.

As most of you know, aquatic plants are somewhat of an enigma. In the broad
picture, they present a “Doctor Jekyll and Mr. Hyde”situation. On one hand, aquatic
plants can be highly beneficial in the nutrient cycle providing valuable food and
cover for fish and wildlife. On the other hand, when overabundant, aquatic plants
can interfere with drainage, irrigation, water supply, navigation, and recreation, as
well as create aesthetic problems of unsightly and smelly masses of material.

People who have experienced or witnessed constraints in water use or
management due to aquatic plants know the problem can be very real. Those who
have not experienced such problems may wonder what all the concern is about.
Further, because of the Doctor Jekyll and Mr. Hyde situation, aquatic plant

* US Army Corps of Engineers, Washington, D.C.




problems can be sensitive, emotional, and political issues. It is interesting to note,
for example, the attention an infestation of hydrilla in the Potomac River received in
this election year. You will hear more about that later in the meeting.

Some rather rigid lines can be drawn by various interest groups on how best to
deal with aquatic plant problems. Our planners, control operations people, and
researchers sometimes get caught in this tangled web, trying to determine the
proper course of action.

To the point, to deal properly with aquatic plant problems, there must be
thorough and timely communication and cooperation between many entities,
including Federal and State agencies, environmental organizations, private
citizens, and industry. We, in the Corps, are eager to understand the concerns of all
parties interested in aquatic plants and to do what we can to properly deal with
aquatic plant problems. We invite continued help, cooperation, and support in this
effort.

RESEARCH

One of my objectives is to present some views on aquatic plant control research.
Research can be necessary to the continued equilibrium of a program, and without
it the program is not likely to function at its best. Flurther, I maintain that we should
set, and always keep in sight, a lofty goal for our Aquatic Plant Control Research
Program. Our goal should be to minimize the need for control operations —
idealistic, but a good goal.

Our research program is clearly oriented to identification of new or more efficient
tools for aquatic plant control. There is, of course, an additional and valuable benefit
from the program. Because of the research activities, we have available to us a cadre
of expertise that we can use whenever and wherever a special need arises. This
cadre of experts is good backup for our Aquatic Plant Control Support Center in
Jacksonville, Florida, and has been helpful with four special problems in the last
year alone.

In our research efforts, we have a good mix of biological, environmental
interaction, chemical, and mechanical system evaluation work units. Obviously,
chemical and mechanical control methods are important to the overall approach to
management of aquatic plants. Biological controls and better knowledge of
ecosystem interactions hold promise for additional long-range, cost-effective, and
evironmentally compatible solutions to aquatic plant problems.

SUMMARY

Problems caused by aquatic plants touch the lives of many Americans. While
funding procedures sometimes constrain how fast we in the Corps can react to a
problem, we do have strong interest in the program. To the extent that authorities
and funding will allow, we will continue to do what we can to help with aquatic
plant problems. But we must remember that there are many entities and many
factors figuring into the decision process of how best to deal with specific problems
in specific areas.



Looking back on what has happened in the program, it is gratifying to see the
interest and effort that have been put forth. I want to take this opportunity to thank
you, our Corps people (Division, District, Support Center, and Waterways
Experiment Station), for your conscientious effort in the program. This year, the
Baltimore District, Waterways Experiment Station, and our Support Center in
Jacksonville, Florida, deserve a special thanks for their actions in response to
hydrilla infestation in the Potomac.

I especially want to thank the other Federal and State agencies, private industry,
and the private citizens that have cooperated with us in the program over the years,
as it takes us all working together to get the job done in aquatic plant management
and control.

We all face what appears to be a continuing challenge in dealing with aquatic
plants in the next several years. There is indication that additional aquatic plant
control may be needed in areas of the country where we have previously experienced
little trouble. At the same time, most public agencies are faced with a problem of
limited funding. It is imperative that we find ways to curtail the expanding cost of
control operations. Our research program is critical in identifying more efficient
methods of aquatic plant control and I am confident our research professionals will
be equal to the challenge.



USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

Lower Mississippi Valley Division, New Orleans District

by
Frank J. Cali*

The New Orleans District is responsible for aquatic growth control throughout
the State of Louisiana. Operations are funded under two authorizations: the
Removal of Aquatic Growth Project and the Aquatic Plant Control Program.

Operations are accomplished using 11 two-man crews at eight duty stations.
During F'Y 84 crews continued to operate on a 10-hr day/4-day week from April
through October, resulting in a 4-percent increase in productivity over FY &3.
Control operations were aimed mainly at waterhyacinth; other species treated
included alligatorweed, waterlettuce, hydrilla, Eurasian watermilfoil, and salvinia.
The total area treated during FY 84 was 43,349 acres.** Of that total, 5,105 acres
were treated by aerial application using contract helicopters. The herbicide 2,4-D
was used for 95 percent of the treatment. Sonar, Diquat, Aquathol K, Cutrine Plus,
and Rodeo herbicides were used for the remainder. Rodeo herbicide was used to
successfully treat waterhyacinth in certain limited areas where phenoxy herbicide
use was banned.

The New Orleans District has had a cooperative agreement with the State of
Louisiana, Department of Wildlife and Fisheries, since 1959. Under this cost-
reimbursable contract, the State treated 47,602 acres of aquatic growth in F'Y 84.

The Aquatic Growth Control Section, New Orleans District, attended the
Louisiana Pesticide Applicators Association annual meeting in November 1984. All
field employees are certified by the US Environmental Protection Agency (EPA).

Water samples were collected by Corps personnel and analyzed by private
contractor for 2,4-D residues. Samples were collected at various intervals of time
after spraying occurred. Results have indicated that residues decline to acceptable
levels within a few days of application.

Hydrilla infestation continues to increase. It is estimated that hydrilla infests
more than 30,000 acres in south Louisiana. Acceptable methods of treatment are
available; however, funds are not available to treat the entire area. The New
Orleans District and the Louisiana Department of Wildlife and Fisheries are
cooperating to determine more accurately the extent and location of hydrilla
infestations in the state.

* US Army Engineer District, New Orleans; New Orleans, Louisiana.

** A table of factors for converting non-SI units of measurement to SI (metric) units is presented on
page xiv.



USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

North Atlantic Division, New York District
Lake Champlain, Vermont

by
David J. Papp*

Lake Champlain is the sixth largest freshwater lake in the United States; as such
it is an important regional recreational, economic, and natural resource. The lake
serves as a state boundary between the States of Vermont and New York, and as an
international boundary with 5 miles of the northern tip of the lake extending into
the Province of Quebec, Canada. Since the establishment of the earliest canoe routes
to the construction of the Lake Champlain Barge Canal, the lake has provided the
major link between the Hudson and St. Lawrence Rivers.

Two species of aquatic macrophytes have reached nuisance proportions in Lake
Champlain. One of these is waterchestnut (Trapa natans), an introduced species
that has inundated several hundred acres in southern Lake Champlain. The plants
infested through the barge system from the Hudson River and have steadily
progressed northward to infest an ever greater area of southern Lake Champlain. In
northern Lake Champlain, in particular St. Albans Bay, another introduced
species, Eurasian watermilfoil (Myriophyllum spicatum), has become a severe
nuisance.

A Reconnaissance Report, approved in November 1979, recommended that a
General Design Memorandum (GDM) to include an Environmental Assessment be
prepared. The State of Vermont entered into an agreement in August 1980 with the
New York District under which the State developed a GDM. The GDM was
approved in March 1982 with commencement of control operations in July 1982.
Recommendations in the GDM included the following:

® Institution of a 10-year program to control obnoxious aquatic plant growth.

® The accomplishment of two goals: (1) progressively reduce waterchestnut and
eventually confine them to south of 43°44’00”N latitude in the South lake and
(2) control Eurasian watermilfoil in St. Albans Bay.

® Mechanical harvesting supplemented by handpulling with disposal at an
upland site.

e A public participation program to encourage public awareness of the problem.

The benefit-cost ratio for the control program is 32.2 for the South Lake and 2.4
for St. Albans Bay.

* US Army Engineer District, New York; New York, New York.




SOUTH LAKE

The South Lake’s 1984 waterchestnut harvesting project commenced on July 11th
and was terminated on August 22nd. Considerable gains were made in the
efficiency of the South Lake operation this year, through improvements to existing
equipment and through the use of the harvesting computer program, written by
Bruce Sabol of the Waterways Experiment Station. The use of the HARVEST
computer program has allowed for creation of the optimum usage sequences for
each piece of harvesting equipment in the various situations that are present on
South Lake.

Continued improvements to the high speed transporter barge, which was
specially developed and utilized for the South Lake harvesting project during the
1983 season, have again increased the efficiency of the weed disposal process. New
pontoons were added in order to provide more flotation, thus allowing the barge to
carry increased load weights. The transport barge’s control tower was moved
toward the rear of the machine to permit the bow of the vessel to ride higher while
carrying the increased loads.

Although more of the control area was harvested this year than last, the lack of
sufficient funds has again prevented the complete harvesting of all the water-
chestnut infestations within the designated control area.

Table 1 provides a summary of activities in the South Lake with some additional
facts comparing the first 3 years of harvesting.

Harvesting in South Lake was undertaken for approximately 6 weeks during
1984, a week less than the previous year, and resulted in the cutting and removal of
758 loads. This represents a 21-percent increase over the number of loads cut and
removed in 1983. The percent increase is more significant than it first appears
because the increased output occurred even though chestnut density was much
reduced in the northern section of the control area.

The most significant reduction in weed densities continues to be in the Fort
Ticonderoga area. There has been a steady decline in weed densities in this area
since the inception of the project in 1982. Load numbers have decreased from 79.5
loads in 1982 to 35 in 1983 to 29 loads in 1984 which represents about a 17-percent
reduction in loads. Roughly 85 percent of each load harvested in 1984 was Eurasian
watermilfoil and only 15 percent was waterchestnut.

The handpulling effort this year concentrated on the northern section of the
control area in an effort to keep the small coves and bays in that area from becoming
infested with chestnut. Handpullers also concentrated on cleaning up areas that had
been harvested or areas that were too shallow for harvester operation. The high
water conditions this year allowed the harvesting equipment to cut much closer to
shore, reducing the amount of weeds that the handpullers would normally have
harvested.

Consideration is being given to the development of an onboard processing system
for the South Lake harvesters. The purpose of the processor would be twofold: (a)
reduce the bulk of the chestnut plant and (b) reduce the harvested plants into a form
that might be usable as cattle feed or farm field mulch. It is envisioned that the



Table 1
1984 South Lake Champlain Harvesting Project

198/ Billing Pertod, Hours

Total
11 Jul- 21 Jul- 6 Aug- 20 Aug-
Equipment 20 Jul 5 Aug 18 Aug 22 Aug Hours Cost
Two H650 Harvesters 64.4 91.8 82.7 21.8 260.7 $69,346.20
at $266/hr
One H650 Harvester 2.7 6.0 5.7 1.1 15.5 2,480.00
at $160/hr
One H220 Harvester — — 25 — 25 1,500.00
at $60/hr
High speed transport — 90.8 82.7 21.8 195.3 20,701.80
at $106/hr
Handpullers 69 80 55 — 204 6,528.00
at $32/hr
1 H650 Harvester — — — 17.6 17.6 1,865.60
(alone) at $106/hr
Biweekly billing 19,770.40 37.563.60 34,936.40 10,151.20 $102,421.60
period total ($)
TOTAL LOADS 67 246 365 90
1982 1988 1984
Weeks harvested 7.5 7.0 6.0
Total loads 771.0 624.0 758.0
Acres —- 76.0 87.5
Total harvesting hours — 408.7 579.5
Contract award $118,532.50 $100,000.00 $102,421.60

processing device would cut and grind the plants to remove water and bulk and
would also erush the nuts which have been a problem in using the plants as mulch on
grazing lands. The plants to be used as a cattle feed would be harvested before the
nut forms on the chestnuts. If a successful design for a processor can be
implemented, projections are for an increase of nearly 30 percent in harvested
material.

Several considerations that the State feels could further improve the project in
future years are:

a. Sufficient funding should be appropriated on an annual basis so that the entire
project area can be harvested in a single season. No year since the project
inception has the entire project area been totally harvested. When areas are left
uncut during a given year, increased densities in these areas can be anticipated
in future years. Further, these uncut areas serve to reinfest areas of the Lake
which have been cleared earlier.

b. A multiyear contract for the project would be beneficial for a number of
reasons. Potential contractors for the project have stated that given a multiyear
contract, they could reduce by 15 to 25 percent the costs per hour of equipment,
thus allowing more production for less money. A multiyear contract would
allow for a decreased amount of administrative work for both the State of
Vermont and the Corps of Engineers. The involved bid process would not have
to be undertaken each year. Additionally, the employment of one contractor




from year to year gives the contractor a good familiarity with the project area,
thus allowing him to make constant improvements in his techniques as well as
ensuring a uniform procedure for harvesting the areas.

ST. ALBANS

For a number of reasons, the Eurasian watermilfoil in St. Albans Bay did not
grow until very late in the summer. Accordingly, the harvesting scheduled to begin
in early July was postponed until July 24th. Most of the weed beds which had grown
so thickly last year were very sparse in most areas this summer. When the project
ended in early October, the entire circumference of the bay had been harvested and
some areas had been cut twice, especially around the Hathaway Point area. A new
access site at Hathaway Point greatly improved the efficiency of the operation in
that area and in adjacent sites.

A flyover of the Bay at the onset of the harvesting season provided valuable
knowledge of the size and locations of the weed beds. The heaviest infestations of
weeds occurred in the Lazy Lady Island area and around Hathaway Point.

Table 2 provides a summary of activities in St. Albans Bay with some additional
facts comparing the first 3 years of harvesting.

Table 2
1984 St. Albans Harvesting Project

1984 Billing Period, Hours

Total
Expense 4 Aug 17 Aug 31 Aug 15 Sep 6 Oct Cost
Harvester operator
at $15.10/hr 63.0 66.0 72.0 56.5 40.0 $ 4,492.24
at $20.36/hr 16.0 12.0 5.0 11.5 8.0 1,068.90
Dump truck w/operator
at $23.50/hr 61.0 66.0 72.0 56.5 44.0 7,038.25
at $28.70/hr 16.0 12.0 5.5 11.5 8.0 1,621.10
Maintenance Admin.
at $15.10/hr 21.0 9.0 18.0 33.0 30.5 1,683.65
at $4.00/hr 8.0 9.0 — 16.0 12.0 180.00
Other expenses 470.82 908.29 374.16 177.33 111.98 1,738.98
(-$303.60,
billed twice)
TOTAL $17,723.12
TOTALLOADS 20-1/3 25-1/4 31 40-1/2 26
1982 1988 1984
Weeks harvested 5.0 11.0 6.0
Total loads 153.0 232 3/4 143.08
Total maintenance — 89.0 111.5
Total harvester hours 223.1 333.0 350.0
Contract award $42,322.50 $17,725.00 $17,723.12



High water, excessive turbidity levels, and a late harvesting season in 1983 are
three factors which may have contributed to the light weed growth in St. Albans
Bay this year. Under normal conditions the highest water levels occur in March and
April after spring runoff. However, an intense storn in early June caused the lake to
rise to its highest level of the season, and also increased turbidity in the bay. A weed
survey conducted after the June storm revealed almost no milfoil growth. It is
possible that the milfoil growth was stressed as a result of our late harvesting
during 1983. This possibility will be more easily determined during the 1985 season
since the milfoil harvesting again this year extended to the end of September.

With most of the mechanical problems involving the harvesting equipment
resolved during 1983, the harvesting operations went quite smoothly this season.

A higher number of maintenance hours than projected can be attributed to the
following reasons. Approximately 60 of the 111 hr of maintenance represents
assembling and launching the equipment at the beginning of the 1984 harvesting
season when it was returned after repairs from the manufacturer, and preparation
for this winter’s storage which did not occur at the end of the 1983 season. Most of
these hours accounted for two persons performing these tasks. Normal routine
maintenance and replacement of disposable parts occupied only 1 hr of harvesting
time a day. A total of 350 hr were spent in actual harvesting compared to 333 last
season. All the weed beds which were designated to be harvested were cut at least
once. In 1983, the harvesting percentage was not nearly as high due to the density
and area of coverage of weed growth.

Recreational use of the Bay appeared to increase greatly this year. The large State
park at the north end of the Bay, which has been virtually unused for the past
several years, was frequented by a number of swimmers. Public sentiment seemed
favorable to the conditions of the Bay this year.

BIBLIOGRAPHY

US Army Engineer District, New York. 1982. “Lake Champlain Aquatic Nuisance
Control Program, State Design Memorandum and Environmental Assessment,
Lake Champlain, Vermont & New York,” New York, N.Y.

State of Vermont, Agency of Environmental Conservation. 1983. “Waterchestnut—
A Problem Aquatic Plant You Should Know in Lake Champlain,” Pamphlet.

State of Vermont, Agency of Environmental Conservation. 1984. “1984 Lake
Champlain Aquatic Nuisance Control Program, Final Report.”
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

North Atlantic Division, New York District

by
Simeon M. Hook*

The purpose of this paper is to describe the New York District Corps of
Engineers’ program to control Eurasian watermilfoil (Myriophyllum spicatum L.)
and waterchestnut (Trapa natans) in the State of Vermont in portions of Lake
Champlain. The Aquatic Plant Control Program is authorized by Section 302 of the
River and Harbor Act of 1965, Public Law 89-298. This Act provides for the control
and eradication of obnoxious aquatic plans in navigable waters, tributary streams,
connecting channels, and other allied waters in the interest of navigation, flood
control, drainage, agriculture, fish and wildlife conservation, public health, and
related purposes.

In 1979 the Vermont Department of Water Resources requested assistance from
the New York District in developing and funding a control program for the above-
mentioned aquatic weeds in Lake Champlain. A reconnaissance report was
completed by the New York District in August 1979 which recommended that a
General Design Memorandum and Environmental Impact Assessment be prepared
to examine the extent of the problem, delineate a control program, and determine
the cost, benefits, and environmental and social impacts of such a program. This
document was completed in March 1982 and control operations began in the
summer of 1982.

The Lake Champlain Aquatic Nuisance Control Program is a two-part project. It
involves controlling Eurasian watermilfoil in St. Albans Bay, Vermont, and
waterchestnut in southern Lake Champlain in order to prevent its spread
northward. The control method selected was mechanical harvesting. It was
determined to be the least environmentally damaging control method and the most
acceptable to those with interests in Lake Champlain.

BACKGROUND

Waterchestnut is an annual aquatic plant native to freshwater streams and ponds
in temperate areas. Although the seed contains some food value and is edible, the
plants are usually found in polluted waters and may be contaminated. The
waterchestnut survives in mud but grows best in water depths from several inches
to 5 or 6 ft. It has been found to grow in depths of up to 15 ft in some control areas.
Its annual decomposition forms a muddy bottom of high organic content.

* US Army Engineer District, New York; New York, New York.
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The plant is identified by its waxy floating leaves supported by swollen leaf
streams forming leaf rosettes. Each new season’s growth is produced entirely from
the seeds of this annual plant. The seeds germinate every spring at about the
beginning of May, and form a cordlike stem 6 in. to 15 ft long which reaches the
surface in about the middle of June. The plant grows as late as October and is killed
by the frost in the fall. It produces nuts which become hard and black. The nuts have
four sharp horns and several reverse barbs. As they are about 20 percent heavier
than water, the nuts sink when they become ripe and drop off the plant. It seems
that most nuts will germinate within 1 to 5 years after being dropped, with longer
dormancies not unusual.

The plant spreads by rerooting in another area or by the nuts being swept by
currents to downstream areas. The problems caused by the plant’s existence in the
waterway relate to recreation activities. Thick mats hinder passage of boats for
fishing, pleasure, and waterfowl hunting. The plant has crowded out such desirable
duck food as wild celery and reduces open water shore habitat for desirable game
fish. If stepped on, the nut can inflict a painful wound.

The waterchestnut program in the southern portion of Lake Champlain involves
the control of this plant north of 43°43'0”"N or in the approximate vicinity of
Benson’s Landing, Vermont. Here, as in the St. Albans Bay area where Eurasian
watermilfoil is the target plant, the control method used was mechanical harvesting
accompanied by handpulling. Disposal of the waterchestnut was accomplished by
transporting the cut plants to approved shore disposal sites after unloading plants
by shore conveyor to trucks. The actual harvesting operation was subcontracted by
the State of Vermont to Aquatic Control Technology, Inc., of Northborough, Mass.,
in the South Lake area, and to New England Constructors of Essex Jet., Vermont, in
St. Albans Bay.

CONTROL OPERATIONS

The basic operation in South Lake consisted of two mechanical harvesters, one
high speed transport, one shore conveyor, and one truck. Gains in the efficiency of
the South Lake control effort were realized as a result of the use of an experimental
harvesting computer program written by Bruce Sabol of the Waterways Experi-
ment Station and through improvements to existing equipment. The HARVEST
computer program enabled each piece of harvesting equipment to be used in an
optimal usage sequence for the various situations present on the South Lake.

The high speed transport built in Toronto in 1982 continues to be a large
contributor to a more efficient operation. Its speed of 12 mph versus the 3- to 4-mph
speed of the harvester allows the harvesters to spend more time harvesting and not
lose precious time in transporting the material to the shore. Improvements to the
high speed transport for the 1984 season further increased its efficiency in the
disposal process. New pontoons were added to provide more flotation, allowing it to
carry increased weight. The control tower on the transport was moved toward the
rear to permit the bow of the barge to ride higher in the water while carrying the
increased loads.

12




Beginning on July 11, 1984, harvesting in the South Lake continued for
approximately 6 weeks. During this time 758 loads of waterchestnut were cut and
removed. The 21-percent increase over the number of loads cut and removed in 1983
is significant since the increased output occurred even though the density of the
plant was much reduced in the northern portion of the control area. Of the 758 loads,
620 came from a 60-acre patch at the south end of the control plot. Each load
weighed approximately 4,000 1b and all were removed from this area over a period
of 4 weeks. It is unfortunate that funds ran out before completing harvesting in all
the designated control areas. Even though about 90 percent of the 60-acre patch was
harvested, leaving only a narrow strip along the New York shore, this patch is most
likely responsible for seeding a good portion of the South Lake, and if not completely
controlled, continued infestations will occur. Handpulling efforts concentrated in
the northern section of South Lake in order to keep small coves and bays from
becoming infested with waterchestnut. Handpullers were also used to clean up
areas already harvested or areas that were too shallow for proper operation of the
harvester. The handpulling effort was reduced this year since high water conditions
allowed the harvesting equipment to cut close to the shoreline.

The waterchestnut was disposed of in an upland site in Benson Landing about a
mile and a half from the control area. The plants were transferred from the
harvesters to the transporter which carried the waterchestnut about 1 mile to the
shore access site. The material was then loaded on a truck by a shore conveyor and
driven the short distance to the disposal area where it was dumped. Another access
site is being considered for use in 1985. This land is owned by the US Coast Guard
and is 1/3 to 1/2 mile closer to the 60-acre patch than the Benson Landing site. By
using this site a reduction of traveling time to and from the patch will result,
allowing the removal of a greater number of loads in less time.

The Eurasian watermilfoil harvesting in St. Albans Bay did not begin until late in
July. Most of the weed beds were sparse in much of the area this summer. High
water, excessive turbidity levels, and a late harvesting season in 1983 are factors
which might have contributed to the light weed growth. At the project’s end in early
October, the entire circumference of the bay had been harvested and some areas cut
twice. A flyover of the Bay at the beginning of the harvesting season provided
information as to the size and locations of the weed beds. A total of 143 loads of
plants were harvested in the summer of 1984.

FUTURE OPERATIONS

Modification to the existing equipment is being considered for 1985. The State of
Vermont and a consultant are exploring the development of an onboard processing
system for the harvesters in South Lake. The purpose of this processor would be to
reduce the bulk of the waterchestnut plant and remove water by cutting and
grinding the plants. The nuts would also be crushed, eliminating them as a problem
if the plants were used for mulch on feed land. If the plants were used as cattle feed,
they would be harvested before the nut forms. It is estimated that if a successfully
designed and contructed processor can be implemented, harvested material would
increase by about 30 percent over present techniques.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

North Central Division, St. Paul District

by
Wayne Koerner*

The St. Paul District’s major emphasis in the Aquatic Plant Control Program has
been Buffalo Lake, a 2,500-acre impoundment on the upper Fox River in Wisconsin.
The States of Wisconsin, Minnesota, and North Dakota are included in the District’s
program.

The St. Paul District has not yet reached the level of assistance to the states that
we would like due in part to limited funding in the past and difficulty in obtaining
approval on our reconnaissance report. We have, however, gained substantially in
the funding of our program and have obtained valuable information through the
assistance of the Waterways Experiment Station (WES) in obtaining and analyzing
data on Buffalo Lake which has problems similar to those of many lakes in the
midwest.

Based on the WES computer program HARVEST and results presented in the
WES report “Simulated Mechanical Control of Aquatic Plants in Buffalo Lake,
Wisconsin,” and comments received from the Aquatic Plant Control Support
Center, Jacksonville, Florida, we have revised our reconnaissance report and are in
the process of resubmitting the report for review and approval.

We have considered other alternatives to the problem on Buffalo Lake but feel
that mechanical harvesting is the most appropriate alternative. Heterogeneous
plant populations such as those in Buffalo Lake exist in most of our lakes. Some 20
plant species were found in Buffalo Lake during the summer of 1982.

Although we are not presently involved in any active control operations, we have
provided some assistance to Inland Lake Protection and Rehabilitation Districts. As
aresult of our efforts on Buffalo Lake, the Montello Lake District purchased a H650
harvester and a shore conveyor to perform their own harvesting. Montello Lake is
located in the immediate study area of Buffalo Lake. Montello Lake is a smaller
lake (less than 300 acres) but has the same heterogeneous plant populations and
similar problems (100 percent plant infestation) as Buffalo Lake. The entire lake
was harvested this past summer and costs obtained from the Lake District indicate
an annual cost of about $20,000 including the cost of the equipment. These costs do
appear on the low side, however, because some of the labor was paid for by CETA
funds and does not show up in their costs.

The pattern considered for the area of Buffalo Lake in which plants would be
maintained below the nuisance level selected consists of two 150-ft-wide swaths

* US Army Engineer District, St. Paul; St. Paul, Minnesota.
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running parallel to the shore on either side of the lake, 300 ft offshore; and 100-ft-
wide channels perpendicular to shore every 2000 ft which would act to connect the
offshore swaths. This pattern covers 276 acres or about 20 percent of that portion of
the lake where plants would be maintained below nuisance level.

We have found that an accurate cost estimate is difficult to obtain because of two
main reasons:

a. Plant densities are known to vary appreciably from year to year in response to

varying environmental factors.

b. The effects of early summer harvesting in Buffalo Lake on late summer plant

conditions are unknown.

During F'Y 85 we plan to gain approval of our reconnaissance report and complete
the State Design Memorandum. We also plan to perform mechanical harvesting for
selected areas on Buffalo Lake this summer which will allow for improved planning
of harvesting operations for mechanical control of Buffalo Lake as well as other
lakes in our District.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

North Pacific Division, Seattle District

by
Robert M. Rawson*

We have just completed our fifth year of control operations for Eurasian
watermilfoil in Washington State. The control efforts include both mechanical and
chemical treatments.

Also this year, we contributed to the funding of a 4-year study on the triploid
grass carp in Washington waters. The study is being conducted by the Cooperative
Fisheries Research Unit at the University of Washington and is also funded by the
Washington State Department of Ecology and the US Fish and Wildlife Service.
Lewis Decell of the Waterways Experiment Station has provided technical support.
Gil Pauley and Gary Thomas from the University will talk about this work in detail
later in the program.

Milfoil continues to expand its range in Washington State, primarily down the
Columbia River. It is entering the Walla Walla District area now, and will soon be
in Portland District’s reservoirs. All the reservoirs impacted so far are operated by
Public Utility Districts and are eligible for funding under the Aquatic Plant
Control Program. The remainder of the river is made up of Corps reservoirs, which
would have to do control work under project operation and maintenance funding.

We have several problems with our cost-share program; the first is an old
problem, the difficulty the local sponsors have in raising the required matching
funds. This is more of a problem in the more sparsely populated eastern
Washington counties.

The second problem is one that became apparent only over the last several
years—the lack of treatment options for flowing water. This problem has prevented
any treatment in the Columbia River for the past 2 years.

Finally, this is a problem that may impact our program in the future. I am
referring to the Federal Court decision that suspended all chemical spraying of
forest land by the Forest Service and the Bureau of Land Management in Oregon
pending the completion of worst case analysis for the chemicals being used. The
Department of Interior appealed the decision based on the fact that all chemicals
were Environmental Protection Agency approved and were used according to label
restrictions. They lost the appeal and are still shut down.

This supports our belief that we cannot look at chemical control as a long-term
solution to our aquatic plant problems. We believe that, at best, it is a stop-gap
measure until milfoil comes into a natural balance or until biological controls can be
developed. We will continue to support WES in their biological control research.

* US Army Engineer District, Seattle; Seattle, Washington.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Atlantic Division, Charleston District

by
John L. Carothers*

The Charleston District has a variety of aquatic plant problems including
Brazilean elodea, hydrilla, waterhyacinth, waterprimrose, watersmartweed, and
alligatorweed. Elodea is now our worst problem but hydrilla is rapidly expanding
from its recent introduction in Lake Marion and has the potential of becoming our
biggest problem. Our largest infestation is in Lake Marion, which is a state
hydroelectric impoundment of almost 100,000 acres. This lake is one of the two lakes
in the Santee Cooper system and one of the premier fishing lakes in the country. Here
the area of infestation is on the order of 30,000 acres.

The District began its cooperative aquatic plant control program in 1960 to
control alligatorweed in the Santee Cooper Lakes. Our present program provides
for work on additional species in any public water of South Carolina. We work
closely with the South Carolina Aquatic Plant Management Council which consists
of representatives of nine State agencies and a representative of the Governor’s
office. Each year the Council prepares an aquatic plant management plan which
identifies problem areas, prescribes management strategies, and ranks each
problem area by priority. Recently, all of our work has been confined to three lakes
with most of the money being allocated to Lake Marion. However, higher funding
for FY 85 will enable us to work on many other water bodies.

In FY 84, we treated 1,700 acres of aquatic plants with herbicides including
Diquat, Aquathol-K, Rodeo, and 2,4-D. The total cost of this work was $466,000. The
Federal contribution was $196,000 so the State spent far more than the required 30
percent. '

In the area of biological control, we restocked flea beetles on alligatorweed as
needed and as we could obtain beetles from the Jacksonville District. Stem borers
were introduced years ago on alligatorweed and restocking has not been required.
We planned to introduce hyacinth weevils but our source failed to produce weevils
as expected, so we will try again this year.

* US Army Engineer District, Charleston; Charleston, South Carolina.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Atlantic Division, Jacksonville District

by
Edward Knight*

STATE OF FLORIDA

In cooperation with the Florida Department of Natural Resources, the Jackson-
ville District conducts aquatic plant control under two authorizations. One is the
Removal of Aquatic Growths Project (RAGP) authorized by the River and Harbor
Act of 1899. The other is the Aquatic Plant Control Program (APCP) authorized by
Public Law 89-298 dated 1965. The RAGP is funded 100 percent by the Corps of
Engineers and is the original eradication operation and maintenance program for
the control of aquatic vegetation in Federal navigation projects. The APCP is a
cooperative program for the control of aquatic vegetation in other public navigable
water bodies not included in the RAGP. This program is funded 70 percent by the
Corps and 30 percent by the state or local government.

The majority of actual control operations are handed under contract with the
Florida Department of Natural Resources (DNR), which in turn has subcontracted
the work to five water management districts and seven counties. Jacksonville
District spray crews are responsible for control operations in the St. Johns River
between Jacksonville and Lake Washington. Waterhyacinths are still the number
one target plant for District in-house crews. The St. Johns River continues to be
under maintenance control. Sustained efforts have set the example for control of
waterhyacinths throughout the State of Florida. There were 6,147 acres of
waterhyacinth treated on the river during FY 1984.

Orange Lake, which is under contract for control operations through the Florida
DNR, developed major problems with waterhyacinths this year. On several
occasions the plants restricted or blocked access to fish camps on the lake.
Extensive control efforts by the St. Johns River Water Management District has
brought the lake back under maintenance control.

Waterlettuce created no significant problems on the St. Johns with only 34 acres
treated. Lake Okeechobee, however, had a more significant problem with the plant.
During the early growing season, diquat use was temporarily suspended, which
compounded the waterlettuce problem. With the suspension of diquat, waterlettuce
control became difficult since no other labeled herbicide seemed to be effective.
Endothall products were used for a while with mixed results. Once the suspension
was lifted, waterlettuce was able to be effectively controlled and the lake is now close
to maintenance control.

Except for the increases in vegetation that occurred on Orange Lake and Lake

* US Army Engineer District, Jacksonville; Jacksonville, Florida.
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Okeechobee, floating vegetation remained under maintenance control throughout
most of the state. During the year a total of 22,713 acres of waterhyacinth, 1,008
acres of waterlettuce, and 21,657 acres of waterhyacinth and waterlettuce mix were
treated in the state.

Hydrilla continues its prolific growth throughout most of the state with a few
exceptions. Acceptable control of hydrilla was obtained in 1983 using Sonar in
several lakes in Polk and Orange Counties and in Orange and Lockloosa Lakes.
Subsequent Sonar treatments in these lakes during 1984 have maintained hydrilla
at low levels. The upper river basin from Puzzle Lake south holds a tremendous
amount of hydrilla. Jacksonville District crews treated a total of 67 acres on the St.
Johns. Treatments were limited to navigation and access trails in areas of heavy
public usage. The total acreage of hydrilla treated in the state his year was 7,209.

The District treated 619 acres of minor plants on the St. Johns in F'Y 1984. This
number reflects a significant growth of frogsbit (Limmobium spongia) which
caused problems in the upper basin of the St. Johns. The plants were treated with a
mixture of diquat and 2,4-D. Statewide, a total of 2,006 acres of minor plants were
treated under the APC and RAG programs.

PUERTO RICO

Aquatic Plant Control in Puerto Rico is also within the Jacksonville District’s
jurisdiction and is performed under Public Law 89-298 in cooperation with the
Puerto Rico DNR.

The program officially began in FY 1982 after a cooperative agreement was
signed between the Jacksonville District and the Puerto Rico Department of
Natural Resources. Because of several environmental concerns about using 2,4-D,
the Environmental Quality Board (EQB) would not permit control operations until
sufficient monitoring was performed. The EQB consented to allow DNR to treat a
small area on the La Plata River for the monitoring which was started in July 1982.
Results of the monitoring showed no significant effects, and nine sites were
approved initially in 1983. In 1984 four more sites were approved, making a total of
thirteen. Currently most of the approved canals are under maintenance control for
waterhyacinths. However, paragrass is now encroaching in some of the areas
originally cleared of waterhyacinth and will be an increasing problem. A request
has been submitted to EQB by DNR to use Rodeo on the encroaching grasses and on
waterhyacinths. Approval is expected soon.

SUMMARY

In summary, floating vegetation is under maintenance control throughout most of
the State of Florida. Hydrilla continues to make its spread with new infestations
continuously being found. This plant is still regarded as a serious threat to
navigation in the State and sustained efforts of control remain a high priority with
the Jacksonville District. Control operations in Puerto Rico are progressing slowly
due to environmental issues. Thirteen sites are now approved by EQB for treatment
and at this time most of the canal sites are under maintenance control.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Atlantic Division, Jacksonville District
Aquatic Plant Control Operations Support Center

by
James T. McGehee*

The Aquatic Plant Control Operations Support Center (APCOSC) was formally
established in FY 81. The Center is located within the National Resource
Management Section, Construction-Operations Division, of the Jacksonville District.

CENTER RESPONSIBILITIES

The policies, functions, and procedures for the use of Center services are set forth
in Engineer Regulation 1130-2-412. The regulation describes the relationship
between the APCOSC; the Office, Chief of Engineers (OCE); and the US Army
Engineer Waterways Experiment Station (WES) and establishes the following
functions of the Center:

® Provide technical guidance to Corps Districts in planning phases of aquatic
plant control program.

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

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

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

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

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

FISCALYEAR 1984 ACTIVITIES

Table 1 provides a listing of the services performed by the Center and the types of
users to which these services were provided during FY 84. A total of 133 requests
for assistance were received and responded to by the APCOSC. Since established,
the Center has responded to a total of 500 requests.

The primary purpose of the Center is to help Corps Districts and their state
sponsors through the problems of planning and operations in the Aquatic Plant
Control (APC) program. During FY 84 Corps Districts accounted for 51 of the

* US Army Engineer District, Jacksonville; Jacksonville, Florida.
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Table 1

Aquatic Plant Control Operation Support Center, FY 1984
Support Assistance Through 30 September 1984

Corps
Type Other Other  State/
Assistance OCE WES DIV. DIST. Federal Country Local Industry Private Total
Planning 10 1 4 35 3 0 2 6 2 63
Operations 2 3 2 11 14 0 20 3 1 56
Research 0 3 0 0 1 0 0 0 5
Training 1 0 1 5 0 0 2 0 0 9
Totals 13 74 i 51 18 0 25 9 3 133

services provided. The next most frequent user was state and local governments
with 25. Collectively these two categories comprise 57 percent of the services
performed. Total services provided to Corps organizations were 78 or 59 percent of
the total. Seventy-two percent of all services were provided to Federal agencies
including the Corps.

PLANNING

There were 63 planning services performed during the year. The most detailed
effort was in assisting the Baltimore District with the planning of control operations
for hydrilla on the Potomac River. Jim McGehee from the Center spent several days
with Baltimore District personnel to orient them with the Corps’ APC program and
assist in commencement of the planning process. The Center also hosted an onsite
visit by Baltimore personnel to demonstrate the administration and actual field
control methods. We have provided considerable specific information to Baltimore
to help in the planning effort. Three Corps project lakes were evaluated for two
separate Districts. Recommendations were given on the types and degree of control
needed to maintain the intended water body uses. Seven Districts are being assisted
in the preparation of cooperative agreements for use between the Corps and local
sponsor. The Center is frequently called upon to help in deciding upon the methods
of data acquisition and computation for benefit-cost ratios. Likewise, assistance in
the determination of water body eligibility and allowable costs is frequently
requested.

OPERATIONS

Operationally oriented services accounted for the second largest portion of work
for FY 84. Operational services vary from year to year by the requesting
organization and the specific assistance required. However, there are basic
similarities in the work.

Many of the issues concerning aquatic plant control are highly technical and very
specific to the field. Those new to the field may find it very difficult and time-
consuming to find answers or solutions to seemingly simple problems. The Center,
through its broad base of experience in the field, has been able to quickly provide
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answers to these questions and workable solutions to the problems. The types of
plant and equipment used for aquatic plant control are not the usual for Corps
contracts. Establishing rental rates and estimating rental periods for this
equipment are therefore unusual to most Corps Districts. A procedure has been
established by the Center to compute rental rates for this equipment and we have a
broad database for estimating time requirements for particular jobs. Units of
payment and technical provisions for aquatic plant control contracts may likewise
be difficult for the uninitiated. The Center has provided guidance to WES and
Corps Districts in the preparation of these contracts.

An annual program for the reintroduction of insect control agents for
alligatorweed was established by the Center. Insects are field collected in the spring
in Florida and shipped to more northerly areas where they are unable to
successfully overwinter. There were some difficulties with the collection of insects
this year. Florida experienced an unusually sever winter in 1984. The insects’
numbers were drastically reduced and the usual early spring population buildup
was late. The shipment of insects was therefore deferred until later in the year. A
total of 70,500 flea beetles were collected and shipped to 12 separate agencies for
operational release on alligatorweed. Four states received a total of 11,000
alligatorweed thrips to help in the control effort. Although the effects of the thrips
have not been as spectacular as the flea beetle, they do appear better able to survive
over the winter. It is hoped that the thrips’ early spring buildup will help in the
biological control efforts in the colder areas of alligatorweed domain.

RESEARCH

The Center’s authority and expertise do not include conduct of research. However,
we are called upon to provide other research organizations with data or information
of an operational nature to assist with research. This year’s assistance included
information on the legal use of products not registered by EPA for tests, input of
insect redistribution information to the study of alligatorweed biocontrol, providing
field-collected insects for research purposes, and evaluation of a possible transfer of
new terrestrial weed control technology to the aquatic environment.

TRAINING

This year’s training assistance consisted primarily of providing materials or
referral to others for their use in training programs. The Center has also been
working with the Mobile District in the development of a course to be taught by
Center personnel next fiscal year.

STATUS OF THE APCOSC

Expenditure by the Jacksonville District to support the Center function for F'Y 84
was $44,637.20. These funds covered personnel costs for time expended for minor
services and general maintenance of the Center functions. All expenses for travel
and significant commitment of manpower for services were paid by the using Corps
element.
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The Center was able to complete most service requests during the fiscal year in an
adequate and timely manner. However, the Center was handicapped by the loss of a
portion of its expertise and an increase in the intensity of involvement required by

many of the requests. This caused considerable delays in some of the more detailed
responses.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Atlantic Division, Wilmington District

by
Charles R. Wilson*

Aquatic plant control in North Carolina is governed by the North Carolina
Interagency Council on Aquatic Weed Control. This council is composed of
representatives from State and Federal resource agencies, conservation groups,
private industry, and local universities. The Wilmington District and the North
Carolina Department of Natural Resources and Community Development are the
lead agencies charged with the coordination and funding of control operations.
Aquatic weed control is performed under two authorities: Removal of Aquatic
Growth in Corps Projects, funded 100 percent by Federal operations and
maintenance, and general funds; and the Aquatic Plant Control Program (APCP)
funded by 70 percent construction general funds and 30 percent by the State of
North Carolina. Treatment species presently under the Aquatic Plant Control
program are hydrilla and alligatorweed.

Hydrilla has been identified at 15 sites in North Carolina, which have all been
investigated for inclusion under the North Carolina APCP. Of those sites, seven
provide public benefits, which were lost or reduced due to excessive growth of
hydrilla, and were added to the program. Three of the proposed sites are water
supply sites and have not been treated due to a reluctance by health agencies within
the State and the city of Raleigh to use herbicides in water supply reservoirs. This
issue is still unresolved; however, coordination is ongoing with the North Carolina
Aquatic Weed Council and we expect to treat those areas in the future. Public access
to Fred Bond Lake was opened late in F'Y 84 and treatment is proposed for F'Y 85.
We have just completed our second year of hydrilla control at the remaining three
lakes, Big Lake, Sycamore Lake, and Reedy Creek Lake, all of which are located
within William B. Umstead State Park.

Reedy Creek Lake is a 20-acre impoundment with a 50-percent hydrilla
infestation. Aquathol-K (liquid) was applied to 6 acres of hydrilla, which totally
covered the lake’s headwaters in June of F'Y 84. Weed control was temporary and a
repeat application was required in August. Four acres of hydrilla fringing the lake’s
shoreline were also treated in June with a granular formulation of Aquathol-K,
providing control throughout the growing season in those areas.

Big Lake impounds 60 surface acres and had 10 acres of hydrilla. Sonar was
applied on two 5-acre plots, one in October and one in May. Presently, no hydrilla is
known to be growing in Big Lake and it is expected that control will be long term.
Big Lake will be monitored over the next few years for hydrilla regrowth.

* US Army Engineer District, Wilmington; Wilmington, North Carolina.
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At Sycamore Lake, a 20-acre impoundment, hydrilla covered 15 acres. Sycamore
was drawn down last fall and Fenac was applied to 4-1/2-acre test plots. Herbicide
application was by a truck-mounted sprayer, and the treatment area was limited
due to bad access. This method provided good seasonal control at the treatment sites.
The lake was drawn down again this fall and the entire infested area was treated
with Fenac by aerial application.

Alligatorweed control under the North Carolina APCP began in 1960. Early
treatment was by various chemicals in an effort to find a herbicide that was the
most effective and dependable. By 1963, Silvex, commercially known as “Kuron,”
was the primary herbicide used by the Wilmington District. Alligatorweed control
was stopped in 1970 due to uncertainty concerning the environmental and health
effects of Silvex. Since alligatorweed was no longer occurring at problem levels, the
program was temporarily discontinued. Since that time, alligatorweed has spread
and has grown to problem proportions in many areas where it had previously been
held under control. Preliminary results from an alligatorweed survey conducted by
Ken Langland, of the North Carolina State University Crop Science Department,
showed that the range of alligatorweed extends from the northern to the southern
state line and from the coast to Piedmont. Four thousand acres of alligatorweed
were identified from 16 counties in North Carolina. In addition to excess growth and
associated problems, recent development of safer herbicides and an increased
interest in weed control in North Carolina have renewed interest in alligatorweed
control. The Wilmington District completed an environmental assessment for the
control of alligatorweed in June of this year and began herbicide applications in
early August in the Scuppernong River Basin. About 10 acres of alligatorweed in
the Scuppernong River and Mauls Creek were treated with a Rodeo and X-77
(surfactant) mixture. Two applications were required to provide seasonal weed
control. The District is supporting the North Carolina Department of Agriculture in
a project to develop a cold-tolerant flea beetle. This project is just beginning to gear
up; however, if all goes well, we plan to start supplementing chemical treatments of
alligatorweed with flea beetle releases next spring.

No aquatic plant control is presently being undertaken at any Wilmington
District reservoir; however, several of our reservoirs are threatened by hydrilla.
Our primary efforts at this time have been toward education of both the general
public and reservoir management staff. Project biologists have been trained to
recognize potential problem plants and have been supplied with sample bottles and
preaddressed mailers so that suspect plants can be sent to a State expert for positive
identification. All boat ramps have been posted with signs instructing users to clean
their boats and trailers prior to launching. Through an effort of the North Carolina
Aquatic Weed Council, non-Corps lakes that have hydrilla have also been posted,
alerting users to the potential for the spread of noxious aquatic plants.

The District Office was recently notified of excess waterprimrose growth in Falls
Reservoir and has begun to monitor the weed’s spread. So far, boat channels remain
open and the weed is not significantly interfering with recreation or project
operation and no treatment is planned at this time. If waterprimrose begins to cause
problems, a control program will be developed.

For FY 85 and in the future, we plan a continuation of the existing control
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program for hydrilla and alligatorweed with some expansion to cover new
treatment sites. Reports of waterprimrose and elodea in water bodies around the
state may lead to additional treatment species being added to the program.
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AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

South Atlantic Division, Mobile District

by
Michael J. Eubanks*

Aquatic plant control activities within the Mobile District were carried out in
four areas: Mobile Delta, Coffeeville Lake, Tennessee-Tombigbee Waterway (TTW),
and Lake Seminole. Since project personnel from Lake Seminole will address that
area, this presentation will summarize the activities in the other three areas.

Target species in the Mobile Delta include Eurasian watermilfoil, waterhyacinth,
and alligatorweed, in that order. Aquatic plant control in the Delta has been carried
out for the last 4 years by the Alabama Department of Conservation and Natural
Resources (ADCNR) via an Aquatic Plant Control Program contract. Prior to
initiation of the 1984 growing season, an informational meeting was held with local
environmental and conservation organizations and commercial fishing interests to
display the control activity plans for the upcoming growing season and to solicit
their comments. Over the years these meetings have proven to be an excellent public
relations mechanism. Eurasian watermilfoil, which infests approximately 3,000
acres, was treated with a liquid 2,4-D-DMA solution (Cidekick and Poly Control
adjuvants used) on approximately 300 acres. These treatments were carried out by
airboat with trailing hoses from mid-May until early September. The expansion of
waterhyacinth in the Delta necessitated the treatment of several “hot spots” during
the growing season (approximately 30 acres) in order to maintain a low population
of this rapidly growing species. Liquid 2,4-D-DMA with Big Wet was used to treat
these hot spots from early April to late July. Approximately 2 acres of alligatorweed
were treated with Rodeo in mid-April. Also, as in the past several years,
alligatorweed flea beetles were released at numerous sites in early June, thanks to
the Jacksonville District. One of the most visible beneficial effects of the aquatic
plant control work in the Delta is the expansion of the native eelgrass (Vallisneria
americana) which is valued by local fishermen and duck hunters. The herbicidal
treatment of the milfoil has given the 2,4-D-resistant eelgrass a competitive edge.

The hydrilla infestation on Coffeeville Lake appears to be well under control.
Following discovery of the infestation in 1978, extensive control efforts with
endothall products have been carried out. Hydrilla reached its maximum coverage
in 1980 with about 15 acres; however, the repeated treatments have reduced the
infestation significantly. An extensive underwater survey in September 1984
revealed only a few clusters of hydrilla. These patches and other suspected areas
were treated in an effort to minimize the threat of expansion of hydrilla to other
susceptible areas such as the Mobile Delta, Choctaw National Wildlife Refuge, and
the newly impounded lakes of the Tennessee-Tombigbee Waterway.

* US Army Engineer District, Mobile; Mobile, Alabama.
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The TTW, scheduled for completion in June 1985, will consist of approximately
44,000 water surface acres, impounded by 10 locks and dams. Much of this area will
provide excellent habitat for establishment of aquatic plants. Observation of the
plant growth on already completed portions of the TTW at Gainesville and
Aliceville Lakes, which have been impounded for 6 and 4.5 years, respectively, gives
a better picture of anticipated plant growth and helps in the formulation of aquatic
plant management strategies. Estimates of submersed plants in these lakes for 1982
and 1983 are 2,300 and 1,400 acres, respectively, while floating-leaf plants increased
from 40 to 60 acres. The big reduction in submersed plants is thought to be related
to higher lake levels and increased turbidity in 1983; however, the 1984 estimates
will help discern the basis for this reduction. Major plant species include coontail,
southern naiad, cabomba, muskgrass, American lotus, yellow waterlily, water-
primrose, and various duckweeds. Chemical control was carried out in 1983 and
1984 to aid small boat navigation and fishermen access in the lower Aliceville Lake
area. Approximately 45 acres of predominantly submersed plants have been treated
with Hydrothol 191 each year. Based on review of the 1983 treatment, the
configuration of the treatment area was changed to larger block areas rather than
long narrow boat channels. As a result, the 1984 treatment provided more effective
and longer lasting control than the previous year.
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Southwestern Division, Galveston District

by
Joyce Johnson*

The Galveston District is located along the Texas Coast; however, the District is
responsible for aquatic plant control in the entire state, except for project lands
where each District is responsible for their particular areas. Texas is so large that
parts of four Districts are within the state boundaries. The control of noxious
aquatic plants has been a part of the District mission since about 1968. A General
Design Memorandum and Environmental Statement were published in the early
1970s describing the control of waterhyacinth and alligatorweed. We use primarily
2,4-D (dimethylamine salt of 2,4-dichlorophenoxyacetic acid) for the control of
waterhyacinth. Alligatorweed is controlled by flea beetles (Agasicles hygrophila).

During this 16-year period, the Galvestion District has had three successive
contracts with the State, represented by the Texas Parks and Wildlife Department,
who also do the actual field work. The Texas Parks and Wildlife Department plays a
very instrumental role in the District program. The chemical spray work is
accomplished primarily by boat crews; seven crews are located throughout the State
during the growing season. However, aerial spraying by helicopter is done in areas
of excessive and dense infestations. During the past year the state crews sprayed
about 12,000 acres of waterhyacinth. Most of the biological control work has been
done by the Corps, although early releases were made by the State. Since 1980 the
Corps and the US Army Engineer Waterways Experiment Station (WES) have
made releases of five biocontrol agents: Neochetina bruchi, Neochetina eichhorniae,
and Sameodes albiguttalis on waterhyacinth and Agasicles hygrophila and Vogtia
mallot on alligatorweed colonies. This work has been done as part of a technology
transfer from WES, primarily by Dr. Al Cofrancesco and Mr. Mike Stewart.
Setbacks during this past year to the biological agent establishment occurred due to
high water levels in the eastern part of the state, a drought in the Neches River
Basin near Corpus Christi (Figure 1), and a cold, severe winter over most of the
state. It is anticipated that the incorporation of biological control agents into the
State program will continue to be a major focus of the District effort through

implementation of the recommendations made in the management report completed
by WES in FY 84.

Work continued during 1984 on Supplement No. 1 to the General Design
Memorandum and Environmental Assessment for the inclusion of submersed
species, hydrilla and Eurasian watermilfoil, in the program. As part of this effort, a
statewide survey of aquatic plants was completed in August. This survey, conducted
by the Texas Parks and Wildlife Department, showed that several species have

* US Army Engineer District, Galveston: Galveston, Texas.
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made great inroads into Texas waters since the last major survey in the early 1970s.
The most spectacular increase was in hydrilla, which in 1970 was not a problem; in
fact it had not been identified in the state, and now infests about 23,000 acres.
Eurasian watermilfoil increased from about 10,000 acres to more than 32,000 acres
throughout the state. During 1984, also as part of the effort to complete these
documents, we used video taping from aircraft to estimate the acreages of surfaced
and submerged aquatic plants.

The Aquatic Plant Control Program has a secure future in the Galveston District
workload. We anticipate treating hydrilla and watermilfoil this spring for the first
time, provided the Supplement and Environmental Assessment are approved.
Although the proposed program is not extensive, we are going to treat selected boat
ramps, access lanes, and swimming areas. The biggest problem we are experiencing
is finding treatments suitable for some Texas lakes which are seriously infested and
used as potable water supplies.

During this past year, the State Program Director, Mr. Lou Guerra, retired. He
had been with the program since the beginning and has been the primary influence
in the Texas work for the past 16 years. Therefore, in summary, the Texas program
will start this year with a new program Director, Mr. Bob Bounds, a new contract,
new treatment areas, and new methods of treatment.
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Figure 1. Texas Aquatic Plant Control Program, November 1984
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATICPLANT PROBLEMS—OPERATIONS ACTIVITIES

Southwestern Division, Tulsa District

by
Loren M. Mason*

No work was performed in cooperation with the State of Oklahoma under the
State Design Memorandum during calendar years 1983-1984. Contributing factors
were declining State funds and lack of demonstrable problems related to aquatic
plant infestations.

As to aquatic plant problems, the District has only one project which is
experiencing infestation of Eurasian watermilfoil (Myriophyllum spicatiomn), Pat
Mayse Lake, Texas. In the summer of 1983, a chemical treatment program was
conducted within Pat Mayse Lake with Aquathol-K (granular) to control heavy
infestations occurring in and around developed recreation shoreline areas. The total
treated acreage was 93 acres out of an existing infestation of 600 acres. Results of an
intensive monitoring study conducted in conjunction with the control program
showed a 100-percent kill of the milfoil in the treated areas and no other detectable
impacts occurred in the treated or the untreated areas. With the successful
demonstration that milfoil could be controlled effectively and safely within Pat
Mayse Lake, the District’s attention was again directed to the development of
information which could be used to forecast operational needs relative to aquatic
plant growth and control.

1984 POSTTREATMENT MONITORING

The objective of the District’s research program is to develop informational
criteria which can be utilized to forecast aquatic plant growth and determine which
combinations of treatment are the best for long-term control in Pat Mayse Lake,
thereby allowing for more effective allocation of District and project resources. To
accomplish this objective, the following questions needed answering:

a. Will milfoil continue to be a problem in the future as it has been in the past?

b. Could the problem worsen, and, if so, what might be the underlying causes?

c. Will other aquatic species replace milfoil and become an equal or greater
problem?

d. What caused the decline of milfoil over the winter of 1983-1984?
e. Arethere any detectable residual effects of the 1983 treatment program?

These and other related questions were investigated during 1984 under a contract
with North Texas State University’s Institute of Applied Science and Department

* US Army Engineer District, Tulsa; Tulsa, Oklahoma.

32




of Biological Sciences. The purpose of the contract was to (a) monitor changes of the
plant community within the treated areas; (b) determine the overall abundance and
distribution of aquatic plants during the 1984 growing season; (c¢) determine
sediment types, quality, variances, distribution, and sedimentation rates; and (d)
determine water quality variations and alterations which may occur with the
increase of milfoil coverage and biomass.

STUDY SUMMARY

A series of sampling stations were established throughout the lake with water
samples collected and analyzed for a variety of water quality parameters. The lake
shoreline was surveyed on several occasions during the summer and aquatic
vegetation was mapped (Figure 1). Samples were collected to ensure proper
identification and to determine the quantity of biomass present. Sediment particle
size and carbon content were determined from samples collected at several stations
throughout the lake. Sediment traps were positioned within the reservoir to
estimate sedimentation rate.

During the study, the overall water quality in Pat Mayse Lake was good and was
typical of a meso-oligotrophic southwestern reservoir. No residual effects of the
1983 aquatic plant management program were detected.

Although Eurasian watermilfoil was still present in the reservoir during the
summer of 1984, the density or amount of milfoil was greatly reduced from
quantities observed during previous years. At least temporarily, Najas and Chara
have replaced milfoil as the dominant aquatic plant species in Pat Mayse Lake. The
factor or factors responsible for reduction of milfoil biomass have not been
identified. If an unusually cold winter and high turbidity were responsible, then the
milfoil should return rapidly. The biological variety of milfoil in Pat Mayse Lake
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Figure 1. Areas of plant infestation at Pat Mayse Lake. Predominant species are
Chara braunit and Najas minor. M stands for milfoil, P for Potamogeton, and N
for Nelumbo lutea
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may be different from the northern variety that survives and grows under ice in the
winter. If a biological or viral agent was responsible for the density reduction, then
the milfoil in the lake should remain at the current low density or even decline
further.

The study of milfoil’s compensation point indicated that the infestation level of
1983 was approximately 74 to 80 percent of the maximum level of infestation that
would be expected for this species in Pat Mayse Lake.

The sediment nutrient content and organic carbon analyses indicated that Pat
Mayse Lake should be a suitable habitat for a variety of submersed, rooted aquatic
plants as well as milfoil. The sediments should not limit the growth of aquatic plants
in the reservoir (Figure 2). Measured sediment accumulation rates in Pat Mayse
Lake in the summer of 1984 ranged from 2.56 in./year (442 tons/acre/year) to 0.87
in./year (143 tons/acre/year) with a mean of 1.31 in./year (225 tons/acre/year).
These measurements were three to four times the estimates used in the design
document. During the study, turbidity in the reservoir was twice the values found
during studies of the two previous years, possibly explaining the high rate of
sedimentation observed.

Both Chara and milfoil will be observed during the 1985 growing season. The
density of Chara approached 49 tons/ha (14.8 tons/acre) during the 1984 sampling
period. The decline of milfoil biomass is believed to be only temporary.

CONCLUSIONS

As a result of the 1984 study, reasonable estimates can now be made concerning
the following criteria for Pat Mayse Lake:
e Maximum depths that milfoil will grow in a worst case situation.

e Maximum milfoil biomass densitites per acre and correlated surface acreage
infestation.

Figure 2. Pat Mayse Lake particle-size distribution
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e Sediment quality composition and lake bottom configuration. As to future
control programs and studies, the District has acquired and rehabilitated a
small mechanical harvester that will be utilized in keeping the swimming
beaches and boat ramps open to public use. Chemical control will be utilized
only in extreme cases where infestations become excessive and/or project
purposes, human health, or safety are threatened.

Objectives of the 1985 study will be focused upon the following:

e Source of high sedimentation rates and impacts upon the aquatic plants.

e Evaluation of mechanical harvesting, regarding depth of cut and rate of
regrowth, number of cuttings required, as well as time of each cutting and
overall growth rates of cut vegetation relative to undisturbed milfoil.

e Water quality monitoring of selected parameters and treatment locations.

® Impact of environmental variations, frequencies, and hydrology correlations as
well as nutrient storage and usage by plants when highly stressed.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS—OPERATIONS ACTIVITIES

Pat Mayse Lake, Texas, Aquatic Plant Management
Program: Continuing Studies

by
John H. Rodgers, Jr.,* and Phillip A. Clifford*

INTRODUCTION

During 1984, a study was conducted to monitor water quality in Pat Mayse Lake
to assess the densities and distribution of aquatic plants in this reservoir and to
determine sediment quality and accumulation rates. Water quality monitoring was
conducted to ensure that there were no residual effects of the treatment program
with endothall in 1983 (Rodgers, Reinert, and Hinman 1983). In order to determine
the distribution and abundance of aquatic plants in Pat Mayse Lake, the shoreline
was surveyed and plant densities were determined. Sediment samples were
collected and analyzed to determine sediment quality. Sediment accumulation rates
were estimated from sediment traps.

Pat Mayse Lake (PML), a 5,990-acre reservoir located in Lamar County, Texas, is
operated by the Tulsa District as a water supply for the City of Paris, Texas, and for
recreation, wildlife habitat, and flood control (Figure 1). Eurasian watermilfoil
(Myriophyllum spicatum) was probably first introduced to PML in 1976 and became
apparent in June 1978 when approximately 74 acres of the lake were occupied by
the plant. By November of the same year, milfoil was estimated to cover 351 acres.
The severe winters of 1979 and 1980 reduced the milfoil infestation to less than 200
acres at the end of summer 1980. By the fall of 1981, over 1,000 acres were infested,
involving about 80 percent of the 67-mile shoreline. Following a period of heavy
rains in the spring of 1982, the milfoil infestation covered about 474 acres by August
(Figure 2) (Rodgers, Hinman, and Reinert 1982). This reduction in coverage was
temporary and the plant increased its distribution during the 1983 growing season.

Heavy milfoil infestation contributes various problems for PML. Visitation to the
lake decreased during the period of September 1980 through August 1981 to 42
percent of the previous year** Damageto boat motors increased with increasing
milfoil infestation. In the summer of 1980, a drowning occurred in a milfoil-infested
area near Lamar Point.T

In the summer of 1983, endothall (Aquathol Granular Aquatic Herbicide-
Pennwalt Corporation) was used to treat six areas within PML which were infested
with milfoil. A seventh sampling station was established at the City of Paris, Texas,

* Department of Biological Sciences and Institute of Applied Sciences, North Texas State
University, Denton, Texas.

** Personal Communication, J.J. Harmon, District Engineer, Tulsa District, 25 January 1982.
t Personal Communication, Paul Gray, CE Project Manager, Pat Mayse Lake, 1982.
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water intake as a control site. Water, sediments, and fish were collected and
analyzed for endothall by gas chromatography. In addition, water samples were
analyzed for temperature, dissolved oxygen, pH, turbidity, and chlorophyll a. The
herbicide was applied on June 14, 1983, by crews from the Texas Department of
Parks and Wildlife. Sampling occurred on the following dates: June 7, 1983 (7 days
prior to treatment); June 14, 1983 (treatment day); June 17, 21, 24, and July 14, 1983
(days 3,7, 10, and 30 after treatment).

Endothall was not detected in the vicinity of the City of Paris water intake and the
drinking water standard for endothall was not exceeded. No endothall was detected
in the water, sediments, or fish samples that were collected 30 days after herbicide
treatment. None of the water quality parameters were significantly altered due to
herbicide use. No impacts on nontarget aquatic organisms were detected. Endothall
rapidly dissipated within 72 hr from the treatment areas. Both dispersion (dilution)
and biodegradation probably contributed significantly to rapid transfer and
degradation of endothall.

The treatment program was apparently very successful and approximately 100
percent control of milfoil was obtained in the treatment areas with no adverse
effects observed. The aquatic weed problem was alleviated and the lake was
returned to normal usage capacity. There was an apparent increase in visitation to
Pat Mayse Lake and usage of the treated sites. Many lake users were strongly
supportive of the aquatic plant control program. People with vested interest in the
lake (Health Department, City of Paris, local press, ete.) were very cooperative.
Local boat dealers and bait shops reported that their revenues had been affected and
they attributed the increases to “ripple” or “spin-off” from the treatment program.
The program was responsive to an immediate and critical need. However, regrowth
of milfoil and milfoil growth around the Paris water intake may have to be
addressed in the future.

The aquatic plant management program of 1984 had multiple objectives. In
addition to plant distribution and biomass studies, the compensation depth for
milfoil was determined using the light-dark bottle method to project future
infestation potential for this species. From a management perspective, some
estimate of the anticipated magnitude of milfoil infestation in PML would be useful.
Sediments were characterized as to nutrient concentrations. The sediment
characteristics may be correlated with macrophyte densities and distributions
(Barko 1982) and we wanted to determine whether sediment quality would limit
growth of milfoil in PML.

MATERIALS AND METHODS

The abundance of aquatic plants (biomass) was assessed by removing all above-
sediment plants from 1/8-m? replicate plots using a sharp-edged rake. These
samples were taken at intervals during the study period at several sampling sites
throughout the lake. The plants were weighed to give biomass/unit area estimates.
Since the plants grow only to certain depths in the lake, a depth contour map was
used to estimate total area covered. From this, total plant biomass in the lake was
estimated.
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Plant distribution was visually estimated by shoreline surveys to determine the
location of plant beds in the lake. Monthly boat surveys of the shoreline were
conducted to determine species present in each area and to determine the relative
area covered by each species.

The water quality monitoring effort of the 1984 program had two objectives.
First, as a continuation of the previous year’s monitoring, the sampling stations of
the 1983 treatment with Aquathol K were closely monitored to ensure that the
previous assessment of no serious effect is valid in the long term as it was shown to
be in the short term. Secondly, since different species of plants were dominant this
season (1984), monitoring was conducted to determine concurrent differences in
water quality.

In both the previous and present water quality monitoring programs, the
parameters, ammonia, nitrate, total, and orthophosphates, were assessed through
time using Standard Methods (American Public Health Association 1980). Values
from this study were compared to the previous year’s values to follow the quantities
of nutrients present through time. Organic compounds from species replacing
milfoil or nutrient release from decaying vegetation might cause taste and odor
problems due to algal blooms. These organic compounds were analyzed as nitrogen,
phosphorus, and carbon. Simultaneously, chlorophyll @ was assessed as an indicator
of such blooms, should they exist.

Turbidity is an indirect measure of the amount of suspended solids in the water.
Increased solids can cause increased treatment costs. Also, high turbidity can be an
indicator of increased sedimentation rates, influencing the expected or useful life of
a reservoir. Dissolved oxygen, conductivity, and temperature were also routinely
monitored.

Sedimentation rates were determined using sediment traps designed by
Hargrove and Burns to estimate net sediment accumulation rates. Each trap was
retrieved and the depth, volume, and dry weight of sediment were measured.
Sediment samples were also collected using an Eckman dredge. Analyses were
conducted according to procedures in Black (1965).

RESULTS AND DISCUSSION

Aquatic plant abundance
and distribution in PML

Based on observations from the previous year, milfoil was not present in expected
quantities in PML during this growing season (Figure 2). Recent observations
indicate that the decline in milfoil density was only temporary and we do not think a
biological factor was involved. Rather, the unusually cold winter and high turbidity
may have contributed to the reduction in milfoil biomass (Figures 3 and 4). Milfoil
biomass declined from a maximum of 344 g dry weight/m2 (1.4 tons/acre) in 1983, to
a maximum of 3.83 g dry weight/m?2(0.0016 tons/acre) in 1984.

Shoreline mapping revealed that milfoil has been at least temporarily replaced by
Chara braunit, Najas minor, and Nitella hyalina. These species were relatively
evenly mixed and distributed throughout the shallow areas of PML. The mixture
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was found in average quantities of about 13.3 tons/ha (5.38 tons/acre) with biomass
ranging from almost zero to the maximum observed in Sanders Cove of 49.0 tons/ha
(14.8 tons/acre). Estimates of surface coverage approached 220 ha (544 acres) or
9.08 percent of the lake surface (Figure 5). Other genera present included
Potamogeton (two species), Sagitarta (two species), milfoil, Ludwigia, and Elecoharis.
With the possible exceptions of Chara and Najas, none of the species appear to be
present in sufficient quantities to pose any management problems in the lake.

Milfoil compensation, depth, and habitat potential

The compensation depth of milfoil was determined using the light-dark bottle
technique. Data were collected during the peak photoperiod of the day (0900-1500
hr) and, therefore, do not directly reflect maximum growth potential since they do
not consider dark periods when respiration is depleting photosynthate. These
reported values probably more accurately represent a worst case estimate. Based on
results of replicated experiments (Figure 6), the compensation depth for milfoil in
PML is estimated to be about 3 m. The average encompassed by this depth in PML
1s about 330 acres or about 10 percent of the lake surface. This value is similar to
maximum previous milfoil infestation levels except during the low water or drought
year, 1981. It would appear that management plans can be based on an average
infestation of 350 to 500 acres with a maximum of about 1,000 acres of rooted milfoil
in PML. However, special attention may have to be given to rafts of milfoil that may
grow unattached and drift with the wind.

Water quality

None of the water quality parameters were significantly different when values
from treated stations of the 1983 program were compared with values from
untreated stations. As previously mentioned, the most notable water quality
parameters were turbidity and temperature (Figures 3 and 4). Turbidity in 1984
was almost twice the values observed in 1983. The cold winter temperature
produced ice cover on this reservoir for the first time in the lake’s history.
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Chlorophyll a varied inversely with nitrogen and phosphorus. Chlorophyll a in
the water increased sixfold in the spring relative to winter values and nitrogen and
phosphorus decreased fourfold and fivefold, respectively. Currently, PML appears
to be nutrient limited with respect to algal blooms.

Sediment character and accumulation rate

Sediment particle size (sand, silt, and clay) was similar throughout the lake with
no one fraction dominating (Figure 7). No differences were observed between areas
with milfoil and areas with no plants.

The nutrient content of the sediments may influence plant distribution. The deep
water sites near the old river bed of the reservoir had the greatest nitrogen and
phosphorus concentrations (Figure 8). These sites have no aquatic weed growth
potential as does Sanders Creek which currently has no aquatic weeds. Barko (1982)
indicated that high organic carbon (10 to 20 percent) in sediments adversely affects
macrophyte growth rates with as much as 30 to 70 percent reduction in
biomass/shoot. None of the sites in PML had sufficient volatile matter to inhibit
milfoil growth.

Sediment accumulation rates were measured using sediment traps. Data
collected in 1984 indicated maximal sedimentation rates of 2.56 in./year (442
tons/acre/year) and minimum rates of 0.87 in./year (143 tons/acre/year). The mean
rate was 1.31 in./year (225 tons/acre/year). These data were collected during 1 year
and should be supplemented with further information for verification since they
indicate more sediment should have accumulated than actually has. The turbidity
values and sedimentation rates indicate that 1984 was an exceptional year.
Knowledge of sediment accumulation through time may be a beneficial tool for
reservoir management and future design criteria.
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CONCLUSIONS

Results from the 1984 study support the following conclusions:

a. Water quality parameters were not affected by the 1983 treatment programs.
The overall water quality was good and typical of a meso-oligotrophic
southwestern US reservoir.

b. Milfoil biomass in PML declined from a maximum of 344 g dry weight/m? in
1983 to a maximum of 3.83 g dry weight/m?2in 1984.

¢. The milfoil decline has been tentatively attributed to unusually cold weather
and high turbidity.

d. Milfoil has been replaced at least temporarily by Chara, Najas, and Nitella.

e. Using milfoil’s compensation point for estimations, the infestation level of 1983
was approximately 75 to 80 percent of the expected level for this species in
PML.

f. Sediment nutrient content and organic matter analyses indicated that PML
should be a suitable habitat for a variety of submersed rooted aquatic plants as
well as milfoil. Sediments should not limit the growth of aquatic plants in PML.

g. Measured sediment accumulation rates in PML in the summer of 1984 ranged
from 0.87 in./year (143 tons/acre/year) to 2.56 in./year (442 tons/acre/year) with
a mean of 1.31 in./year (225 tons/acre/year). These measurements are some
three to four times the estimates used in the reservoir design document. During
this study, turbidity in PML was twice the values found during studies of the
two previous years, possibly explaining the high rate of sedimentation
observed.
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ECOLOGY OF AQUATIC PLANT SPECIES

Effects of Sediment Composition:
Growth Regulating Mechanisms

by
John W. Barko* and R. Michael Smart*

BACKGROUND

Sediments provide an important source of nutrients, principally nitrogen,
phosphorus, and micronutrients (Barko and Smart 1981; Smart and Barko 1985)
that are relatively less available to submersed macrophytes in the overlying water
of most aquatic systems. The physical and chemical composition of sediments
markedly affects macrophyte growth rates, and may have an important bearing on
species succession and distribution in aquatic systems (Barko 1982, 1983; Barko and
Smart 1983). In the investigation of Barko and Smart (1984) including 40 different
sediments from 17 geographically widespread North American lakes, the growth of
both Hydrilla verticillata (L. f.) Royle and Myriophyllum spicatum L. was
demonstrated to decline exponentially with increasing sediment organic matter
content, and was also relatively poor on very sandy sediments. That study provided
useful indices for macrophyte growth in relation to sediment composition, but did
not experimentally address mechanisms of growth regulation.

The purpose of this article is to examine results of recent experiments designed to
elucidate possible mechanisms underlying the influence of sediment composition on
the growth of submersed macrophytes. These experiments represent extensions of
previous work (Barko and Smart 1983, 1984), with current methodology funda-
mentally the same.

RESULTS AND DISCUSSION

In the earlier investigation of Barko and Smart (1984) macrophyte growth as total
dry weight biomass varied approximately tenfold and twentyfold in Hydrilla and
Myriophyllum, respectively, but nearly all of this variability occurred on sediments
with an organic matter content of less than 20 percent (Figure 1). Within this range
sediment density declined sharply with increasing organic matter content (Figure
2). With increasing organic matter beyond 20 percent, both macrophyte growth
(Figure 1) and sediment density (Figure 2) remained essentially unchanged.

On sediments excluding “sands” (i.e., sediments with > 75 percent sand by weight)
the growth of both species increased with increasing density of sediments over the
range of 0 to 20 percent organic matter, and over the same range decreased with
increasing organic matter content (Figure 3). Whereas sediment density and

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Figure 1. Relationship between growth, as

total dry weight biomass (n = 4), of Hydrilla

and Myriophyllum and sediment organic

matter content (n =2). Triangles designate

sediments containing > 75 percent sand, which
were excluded from curve fitting
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Figure 2. Relationship between sediment density (n = 2) and sediment
organic matter content (n = 2) for 40 sediments from North American
lakes
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Figure 3. Relationships between growth, as total dry weight biomass (n=4), of

Hydrilla and Myriophyllum and both sediment density (n=2) and sediment

organic matter content (n=2) on sediments containing <20 percent organic
matter excluding “sands” (i.e., those with a sand fraction > 75 percent)

organic matter content were highly correlated with one another (RZ=0.81),
macrophyte growth was somewhat better related statistically to sediment density
than to organic matter content (Figure 3).

Macrophyte growth on “sands” was diminished at high sediment densities (ca. 0.9
to 1.3 g/ml), while growth on highly organic sediments was diminished at low
sediment densities (ca. <0.25 g/ml) (Figures 1 and 2). These observations suggest
commonality between the effects of sand and organic matter on macrophyte growth,
mediated discontinuously by sediment density.

In order to more directly examine the influences of sand (high density) and
organic matter (low density) on macrophyte growth, a separate experiment
involving sediment manipulations was conducted. Manipulations included additions
of an inorganic, nonsandy sediment from Lake Washington, Washington State, in
increments of 20 and 40 percent by volume, to a washed builders sand (97 percent
sand) and to a composite organic sediment (53 percent organic matter). At the
maximum level of addition, the organic matter content was reduced to 25 percent in
the organic sediment, and the sand fraction to 75 percent in the sand. With additions
of Washington sediment, the growth of Hydrilla increased overall dramatically,
threefold on the organic sediment and sevenfold on the sand (Figure 4). These
increases in growth accompanied an increase in sediment density from 0.10 to 0.23
g/ml in the former and a decrease in density from 1.43 to 1.23 in the latter. Notably,
the growth of Hydrilla was stimulated in this experiment even though the organic
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sediment remained “organic” and the sand remained a “sand.”

In the sediment addition experiment, changes in sediment mineralogy and overall
nutrient content (unmeasured) were undoubtedly coupled with changes in
measured sediment variables (density, texture, and organic matter). Accordingly,
results were potentially influenced by nutritional factors. This possibility, and in
addition an inability due to design to separate the effects on Hydrilla growth of
sediment organic matter content and sediment density, prompted the conduct of an
additional experiment designed to evaluate the effects of sediment density more
directly.

The composite organic sediment (without sediment additions) was differentially
centrifuged to remove interstitial water, thus providing four statistically discrete
fractions with respect to sediment density. Centrifugation with concomitant
increases in sediment density resulted in a significant increase overall in the growth
of Hydrilla, however, this effect was somewhat less than that achieved over a
similar range in density by additions of fine-textured inorganic sediment (Figure 5).
Increased growth on centrifuged sediments was presumably independent of
changes in sediment mineralogy and mass nutrient content (nutrient mass per
sediment mass), ignoring minor losses in interstitial water removed since the
sediment matrix remained unchanged. Nutrient density (nutrient mass per
sediment volume) did change however, increasing directly with increasing
sediment density. Sediment organic content (measured) was unaffected by
centrifugation. From this experiment it is apparent that sediment density, and not
organic matter content per se, is important in regulating Hydrilla growth.
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Density, in connection with texture, can physically mediate root development
(Sculthorpe 1967); however, there were no indications in this investigation that root
development was impaired where macrophyte growth was poorest on either low
density organic sediments or on high density sands. Indeed, the proportionately
greater amount of root mass to shoot mass of both species on these unfavorable
sediments compared to others (Barko and Smart 1984) suggests the contrary. The
possibility remains, however, that sediment density mediated growth through its
effect on sediment nutrient densities and macrophyte nutrition. Diminished
macrophyte growth on high density sands, due to their inherently infertile nature,
was probably caused by a general nutrient inadequacy. Accordingly, the increased
growth of Hydrilla on sand, amended by additions of inorganic sediment (Figure 4),
likely reflects an effect of fertilization. Increased growth on the organic sediment,
amended identically as above, suggests a possibly similar effect.

In order to directly examine the possibility that nutrient availability limited
macrophyte growth on organic sediments, a series of experiments involving
additions of phosphorus and iron to organic sediments were conducted. These
elements were selected for addition because of their possibly reduced availability in
organic sediments (Sikora and Keeney 1983). Organic sediments used here were
obtained from separate collections at original sites in Lakes Buckhorn, Chemung,
Chenango, and Seminole (cf. Barko and Smart 1984). Phosphorus and iron were
added separately and in combination as CaHPO, at 0.1 g/{ wet sediment and as
Fe;03 at 5.0 g/1 wet sediment, respectively. Added P approximated 10 times that,
which as the only source, would be required to sustain 10 g of Hydrilla growth.
Added Fe was approximately equivalent to 20 percent of that in Lake Washington
sediment. In these experiments neither sediment organic matter content nor
sediment density was affected by nutrient additions.
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Table 1

Effects of Nutrient Additions to Organic
Sediments on the Growth of Hydrilla

Organic Treatment Growth
Sediment Addition Increase*
1 P No
2 P No
3 P No
4 P Yes
5 Fe No
6 Fe No
5 Fe+P Yes
6 Fe+P Yes

* Yes indicates significantly greater growth
(total biomass) at P < 0.05.

Hydrilla did not respond to the addition of Fe alone, and responded to the addition
of P alone on only one of four sediments so treated (Table 1). The growth of this
species increased significantly, however, on both sediments amended by P in
combination with Fe (Table 1). In another separate experiment the effect on
Hydrilla growth of P and Fe additions to an organic sediment (as above) was
examined in a nitrogen-free solution. In that experiment, the combined addition of
P and Fe had no effect on Hydrilla growth (data not presented), strongly suggesting
a general nutrient inadequacy, i.e. multiple nutrient limitation on low density
(organic) sediments.

The positive response of Hydrilla to “fertilization” by addition of fine-textured
inorganic sediment to both sand and organic sediment (Figure 4), in combination
with results achieved by specific nutrient additions above, indicates that the
regulating effect of sediment sand and/or organic matter content on the growth of
submersed aquatic vegetation, while mediated by sediment density, directly
involves nutrition. In this regard, the availability in sediments of N, P, Fe, and
possibly other micronutrients is of eritical importance because of the importance of
sediment rather than the open water as the predominant source of these elements in
most aquatic systems (cf. Smart and Barko 1985).

CONCLUSIONS AND RELATED IMPLICATIONS

The growth of submersed macrophytes is relatively poor on both highly organic
sediments and sands compared to that on fine-textured inorganic sediments. Poor
growth on sands is related to high sediment density, while poor growth on organic
sediments is related to low sediment density. Mechanisms of growth regulation on
sand and organic sediments are similar, both involving nutrition. High concen-
trations of organic matter in sediments exert a negative influence on the growth of
submersed macrophytes by reducing sediment density and the associated availability
of essential nutrients (notably N, P, and Fe).

From its greater range in growth, Hydrilla appears to be more sensitive than
Myriophyllum to sediment composition. In nature, individual differences in the
ability of aquatic macrophyte species to cope with sediment infertility or other
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factors associated with high sand and/or high organic matter fractions may be
important in determining the species composition of aquatic macrophyte communi-
ties. In this connection, it is notable that submersed aquatic vegetation is replaced in
lakes by emergent vegetation as sediment organic matter accumulates (Walker
1972; Wetzel 1979; Carpenter 1981).

We are aware of one documented occurrence of a decline in rooted submersed
aquatic vegetation following a major loading of organic matter due to watershed
disturbance (Kight 1980; cf. Barko 1982). Conversely, the growth of submersed
aquatic vegetation on organic sediments may be stimulated by additions of
inorganic sediment (Figure 4). Sediment composition may be modified by aquatic
plants themselves directly, by sediment nutrient uptake (e.g. Barko and Smart
1980) and contributions of their own remains to the sediment (Walker 1972; Wetzel
1979; Carpenter 1981), and, indirectly, by collecting externally loaded materials
(Mickle and Wetzel 1978a, b, 1979; Patterson and Brown 1979). In view of these
findings, we suggest that watershed disturbances, direct mechanical disturbances
of bottom sediments, or autogenic processes affecting the inorganic/organic
composition of sediments (and thus, sediment density and nutrition) may contribute
fundamentally to vegetational changes in aquatic systems.
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ECOLOGY OF AQUATIC PLANT SPECIES

Effects of Water Chemistry on Aquatic Plant Species:
Photosynthesis and Growth of Myrtophyllum spicatum L.

by
R. Michael Smart* and John W. Barko*

It has long been realized that the chemical composition of water is of primary
importance in affecting the distribution of aquatic plants (Moyle 1945; Hutchinson
1975). Various authors have attempted to relate the species distribution of
submersed macrophytes to general water chemistry conditions, using parameters
such as hardness, alkalinity, conductivity, pH, total dissolved solids, or salinity (see
reviews by Moyle 1945; Hutchinson 1975). In this regard, Myriophyllum spicatum
L. has been characterized as generally occurring in waters that are hard
(particularly with respect to Ca), moderate to high in alkalinity, neutral to high in
pH, high in electrical conductivity, and eutrophic (Moyle 1945; Spence 1967,
Hutchinson 1970; Seddon 1972; and Kadono 1982). Many exceptions to these general
patterns of occurrence have been noted (Hutchinson 1970; Giesy and Tessier 1979;
Kadono 1982), however, and it remains difficult to explain observed distributions on
the basis of general water chemistry conditions.

As noted by Hutchinson (1957, 1970), many water chemistry parameters,
particularly pH, Ca concentration, alkalinity, and total electrolyte content, are
correlated. Although these parameters may act independently in affecting plant
distribution, it is difficult to discern their effects from distribution data
(Hutchinson 1970; Seddon 1972; Kadono 1982). Another difficulty is that sites
differing in water chemistry are likely to differ in other environmental parameters
(notably sediment composition) as well (Pearsall 1920; Moyle 1945). For these
reasons it is of interest to determine the effects on growth of independently varying
specific water chemistry parameters under otherwise uniform environmental
conditions.

While considerable attention has been given the macronutrients N, P, and K (see
review by Smart and Barko 1984a), relatively little attention has been devoted to the
effects on macrophyte growth of other water chemistry parameters such as
alkalinity, dissolved inorganic carbon (DIC), and major cations. Huebert and
Gorham (1983) demonstrated that Potamogeton pectinatus L. required Ca, Mg, and
HCO; in solution to achieve normal growth. Barko (1983) indicated that, at low
levels of Ca and DIC in solution, growth of M. spicatum was depressed.

While little is known of the effects of DIC, alkalinity, and major cations on the
growth of submersed macrophytes, there is considerable information on the effects
of these on photosynthesis. Among the many published reports on photosynthesis in

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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relation to water chemistry, the most notable concerning M. spicatum are Steemann
Nielsen (1947); Adams, Guilizonni, and Adams (1978); and Titus and Stone (1982).
These authors indicate that M. spicatum can use HCO; in photosynthesis and that
such use follows Michaelis-Menten kinetics. Steemann Nielsen (1947) demonstrated
the promotive effects of cations, particularly Ca. The stimulatory effect of Ca on
photosynthesis was also noted by Stanley (1970).

The objective of this investigation was to determine the effects of independently
varying major cation concentrations and DIC levels on the growth and photosynthesis
of M. spicatum. In this presentation we report on the effects of DIC on growth and
photosynthesis. We also examine the relationship between growth and photosynthesis
to determine the utility of photosynthetic DIC uptake as an indicator of the growth
potential of a particular water composition.

METHODS AND MATERIALS

Growth and photosynthesis experiments were conducted using a 3- by 3-factorial
design with three levels of DIC — 3.5, 10.5, and 21.0 mg DIC - £, At each DIC level
we provided three levels of major cations (Na, K, Ca, and Mg) in proportion to their
occurrence in bicarbonate lake waters (Hutchinson 1957; Smart and Barko 1984b).
Concentrations of both DIC and cations in the high level solutions were 6 times those
in the low level solutions, with the intermediate (mid) level solutions being 3 times
the concentration of the low level solutions. Solutions were formulated by additions
of reagent-grade chemicals to deionized (reverse osmosis) water. Gaseous CO; was
administered to solution prior to adding required amounts of CaCO; to achieve
solubility (Smart and Barko 1984a). Concentrations of Ca and DIC in the high level
solution were near the upper limit for solutions of this type in equilibrium with
atmospheric pCO..

Two growth experiments were conducted under conditions differing in the
relative magnitudes of atmospheric gas exchange (aeration) and solution volume in
an attempt to evaluate the relative importance of the atmosphere and solution as
sources of inorganic carbon. The first experiment was conducted in lucite columns
150 em tall by 15 em OD (outside diameter) in an environmental chamber. The
second experiment was conducted in 150- by 90- by 90-cm-deep, white fiberglass
tanks in the greenhouse facility of the Environmental Laboratory (WES).
Additional experimental details are available elsewhere (Smart and Barko 1985).

Photosynthetic DIC uptake was measured in each of the experimental solutions
using an apparatus that also allowed for measuring uptake of amtospheriec CO,. The
apparatus, associated methodology, and results of atmospheric CO; uptake studies
will be described elsewhere (Smart and Barko 1985).

RESULTS AND DISCUSSION

Results of the first experiment, described earlier in detail (Smart and Barko
1984b), are briefly summarized here. Ash-free total biomass accrual was
significantly affected by cation level only under low DIC conditions. Similarly the
effect of increasing DIC was observed only under low DIC conditions. Growth of M.
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spicatum was increased by increasing DIC from 3.5 to 10.5 mg-{"' but was
unaffected by further increase to 21.0 mg- 1. In the second experiment (Figure 1)
growth increased with an increase in DIC between 3.5 and 10.5 mg DIC- 1™ but did
not increase between 10.5 and 21.0 mg DIC- ¢

Photosynthetic uptake of DIC from solution fit Michaelis-Menten kinetics with a
half-saturation constant (K.) of 24.5 mg DIC-{"' (Figure 2), indicating that
photosynthetic rate was half maximal at 24.5 mg DIC- 1"". Therefore, unlike growth
which was apparently saturated at 10.5 mg DIC-{™*, photosynthetic DIC uptake was
only half saturated at the highest level of DIC examined (21 mg DIC-1"). This
difference between the responses of growth and photosynthesis to DIC indicates that
there may not be a simple relationship between the two measures of plant response.
Plotting growth of M. spicatum in each solution against photosynthetic uptake of
DIC measured in the same solutions (Figure 3) confirms the lack of a clear
relationship between the two in either of the experiments. These results suggest that
other sources of carbon may have been moderating the effect of DIC on growth. To
examine the influence of other sources of carbon on the growth of M. spicatum, we
constructed a carbon budget for each of the experimental treatments in the second
growth experiment (Figure 4).

Total carbon uptake during growth was the sum of plant organic carbon (0.465 x
ash-free dry weight) and plant inorganic carbon (CaCO; encrustation). Plant
inorganic carbon was determined by measuring weight loss of ashed plant samples
(550° C) after recombustion at 1100° C. The quantity of C originating from solution
was determined from the difference between the initial and final DIC. The change
in solution Ca was used as a measure of CaCOj; precipitation. Precipitation of CaCO;
was further partitioned between CaCOj; encrustation (measured) and precipitation
in the tanks (by subtraction). The remainder of the total carbon uptake was
considered to have been supplied by atmospheric CO; exchange. We considered
heterotrophic respiration in the water column as insignificant in this experiment
due to the lack of N, P, and organic C in solution (Smart and Barko 1984a).
Sediment respiration was also considered an insignificant source of inorganic
carbon due to the small quantities of sediment used in the experiment. Likewise,
root uptake of CO; from sediment has been shown to be insignificant in M. spicatum
(Loczy, Carignan, and Planas 1983) and was not included in our budget.

Much of the carbon used for growth in these experiments was apparently derived
from atmospheric exchange with the solution. The quantity of carbon derived
directly from solution increased with DIC and, to a lesser extent, with increasing
solution cations. The latter effect is due to the increase in CaCO; precipitation with
increasing solution Ca and DIC. Although carbon derived from solution increased
with increasing DIC between 10.5 and 21.0 mg-{ ', this increased uptake from
solution was offset by decreased CO, exchange from the atmosphere.

Uptake of CO, or HCO; from solution decreases the partial pressure of CO, (pCOy)
in solution and establishes a gradient in pCO; across the air-water interface. The
rate of entry of atmospheric CO; into solution is dependent on this gradient. In low
alkalinity (low DIC) solutions a relatively small uptake of DIC results in a
substantial gradient in pCO; (Figure 5). For this reason, atmospheric CO; supply
may be initially higher under low alkalinity conditions. As DIC depletion continues,

55



—
(=]

[ ASH MASS
ASH-FREE MASS

e
~N

E=N

TOTAL BIOMASS ACCRUAL, g
(=<}

Low MID HIGH
SOLUTION DIC LEVELS

Figure 1. Biomass response of M. spicatum to increasing levels of
DIC and major cations (Na, K, Ca, Mg). Cation levels are indicated
within bars: L=low, M =mid, H=high

i2 I I | T
km = 24.5
= 10— Vmax = 209 -
=
E
3
»n b —
=
[—
-
= 4 4
(o}
=
e =
a 9l _
0 | | | ]
0 5 10 15 20 25
DIC, mg/L

Figure 2. Photosynthetic DIC uptake of M. spicatum in

relation to solution DIC. Kinetics (K. =half-saturation

constant, mg-!™'; V...=maximum photosynthetic rate,

mg DIC-g'-hr') are based on linear transformation of
initial photosynthetic DIC uptake data

56




-
-
.
.
=

3 . J
= |0 N .
o 8 ~
s |v°
= L .
g COLUMNS
s 1r " s |

. T y
LL .
=C

0 | I l | | | i

0 b 12 18
PHOTOSYNTHESIS, mg C/g/HR

Figure 3. Biomass accrual of M. spicatum in the first (columns)
and second (tanks) experiments in relation to apparent initial
photosynthetic DIC uptake rates (A.F.=ash free)

~N
o
T
2]
s

.
%

X
%

%%

9,

.
<
%

°

X
>
2

e
X

,.
o
QR

55

-
%
%
%

%

%

2
RS

®,
>

25

o
.0

o
>
e
o
O

)
X
)
0,

)
0,
e
2

.
X
XXX
55

o

%

0,

ATMOSPHERE
|

9

.....
it
< aravay

.-
RS
o ..‘

9
20

(>
P

%

e
&

(XX o oo XX
e

)
2

7
.0
X

9%
9,

9%

9.4

2

X
o

28

(X5

TOTAL CARBON UPTAKE, g

SOLUTION
=

| B PLANT ORGANIC C
Il PLANT INORGANIC C
PRECIPITATED C

LOW MID HIGH
DIC. mg/L

~nN
(=}

Figure 4. Carbon balance for M. spicatum growth under
different DIC and cation conditions in the second experiment.
Cation levels are indicated within bars: L=low, M =mid, H=high

57



pCO, GRADIENT, pL /2

u i 1 1 1 L 1 1 1 t

0 1 2 3 4 ]
DIC DEPLETION, mg /£

Figure 5. Relationship between the gradient
in pCO; across the air-water interface and
the depletion of solution DIC due to plant
uptake of CO; or HCOs. Curves are calculated
for low (3.5 mg DIC-1"), mid (10.5 mg-1 ),
and high (21.0 mg DIC-1 ') carbon solutions

the gradient in pCO; approaches an upper limit depending on the atmospheric
pCOs. Precipitation of CaCOs, which occurred in the solutions containing higher
levels of DIC and Ca, increases solution pCO,, thus lessening the gradient and
subsequently atmospheric CO. supply. For these reasons the magnitude of
atmospheric CO, supply is not easily predicted from the initial solution composition.

Our inability to relate growth of M. spicatum in these experiments to
photosynthetic DIC uptake rates measured in the same solutions is due to the
moderating influence of atmospheric CO, exchange on growth. Thus, while
photosynthetic DIC uptake rates were roughly proportional to the quantity of
solution DIC used for growth, they were not good predictors of plant growth.

CONCLUSIONS

Many of the environmental parameters known to affect the relative availability of
atmospheric and solution C were controlled in these experiments. These parameters
include temperature, mass transfer coefficients, mixing, and water exchange. In
addition, other sources of C including water column respiration, sediment
respiration, diffusion of HCO; from the sediment, and dissolution of sedimentary
carbonates were minimal. In view of the much greater complexity of natural
systems, the use of photosynthetic rates as a diagnostic tool for assessing the
submersed macrophyte growth potential of natural systems seems unwarranted
without a more complete understanding of the interactions of the various carbon
sources.

The relative importance of the various sources of C for supporting the growth of
submersed aquatic plants needs to be determined. These sources include DIC,
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atmospheric exchange of CO,, water column respiration, and sediment respiration.
Understanding the relationships among the various C sources is necessary to an
understanding of the effects of water chemistry on submersed aquatic plants.

ONGOING AND FUTURE RESEARCH

We are conducting similar studies on the effects of water chemistry on the growth
of other species of submersed aquatic plants. These studies will consider both
introduced and native species (Egeria, Hydrilla, and Potomogeton). This information
should be useful in identifying possible competitive relationships among problem
and nonproblem species.

We plan to initiate preliminary studies this fiscal year in an attempt to quantify
the relative importance of atmospheric, solution, and sedimentary sources of
inorganic carbon for macrophyte growth in different aquatic systems.
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DEVELOPMENT OF COMPUTER-AIDED
EVALUATION SYSTEMS

by
Bruce M. Sabol*

SELECTING AN OPTIMAL CONTROL STRATEGY

The field of aquatic plant control has evolved from early efforts to totally
eradicate “nuisance” aquatic vegetation over broad areas to more recent efforts to
“manage” vegetation at an acceptable level within specific areas. Through this
evolution, an increasing number of constraints have been imposed on typical aquatic
plant control operations. Now, in addition to the usual objectives of minimizing
operational costs and achieving at least temporary control of the vegetation, it is
important to minimize undesirable environmental side effects and to achieve
vegetation control only within specifically defined target areas. In order to meet
these constraints, resource managers need to be diligent in evaluating and selecting
a control technique and determining when, where, and to what degree treatment
should be applied.

At the current state of development, numerous aquatic plant control techniques
are available for operational use, and additional techniques are in the last stages of
developmental research. Table 1 contains a list of these techniques. While multiple
candidate techniques may not be available for each aquatic plant problem site,
many sites will have several feasible control options. Given these choices, as well as
the selection of time schedule, location, and level of treatment, the selection of an
optimum (or even a workable) control strategy can be a difficult task.

The determination of an optimum control strategy involves a sequence of
evaluations and decisions (Figure 1). The first step is to verify that an aquatic plant
problem does exist. A dense stand of aquatic plants does not, by itself, constitute a
problem. To be a problem, it must interfere with (or threaten to interfere with) a use
of a water body. Once a real problem has been identified, the project goals may be
defined, i.e., what level of vegetation control, when, and at what location would
alleviate the problem. Additionally, the budgetary, environmental, and political
constraints associated with the prospective operation need to be defined. The
complete set of goals and constraints then defines the requirements for a successful
control operation. Next, a list of control techniques which may be effective at this
specific problem site needs to be developed. Probable effectiveness, cost, and
environmental effects of each candidate technique must be estimated. Matching
these estimates with project goals and constraints for each candidate technique will
identify the best technique for the situation. Finally, the specific means of applying
the selected technique must be determined. For example, if mechanical harvesting
were selected as the best technique, it would be necessary to determine what specific
machine to use, how the harvested material would be handled and disposed, how

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Table 1

Operational and Near-operational
Control Techniques

Type Control Agent Target Species
Mechanical Harvesters Most types
Aquatic vegetation
Chemical 2,4-D Waterhyacinth
Alligatorweed
Milfoil
Endothall Most SAV
Diquat Hydrilla
Milfoil
Waterhyacinth
Copper compounds Most SAV
Fluridone Most SAV
Glyphosate Hyacinth
Biological White amur Certain SAV
Waterhyacinth weevils Waterhyacinth
Waterhyacinth leaf spot fungus Waterhyacinth
Argentine waterhyacinth moth Waterhyacinth

Alligatorweed thrips

Allipatorweed flew beetie Alligatoriesd
IDENTIFY PROBLEM
EVALUATE PROBLEM
! | t
FORMULATE IDENTIFY IDENTIFY CANDIDATE
GOALS CONSTRAINTS CONTROL TECHNIQUES
L * N
CRITERIA FOR
SUCCESSFUL TREATMENT GROSS-LEVEL COMPARISON

OF CANDIDATE
/ TECHNIQUES
SELECT BEST TYPE

CONTROL TECHNIQUE

|

DETERMINE BEST OBTAIN NECESSARY

WAY TO USE INPUT DATA
SELECTED TECHNIQUE

|

CONDUCT OPERATION

Figure 1. Procedure for determining optimal control strategy
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deep to cut and in what specific areas, what is the time schedule, and what is the
frequency of harvesting. This evaluation requires very specific information on the
target site. Numerous specific strategies for applying the technique would be
evaluated in terms of cost, effectiveness, and environmental effects, and would be
compared with project goals and constraints. Based on this comparison, the best
specific strategy would be identified.

PROCEDURES TO AID DECISIONMAKERS

The procedure described above requires that a methodology be available for each
control technique whereby it would be possible to quantitatively estimate
effectiveness, cost, and environmental effects for any site-specific set of conditions.
For most available control techniques, such quantitative methodologies are
nonexistent. Technical documents on newly developed techniques, prepared for use
by operational personnel, tend to be either long technical treatises or overly
simplistic user manuals, neither of which provides direct information to enable the
user to quantitatively estimate the factors needed for evaluation of the prospective
control strategy. This problem is more a limitation of the written medium rather
than the fault of the documents’ authors. The effectiveness of most techniques is a
function of the simultaneous interaction of numerous environmental and operational
factors which tend to be difficult to intelligibly describe in a written format.

A far more effective means to transfer this technology to the operational user
community is in the form of computer models and evaluation systems. Structured in
a well-conceived computer program, a system for effectiveness evaluation can
rapidly provide precise estimates of the effects of candidate control strategies by
allowing the computer to handle the involved mathematical computations, while the
user need only be concerned with specifying operational and environmental
variables specific to the candidate operation. The user need not be knowledgeable of
the mathematical operations of the model. Two successful examples of aquatic plant
effectiveness evaluation systems (developed at WES) are the mechanical control
simulation model HARVEST (Sabol and Hutto 1984)* and the white amur stocking
rate model STOCK (Miller and Decell 1984).** Each of these models interactively
queries the user for the necessary inputs, performs the computations, outputs
information in a directly usable format, and runs on a desk-top-size personal
computer. These models can be used most effectively by the users to play “what if”
games, comparing the results of different possible control strategies, and varying a
single operational input at a time to “fine tune” the strategy.

* A. C. Miller and J. L. Decell 1984. “Use of the White Amur for Aquatic Plant Management,”
Instruction Report A-84-1, US Army Engineer Waterways Experiment Station, Vicksburg, Miss.

** B. M. Sabol and T. D. Hutto 1984. “Simulating Mechanical Control Operations,” Aquatic Plant
Control Research Program Information Exchange Bulletin, Vol A-84-1, US Army Engineer
Waterways Experiment Station, Vicksburg, Miss.
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DEVELOPING COMPUTER-AIDED EVALUATION SYSTEMS

The approach described above will be used to prepare additional effectiveness
evaluation systems for operational and near-operational control technologies. The
generalized framework for developing these new systems is illustrated in Figure 2.
The first step is to develop a conceptual framework of the specific control system.
Important components to be included in the model and the types of output
information desired will be identified and conceptually linked together in a
diagram depicting the flow of information through the system. This framework will
be developed by Aquatic Plant Control Research Program researchers who are
familiar with the cause/effect mechanisms involved in the system, and Corps
operational personnel who are most familiar with the operational information
needs. Next, all published and unpublished data available on the system will be

.| DEVELOP CONCEPTUAL
FRAMEWORK

APCRP RESEARCHERS EVALUATE CURRENT SCIENTIFIC
INFORMATION LITERATURE
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Figure 2. Framework for developing new evaluation systems
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examined to develop the mathematical relationships inherent in the system and to
identify critical data gaps which will need to be filled. Based on the mathematical
relationships developed in this phase, a first-generation computer model will be
coded and verified. Next, the model will be tested against field data to validate it
and to identify needed improvements. As data gaps (identified earlier) are filled,
new mathematical relationships will be developed and the code will be modified
accordingly. After sufficient testing and revision have been performed to ensure the
model’s accuracy and operational utility, user manuals will be prepared and the
model will be made available to the public.

FY 85 PLAN

During this fiscal year, we will initiate development of models on two control
systems. The first model will be used for simulation of the control of waterhyacinth
by the two species of Neochetina weevils (N. bruchi and N. eichhorniae).

This type of control system has been operational for several years, and there is a
large body of data available for modeling. The framework for this model will be the
basis for developing models on additional plant/insect control systems. The second
model will be for simulating the control of waterhyacinth with the herbicide 2,4-D.
Control by this method has also been operational for many years and also contains a
large data base. This modeling effort will produce the first aquatic herbicide
effectiveness model and, as such, will be useful as a framework for developing
additional aquatic herbicide effectiveness models.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

An Overview

by
Edwin A. Theriot*

DIRECT-ALLOTTED RESEARCH FOR FY 1984

The FY 1984 direct-allotted biological control research was apportioned among
five work units, two of which were completed. These include:

a. Insects and pathogens for control of waterhyacinth. These two work units (I
and II) were completed in F'Y 1984 with the preparation of three reports, a
final report on the large-scale operation management test with insects and
pathogens from the control of waterhyacinth in Louisiana, a technical report on
Neochetina species and their impact on waterhyacinth in the United States,
and an instruction report to provide field guidance for the use of insects and
pathogens to manage waterhyacinth. The last two reports were prepared in
cooperation with Dr. Ted Center, U.S. Department of Agriculture (USDA),
Fort Lauderdale aquatic weed center.

b. Insects for control of hydrilla. Overseas searches in Asia and Australia for
candidate biocontrol agents were completed in FY 1983 (Work Unit III).
Overseas host specificity and efficacy studies were initiated in F'Y 1984. As a
result of these studies, two insect species have been approved for quarantine
studies in the United States thus far: a Bagous weevil from India and a
Hydrellia fly from Pakistan.

¢. Pathogens for control of hydrilla. Techniques for aquarium assay were
refined and candidate microorganisms were tested to determine their effects
on hydrilla (Work Unit IV).

d. Pathogens for control of Eurasian watermilfoil. Combinations of the
fungus Mycoleptodiscus terrestria and pectinolytic bacteria proved efficacious
on Eurasian watermilfoil in outdoor pool studies at the University of
Massachusetts (Work Unit V). Methods of inoculum production and application
were developed for small-scale field studies. The first year of the domestic
survey for pathogens on Eurasian watermilfoil was completed. Several
hundred bacterial and fungal organisms have been isolated from symptomatic
tissues.

SUPPORT PROJECTS FOR FY 1984

Three projects were addressed in support of Corps Districts and the Department
of Interior, National Park Service:

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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a. Biocontrol of waterhyacinth and alligatorweed in southeastern Texas.
This project, with funds provided by the Galveston District, involved the
release and establishment of all available insect biocontrol agents on
waterhyacinth and alligatorweed. A technical report was prepared and a
guidance document was issued to provide a detailed management plan for the
Galveston District.

b. Bitocontrol of waterhyacinth in the San Joaquin-Sacramento River Delta
wn California. All three insect biocontrol agents were released and have
become established and have overwintered on waterhyacinth in the California
Delta. Funding for the project was provided by the State of California,
Department of Boating and Waterways, through the Sacramento District.

c. Biocontrol of alligatorweed and waterhyacinth in Jean Lafitte National
Haistorical Park, Louisitana. This project involves the intensive management
of all insect biocontrol agents on alligatorweed and waterhyacinth within the
park in order to keep scenic and recreation trails open. Funding for the project
is provided by the Department of Interior, National Park Service.

DIRECT-ALLOTTED RESEARCH FOR FY 1985

The FY 1985 direct-allotted biological control research will be apportioned
among three work units, as follows:

a. Inseets for control of hydrilla. The most promising group of candidate insect
biocontrol agents found in the overseas searches in Australia will be selected
and host specificity and efficacy studies will be initiated. A petition will be
submitted to the USDA/APHIS for the release of the insects now in quarantine
which prove to be host specific on hydrilla.

b. Pathogens for control of hydrilla. Additional aquarium-level evaluation of
lytic-enzyme-producing microorganisms will be conducted, and the most
promising candidates will be selected for larger scale evaluation.

c. Pathogens for control of FEurasian watermilfoil. Field evaluation of
Mycoleptodiscus terrestris in combination with pectinolytic bacteria will be
conducted. The domestic survey for pathogens on Eurasian watermilfoil will
be completed and candidates will be selected for biocontrol potential.

SUPPORT PROJECTS FOR FY 1985

Support projects in Texas and California will continue. Emphasis will be placed
on the redistribution of insects to additional areas. The support project in Louisiana
will entail the establishment of all biocontrol agents of alligatorweed and
waterhyacinth in selected sites.

TECHNOLOGY TRANSFER

A total of six reports were prepared in F'Y 1984:

® ['inal report on the large-scale operations management test with insects and
pathogens for control of waterhyacinths in Louisiana.

® A technical report on Neochetina species and their impact on waterhyacinth in
the United States.

® A guidance document on biological control of waterhyacinth.
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® A technical report on overseas surveys in Asia and Australia for insects on
hydrilla.

® A technical report on lytic-enzyme-producing microorganisms for control of
hydrilla.

® A preliminary report on biocontrol agents on alligatorweed and waterhyacinth
in southeast Texas.

Two information exchange bulletins were prepared in FY 1984:

® “Alligatorweed and Its Biocontrol Agents,” by Alfred F. Cofrancesco, Jr.

® “Feasibility of Applying Genetic Engineering Technology to Aquatic Plant
Control,” by Judith C. Pennington.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Microbiological Control of Hydrilla with Lytic-Enzyme-
Producing Microorganisms

by
Edwin A. Theriot* and Judith C. Pennington*

INTRODUCTION

The lytic-enzyme studies on hydrilla were initiated in F'Y 1982. The approach
used in this study consisted of isolating bacteria and fungi from the microflora of
hydrilla and screening them for production of enzymes that can lyse specific plant
components. These microorganisms were successively subcultured on restrictive
media to enhance their enzyme production and then reintroduced to hydrilla in the
hope that their more powerful enzyme systems would enable them to attack plant
tissues. The rationale for this approach was prompted by promising work done on
Eurasian watermilfoil by Dr. Haim Gunner, University of Massachusetts in
Ambherst.

Candidate microorganisms have been selected and evaluated in test tube and
initial aquarium assay studies (Pennington 1984). A total of twenty-two isolates
demonstrated the ability to produce lytic enzymes on cellulose or pectin media,
seven of which significantly damaged hydrilla tissues in test tube assays. Aquarium
assays were conducted using six of the seven promising candidate microorganisms
(Table 1). None of the candidates significantly damaged hydrilla in these initial
aquarium studies.

Before further aquarium assays could be conducted, it was necessary to look
critically at the methods employed in the first aquarium study and how it differed
from the test tube assays. Inoculum for the aquarium assay consisted of filtered
organisms, while whole inoculum, including nutrient growth medium (PDB) and
accumulated exogenous metabolites, was used in the test tube assay. The test tube
assay was conducted on first-generation, field-collected plants, whereas the
aquarium assay was conducted on hydrilla grown in the greenhouse through several
subcultures. Laboratory studies were conducted to determine if these factors had
any bearing on the negative results of the aquarium study and to develop methods of
evaluation of the candidates in large-scale tank studies in the greenhouse.

This paper presents the results of the F'Y 1984 studies and represents the end of
the first phase or laboratory phase of the project. The next phase is the scale-up to
greenhouse tank and field studies.

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Table 1
Candidate Microorganisms

Isolate Number Name
56 Aspergillus awomori Nakazawa
156 Humicolo sp. with Tricoderma sp.
161 Humicola sp. with Tricoderma sp.
170 i
236 Fusarium moniliforme Sheldon
249 Aspergillus awomori Nakazawa

* Unidentified

METHODS

Assay 1: Greenhouse plants

A test tube assay was conducted using the six best isolates from the preliminary
hydrilla test tube assay. Fungal inoculum was prepared by introducing each isolate
into two 500-ml Erlenmeyer flasks each containing 100 ml of sterile PDB. Cultures
were incubated for 6 days. Mycelia were broken apart and mixed with an omni-
mixer for 5 min. One inoculum flask for each isolate was filtered through Whatman
No. 1 filter paper on a Buchner funnel under mild suction. The residue was
resuspended in 100 ml of sterile distilled water. The filtrate was centrifuged to
remove any visible residues.

Whole (unfiltered) inoculum, inoculum filtrate, and resuspended filtered
organisms were quantified by serial dilution followed by plate counts.

Hydrilla from greenhouse cultures were selected and placed in test tubes. Fifty
millilitres of sterile distilled water was used rather than macronutrient solution.
The hydrilla sprigs were typical of greenhouse culture, i.e. having thin stems and
leaves with a generally pale, fragile appearance.

Each hydrilla tube culture received 1 ml of inoculum at levels shown in Table 2.
Untreated controls received 1 ml of sterile distilled water and treated controls
received 1 ml of PDB. Each treatment and control was replicated seven times.

Damage index values were defined prior to test initiation as follows:

Index 1—Vigorous, healthy plants with normally spaced internodes
and no evidence of disease or damage.

Index 2—Faintly chlorotic plants only slightly paler than healthy
sprigs and exhibiting few or no damage spots.

Index 3—Chlorotic plants, or plants showing less than 50 percent
damage.

Index 4—Markedly chlorotic plants, or plants exhibiting pronounced
damage exceeding 50 percent of sprig.

Index 5—Chlorotic to brown plants, plants with brown stems and most
leaves transparent and disintegrating, or obviously dead plants.

A damage index value was assigned to each sprig prior to inoculation and every
week for 6 weeks after inoculation.
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Table 2
Inoculum Viabilities (CFU/ml)*

Assayl Assay Il
Isolate No. Whole** Organismst Whole Organismst

56 5x 104 9x 105 1x 108 5x 104
156 6x 103 6 x 103 6 x 104 1x10%
161 8 x 102 9x103 8 x 108 1x108
170 7x103% 2% 104 3x 104 8 x 10#
236 4 % 108 8 x 105 2x 108 4 %106
249 1x 106 4 x10% Tx 108 5x 100
X Tx10% 4 x 105 2x107 1x108

* Colony forming units per millilitre. Counts given are for quantification conducted at the time of
inoculation.

** Whole (unfiltered) inoculum.
t Filtered organisms.

All test sprigs developing a damage index value of 4 to 5 were sampled for
recovery of the isolate. Approximately 2 em of the lower stem including a single
node, when possible, were excised aseptically, sterilized by immersing for 1 minin 1
percent NaHC10, and rinsed with sterile distilled water three times. The tissue
were plated for isolation on PDA plates. At the same time, isolates were taken from
stock cultures and streaked in a similar manner so that parallel development could
be closely observed. Mycelia or colonies suspected of being the tested isolate were
transferred to slant culture for later taxonomic confirmation.

Assay II: Field plants

A hydrilla test tube assay identical to Assay I was conducted using hydrilla from
the field. These plants had thick stems and leaves, were dark green, and were
generally coarse and robust in appearance. Test procedures, including inoculum
preparation, were the same as described above for Assay 1.

Data analysis

Differences among treﬂatment means and means of treatment type (i.e. whole
inoculum, filtered organisms, etc.) were determined using DUNCAN option to the
PROC GLM procedure (SAS 1982).

RESULTS

Assay I: Greenhouse plants

Mean damage index values as indicated by Duncan’s Multiple Range Test by
treatment types (Table 3) showed that whole inoculum produced significantly
greater damage to hydrilla than was produced by filtrate, filtered organisms, or
untreated controls. Whole inoculum produced significantly greater damage than
was produced by PDB-treated controls in all except the sixth week.

There were no significant differences between mean damage index values of
filtrates and filtered organisms except in the last 2 weeks. In the fifth and sixth
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Table 3
Mean Damage Index Values for Hydrilla by Treatment Types

1st Week 2nd Week 8rd Week 4th Week 5th Week 6th Week
Treatment _ Treatment _ Treatment ~ Treatment _ Treatment _ Treatment _
Type* X Type X Type X Type X Type X Type X
Assay I: Greenhouse Plants
w 1.81° w 2.79° w 3.06° w 3.43° w 3.71° PDB 4.00°
F 1.10° PDB 1.17° PDB 2.29° PDB 2.71° PDB 3.29° w 3.93"
A 1.02° F 1.48° F 1.60° F 1.79¢ F 2.14° F 2.48°
PDB  1.00" Unt 1.14° Unt 1.14° Unt 1.29° Unt 1.43% Unt 171"
Unt  1.00° A 1.05® A 1.10° A 117 A 1.29° 1.62¢
Assay 11: Field Plants
w 1.98* w 3.19% w 3.88" w 4.31° W 4.45” 4.62°
F 1.60%* F 2.64% F 3.38° F 3.69°° F 3.90" 4.00°
A 1.29° A 1.88" PDB 2.29° PDB 2.86 PDB 3.00° PDB 3.29"
PDB  1.14° PDB 1.71+ A 2.17° A 2.45° A 2.62° 2.76°
Unt  1.00° Unt 1.00° Unt 1.00° Unt 1.14¢ Unt 1.29° Unt 1.29¢

* Key totreatment types: W =Whole inoculum PDB = PDB-treated controls

F =Filtrate Unt = Untreated controls
A =Filtered organisms

** X = mean damage index values of all treatments of the same type. Means in the same column followed by the
same superscript are not significantly different (P < 0.05) according to Duncan’s Multiple Range Test.

weeks means of filtrates were significantly greater than means of filtered
organisms. PDB-treated controls produced significantly greater mean damage
index values than filtrates except in the first 2 weeks. There were never any
significant differences between mean damage index values of filtrates and of
untreated controls.

Filtered organisms were never significantly different from untreated controls.
PDB-treated controls produced significantly greater mean damage index values
than filtered organisms except in the first 2 weeks when there were no significant
differences.

PDB-treated controls produced significantly greater mean damage index values
than untreated controls only after the second week. .

The inoculated organisms were recovered from 79 percent of the cultured hydrilla
sprigs that received whole inoculum, none of those that received filtered organisms,
and one that received filtrate.

Assay II: Field plants

Duncan’s Multiple Range Test by treatment types (Table 3) showed that mean
damage index values for whole inoculum were significantly greater than means for
filtered organisms, PDB-treated controls, or untreated controls. Mean damage
index values of whole inoculum were never significantly different from those of
filtrates.

Mean damage index values of filtrates were significantly different from those of
filtered organisms except in the first 2 weeks. Mean damage index values of
filtrates oscillated from no significant differences to significantly greater than
means of PDB-treated controls (Table 3). Filtrates produced significantly greater
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means than untreated controls after the first week.

Mean damage index values of filtered organisms were never significantly
different from PDB-treated controls, but were significantly greater than untreated
controls after the first week.

PDB-treated controls produced significantly greater mean damage index values
than untreated controls after the second week.

The inoculated organisms were recovered from 40 percent of cultured hydrilla
sprigs that received whole inoculum, 42 percent of those that had received filtered
organisms, and 30 percent of those that had received filtrate.

DISCUSSION

Results of assays with both greenhouse and field plants showed that whole
inoculum was significantly more damaging to hydrilla sprigs than filtered
organisms. Moreover, filtered organisms never produced damage significantly
greater than untreated controls in Assay I. In Assay II this was not true, but mean
damage index values for filtered organisms were consistently close to values for
untreated controls. These results suggest that the organisms require nutrients or
metabolites to inflict damage on hydrilla. Results of Assay I suggest that nutrients
are very important since PDB treatment produced significantly greater damage
after the second week than all other treatments except whole inoculum. In Assay II,
PDB was less damaging compared to whole inoculum; however, filtrate treatments
produced consistently high means in Assay II that were also significantly greater
than all other treatments in the third and fifth weeks (except whole inoculum from
which filtrate was never significantly different). These tests provide additional
evidence that the organisms require nutrients and, perhaps, accumulated meta-
bolites (cellulase) to damage hydrilla. These results are also consistent with results
of the initial hydrilla aquarium assay in which filtered organisms alone produced no
damage to hydrilla (Pennington 1985).

Statistical comparisons of results between the two assays could not be made
because inoculum levels were not identical. However, examination of the data
suggested that the greenhouse plants of Assay I were more resistant to attack by
filtered organisms than the field plants of Assay II. In Assay I, filtered organisms
never produced mean damage index values that were significantly different from
untreated controls. In Assay II, filtered organisms produced significantly greater
mean damage index values than untreated controls after the first week (Table 3).
Mean inoculum levels for whole inoculum and for filtered organisms were higher in
Assay II than in Assay I, but there was greater difference between means of whole
inoculum levels for the two assays (A=2000x) than between means of filtered
organism inoculum levels (A =100x) (Table 2). The significant damage exerted by
whole inoculum implied that sufficient numbers of organisms were present even at
the lower inoculum levels and that test results must be explained by some
mechanism other than differences in inoculum levels. Nutrient levels and hydrilla
resistance as determined by plant source may account for differences between
effects of filtered organisms in the two assays.
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CONCLUSIONS AND FUTURE RESEARCH

Conclusions
Conclusions of this study are:

a. The lytic-enzyme-producing isolates need nutrients and perhaps accumulated
metabolites to damage hydrilla.

b. Hydrilla from greenhouse cultures are more resistant to filtered organisms
than hydrilla from healthy field cultures.

FY 1985 research effort

Aquarium assay. Additional aquarium assays will be conducted utilizing the
results obtained to better evaluate candidate organisms.

Greenhouse tank studies. Tank studies to be conducted in greenhouse facilities
will be initiated. These will more closely simulate field conditions and will require
development of methods for large-scale application. Formulation of inoculum and
methods for application will be addressed. This effort will be beneficial to the
initiation of field studies as well.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT
The Search for Insects to Control U.S. Hydrilla Populations

by
Joe K. Balciunas* and F. Allen Dray*

The expanding range of Hydrilla verticillata in the United States has forced
increased use of mechanical and chemical methods for controlling infestations of
this noxious aquatic weed. The escalating costs associated with such methods have
precipitated a search for biological agents capable of controlling hydrilla
populations. The ongoing project reported herein is a part of that research. The
primary focus of this project is to find insects which damage hydrilla in its native
range.

The first phase of this research involved three preliminary surveys of the insect
faunas associated with hydrilla in Asia and Australia. During the 3 years allocated
to this phase, samples were collected at 61 sites in 10 countries (Figure 1). These
samples were returned to the United States where they were found to hold 2,623
specimens in 40 insect families (Balciunas 1984).

Identification of these specimens proved particularly troublesome because
taxonomic information for insect families in these countries is often rudimentary or
nonexistent. As an illustration, preliminary examination of weevils from overseas
collections suggested that several species of Bagous had been captured. Repre-
sentative specimens were sent to an authority on the taxonomy of this group. He
determined that at least 18 species were represented. He also reported (O’Brien,
personal communication) that approximately half of these were either new records
for the geographical region in which collected or were undescribed to science.

Nine of the 40 families in these collections (Table 1) are described by Merritt and
Cummins (1978) as including some herbivorous species. One of these, the
Chironomidae, embraced about one third of the total specimens gathered in the
survey. Suspected of damaging the apical meristems of hydrilla in Africa
(Pemberton 1980), this group appears to play a very minor role in controlling
hydrilla in Asia and Australia. While the potential for controlling hydrilla with
these insects is exciting, midges often form dense swarms following synchronous
emergence. This gives them the undesirable potential of becoming an annoying pest
in their own right. Thus, chironomids will receive only limited attention in the
upcoming studies.

Several other of the nine herbivorous families collected in Asia and Australia
merit further investigation as possible biocontrol agents. One of these is the shorefly
genus Hydrellia (Ephydridae). This genus has been reported to occasionally inflict
severe damage on various host plants (Lilljeborg 1861; Lange, Ingebretsen, and
Davis 1953; Deonier 1971) as a result of the leaf mining habits of the larvae. The

* University of Florida IFAS Research Station, Fort Lauderdale, Florida.
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a HYDRILLA NOT FOUND

Figure 1. Map indicating range of hydrilla in Asia and Australia. Symbols
indicate sites pertaining to this research examined 1980-1984 by various
researchers. Note that a circle or triangle may represent more than one site

senior author has observed extensive destruction of hydrilla by Hydrellia
pakistanae during surveys in India. Another group of importance which was very
abundant is the moth family Pyralidae. Balciunas (1984, p 54) reports that aquatic
larvae “. .. cause the most easily observed damage to hydrilla, and when present in
large numbers, completely defoliate the plant.” A final family of considerable
interest is the weevils (Curculionidae). Members of this group are often host specific
and they have been involved in several successful biocontrol projects (Julien 1982)
including one for waterhyacinth. Ultraviolet light collections gathered 45 species
within the above groups. Therefore, these will be the primary focus of the second
phase of this project.

This second phase involves intensive, long-term studies of potential control agents
in one relatively limited geographical region. These investigations will include
examining the biology, life history, host specificity, and control efficiency of several
weevils, moths, and shoreflies. Additionally, studies will be conducted on any
promising new agents discovered during the course of this work.

Analyses of local facilities, presence of target species, available assistance, and
accessibility to productive sites, as well as associated costs, have led to the selection
of Queensland, Australia, as the primary region for the upcoming research. Since
the key to this phase is long-term investigation, it was decided that 1984 would be
used to complete identifications, draft a final report on the preliminary overseas
surveys (Balciunas 1984), and make the extensive preparations necessary to
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Table 1

Herbivorous Insect Families Collected from Hydrilla in Asia and Australia

Order

Coleoptera

Diptera

Hemiptera

Leopidoptera

Orthoptera
Trichoptera

Family

Curculionidae

Dryopidae

Helodidae
Chironomidae

Ephydridae

Corixidae

Pyralidae

Tridactylidae
Hydroptilidae

Leptoceridae

Country

Australia

India

Indonesia
Malaysia

Malaysia

Australia
Burma
India
Indonesia
Malaysia
New Guinea
Philippines
Sri Lanka
Australia
India
Malaysia
New Guinea
Philippines
Australia
Burma
Malaysia

Australia
Burma

India
Indonesia
Malaysia
New Guinea
Philippines
Sri Lanka
Thailand

India

Australia
Burma
Indonesia
Malaysia
New Guinea

Australia
Burma
India
Indonesia
New Guinea
Sri Lanka

Specimens

1
44

3
1

2

78
10
19
232
385
144
32

82
16

10

53

118
15
68
46

204
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—
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successfully complete this portion of the project in Queensland. This strategy has
made it possible to consolidate remaining overseas funds and to devote the entire
calendar year 1985 to this research. It is hoped that these studies will lead to the
introduction of several species into quarantine here in the United States where they
will be more intensively examined for host specificity and, ultimately, released.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Microbiological Control of Eurasian Watermilfoil

by
Haim B. Gunner*

INTRODUCTION

Previous work has confirmed that microorganisms derived from Myriophyllum
spicatum and selected for specific lytic enzyme potential will (on reinoculation onto
the plant) serve as pseudo-pathogens. Organisms which have been tested in previous
aquarium and pool studies include: Mycoleptodiscus terrestris with a pronounced
cellulolytic and pectinolytic potential, a Fusarium sp. Isolate MH3F, and two
strongly pectinolytic bacteria (PB) Isolates P-8 and MS-11.

Previously reported work has provided evidence that the pathogenic effect is
dependent on a threshold level of inoculum of approximately 1 by 108 bacterial cells
and 1 x104tox 106 fungal propagules per millilitre of plant medium, respectively. A
second element is the prior stressing of the subject plants by environmental or
metabolic interactions. To this end, evidence of interactions with plant hormones
and other growth modifying agents has been reported.

The work reported below describes an extension in the scale of our experiments to
pool size and had three objectives in mind:

® To assess the capacity of the test microbial inocula to reduce and control
Myriophyllum spicatum populations.

e To determine synergistic interactions between bacterial and fungal inocula
resulting in more effective control of Myriophyllum spicatum.

® To ascertain whether inocula provided to the plants remained as sustained
populations within the aquatic ecosystem.

MATERIALS AND METHODS

Tests of phenolic compounds

Three phenolic compounds reported** to be excretion products of M. spicatum
with demonstrable inhibitory effects on several aquatic microorganisms were tested
against selected isolates derived from the surface of M. spicatum. The compounds
selected included shikimic acid, protocatechuic acid, and ellagic acid. These were
respectively diluted to final concentrations of 0.01 ppm, 0.1 ppm, 1.0 ppm, 10.0 ppm,
100 ppm, and 1000 ppm. Separate 6.0-mm disks made from Whatman No. 1 filter
paper were saturated with each dilution of the various compounds and deposited on

* University of Massachusetts, Department of Environmental Sciences, Amherst, Massachusetts.

** D. Planas, et al. 1981. “Ecological Significance of Phenolic Compounds of Myriophyllum spicatum,”
Verh. Internat. Verein. Limnol., Vol 21, pp 1492-1496.
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the surface of separate TSA agar plates seeded with a lawn of the selected bacterial
culture. After 48-hr incubation at 25° C the growth response of each bacterium to
each compound at the various dilutions was determined by the radius of inhibition
or stimulation of microbial growth around the disk.

Pool experiments: inoculum preparation*

The Mycoleptodiscus terrestris cultures were grown for 7 days at room
temperature in large aerated glass bottles containing potato dextrose lactose broth
(PDLB). On the fifth day of growth, 50 ml of 3-percent cellulose was added to the
bottles for each litre of medium. This was to induce cellulase production prior to
contact with the plants.

After 7 days the growth medium with culture was blended at 80 rpm for 1 min to
break up the mycelial threads. Equal amounts of culture medium and 2-percent
xanthan were mixed together for the final inoculum. '

The Fusarium sp. and bacterial cultures were grown for 3 days at 26° C on a
shaker table in flasks containing trypticase soy broth.

Equal amounts of culture medium and xanthan were combined, as above, for the
final inoculum.

Pool protocol

Myriophyllum spicatum plants were collected from Stockbridge Bowl in
Stockbridge, Massachusetts. Four-inch tips were cut from the healthy plants for use
in the experiment. A mixture of sand and pond soil (3:1) was prepared for
embedding the freshly collected plant tips. Twenty-five tips were planted in each
seedling tray in approximately 2 in. of the sand/soil mixture.

Five plastic-lined pools (6 ft by 18 in.) (Figure 1) were filled with tap water
(approximately 200 gal). The trays with plant tips embedded in soil were carefully
placed in the pools. Pool B contained 23 trays, while A, C, D, and E had 22 trays.

The plants were given 1 month to adjust to the new environment and to grow new
roots. During this time the water was partially exchanged on a weekly basis. No
water was exchanged after inoculation of the plants.

Inoculum application

The inoculum was dispensed to each pool via a 2.5-1 polyethylene bottle equipped
with an air supply and an outlet tube terminating with five trailing hoses (Figure 2).
Application, in the concentrations shown in Table 1, was made under water at plant
level; however, due to air trapped in the inoculum during its preparation, the
inoculum floated to the surface at first and later settled on the surface of the plants.

Mean air temperatures during the growth period are shown in Table 2.

* A similar protocol was employed for jar-scale experiments. PDLB was replaced by cellulose mineral
salts on the fifth day of growth.
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Figure 1. Pool array for pilot field study of biological control of M. spicatum

Figure 2. Manifold for distribution of inoculum in xanthan carrier
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Table 1
Inoculum for Pool Experiment

Inoculation
Concentration, Estimated
Organism CFU/ml Pool Concentration, CFU/ml
Initial Inoculation, 6 September 1984
P-8 1.1x108 6.6 x 105
MS-11 4.3 %108 2.6 x 108
MH3F 6.5 % 107 6.5 10°
MT2F <1x102 ~1x107"
MTSB <1x102 ~1x10"
Second Inoculation, 5 October 1984
MT2F 1.3x10° 1.1 x 10!
MTSB 1.2 x 104 1.1x102
Table 2

Mean Air Temperature During Growth Period

Week 1 Week 2 Week 3
9/6 54.0°F 9/13 60.0°F 9/20 67.0°F
9/7 55.5 9/14 68.5 9/21 59.5
9/8 58.0 9/15 52.5 9/22 59.0
9/9 64.0 9/16 50.5 9/23 68.5
9/10 69.0 9/17 54.5 9/24 76.0
9/11 74.5 9/18 55.0 9/25 72.5
9/12 64.5 9/19 61.0 9/26 58.5
Mean = 62.8 Mean = 57.4 Mean = 65.9
Week 4 Week 5 Week 6
9/27 48.0°F 10/4 51.5°F 10/11 62.5°F
9/28 51.0 10/5 46.0 10/12  63.00
9/29 53.5 10/6 41.5 10/13  57.5
9/30 55.5 10/7 47.0 10/14 57.0
10/1 49.0 10/8 58.0 10/15 56.0
10/2 45.0 10/9 64.0 10/16 56.0
10/3 50.0 10/10  58.0 10/17 556.56
Mean = 50.3 Mean = 52.3 Mean = 58.2
Week 7

10/18  60.0°F

10/19  59.0

10/20  63.0

10/21 54.5

10/22  67.0

10/23 58.5

10/24 52.0

Mean = 59.1
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Biomass harvest

Trays were slowly lifted from the pools with spotters present to catch any plant
material detaching itself. The plants were removed from the trays by gently
washing the soil mixture from their roots. The plants from each tray were then
placed in a preweighed screen drying tray. The drying trays were placed in an oven
at 105° C for 24 hr, removed, and weighed. They were then placed back in the oven
for an additional 12 hr and reweighed to ensure constant weight. The weight of the
empty tray was then subtracted and the biomass for each tray was recorded.

Statistical analyses of the data were then performed using the “F-Test” to
determine overall variance, and the “T-Test” to determine if a significant difference
existed between pairs of pools.

RESULTS

As shown in Figure 3, M. terrestris (MH3F) is a significant producer of
antagonistic substances, and a screening of randomly selected microbial isolates
from the surface of Myrtophyllum spp. showed these to be highly sensitive to these
inhibitory secretions. The relationship between M. terrestris and the Fusarium sp.
confirms the potential of the former as a means of M. spicatum control since clearly
the M. terrestris can successfully compete for eco-sites on the plant surface.

Results of small-scale tests performed in advance of outdoor pool experiments on
the efficacy of synergistic microbial inoculations in the control of M. spicatum are
shown in Figures 4-7. In Figure 4, untreated control M. spicatum plants are shown
after 14 days under the experimental regime. In Figure 5, we can observe a marked
contrast to Figure 4 in response to inoculation with the pectinolytic-bacterial

Figure 3. Demonstration of the strongly antagonistic potential of M. terrestris
(small dark colony) against a Fusarium sp.
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Figure 4. M. spicatum untreated control after 14 days

r 3

Figure 5. M. spicatum 14 days after treatment with pectinolytic bacterial
Isolates MS-11 and P-8. Note abnormal internode elongation
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Figure 6. M. spicatum 14 days after treatment with M. terrestris

Figure 7. M. spicatum 14 days after treatment with M. terrestris pectinolytic
bacterial Isolate MS-11. Note necrotic condition of plant remains
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Isolates MS-11 and P-8. Here, there is a distinct elongation of the internode distance
which appears similar to the effect previously observed with the plant hormone
Gibberellin. A similar distortion in growth may be seen (Figure 6) in which the
plants have been treated with M. terrestris Isolates 2F and SB for 2 weeks. Most
striking are the reduced growth and deterioration of the plants, observed after
inoculation with both M. terrestris Isolate 2F and pectinolytic-bacterium Isolate
MS-11 (Figure 7). Little growth has occurred, and the plant is stunted and necrotic.

Figure 8 shows a view of the control pool treated with xanthan alone. The plants
were green, bearing full healthy leaves. Leaf density, angle of growth, and size
appeared normal as did the internodal distance. The plant population showed some
deterioration related to tip separation and seasonal dieback typical in New England
at this time. Significantly the water remained clear at all times.

In contrast, in pool B (Figure 9) inoculated with M. terrestris Isolate 2F and
pectinolytic-bacterium Isolate MS-11, a dense brown coating was observed on all
plants throughout the experiment. The water turned yellow-brown during the
second week and continued to darken. By the fourth week there was a significant
increase in the internodal length, and the leaves appeared abnormally developed.
After the second week, green tips were only sparsely present on plants, indicating
the decline of the plant population. At the close of the experiment (8 weeks) the pool
gave off an odor of decaying plant material, reflecting the necrotic condition of the
plant population.

In Figure 10, we see the effects of treatment with M. terrestris Isolate SB and
pectinolytic bacterium Isolate P-8. In this instance the plants were covered with a
dense brown mat of organic material for the first few weeks which slowly dissipated
during the course of the experiment. As in pool B, the water appeared brown and

Figure 8. Pool A - Treatment 1. Control M. spicatum received only xanthan.

Normal growth cycle and little necrotic tissue present
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Figure 9. Pool B - Treatment 2. M. spicatum treated with M. terrestris Isolate
2F and pectinolytic bacterial Isolate MS-11. Note copious disintegration of plant
material and turbidity due to plant debris

Figure 10. Pool C - Treatment 3. M. spicatum treated with M. terrestris Isolate
SB and pectinolytic bacterial Isolate P-8. Note similar disruption of plant tissue
and turbidity due to decomposing plant debris
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darkened from the second week on, though less intensely. Again, the internodal
distance was increased relative to the control plants, and leaf development was
abnormal. At the termination of the experiment, the majority of the plants had been
reduced to necrotic tissue and an odor of organic decay was evident.

The plants in pool D, inoculated with Fusarium sp. Isolate MH3F and pectinolytic
bacterium Isolate MS-11, appeared green and healthy (Figure 11). The internodal
distance was greater than in the control plants, and the leaves were more developed.
This may be attributed to the hormone-mimicking effect induced by the pectinolytic
bacterium, but the presence of Fusarium sp. did not result in any pathogenic
effects. No dark coating of organic material was observed on the plants in this
treatment. Plants had produced leaders by the second week of the experiment and
new growth appeared after 4 weeks. Seasonal tip separation and decay appeared as
in the control pool. No odor of decay was noted. The growth cycle of the plants
appeared to be approximately 1 week behind that of the control.

The plants in pool E (Figure 12), treated with Fusarium sp. Isolate MH3F and
pectinolytic bacterium Isolate P-8, appeared similar to those in pool D but
somewhat more robust. Their growth cycle appeared in synchrony with the plants
in the control pool. Leader growth did not appear until the fourth week of the
experiment. A coating of organic material had dissipated by the fifth week at which
time the leaves were a paler shade of green than those in the control pool or pool D.
The water remained clear until the termination of the experiment at which time the
plants were as healthy as the control population.

Randomly collected plants typical of the populations in their respective pools are
shown in Figure 13. Control plant A appears green with short internode distances

Figure 11. Pool D - Treatment 4. M. spicatum treated with Fusarium sp. Isolate
MH3F and pectinolytic bacterial Isolate MS-11. Note internodal elongation and
production of leaders but without significant tissue deterioration
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Figure 12. Pool E - Treatment 5. M. spicatum treated with Fusarium sp. Isolate
MHS3F and pectinolytic bacterial Isolate P-8. Plant growth appears stimulated
without significant tissue deterioration

Figure 13. Representative M. spicatum
plants randomly selected from the various
experimental pools. A = Treatment 1,
unstressed normal growth; B = Treatment
2, internodal elongation, plant entirely
necrotic and covered with organic debris;
C = Treatment 3, similar response and
appearance to Treatment 2; D = Treatment
4, moderate internodal elongation with
little necrosis; E = Treatment 5, moderate
internodal elongation with little necrosis
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and little organic debris accumulated. It is significant that each of the other
treatments in which a pectinolytic bacterium was present resulted in increased
stem elongation. However, only the presence of M. terrestris (plants B and C) was
associated with extensive deterioration of the plant. In these instances the tissue
appeared necrotic, organic debris accumulated, and there was a general dieback of
the population. The Fusarium sp. Isolate was unable to exercise a pathogenic role
even when the plants were stressed by inoculation with pectinolytic bacteria.

Figures 14-23 provide a record of changes in the microbial populations in the test
pools during the course of the experiment. In general it was observed that, as might
be expected, the numbers in the water profile were about three orders of magnitude,
or more, lower than the numbers recovered from the plant surface. This reflects
primarily the dilution of substrate availability and corresponding reduction in
population numbers. The water-profile populations, however, followed a pattern
roughly similar to the plant surface microfloral distribution. This would suggest
that the dominant variable in determining distributions of microbial populations in
aquatic ecosystems in which M. spicatum is preeminent is, in fact, the nutrient
substrate provided by the plant and its subsequent decomposition produects.

In situ population distribution on the plant surface appears to be determined by
site availability as well as by the intimate interactions of competing microbial
populations. This would be reflected in the successful colonization of the plant
surface by M. terrestris as a consequence of the ecological advantage afforded it by
its antagonistic capacities.

Another major variable observed in all instances was the effect of ambient
temperature (Table 2). During weeks 4 and 5 when temperatures fell significantly,
there was a corresponding drop in population counts in the water profile. There was
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a smaller drop in the numbers recovered from plant surfaces as well, presumably
reflecting the advantage provided by the sustained nutrient resource provided by
the plant.

A third generalization concerning the microbial populations among the various
treatments is the ultimate limitation to colonization of plant surfaces. This was
reflected in the decline to stable numbers among all treatments except 2 and 3
approximating the levels observed in the control pool. The limiting mechanism may
be spatial or may reflect the metabolic defense systems exercised by the plant as
well.

In the control pool data (Figures 14 and 15) the dilution effect was pronounced in
going from plant surface population to numbers in the water profile, a pattern
which appeared in all treatments. Fungal counts corresponding to general
population distribution were accordingly consistently reduced. An interesting
phenomenon was the emergence of a strongly pectinolytic population on the plant
surface during the concluding weeks of the experiment though the plants remained
green and healthy. This may reflect the increased tip separation which took place
resulting in greater pectin availability. This suggests that the appearance of this
floral component reflects the seasonal change and a greater predisposition in the
plants to pectinolytic attack.

Shown in Figures 16 and 17 are the population changes after inoculation with M.
terrestris Isolate 2F and PB Isolate MS-11. Initial counts were several orders of
magnitude higher on the plant surface than in the water profile. However, as noted,
the final counts (particularly in the water profile) ultimately fell close to control
levels. Although remaining higher on the plant surface, they showed a pattern
which appeared to reflect competition for sites.

Figures 18 and 19 showing population patterns after inoculation with M.
terrestris Isolate SB and PB Isolate P-8 reveal an interesting departure in the
sustained numbers of bacteria, particularly pectinolytics, on the plant surface. This
in fact reflects the rapid growth rate of Isolate P-8. Again, a strong pectinolytic
flora asserted itself while fungal numbers were reduced. This may also reflect
fungal incompatibility with the dominant bacterial populations.

The consistently high number of pectinolytic bacteria found may reflect the fact
that pectinolytic-bacterial Isolates P-8 and MS-11 are stimulated by shikimic acid, a
phenolic breakdown product of M. spicatum, and may therefore be selectively
adapted to a relationship with the plant. Other phenolic breakdown products,
protocatechuic acid and ellagic acid, which have been reported to have a selectively
inhibitive effect on aquatic microorganisms, were found to have no effect on these
isolates. It is significant that in both treatments with M. terrestris, where plant
death was observed, fungal numbers remained relatively low while pectinolytic
numbers remained at a sustained high level. This reflects the differential growth
rate of these two populations and presumably their relative roles in effecting the
decline of the plant. This mechanism of control would appear to be confirmed in the
population distributions shown in Figures 20 through 23. In this instance the
numbers of pectinolytic bacteria again remained relatively high while the numbers
of fungi declined. This decline suggests the inability of the Fusarium sp. to gain
access to the plant. Accordingly, unlike the treatment with M. terrestris, the plants
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remained viable, suggesting the need for appropriately interactive agents to bring
about the ultimate decline of the plant.

It may also be noted from these data (Figures 14-23) that the bacterial numbers
were lowest on the plant surface when the plants were healthiest. These numbers
appear to reflect two divergent processes: (a) the capacity of the plant to generate its
own protective mechanism; and (b) the evolution of compatibility between plant and
microbial populations, as evidenced by the sustained numbers of pectinolytic
bacteria present on the plant surface. It is this latter propensity that, in our
estimation, provides the key to an ecologically rational biological control system.

The biomass measurements resulting from the various treatments are recorded in
Table 3. In effect these data reflect the excess growth in all treatments over the
control since plant stress was achieved through stimulation of abnormal plant
growth. This stimulation may be the result of two factors:

® The presence of the PB P-8 and PB MS-11 with their demonstrated ability to
stimulate plant elongation.

® The addition to each pool of a nutrient increment when the entire culture
medium with its mineral salts base was added as inoculum.

Clearly, both these factors enhanced plant biomass, although in the case of the
treatments with M. terrestris these factors were only a prelude to the eventual
decline and death of the plants. It must be concluded, however, that under these
circumstances biomass may be a misleading measure of control efficacy and
another parameter (perhaps more quantitatively descriptive) applied.

Table 3

Comparative Efficacy of Various Microbial Inocula in the Control of
Myriophyllum spicatum as Measured by Relative Biomass Harvest

Pair T - Testt
y MALS. *
Bto i Treatment Treatment Treatment Treatment

Treatment Mean** STD 1 2 3 4
Control 2.37 0.546
MT2F + MS-11 2.691 0.541 1.39
MTSB + P-8 3.009 0.393 4.09° -3.19°
MHS3F + MS-11 3.091 0.578 4.72° -2.72° -0.48
MH3F + P-8 2.945 0.853 3.07° -1.46 0.31 0.62

NOTE: Treatment 1= inoculated with Mycoleptodiscus terrestris Strain 2F, and a pectinolytic bacterium, Strain
MS-11.

Treatment 2 = inoculated with M. terrestris Strain SB and a pectinolytic bacterium, Strain P-8.
Treatment 3 = inoculated with Fusariwm sp. Strain MH3F and Strain MS-11.
Treatment 4 = inoculated with Fusarium sp. Strain MH3F and Strain P-8.
* gm dry weight (105°C 24 hr) per tray of 20 plants.
** Mean of biomass of 23 trays in Treatment 1 and 22 trays in Treatments 2, 3, 4.

T (a) Highly significant difference level at P(t) <0.01.
(b) Significant difference level at P(t)<0.05.
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DISCUSSION

These results provide a significant demonstration of the ability of biological
agents derived from the plant ecosystem to control M. spicatum under simulated
field conditions. The complex nature of plant pathogenesis renders simplistic the
notion of any direct application of a microorganism resident on M. spicatum as an
agent of the plant’s destruction. Clearly the plant’s defense systems militate against
such an easy assault. Moreover, the influence of environmental factors, such as
temperature, may also directly and indirectly affect the dynamics of microbial
populations. Indeed, Cullen and Andrews,* in a wide-ranging review of biological
control strategies, emerge with a clear recognition of the importance of environ-
mental factors, topographic features on the plant surface, and even plant exudates
over competitive interactions among microorganisms in the phyllosphere.

Thus, microorganisms derived from the plant ecosystem must be specifically
adapted to treat with at least three strategies of plant defense:

® The generation of inhibitory plant metabolites.
e Competition for eco-sites on the plant surface.

® The ability of the control agents to breach the integrity of the plant’s structural
elements.

The microbial isolates which have been successful under this testing regimen
appear to meet these constraints. The M. terrestris with its antagonistic capacities
clearly preserves for itself an explicit eco-niche on the plant surface. Similarly, the
pectinolytic-bacterial Isolates MS-11 and P-8 appear selectively stimulated by the
M. spicatum, responding to one of its breakdown products, shikimic acid, while
remaining undeterred by other phenolics known to inhibit a variety of aquatic
microorganisms. These microorganisms find their way through the plant’s defenses
by stressing its metabolism through stimulation of abnormal growth. Subsequently,
the fungus and bacteria conclude their attack through the release of tissue
destructive enzymes, in this instance, cellulolytic and pectinolytic. It remains now to
broaden the scope of application and to refine application systems to appropriate
field dimensions.

* D. Cullen and J. H. Andrews. 1984. “Epiphytic Microbes as Biological Control Agents,” Plant
Microbe Interaction, T. Kosurge and E. W. Nestor, eds., Macmillan, New York, pp 381-399.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Status Report on a Survey of the Continental United States
for Pathogens of Eurasian Watermilfoil

by
William C. Zattau*

INTRODUCTION

The Waterways Experiment Station (WES) is conducting research on the use of
microbial agents for the biological control of problem aquatic plants. Eurasian
watermilfoil (Myriophyllum spicatum L.) is considered to be one of the most
troublesome aquatic plants in waters for which the Corps has primary responsibility.
It develops to troublesome population levels in many states.

Microbial agents have only recently been considered for the biological control of
troublesome aquatic plants, and investigations of viruses, fungi, bacteria, and
nematodes as potential biocontrol agents of Eurasian watermilfoil have been very
limited. Other control methods for Eurasian watermilfoil (e.g., herbicides,
mechanical harvesting) normally offer short-term relief of the problem, whereas
biological control agents, when successfully established, offer long-term control.
These shortcomings of currently used control methods support the need for a
concerted effort to find effective agents for the biological control of Eurasian
watermilfoil.

In recent years, unexplained diebacks of Eurasian watermilfoili have occurred in
areas where the plant has been a problem for decades, mainly in the eastern United
States. These areas of diebacks may indicate the presence of biological control
agents.

In order to exploit these phenomena, WES is conducting a 2-year survey for
pathogens of Eurasian watermilfoil. Work to be done in this study consists of a
survey for fungi and bacteria in plant tissues. The study also includes the
inoculation of healthy Eurasian watermilfoil, grown in controlled optimal conditions,
to verify pathogenicity of the microbial agents obtained and their isolation from the
diseased tissues.

The objective of this study is to isolate and identify microbial agents that are
pathogenic on Eurasian watermilfoil. This study is limited to water bodies within
the continental United States and is to include, but is not limited to, those areas
which have experienced mysterious diebacks (Figure 1).

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Figure 1. Sampling sites for pathogens of Eurasian watermilfoil

METHODS AND MATERIALS

Samples of Eurasian watermilfoil were collected at sampling sites (Table 1)
either from shore or by boat. Sites were initially scanned for diseased vegetation
and, if present, portions of diseased and nearby nondiseased vegetation were
collected. In areas of visually healthy vegetation, samples were collected on a
random basis. Samples with some accompanying water were placed in sterile
Whirl-Paks and marked with an identifying number and placed in an iced cooler.
Upon return to the laboratory, samples were placed in a refrigerator at 7° to 8°C.

Plant material was initially processed by three washings with sterile distilled
water to remove debris and placement in a translucent plastic box on a light table
where transmitted light passing through the plant highlighted diseased areas.
Closer observation of samples was done with a stereo dissecting microscope.

Diseased plant tissue (Figures 2-5) was surface sterilized by dipping into a dilute
solution of sodium hypochloride for 60 sec. Small pieces of tissue were aseptically
cut from diseased areas with a sterile scalpel and plated on plates of either Potato
Dextrose Agar (PDA) or Nutrient Agar (NA). PDA is a selective media for fungi
whereas NA is selective for bacteria. The petri plates were incubated at 28°C in
total darkness for 3 to 5 days. Fungal or bacterial colonies were subcultured onto
fresh plates of the appropriate media until pure cultures were obtained. Isolates
were maintained in screw-top PDA or NA test tubes under constant refrigeration.

RESULTS

The first year of the survey has been completed. Forty-three bodies of water,
consisting of ponds, lakes, rivers, and canals located in eleven states, have been
examined for evidence of disease symptoms associated with the noxious aquatic
weed species (Table 1). To date, in excess of 450 fungal and bacterial isolates have
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Table 1
Sites Sampled for Pathogens of Eurasian Watermilfoil

Northeast

Southeast

Cayuga Lake (N.Y)
Sodus Bay, Lake Ontario (N.Y.)

Lake Bomoseen (Vt.)

Lake Carmi(Vt.)

Lake Glen (Vt.)

Lake Hortonja (Vt.)

Lake St. Catherine (Vt.)

Metcalf Pond (Vt.)

St. Albans Bay, Lake Champlain (Vt.)

Northwest

Guntersville Reservoir (Ala.)
Mobile Bay (Ala.)

Apalachicola (Fla.)
Deer Point Lake (Fla.)
Lake Seminole (Fla.)
Waukulla River (Fla.)

Carrituck Sound (N.C.)
Pamlico River (N.C.)

Toledo Bend Reservoir (La.)

Southwest

Banks Lake (Wash.)

Lake Osoyoos (Wash.)

Lake Washington (Wash.)
Rock Island Reservoir (Wash.)
Rocky Reach Reservoir (Wash.)
Wells Reservoir (Wash.)

Midwest

Pat Mayse Reservoir (Tex.)

Imperial Valley Irrigation District (Calif.)
Lower Crystal Springs Reservoir (Calif.)
Pelarcitos Reservoir (Calif.)

San Andreas Reservoir (Calif.)

Lac La Belle (Wis.)

Lake Fowler (Wis.)

Lake Kegonsa (Wis.)
Lake Lilly (Wis.)

Lake Mendota (Wis.)
Lake Oconomowoc (Wis.)
Lake Pewaukee (Wis.)

Lake Waubesa (Wis.)

Lake Wingra (Wis.)

Lottes Lane (Wis.)

Lower Phantom Lake (Wis.)
Ottawa Lake (Wis.)

Pine Lake (Wis.)
Whitewater Lake (Wis.)

Figure 2. Insect feeding scars provide entry points for invasive microbes into

Eurasian watermilfoil stem
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Figure 3. Infected area on Eurasian watermilfoil stem from which both fungi
and bacteria were isolated

Figure 4. Eurasian watermilfoil leaf divisions showing disease symptoms
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Figure 5. Internal diseased area causing swelling of Eurasian watermilfoil
stem (arrow)

been collected in pure culture. Many of these isolates appear to be duplicates and it
is likely that some will be proven to be saprophytes.

FY 85 OBJECTIVES

The objectives for F'Y 85 are as follows:

a. A second round of sampling at all sites currently under study as well as
sampling of any additional sites determined to contain diseased plants will be
conducted.

b. Isolates will be screened for cellulase and pectinase production on selective
media to determine presence of lytic enzyme production.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

The Control of Waterhyacinth With Neochetina:
Status of the Final Report

by
R. Michael Stewart*

A final report is in preparation on the use of Neochetina eichhorniae and
Neochetina bruchi as biological control agents of waterhyacinth. The report will
consolidate all relevant information collected under the Aquatic Plant Control
Research Program since the introduction of N. eichhorniae into the United States in
1972. Summaries of the studies included in the report have recently been given for
Florida by Center and Durden (1984), for Louisiana by Sanders (1984), and for
Texas and California by Cofrancesco (1984). Additional information for Texas is
given by Cofrancesco (1985) and for California by Stewart (1985).

Chapter 1 will present the information on the dates and sites of releases of both
species of Neochetina in Florida, Louisiana, Texas, and California. Where possible,
establishment success will be evaluated and a discussion of natural dispersal from
the release site will be provided.

Chapters 2 and 3 will deal chiefly with information regarding control efficacy
demonstrated at the field sites within the various states. Though direct, comprehen-
sive comparisons cannot be made between all of the studies due to inconsistencies in
data collection among the various researchers involved, general comparisons of
similar trends in the data that monitored fluctuations in the Neochetina and
waterhyacinth populations will be made.

Chapter 4 will present results of miscellaneous studies pertinent to the life history
and ecology of Neochetina. Topics will include such items as (a) within-shoot disper-
sion of weevil eggs and larvae, (2) within-shoot dispersion of adult weevil feeding,
and (3) a population index based on the number of adult weevil feeding scars.

Chapter 5 will provide a comprehensive discussion of all subject matters relating
to the use of Neochetina as a biological control agent of waterhyacinth. Results of
studies conducted in the United States will be compared to similar studies in other
countries where Neochetina has been introduced. Recommendations will be made
regarding the future role of Neochetina in waterhyacinth control programs. In
addition, crucial unanswered questions necessary for the maximization of Neochetina
effectiveness as an operational control of waterhyacinth will be presented.

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Biological Control of Waterhyacinth and Alligatorweed
in Galveston District and at Jean Lafitte Park, Louisiana

by
Al F. Cofrancesco, Jr.*

GALVESTON DISTRICT

Background

Waterhyacinth and alligatorweed have caused numerous problems in the aquatic
environment throughout the southern United States (Coulson 1977). The US Army
Corps of Engineers has been studying various methods to control these introduced
plant species. Studies on the use of biological controls were begun in 1950 and the
first agent was released in 1964 on alligatorweed. Over the next 15 years a total of
six insect species were approved for introduction in the United States to control
these two plant species. The three exotic insects utilized to control alligatorweed are
Agasicles hygrophila, Amynothrips andersont, and Vogtia malloi. The three insects
impacting waterhyacinth are Neochetina eichhorniae, Neochetina bruchi, and
Sameodes albiguttalis.

The biocontrol study being conducted for the US Army Corps of Engineers,
Galveston District, for the control of alligatorweed and waterhyacinth was begun in
1979. Prior to the initiation of this project, the use of biocontrol agents on problem
aquatic plants in Texas was minimal (Cofrancesco 1984). Initially, a survey of Texas
was conducted in 1979 and afterwards six primary study sites were established.
These sites were utilized to evaluate the ability of the biocontrol agents to become
established and to monitor their impact on the particular plant species in the Texas
environment.

Purpose

This study was designed to (a) determine the impact of the biocontrol agents
present on alligatorweed and make recommendations on their management and (b)
establish the three biocontrol insects on waterhyacinth in nursery areas in Texas
and evaluate their potential for waterhyacinth control.

Current status and accomplishments

Alligatorweed. This exotic plant species is currently present in many areas of
Texas; however, the biocontrol insects appear to be restricting its growth and
distribution in many areas. The greatest impact of the biocontrol agents appears to
occur late in the growing season when insect populations are greatest. Agasicles
hygrophila and V. malloir, which mainly attack the aquatic morphotype of the plant,
seem to be responsible for most of the impact.

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.

103



Terrestrial alligatorweed is generally not impacted by Agasicles or Vogtia.
Amynothrips andersoni, which does feed on the terrestrial morphotype, has been
difficult to establish because of extreme environmental changes (i.e. water level
fluctuation). The only population established for any length of time did produce a
significant impact in the terrestrial mat at J. D. Murphree Wildlife Refuge;
however, after an extended period of high water, no thrips could be found at the site.
Agasicles and Vogtia, especially at Dam B, appear to be controlling the
reintroduction of terrestrial alligatorweed into the aquatic environment.

Waterhyacinth. At the beginning of this project none of the biocontrol agents
available for the control of waterhyacinth were present in Texas. The Neochetina
nursery areas established in 1980 and 1981 show the greatest impact. Neochetina
bruchi released in 1980 at Wallisville, Tex., underwent a rapid population growth
(Figure 1). As the insect population developed, the waterhyacinth mat was reduced.
Figure 2 shows the 1980 release site at Wallisville and a 1983 comparison, by which
time the waterhyacinth population had been reduced by more than 90 percent.
Neochetina erchhorniae was not found in Texas during the 1979 survey; however, a
small population was noted at the J. D. Murphree Wildlife Refuge when a nursery
area was being established in 1981 for N. eichhorniae. The population had probably
migrated into the area from Louisiana where large migrating populations were
noted in 1980. Neochetina eichhorniae releases were made at the J. D. Murphree
Wildlife Refuge to supplement the small population. It is apparent from data
collected at the Wallisville and the J. D. Murphree Wildlife Refuge sites that both
species of Neochetina are able to reproduce and severely impact the waterhyacinth
population in Texas.

The waterhyacinth moth S. albiguttalis was found at one location in the J. D.
Murphree Wildlife Refuge in 1983; however, no Sameodes were found in 1984. The
inability to locate Sameodes early in the population’s buildup has been reported for
releases made in Florida (Center, Durden, and Corman 1984) and Louisiana
(Sanders and Theriot, In Press).
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Figure 1. Neochetina population at the Wallisville release site
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a. 1980—before weevils were released

b. 1983—after weevil impact

Figure 2. Wallisville release site before and after weevil release
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Discussion and recommendations

The alligatorweed problem, especially the aquatic morphotype, can be controlled
in Texas by the biocontrol agents. Insect populations need to be monitored so their
impact can be maximized. Early releases of the biocontrol insects to supplement
existing populations should be conducted when plant biomass is at its lowest.
Control of the terrestrial morphotype of alligatorweed will be more difficult and it
may require multiple releases each year of the Amynothrips. Environmental
conditions should also be monitored for their impact on the biocontrol agents and
target plants.

Waterhyacinth is still widely distributed in Texas from Brownsville up the coast
to the Louisiana state line. Neochetina populations need to be dispersed so a rapid
population growth will occur statewide. Sameodes releases need to be continued
because indications from Florida and Louisiana suggest that this insect may play a
more important role once the weevils start reducing the waterhyacinth population.

Aquatic plant managers always need to remember that biocontrol agents are tools
for the control of aquatic plants and, consequently, need to be managed and
maintained just like any other operational tool.

JEAN LAFITTE NATIONAL HISTORICAL PARK

Background

Jean Lafitte National Historical Park was established in 1978 and encompasses
many sites throughout southern Louisiana. One site, just south of New Orleans, that
is being developed is the Barataria Unit which contains approximately 20,000 acres
of swamps and marshes. The major emphasis in this unit will be to canoe or hike
through the miles of waterways and trails which allow visitors access to the typical
habitats and wildlife of the area.

The canals, swamps, and marshes found within the Barataria Unit are very
characteristic of the habitat in south Louisiana. Two exotic plant species,
Alternanthera philoxeriodes (alligatorweed) and FEichhornia crassipes (water-
hyacinth), have caused extensive problems in Louisiana. Alligatorweed, which
grows in both the aquatic and terrestrial habitat, is extremely troublesome in that it
out-competes native vegetation, and as it grows it is able to cover open water areas.
Waterhyacinth is a floating plant species which reproduces sexually and
vegetatively and has the ability to double its biomass in 4 to 6 weeks (Penfond and
Earle 1948). Waterhyacinth is an extreme hindrance to navigation and when left
untreated can close waterways.

In developing the Barataria Unit National Park, service personnel were aware of
the problems that could arise from these two exotic plant species. Personnel of the
Aquatic Plant Control Research Program at the Waterways Experiment Station
(WES) were contacted by the National Park Service (NPS) and asked to develop a
program for the control of these problem plant species without the use of herbicides.
The Department of Interior, of which the NPS is a part, prohibits .the use of
herbicides in aquatic environments.

An initial survey was conducted in the Barataria Unit in July 1983 by WES
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personnel. The findings were submitted to the NPS along with recommendations on
how to proceed with controlling alligatorweed and waterhyacinth. The WES was
requested to submit a proposal on how to accomplish the recommendations made in
the initial survey. This proposal was accepted by the NPS in June 1984.

Rationale and approach

Rationale. The initial survey of the aquatic plant problems in Jean Lafitte
National Park revealed that a multi-faceted effort, centered on the use of both
mechanical and biological control methods, would be required to address the
problems. A mechanical control system would initially be needed to open currently
blocked portions of the area, and to periodically remove regrowth in critical areas.
Such a system would be implemented by NPS and would provide the required
short-term problem relief. Biological control methods would be used to produce
sufficient long-term stress on the target plants to reduce the frequency of required
maintenance operations with the mechanical systems. The combined use of
mechanical and biological control methods, together with a methodology for
monitoring target plant population levels, would provide the most cost-effective
aquatic plant management system available to NPS.

Approach. Initially, data would be collected to quantify the problem levels and
growth rates of the target plant species, and to determine the level of control being
provided by existing biocontrol agents. At the same time, additional species of
biocontrol agents would be established on waterhyacinth and alligatorweed, and
several mechanical/biocontrol management strategies would be evaluated. After
sufficient quantitative data on population dynamics of the target plants species and
biocontrol agents have been obtained, a strawman aquatic plant management plan
will be developed, which the NPS can use as a basis for developing a long-term
management plan.

Accomplishments and current status

Initial survey. The initial survey found both waterhyacinth and alligatorweed
widely distributed throughout the Barataria Unit. Moderate populations of
Neochetina eichhorniae (mottled waterhyacinth weevil) and small populations of
Sameodes albiguttalis (waterhyacinth moth) were present on the waterhyacinth;
however, no N. bruchi (chevroned waterhyacinth weevil) were found at any of the
locations examined. Alligatorweed was present in both the aquatic and terrestrial
morphotype. Agasicles hygrophila (alligatorweed flea beetle) and Vogtia mallot
(alligatorweed stem borer) were found but their impact was spotty, indicating small
populations. The only biocontrol agent which feeds on the terrestrial morphotype of
alligatorweed, Amynothrips andersont (alligatorweed thrips), was not found during
the survey.

Field studies. Field studies were initiated in August 1984. Nursery areas for N.
bruchi were established at five locations (Figure 3). Adult weevils were released at
sites IN and 2N and plants infected with all life stages of Neochetina were released
at sites 1P, 2P, and 3P. Ten survey sites (1-10) were established to monitor the insect
populations throughout the Barataria Unit. Nursery areas were established for A.
andersont at sites 1A and 2A, and insect monitoring of alligatorweed was also
conducted at these sites.
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SALVADOR

LEGEND

A = Release of Amynothrips andersoni
adults and larvae

P = Release of infected plants
N = Release of Neochetina bruchi adults
O = Waterhyacinth sampling sites

Figure 3. Barataria Unit of Jean Lafitte National Historical Park

Waterhyacinth and alligatorweed plants were monitored in August and October
1984. Reductions in the Sameodes populations were observed between the initial
survey and the August and October sampling; however, the N. eichhorniae
populations still remained at a moderate level. Flea beetle and stem borer damage
was observed on alligatorweed mats and in many areas damage was severe by
October.

In FY 85 additional releases of N. bruchi and A. andersont will be conducted at
the nursery areas. Early release of S. albiguttalis and A. hygrophila will also be
conducted when the plant biomass is at its lowest. The population density of the
biocontrol agents will continue to be monitored along with their impact on
alligatorweed and waterhyacinth.
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BIOLOGICAL CONTROL TECHNOLOGY DEVELOPMENT

Biological Control of Waterhyacinth in the California Delta

by
R. Michael Stewart*

INTRODUCTION

The California Delta is an intricate network of rivers, sloughs, and navigation
channels located at the confluence of the Sacramento and San Joaquin Rivers. The
total acreages of waterhyacinth infestations in this area are not as severe as in the
southeastern states. However, persistent invasions of Delta waterways by water-
hyacinth from upstream locations in the southern San Joaquin River system have
resulted in significant economic burdens to recreational, agricultural, and
municipal users of the water resource.

Personnel of the Aquatic Plant Control Research Program (APCRP) at the
Waterways Experiment Station (WES) have been involved in biological control
activities of waterhyacinth in the California Delta since 1982. This project was
initiated at the request of the California Department of Boating and Waterways
(CDBW) through the Sacramento District (SPK). At present, all research and
operational control efforts are being authorized and funded by the CDBW. Because
the legislation giving the CDBW this authority was written to specifically address
the needs for waterhyacinth control within the California Delta, waterhyacinth
control activities have not been conducted in areas outside the California Delta.

PURPOSE AND OBJECTIVES

The purpose of this project was to apply biological control experimental
technology, in conjunction with chemical and mechanical methods, within the
California Delta to achieve control of the waterhyacinth infestation. Our objectives
were:

® Conduct preliminary assessment of the extent of the waterhyacinth infestation
within the Delta.

Recommend which biological agents should be introduced into the California
Delta.

Petition for the introduction of these agents, and, subsequently, to establish
populations of each within the Delta.

Evaluate the control efficacy of each species and of various species combinations.

Make recommendations regarding the most effective use of these agents in all
areas of California infested with waterhyacinth.

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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RESULTS AND DISCUSSION

Based on preliminary observations conducted in April 1982, three insect species
were recommended for immediate introduction into the California Delta. Permission
for these introductions was granted by State and Federal agencies for Neochetina
brucht in May 1982, and for Neochetina eichhorniae and Sameodes albiguttalis in
February 1983. Collections of each species were made in southeastern states and
were shipped to the US Department of Agriculture (USDA) quarantine facility,
Albany, Calif., for species verification and parasite/pathogen examination. After
clearing quarantine, collections of the two weevil species (N. bruchi and N.
etchhorniae) were released directly into the field. Collections of the pyralid moth (S.
albiguttalis), however, were established in a greenhouse facility operated by the
California Department of Food and Agriculture (CDFA) in Sacramento, Calif.
From this resident colony, field releases of the moth were made as frequently as
population size permitted.

Four release sites were chosen within the boundaries of the California Delta. Site
selection was based on location within the Delta, size of the waterhyacinth
infestation, and quality of the plants. Each characteristic was rated in accordance
with the intent of providing a host plant population that would allow ease of
establishment of the insects within the release sites, and, subsequently, via natural
dispersal, throughout the Delta area. After a given site was selected, the
waterhyacinth mat within the site was enclosed with floating booms to prevent the
plants from escaping the site during periods of high water flow. This was done to
further ensure that the developing biological control agent populations would have
sufficient amounts of host plant material for successful establishment.

A summary of the releases of each of the biological agents at each site is given in
Table 1. At present, the two weevil species are well established at three sites.
Neochetina bruchi, the first species released, is effecting noticeable damage to
waterhyacinth throughout the Galli site. Neochetina eichhorniae is well established
at the Whites Slough site, but due to its later initial release date, damage to

Table 1

Summary of Biocontrol Agent Releases in the
California Delta

Total

Release First to
Site Agent Release Date*
Galli Neochetina bruchi Jul 1982 1,324
Sameodes albiguttalis Aug 1983 3,627
Trapper Slough Neochetina bruchi Oct 1982 850
Neochetina eichhorniae Aug 1983 200
Sameodes albiguttalis Aug 1983 2,000
Whites Slough Neochetina eichhorniae Apr 1983 3,969
Sameodes albiguttalis Aug 1984 3,632
Veale Tract Neochetina bruchi Oct 1983 5569
Neochetina eichhorniae Oct 1983 3,331
Sameodes albiguttalis Nov 1983 3,611

* Total releases of each species at each site as of November 1984.
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waterhyacinth at Whites Slough is not apparent throughout the entire site.
Similarly, both weevil species are well established at Veale Tract but are still in the
dispersal phase within the site. Efforts to establish S. albiguttalis at these three sites
have been less successful than anticipated. Though we have (on occasion)
documented the presence of the moth at the Galli and Veale Tract sites, no
significant buildup has been observed within the Delta. It appears that spring
releases of S. albiguttalis are necessary for establishment. Spring releases were not
made in 1983 and 1984 because of reduced viability of the greenhouse population of
S. albiguttalis during winter and spring months. Improvements in rearing
techniques will hopefully alleviate this problem in 1985.

During the same time that biological control efforts have been limited to the three
release sites, the CDBW has been conducting a chemical spray program to control
waterhyacinth within all major waterways of the California Delta. This chemical
control effort has been highly successful and has prevented nuisance levels of
waterhyacinth from developing in the majority of waterways within the Delta
boundaries. However, herbicide application has not been possible in certain areas of
the Delta. Due to the rapid growth and dispersal rates of waterhyacinth, the plants
which remain untreated in these inaccessible areas can potentially reinfest
previously treated waterways.

For these reasons, efforts should be initiated to disperse the biological agents into
all Delta areas infested with waterhyacinth where herbicide usage is not applicable.
Though natural dispersal from the release sites would accomplish this need in time,
widespread dispersal can be more expeditiously accomplished by transplanting
infested waterhyacinth from the release sites into these areas. After the biological
agents become well established in these areas, the productivity of the waterhyacinth
will be decreased and result in a reduced potential for waterhyacinth outbreaks in
Delta waterways.

As explained above, the concurrent usage of chemical and biological control
technologies offers a practical and efficient maintenance program for waterhyacinth
within the California Delta. We, therefore, recommend that necessary action be
initiated to achieve the implementation of such a program. Additionally, there is a
need to expand this type of waterhyacinth control program into areas outside the
California Delta. Of particular importance are those waterhyacinths located in the
upstream portions of the San Joaquin River system that provide potential
infestations of waterhyacinth to the California Delta waterways.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

An Overview

by
Howard E. Westerdahl*

Research during this past year has been focused on identifying and understanding
the effects of conventional herbicides on specific target aquatic macrophytes.
Results of this research will form a framework upon which herbicide selection and
application techniques for flowing-water environments may be based. Based on
previous research and continued US Army Engineer Waterways Experiment
Station (WES) interest in registering new herbicides for aquatic use, Duphar, Inc.,
of The Netherlands announced their intention to obtain a potable water tolerance
for dichlobenil (CASORON).

APPROACH

For F'Y 1985, four on-going research work units will address specific needs of the
District Offices:

I—Herbicide/Adjuvant Evaluation in Flowing Water.

[I—Herbicide Concentration/Exposure Time Relationships for Aquatic Plant
Control.

[II—Controlled-Release Poly GMA/2,4-D Development and Evaluation.
IV—Herbicide Application Techniques for Flowing Water.

One additional work unit to assess efficacy of selected herbicides on physiologically
stressed plants was postponed based on recommendations by Corps of Engineer
District representatives at the Aquatic Plant Control Research Program (APCRP)
review immediately following the 19th annual APCRP meeting. A brief review of
the objectives and planned activities of each of the four aforementioned work units
will be followed by an in-depth discussion by Principal Investigators on each work
unit.

The objectives of Work Unit I are to determine which adjuvants are effective in
keeping conventional herbicide in contact with submersed aquatic plants (KEurasian
watermilfoil) to sufficiently control the plants. During FY 1985, Endothal and
selected adjuvants will be evaluated as was 2,4-D/adjuvant mixtures in F'Y 1984.
These two herbicides represent nonpolar and polar-type herbicides (referring to
chemical bonding characteristics). Analysis of test results will allow decisions to be
made concerning whether all herbicides may require similar evaluations. If
adjuvants release both herbicides in a similar time period, then further evaluations
with other herbicides may not be necessary. Dr. Kurt Getsinger, WES, will discuss
results to date and planned activities for F'Y 1985 and 1986, respectively.

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
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Interpretation of research results from Work Unit I, relative to efficiency, is
dependent on results from Work Unit I1. The objective is to identify effective ranges
of herbicide concentration and exposure times necessary to control aquatic plants
(Eurasian watermilfoil). Mr. Jerry Hall, WES, will summarize research results in
which the technical formulation was used and Dr. Thai Van, US Department of
Agriculture-Aquatic Plant Management Laboratory (USDA-APML), will summa-
rize similar research using the commercial formulation. Similar results are
expected, thus providing cross-checks and verification of the herbicides’ activity. In
FY 1985, both 2,4-D and diquat will be evaluated, followed by Endothal in F'Y 1986.

Work Unit IT was reactivated following 1 year in which analyses of available data
from several previous years’ research were reviewed and scale-up problems
identified. The objective of Work Unit II is to develop scale-up procedures in F'Y
1985 for the controlled release Poly GMA/2,4-D formulation and production of 500-
Ib a.i. for field testing in F'Y 1986. Preliminary evaluations at the USDA-APML
showed this to be a very promising controlled-release formulation.

Successful management of submersed aquatic plants in flowing water using
conventional herbicide will require development of innovative application tech-
niques. The objective is to identify application techniques which maximize
herbicide contact time. During F'Y 1985, available flow-velocity data in submersed
aquatic plant beds in flowing water environments from around the United States
will be reviewed. Multiple herbicide applications, various herbicide injection
techniques, and granular herbicide application are some of the techniques which
will be evaluated. In F'Y 1986, the most promising techniques will be tested and
evaluated under various flow conditions in the flume facility and at selected field
sites.

Finally, Dr. Richard Dunn of Southern Research Institute, Birmingham,
Alabama, will describe on-going research concerning production of controlled-
release fluridone pellets. This pelletized formulation will be field tested in FY 1985
and 1986, respectively, in lake and flowing-water environments.
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CHEMICAL CONTROL TECHNOLOGY DEVELOPMENT

Evaluation of Herbicide/Adjuvant Mixtures
in Flowing Water

by
Kurt D. Getsinger*

INTRODUCTION

The herbicide/adjuvant evaluation study is designed to determine which
herbicide/adjuvant mixtures show potential in controlling submersed weeds in
flowing water and to compare those mixtures with conventional granular or liquid
herbicide formulations. Various 2,4-D DMA/adjuvant mixtures and conventional
2,4-D formulations were tested on the submersed species Eurasian watermilfoil
(Myriophyllum spicatum L.) under different flow velocities. Adjuvants used in this
phase of the study included the inverting oils/emulsions Asgrow 403 and I'vod and
the polymers Nalquatic and Poly Control. These 2,4-D DMA/adjuvant mixtures
were compared with liquid 2,4-D DMA and granular 2,4-D BEE formulations.

MATERIALS AND METHODS

Herbicides/adjuvant evaluations were conducted in a hydraulic flume at the
Waterways Experiment Station (WES), previously described by Getsinger (1984).**
Duplicate stands (0.7 m tall by 0.8 m wide by 3 m long) of rooted Eurasian
watermilfoil were established in the flume prior to treatment.

Conventional herbicide formulations used in the study were liquid 2,4-D DMA
(Weedar 64) and granular 2,4-D BEE (Aqua-Kleen). Liquid 2,4-D DMA (Weedar
64) was also used as the herbicide component in the 2,4-D/adjuvant mixtures.
Herbicide/adjuvant formulations consisted of the following mixtures: 2,4-D
DMA/Asgrow 403 (invert), 2,4-D DMA/I'vod (invert), 2,4-D DMA/Nalquatic
(polymer), and 2,4-D DMA/Poly Control (polymer). Invert formulations were
blended with water and 2,4-D DMA to form a thick, mayonnaise-like material using
a 7:1 water to inverting oil ratio. Polymer formulations were blended with water
and 2,4-D DMA, using 2.5-percent polymer, to form a thick, mucous-like material.

Herbicide/adjuvant and liquid herbicide formulations were injected below the
surface, on and into the plant beds, with a hand-held wand (fan-jet nozzle) connected
to a paint pot pressurized at 1.36 atm (20 psi). The granular 2,4-D BEE formulation
was broadcast evenly over the surface of the plant beds. All formulations were
prepared to give a 2,4-D treatment of 45 kg aet/ha(40 1b ae/acre).

* US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
** K. D. Getsinger. 1984. “Herbicide/Adjuvant Evaluation in Flowing Water,” Miscellaneous Paper
A-84-4, US Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.
1 ae =acid equivalent.
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Water depth in the flume was set at 70 em. Duplicate treatments of all
formulations were evaluated at flow velocities of 1.5 and 3.0 em/sec (0.05 and 0.1
fps). Water samples were collected in the center of each flume channel, covering a
water column depth of 10 to 60 ¢cm, 2 m downstream from the plant beds. Samples
were taken at 2-min posttreatment intervals for 180 min, composited to represent
12-min periods and analyzed for 2,4-D residue. Water samples collected 5 m
upstream from each plant bed during experimental runs showed no herbicide
contamination.

RESULTS AND DISCUSSION

Herbicide release rates from the liquid 2,4-D DMA formulation and the granular
2,4-D BEE formulation at 1.5 em/sec and 3.0 cm/sec flow velocities are compared in
Figures 1 and 2. The DMA treatments showed a large, initial release of herbicide
with 2,4-D concentrations falling below detection (< 0.01 mg/f) by 60 min
posttreatment at the low velocity and 36 min posttreatment at the high velocity. In
contrast, 2,4-D was released from the BEE formulation in smaller increments, and
2,4-D concentrations did not fall below detection until 168 min posttreatment at the
low velocity and 84 min posttreatment at the high velocity.

Herbicide release rates from the liquid 2,4-D DMA formulation are compared
with the herbicide release rates from the 2,4-D DM A/invert formulations (Asgrow
403 and I'vod) in Figures 3 and 4. Both of the invert formulations released 2,4-D
more slowly than did the DMA formulation. I'vod maintained 2,4-D residues for the
entire 180-min run at both velocities, whereas 2,4-D residues from Asgrow 403 fell
below detection by 156 min posttreatment at the low velocity and 72 min
posttreatment at the high velocity.
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Figure 1. Effect of time on 2,4-D residues monitored 2 m downstream of plant
beds treated with 2,4-D DMA and 2,4-D BEE at 1.5-cm/sec flow velocity. Data
represent the mean of two treatments
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Figure 2. Effect of time on 2,4-D residues monitored

2 m downstream of plant beds treated with 2,4-D

DMA and 2,4-D BEE at 3.0-cm/sec flow velocity.
Data represent the mean of two treatments
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Figure 3. Effect of time on 2,4-D residues monitored 2 m downstream of plant
beds treated with 2,4-D DMA, 2,4-D DMA/I'vod, and 2,4-D DMA/Asgrow 403 at
1.5-cm/sec flow velocity. Data represent the mean of two treatments
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Figure 4. Effect of time on 2,4-D residues monitored 2 m downstream of plant
beds treated with 2,4-D DMA, 2,4-D DMA/I'vod, and 2,4-D DMA/Asgrow 403 at
3.0-cm/sec flow velocity. Data represent the mean of two treatments

A comparison of herbicide release rates for 2,4-D DMA and the 2,4-D
DMA/polymer formulations, Poly Control and Nalquatic, at 1.5-cm/sec and 3.0-
cm/sec flow velocities are shown in Figures 5 and 6. Herbicide residues were
present for 180 min posttreatment with Poly Control at 1.5 em/sec, but below
detection with Nalquatic by 84 min posttreatment. At the 3.0-cm/sec flow velocity,
2,4-D residues were below detection at 84 min posttreatment with Poly Control and
60 min posttreatment with Nalquatic.

All of the herbicide/adjuvant formulations tested released 2,4-D for longer
periods of time than did the conventional, liquid 2,4-D DMA formulation, when
applied at1.5- and 3.0-cm/sec flow velocities. However, when herbicide release rates
from the 2,4-D DMA/adjuvant formulations were compared with herbicide release
rates from the conventional, granular 2,4-D BEE formulation, only I'vod and Poly
Control released 2,4-D for longer periods than BEE at the 1.5-cm/sec flow velocity;
and only I'vod released 2,4-D longer than BEE at the 3.0-cm/sec flow velocity.

Comparative rankings, based on exposure-time ratios of the 2,4-D formulations
used in this study versus the conventional, liquid 2,4-D DMA formulation and the
conventional, granular 2,4-D BEE formulation, are shown in Tables 1 and 2.

Although many of the herbicide formulations released 2,4-D for greater than 60
min posttreatment (most notably Poly Control and I’vod, which released 2,4-D for
180 min), the concentrations of 2,4-D were very low and exposure times relatively
short (< 0.5 mg/{ at 60 min posttreatment and < 0.1 mg/! at 120 min posttreatment).
Herbicide concentration/exposure-time studies are currently under way to deter-
mine if the low 2,4-D doses and short exposure times demonstrated in the flowing-
water evaluations can give effective c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>