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Preface

The 26th Annual Meeting of the US Army
Corps of Engineers Aquatic Plant Control Re-
search Program (APCRP) was held in Dallas,
TX, on 18-22 November 1991. The meeting
is required by Engineer Regulation 1130-2-
412, paragraph 4c, and was organized by per-
sonnel of the APCRP, which is managed
under the Environmental Resources Research
and Assistance Programs (ERRAP) of the En-
vironmental Laboratory (EL), US Army Engi-
neer Waterways Experiment Station (WES),
Vicksburg, MS.

The organizational activities were carried
out and presentations by WES personnel
were prepared under the general supervision
of Mr. J. L. Decell, Program Manager,

WES MP A-92-2, June 1992

ERRAP, EL. Mr. Robert C. Gunkel, Assis-
tant Program Manager, ERRAP, was respon-
sible for planning the meeting. Dr. John
Harrison was Director, EL, WES. Mr. James
W. Wolcott was Technical Monitor for the
Headquarters, US Army Corps of Engineers.

The report was edited by Ms. Jessica S.
Ruff of the Information Technology Labora-
tory (ITL), WES. Ms. Betty Watson, ITL,
designed and composed the layout.

At the time of publication of this report,
Director of WES was Dr. Robert W. Whalin.
Commander and Deputy Director was
COL Leonard G. Hassell, EN.

Preface



Agenda

Agenda

Monday, 18 November 1991

1:00 p.m.
-5:00 p.m.

1:00 p.m.
-6:00 p.m.

6:00 p.m.
-7:30 p.m.

Registration
(Ballroom Foyer)

Texas Aquatic Plant Management Society Meeting
(Lincoln Room—T1, 2, and 3)

Reception
(Lobby Court)

Tuesday, 19 November 1991

8:00 a.m.
-5:00 p.m.

8:00 a.m.
-5:00 p.m.

8:30 a.m.
-1:45 p.m.

8:30 a.m.

8:40 a.m.

8:50 a.m.

9:00 a.m.

Agenda

Registration
(Ballroom Foyer)

Poster and Demonstration Session
(Jackson Room)

General Session
(Lincoln Room—Edast, 1, 2, and 3)

Call to Order and Announcements
* Robert C. Gunkel, Assistant Manager, Aquatic Plant Control
Research Program (APCRP)
Waterways Experiment Station (WES)
Vicksburg, Mississippi

Welcome to Fort Worth District

* COL John A. Mills, Commander
U.S. Army Engineer (USAE) District
Fort Worth, Texas

Comments by the Program Manager
* J. Lewis Decell, WES

Wetland Issues and Possible Impacts on Aquatic Plant Control Activities
* Russell F. Theriot, WES
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9:30 am.

9:45 a.m.

10:05 a.m.
10:35 a.m.

10:50 a.m.

Agenda

.Aquatic Plant Control Operations Support Center (APCOSC) Update
* William C. Zattau, USAE District
Jacksonville, Florida

Lewisville Aquatic Ecosystem Research Facility (LAERF) Update (32733)
* R. Michael Smart, WES, LAERF
Lewisville, Texas

Break

Economics and Aquatic Plant Management (32729)
* Jim E. Henderson, WES

Movement and Habitat Utilization of Triploid Grass Carp (32738)
* Jeffrey W. Foltz, Clemson University
Clemson, South Carolina

Simulation Technology
R. Michael Stewart, WES, Presiding

11:05 a.m.

1i:25a.m.

11:45 a.m.

12:00 noon

1:00 p.m.

1:15 p.m.

1:30 p.m.

1:45 p.m.

2:00 p.m.
-5:00 p.m.

Role of Simulation Technology in the APCRP
*# R. Michael Stewart, WES

Status and Application of the WES AMUR/STOCK and INSECT Models (32438)
* William A. Boyd, WES

Status and Application of the WES HERBICIDE Model (32439)
* Philip A. Clifford, EA Engineering, Science, and Technology, Inc.
Sparks, Maryland

Lunch

Updates to Plant Growth Models for Hydrilla and Milfoil (32440)
* R. Michael Stewart, WES

Studies for Further Development of Existing WES Plant Growth Models (32440)
* John D. Madsen, WES, LAERF

Utilization of GIS/DBMS Techniques to Support User Application of APC
Simulation Models (32506)
* M. Rose Kress, WES

Adjourn General Session

USAE Division/District Working Session
(Washington and Adams (A) Rooms)

Wednesday, 20 November 1991

7:00 a.m.
-9:00 a.m.

WES MP A-92-2, June 1992 Agenda

Federal Aquatic Plant Management Working Group
(Audubon Room)
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Agenda

8:00a.m. Poster and Demonstration Session
-12:30 p.m. Jackson Room
9:00 a.m. General Session
-12:30 p.m. (Lincoln Room—East, 1, 2, and 3)
Chemical Technology

Kurt D. Getsinger, WES, Presiding

9:00 a.m. Chemical Control Technology: Overview
* Kurt D. Getsinger, WES

9:15 a.m. Herbicide Concentration/Exposure Time Relationships (32352)
* Michael D. Netherland, WES

9:30 a.m. Herbicide Flume Studies at TVA-ARL
* E. Glenn Turner, WES

9:45a.m. Herbicide Delivery Systems (32437)
* Michael D. Netherland, WES

10:00 a.m. Field Evaluations of a Slow-Release Matrix Device in Flowing Water
* David Sisneros, U.S. Bureau of Reclamation
Denver, Colorado

10:15 a.m. Submersed Application Techniques for Flowing Water (32354)
* Kurt D. Getsinger, WES

10:30 a.m. Break

11:00 a.m. Field Evaluation of Selected Herbicides (32404)

* Kurt D. Getsinger, WES

11:15a.m. Plant Growth Regulators for Aquatic Plant Management (32578)
* Linda S. Nelson, WES

11:30 a.m. Evaluation of Mariner as a PGR on Hydrilla
* Thai K. Van, U.S. Department of Agriculture (USDA)
Fort Lauderdale, Florida

11:45 a.m. Potential PGRs for Aquatic Plant Management (32578)
* Carole A. Lembi, Purdue University
West Lafayette, Indiana

12:00 noon Phenology of Aquatic Plants (32441)
* John D. Madsen, WES, LAERF

12:15 p.m. Relationship Between Plant Hormones and Carbohydrate Partitioning in
Monoecious Hydrilla (32441)
* Stephen J. Klaine, Memphis State University
Memphis, Tennessee

12:30 p.m. Lunch

2:00 p.m. Field Trip to Lewisville Aquatic Ecosystem Research Facility
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5:30 p.m.
7:30 p.m.

Texas Barbecue Dinner

Return to Doubletree Hotel

Thursday, 21 November 1991

8:00 a.m.
-3:00 p.m.

General Session
(Lincoln Room—Edast, 1, 2, and 3)

Ecological Technology
John W. Barko, WES, Presiding

8:00 a.m.

8:15a.m.

8:30 a.m.

8:45 a.m.

9:00 a.m.

9:15 a.m.

9:30 a.m.

9:45 a.m.
10:15 a.m.

10:30 a.m.

10:45 a.m.

An Overview of Ecological Studies
* John W. Barko, WES

Effects of Sediment N Supply on Interactions Between P. americanus and
H.verticillata (32351)
* Nancy J. McCreary, Lafayette College

Easton, Pennsylvania

Rooting Depth of M. spicatum in Relation to Sediment Fertility (32351)
* Dwilette G. McFarland, WES

Aquatic Plant Competition Studies in Guntersville Reservoir (32736)
* R. Michael Smart, WES, LAERF

Competitive Interactions Among Introduced and Native Species (32577)
* R. Michael Smart, WES, LAERF

Submersed Macrophyte Invasions and Declines (32351 & 32405)
* Craig S. Smith, WES

Habitat Value of Aquatic Macrophytes: Studies in Lake Seminole, Florida
(32505)
* Andrew C. Miller, WES

Break

Comparison of Largemouth Bass Growth Between Hydrilla verticillata and
Potamogeton nodosus Macrophyte Beds (32505)
* K. Jack Killgore, WES

Seasonal Variations in Nighttime Convective Circulation and Phosphorus
Transport Between Macrophyte Beds and Open Water (32405)
* William F. James, WES, Eau Galle Laboratory
Spring Valley, Wisconsin

Effects of Benthic Barrier Placement on Aquatic Habitat Conditions
(32579 & 32737)
* Harry L. Eakin, WES
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Agenda

Biological Technology
Alfred F. Cofrancesco, WES, Presiding

11:00 a.m. Overview on Biological Control
* Alfred F. Cofrancesco, WES

11:15 a.m. Insect Biocontrol Agents of Hydrilla in Florida (31799)
* Ted D. Center, USDA
Fort Lauderdale, Florida

11:30 a.m. Temperate Biocontrol Insects for Eurasian Watermilfoil and Hydrilla (32730)
* Gary R. Buckingham, USDA
Gainesville, Florida

11:45 a.m. Release and Establishment of Hydrellia Flies (31799 & 32734)
* Michael J. Grodowitz, WES

12:00 noon Lunch

1:00 p.m. The Impact of Temperature on Hydrellia pakistanae (32734)
* Ramona H. Warren, WES

1:15 p.m. Biological Control of Pistia (32406)
* F. Allen Dray, USDA
Fort Lauderdale, Florida

1:30 p.m. Insect Biocontrol Agent of Eurasian Watermilfoil (32739)
* Sallie P. Sheldon, Middlebury College
Middlebury, Vermont

1:45 p.m. Biological Control Studies of Eurasian Watermilfoil Using Plant
Pathogens (32202)
* James P. Stack, ECOSCIENCE
Ambherst, Massachusetts

2:00 p.m. Pathogen Biocontrol Studies of Hydrilla and Eurasian Watermilfoil
(32200 & 32735)
* Judy F. Shearer, WES

2:15 p.m. Biological Management of Aquatic Plants with Allelopathic and
Competitive Species (32408)
* Harvey L. Jones, WES

2:30 p.m. Report on Tuesday’s Division/District Working Session
* William C. Zattau, USAE District
Jacksonville, Florida

3:00 p.m. ADJOURN 26th Annual Meeting
3:00 FY93 CIVIL WORKS R&D PROGRAM REVIEW
-5:00 p.m. (Corps of Engineers Representatives Only)

(Lincoln Room—1, 2, and 3)
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Agenda

FRIDAY, 22 NOVEMBER 1991

8:00 Joint Agency Guntersville Project - Principal Investigators Meeting
-12:00 noon (Room To Be Announced)

Posters and Demonstrations

Poster Presentations

Effects of Wetting and Drying Cycles on Vegetation Management in Ponds (32733)
* Gary O. Dick and R. Michael Smart, WES, LAERF

Effects of Aquatic Plants on Water Quality in Pond Ecosystems (32733)
* David R. Honnell, John D. Madsen, and R. Michael Smart, WES, LAERF

Environmental Characteristics of Ponds at the Lewisville Aquatic Ecosystem
Research Facility (32733)
* R. Michael Smart, WES, LAERF

Integration of GPS/GIS Technologies for Aquatic Plant Management
* R. Michael Stewart, WES

Knowledge-Based Systems for Aquatic Plant Management
* R. Michael Stewart, WES

Production of Propagules of Native Aquatic Plant Species (32577)
* Susan E. Monteleone and R. Michael Smart, WES, LAERF

Seed Germination and Seedling Survival of Waterhyacinth
* Rebecca S. Westover and John D. Madsen, WES, LAERF

Sampling Fish in Submersed Aquatic Plants (32505)
* K. Jack Killgore, WES

Computer Demonstrations

HERBICIDE and INSECT Models
* William A. Boyd, WES, Philip A. Clifford, EA Engineering, Science, and
Technology, Inc., and R. Michael Stewart, WES

GIS and HARVEST, GIS and HYDRILLA, and GIS and MILFOIL
* R. Michael Stewart and E. May Causey, WES

Computer Display of a Hydrellia Fly Expert System
* Craig S. Smith, Michael J. Grodowitz, William A. Johnson, WES, and Richard L.
Deonier, University of Miami, Oxford, Ohio
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Conversion Factors,
Non-Sl| to S| Units of Measurement

Conversion Factors

Non-SI units of measurement used in this report can be converted to SI units as follows:

Multiply By To Obtain

acres 4,046.873 square meters

acre-feet 1,233.489 cubic meters

feet 0.3048 meters

gallons (US liquid) 3.785412 liters

inches 2.54 centimeters

miles (US statute) 1.609347 kilometers

ounces (mass) 28.34952 grams

pounds (mass) 0.4535924 kilograms

tons (mass) per acre 0.22 kilograms per square meter
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Introduction

26th Annual Meeting
US Army Corps of Engineers

AQUATIC PLANT CONTROL
RESEARCH PROGRAM

Introduction

The Corps of Engineers (CE) Aquatic
Plant Control Research Program (APCRP) re-
quires that a meeting be held each year to pro-
vide for professional presentation of current
research projects and to review current opera-
tions activities and problems. Subsequent to
these presentations, the Civil Works Research
and Development Program Review is held.
This program review is attended by represen-
tatives of the Civil Works and Research De-
velopment Directorates of the Headquarters,
US Army Corps of Engineers; the Program
Manager, Environmental Resources Research
and Assistance Programs (ERRAP); and rep-
resentatives of the operations elements of var-
ious CE Division and District Offices.

The overall objective of this annual meet-
ing is to thoroughly review the 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 ef-
fort conducted under the APCRP are reported
to the Manager, ERRAP, US Army Engineer
Waterways Experiment Station, each year in
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the form of periodic progress reports and a
final technical report. Each technical report
is distributed widely in order to transfer tech-
nology to the technical community. Technol-
ogy transfer to the field operations elements
is effected through the conduct of demonstra-
tion projects in various District Office prob-
lem areas and through publication of
Instruction Reports, Engineer Circulars, and
Engineer Manuals. Periodically, results are
presented through publication of an APCRP
Information Exchange Bulletin which is dis-
tributed to both the field units and the general
community. Public-oriented brochures, mov-
ies, and speaking engagements are used to
keep the general public informed.

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

The contents of this report include the pre-

sentations of the 26th Annual Meeting held
in Dallas, TX, on 18-22 November 1991.

Introduction



Welcoming Remarks

Welcoming Remarks

COL John A. Mills'

Welcome to Dallas and the Fort Worth
District. We are honored that the Waterways
Experiment Station has selected our District
for the 26th annual Aquatic Plant Control Re-
search Program meeting.

Many of you may wonder what type of
aquatic plant problems we could possibly
have in Texas! In the Fort Worth District,
three of our 24 reservoirs constitute the bulk
of the aquatic plant control operations.

These reservoirs in east Texas have been peri-
odically treated to rid them of aquatic growth
where navigation and recreation activities are
adversely impacted. Such controls are con-
ducted with Corps Operations & Mainte-
nance funds. Our neighbor to the south, the
Galveston District, conducts most of the
aquatic plant control and manages the Corps’
Aquatic Plant Control Program in Texas.

The Galveston District currently has a cooper-
ative agreement with the Texas Parks and
Wildlife Department, which performs the
actual control efforts in Texas under the
Aquatic Plant Control Program.

While control problems in Texas are not
of the magnitude of those in other southern
states, we do have our share of nuisance
aquatic plants, most of which are courtesy of
our neighbors to the east. Species of major
concern in Texas are waterhyacinth, hydrilla,
alligatorweed, and most recently, Brazilian
elodea.

We cannot remain totally optimistic with
regard to the aquatic plant situation within
the State of Texas. Over the last several
years we have seen the aquatic plant hydrilla
gain a very significant foothold in our east
Texas reservoirs. Let’s not fool anybodys; it
is conceivable that this plant will spread to

some of our mainstream reservoirs on the
Trinity and Brazos River systems. We have,
at this time, a major infestation of hydrilla
and Brazilian elodea at our Town Bluff Dam-
B. A. Steinhagen Lake in the Piney Woods
area of east Texas. We may well need the
help of WES and the Texas Parks and Wild-
life Department to combat this infestation.
This particular lake is too small, too shallow,
and too vulnerable to extensive hydrilla infes-
tations on a year-to-year basis. Lake O’the
Pines and Sam Rayburn have hydrilla infesta-
tions, though not as critical as the situation at
Town Bluff Dam-B. A. Steinhagen Lake.

Aquatic plant control in Texas in the near
future will be no easy ride. Money and man-
power commitments will be needed. In a
time of overall limited budgeting within the
Corps, there will be no easy solution. The
question will be, how critical is aquatic plant
control-—compared to other more routine and
equally necessary O&M items.

I am encouraged that the Aquatic Plant
Control Program continues to rise to the
challenge of finding environmentally sound
solutions to managing nuisance aquatic plant
growth while ensuring that the multipurpose
uses of our projects are maintained.

Most of you will be visiting the aquatic
plant control research laboratory located at
Lewisville Lake, a few miles north of here.
The facility is a fine example of how innova-
tive solutions to program needs can be found.
In 1986, what is now the research facility was
an abandoned state fish hatchery in dire need
of maintenance and repair. When the Texas
Parks and Wildlife Department decided to
sell the property, the Fort Worth District
purchased it. Happily, Mr. Lewis Decell, of

I' Commander, US Army Engineer District, Fort Worth; Fort Worth, TX.

Mills
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the Aquatic Plant Control Research Program,
identified a need for a “real world” labora-
tory, and the facility at Lewisville received a
new lease on life.

Following the 1988 memorandum of agree-
ment between the Fort Worth District and
WES, renovation of the 12.5-acre facility
with 55 earthen ponds began. Dr. Michael
Smart will be providing you with an update
on the facility and current research efforts in
a few minutes. We in the Fort Worth District
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are very proud to have played a role in secur-
ing such a fine research facility.

Let me extend to you my wish for a pro-
ductive and educational meeting. I under-
stand that an old-fashioned Texas barbecue is
planned for Wednesday evening at the Lewis-
ville project. Those of you who attended the
1989 meeting in Huntsville, Alabama, will be
pleased to know that we have checked the
weather forecast, and tornadoes are NOT pre-
dicted. So, “you all” relax and enjoy our
Texas hospitality.

Mills



Lewisville Aquatic Ecosystem Research Facility:
An Update

by

R. Michael Smart l

Introduction

The Waterways Experiment Station (WES)
is operating an experimental pond facility
located in Lewisville, Texas. The Lewis-
ville Aquatic Ecosystem Research Facility
(LAERF) is being developed under the aus-
pices of the Aquatic Plant Control Research
Program for studies of the biology, ecology,
and control of aquatic plants. The LAERF
receives partial funding directly from the
APCRP, with the remainder of the funds pro-
vided by research projects of the resident staff
and from fees charged to users of the ponds.

The objective of this article is to provide
an update on the renovation, development,
and operation of this unique facility. Topics
to be covered include personnel, facilities, re-
search, and future plans.

Personnel

An analytical laboratory manager position
was added to the resident staff. The respon-
sibilities of this new position include the
development and operation of an onsite analy-
tical laboratory to support research conducted
at the LAERF. With the addition of this posi-
tion, the resident staff now includes four em-
ployees: a pond/facilities manager, a lab
manager, and two aquatic plant scientists.
The facility also employs 10 to 12 part-time,
graduate, and undergraduate contract students.

Facilities

To properly conduct research on the biol-
ogy, ecology, and control of aquatic plants,

an onsite analytical capability was required.
During the past year we have concentrated on
acquiring this capability. We have recently
obtained analytical equipment to process and
analyze water, sediment, and plant tissue sam-
ples. Our analytical facilities are available to
support APCRP research conducted at the
LAERF. We have also initiated a water qual-
ity monitoring program to obtain basic infor-
mation on pond water quality on a regular
basis. This information is available to re-
searchers using the ponds.

Although the LAERF is known primarily
for the 55 earthen ponds that are available for
experimental research on aquatic and wetland
ecosystems, we also have been developing
several other research facilities. These in-
clude a greenhouse tank facility and two
flowing water raceway facilities. The green-
house facility includes fifteen 1,200-liter
fiberglass tanks equipped with individual
temperature control units. These tanks can
be filled with artificial or natural lake water,
and are being used for conducting short-term,
controlled studies to supplement longer term
studies conducted in the ponds. One of the
raceway facilities has been covered with a
greenhouse and is being used for maintaining
populations of waterhyacinths during winter
periods. Both raceway facilities are being
used for holding/culturing aquatic plants and
for conducting research under flowing water
conditions.

We are continuing to renovate the ponds
based on demand and availability of funds.
During fiscal year (FY) 1991, 5 of the 55
ponds were used for culture/study and 15
were used for research. Eight additional

I US Army Engineer Waterways Experiment Station, Lewisville Aquatic Ecosystem Research Facility,

Lewisville, TX.

Smart
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ponds have been reserved for FY 92, for a
total anticipated use of 28 ponds. Three ponds
require valve replacements, and 24 ponds are
currently available for use. Excess ponds will
be made available to researchers at other Fed-
eral and state agencies and universities.

Research

The LAEREF is being used for research in
support of each of the technology areas of the
APCRP. Biological control is represented by
studies of the application efficiency of differ-
ent formulations of the microbial pathogen
Mycoleptodiscus terrestris. Applications
technology is being advanced in studies of
the phenology or life cycle of waterhyacinth
and in studies of the environmental effects of
benthic barriers for control of submersed
aquatic plants. Simulation technology is ben-
efiting from the collection of additional data
on biomass production and measurements of
critical growth processes such as photosyn-
thesis and respiration. Within the ecology
area, studies are being conducted to under-
stand fish-plant interactions and to determine
the effects of weedy aquatic plant species on
important fish such as largemouth bass.
Other studies are examining the feasibility of
replacing weedy species of aquatic plants
with native, nonweedy species in order to pro-
vide beneficial habitat without the problems
that excessive growth of weedy species can
bring. Chemical control studies are currently
in the planning stages (see next section, Fu-
ture Plans).

In addition to the direct-allotted research,
several reimbursable efforts are currently
being conducted at LAERF. One project in-
volves a greenhouse bioassay of the potential
of sediments collected from Onondaga Lake,
New York, to support the growth of aquatic
plants. This work, funded by the US Environ-
mental Protection Agency as a Clean Lakes
Program Demonstration site, is concerned
with identifying methods for reestablishing
aquatic and wetland vegetation as an amelio-
rative treatment in this chronically polluted
lake. LAERF personnel are also involved in
field efforts such as an ecological assessment
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of Kirk Pond, being conducted for the Port-
land District, Corps of Engineers, and a coop-
erative effort with the Tennessee Valley
Authority aimed at establishing competitive
species in Guntersville Reservoir in Alabama.

Future Plans

Renovation and development of the
LAERF will continue during FY 92. The
shed roof over one of the raceway facilities
will be removed to make it more suitable for
conducting aquatic plant research. Because
of the high demand, five additional tempera-
ture-controlled fiberglass tanks will be added
to the greenhouse facility. Additional
laboratory space will be acquired to meet an
increasing demand for laboratory facilities
and to alleviate overcrowding.

A major addition to the research capabili-
ties of the LAERF will be a large, outdoor
mesocosm facility. This facility will include
a water supply pond, 22 large fiberglass
tanks, an effluent collection pond, a sediment
preparation area, and a small laboratory. The
mesocosm facility will be used primarily for
conducting studies of the efficacy of aquatic
herbicides and plant growth regulators (see
Chemical Control Technology section). Re-
search conducted in this facility will supple-
ment laboratory/growth chamber studies
conducted at the WES. The extension of this
research to large-scale, outdoor systems will
allow consideration of the effects of seasonal
cycles and phenological stage of develop-
ment on the effects of herbicides on both tar-
get and nontarget aquatic plants.
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Economics and Aquatic Plant Control

by

Jim E. Henderson l

Introduction

The invasion of waterways of the United
States by exotic or nonnative aquatic vegeta-
tion has resulted in problems and impediments
to the operation and public use of the water-
ways. The economic costs and benefits of
plant control to the public and private sector
are only beginning to be addressed. Public
agency decisions on control technologies and
long-term control strategies will benefit from
information on issues of economic concern
such as public perceptions of desirable plant
densities and control technologies. Some lim-
ited information is available on these con-
cerns (Milon, Yingling, and Reynolds 1986),
and investigations are ongoing at Lake
Guntersville, Alabama.

The purpose of this presentation is to ex-
amine the relation of aquatic plant infesta-
tions and control efforts to public economic
benefits, and to provide a framework for the
information being produced by the Gunters-
ville study and other agency work. The pri-
mary emphasis here is on the effect of
aquatic plants and aquatic plant control on
nonmarket values associated with water
resource projects. A more detailed examina-
tion of the impact of aquatic plants on market
values is provided in Henderson (1991).

Benefits of Water Resource
Development-Waterways

Public waterways are operated to provide
a range of public goods and services, ranging
from commercial navigation and flood con-
trol benefits, to outdoor recreation, wildlife,
and scenic values. The economic benefits to
individuals attributable to these goods and

services may be estimated through surveys or
direct questioning, analysis of market data,
or by judgments, e.g. voting, on alternatives
(Freeman 1979).

Aquatic plant infestations result in
changes in the economic benefits that result
from these goods and services, by altering
the ability of the natural resource to produce
the good or by diminishing the quantity or
quality and value of the good or service pro-
vided (Figure 1). A closer examination of
these concepts is provided in the following
paragraphs.
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Figure 1. Changes in economic benefits as a result
of aquatic plant infestations

Consumption of Public Goods
and Services

Public waterways are operated as public
resources (sometimes referred to as common-
property resources) and produce public goods
and services in the form of amenities as out-
door recreation, scenic values, and fishery
habitat (Dorfman and Dorfman 1977). Several
characteristics of public goods and services
affect their consumption and valuation by the

1
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public and influence decisions that are made
about the resources.

The first characteristic is the nonexclusive
nature of environmental resources. Environ-
mental resources such as the air and water are
not privately owned, and their use by other
individuals cannot be excluded or prevented.
The other important characteristic of public
goods is the concept of externalities—those
things that are important for an individual’s
value but are outside of his control. External-
ities exist because, for instance, to benefit
from a public good such as recreation, con-
sumption by individuals requires not only cer-
tain components that they personally control
(e.g., their time and expenditures for the ac-
tivity) but also components that are outside
the individual’s control (things such as qual-
ity of the natural resource, availability of fa-
cilities, and scenic amenities).

Environmental amenities such as clean air,
clean water, and access to recreation opportu-
nities are the result of decisions made to en-
sure their provision. There are no property
rights to public goods, and no compensation
is required for their loss (Mishan 1969, as
cited in Dorfman and Dorfman 1977). A vari-
ety of political and legal institutions and ar-
rangements have been established to manage
publicly held resources (Dales 1968, as cited
in Dorfman and Dorfman 1977).

One aspect of joint consumption of publicly
held resources is that use by one individual
or group may prevent the use or diminish the
quality of use by another individual or group.
Because of the nonexclusive nature, public
goods are subject to overuse through free and
competitive use. Efforts to manage the pro-
ductivity of the resource through regulation
of consumption or use may be successful, but
it is often difficult to separate the changes that
result from a natural change in the resources
from those that are attributable to manage-
ment efforts (Gordon 1954, as cited in Dorf-
man and Dorfman 1977).
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Demand for Public Goods

Total utility concepts

Provision of public goods and the con-
sumption of those goods by the public are de-
termined by availability of the public goods
and the public demand for those goods and
services. A generalized illustration of de-
mand for a public good is shown in Figure 2.
The y-axis represents “Total Utility” but can
be thought of as a measure of value as Total
Societal Good, Monetary Value, or some
other measure of welfare. The x-axis shows
“Quantity of X Consumed” with X being an
environmental good such as recreation days,
water quality, or, in this case, aquatic plant
control.

This generalized graph shows the relation
of providing public goods to the value those
goods provide, starting from a zero level of
the public good and increasing the quantity
of the good consumed.

TOTAL UTILITY

QUANTITY OF X CONSUMED

Figure 2. Relation of consumption of public
goods to total utility

Starting at the zero level and increasing the
quantity, it is observed that value rises rapidly
with each marginal increase of the good.

This is consistent with conditions of high

demand for the good in which little of the
good is available. Where no aquatic plant

Henderson



control is available, conditions may be such
that boaters are unable to launch their boats
or plant densities are so heavy that boat-
houses and slips are completely blocked.
Given these conditions, a minimal quantity
of control will be highly valued, and will pro-
vide a high level of utility.

Examining the intermediate part of the
graph, this shows that increasing the control
still produces an increase in utility and value,
but the rate of increase becomes more con-
stant. This is consistent with an intermediate
level of a service; the areas and users that
produce the highest public value have been
accommodated, and further increases in con-
trol still produce higher overall value.

The nature of aquatic plant control makes
the development of demand or valuation
curves somewhat more problematic than the
generalized example in Figure 2. Long-term
control strategies are often developed with
some overall percent coverage of a lake as
the long-range objective. This long-range ap-
proach is necessary given the limited funding
each year and the year-to-year fluctuations in
plant biomass, which are due to the natural
resource changes that cause changes in plant
growing conditions, e.g. floods or droughts.
A demand curve for this situation could be as
shown in Figure 3, showing the relation of
total utility to percent coverage.

stopped at any chosen point. Practically, to
achieve a percentage control for an entire
water body requires planning on the distribu-
tion of the control. The percentage of total
control, along with criteria for control areas,
is used to determine where and how often areas
are treated. Because of the primacy of the spe-
cific coverage objectives (alternatives), the de-
mand curve may be represented as a series of
points representative of the alternatives, as
shown in Figure 4.

Valuation work being planned for Lake
Guntersville (Contingent Valuation Method)
will present three alternative levels of control
for recreation users to respond to regarding po-
tential changes in their recreation use and their
value for recreation under each alternative.
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Figure 3. Relation of percentage aquatic plant
coverage to total utility

Figures 2 and 3 give the impression of a

continuous flow of plant control capacity,
where the control is divisible and can be
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Figure 4. Relation of different plant control
alternatives to total utility

Referring again to Figure 2 as the general-
ized case for total utility for a public good, as
the level of consumption of the public good
is further increased, total value rises to a max-
imum and then begins to decline. Past the
maximum value, increases of the good actu-
ally produce decreasing levels of total utility;
total value begins to decline with increased
amounts of the good consumed.

This phenomenon is observed in natural
resource management as the carrying capac-
ity of a resource is exceeded. If the good is
recreation access to open water for boating,
additional boats on the lake can exceed the
lake’s carrying capacity, and congestion or
unsafe conditions result, causing a decrease
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in overall utility. Alternately, the productivity
of fishery habitat could be easily exceeded.

In terms of aquatic plant control, the level
of plants may decline so much that habitat
values decrease and the fishery stock is ad-
versely affected.

Demand: Specifying quantity-
utility relationships

A demand curve relating public values to
the amount of a public good provides useful
information that supports decision-making.
In developing such a demand curve for
aquatic plant control, one notes that the two
extremes of the curve can be readily defined
from observation. If lake users cannot get
their boats in the water or have a difficult
time navigating through the water (under con-
ditions of no control), then demand is high
and the initial control efforts are highly val-
ued. These conditions are readily observable
from public behavior. Where control efforts
have increased to the point that fishing habi-
tat is reduced and perceptions of “good fish-
ing” success are diminished, or when water
quality benefits of the plants are reduced, the
public perceives that there is too much plant
control.

While these perceptions of too much or
too little control may in part be *“perceptions”
alone, they will translate into preferences for
particular control levels accompanied by dif-
ferent willingness-to-pay values for different
control alternatives.

With the ability to estimate the demand
and value for the two extremes of control, at-
tention is turned to the broad middle range of
control. The practical question asked is,
Where on the demand curve should the con-
trol stop, i.e., what is the optimal point for
control? The midrange value-quantity rela-
tions are the most important to know from a
management standpoint.

For a demand curve with an inflection point
(a curve that rises to a point and flattens out),
control past the inflection point would still in-
crease total utility or satisfaction, but the in-
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creases would be small for each additional
unit of control. The question here would be,
Is this small increase in utility worth the cost
of providing the additional unit of control?,
given that most of the satisfaction possible
has already been achieved in the steeper part
of the demand curve. The question is best an-
swered by examining the marginal utility of
aquatic plant control.

Marginal utility concepts

To identify the point at which increases in
plant control should be stopped requires ex-
amination of the marginal utility relationships
(Figure 5). Marginal utility is the change in
total value resulting from consumption of an
additional unit of the public good or service.
Marginal utility exhibits the phenomenon of
diminishing marginal returns (Mansfield
1991, Thompson 1991). At some level or
quantity of the good or service, the marginal
utility will be zero. Further incremental in-
creases in consumption actually result in de-
creases in the total utility.

20 -
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MARGINAL UTILITY

I I B
1 2 3 4 5 6 7

-5
T QUANTITY OF X CONSUMED

Figure 5. Relation of consumption of public
goods to marginal utility

Analysis of the marginal utility function
helps identify where additional plant control
ceases to increase the overall value to the
consumer. The amount of aquatic plant con-
trol that should be provided is that amount
such that the marginal utility of the last unit
of control is equal to zero. Less control than
that amount results in benefits that could still
be obtained by increasing the amount of con-
trol. Control levels past that point result in
losses to total utility because the marginal
utility of the additional control is negative.
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Because provision of public goods and
services is normally the responsibility of pub-
lic and quasi-public entities, these questions
about the marginal utility and midrange values
of public good demand curves are more than
theoretical economic constructs. Stating that
a given level of plant control should be in-
creased or decreased is best supported by
being able to quantitatively show that a
higher level will increase public benefits, or
conversely, that total utility will not be dimin-
ished past a certain point, and that additional
control will not increase total utility.

Valuation of Environmental
Goods and Services

Determining the value of aquatic plant
control efforts requires examining the value
of the public goods and services described
above and determining the value of affected
private goods and services. Changes in
aquatic plant infestation affect land values,
hydropower production, agricultural produc-
tion, commercial navigation, and industrial
development, because of their dependence on
a reliable source of water. These economic
changes provide goods and services that are
traded in a market, accruing benefits to pri-
vate individuals and interests. Market data
are available to support analysis of aquatic
plant effects on the value of these market
goods and services. The recreation and other
public goods affected by aquatic plants and
control efforts are not traded in markets, and
thus the value of these services is determined
through nonmarket techniques.

Market methods for environmental
goods and services

Management of natural resources results
in the production of products that have direct
market prices, e.g., agricultural products, and
in changes in the value of goods and services
that are traded in a market, e.g. land values.
Changes in environmental quality, resources,
and natural resource characteristics lead to
changes in production and variable and mar-
ginal costs, resulting in changes in the price
and quantity of goods produced.

Henderson

Market methods for valuation of environ-
mental goods and services include direct valu-
ation and indirect or surrogate market
techniques. Agriculture or aquaculture pro-
duction is the most obvious direct valuation
process for a natural resource. The price of
agriculture or aquaculture production changes
with costs of production resulting from the
effects of aquatic plants or aquatic plant con-
trol. Additionally, the value of various agency
programs related to agriculture, forestry, or
commercial fisheries can be directly mea-
sured as the change in total value of the mar-
ket, resulting from increased productivity
(Hufschmidrt et al. 1983).

Another direct market method is the use of
opportunity costs. The concept of opportu-
nity costs is used most appropriately to value
preservation of natural resources. The prem-
ise is that the value of the environmental
characteristic or resource is equal to the sum
of the foregone market values of the goods
and services that are not produced because of
preservation. This approach measures what
has to be given up for the sake of preserva-
tion or nonuse. It does not measure the bene-
fits of preservation for the unpriced uses
(Hufschmidt et al. 1983). Perhaps the best
utility of this concept may be in using oppor-
tunity costs to develop trade-off analyses
comparing economic benefits to the benefits of
preservation, e.g., habitat or historic values.

Surrogate market techniques include those
methods that use market data, e.g. land val-
ues or travel costs, indirectly to determine
values for environmental goods and services.
Surrogate techniques include a number of
land value approaches. Land value methods
take the value of a fixed asset to be equal to
the “discounted present value of the future
net-benefits associated with the use of the
asset” (Hufschmidt et al. 1983). The charac-
teristics or attributes associated with the prop-
erty are used to analyze the importance of the
characteristics to the property’s value.

The hedonic price approach and other land

value applications assume that information
on the demand for public goods is embedded
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in the price and consumption levels of private
goods (Freeman 1979). The value of property
is used to determine the willingness-to-pay
for different environmental characteristics.
At Lake Guntersville, a hedonic analysis is
being used to determine the impact of aquatic
plant infestations on residential land values.
Historic plant infestations are being compared
to residential land values, as evidenced by
home sales.

The Lake Guntersville work has illustrated
some common problems associated with land
value approaches. The data used for such an
analysis are dependent on availability and
quality of transaction data. The transaction
data contain the records of home sales, length
of time on the market, and other data that bear
on the value of the home. Tax collection and
real estate appraisal records provide informa-
tion on the size of the residential lots, water
frontage, and other home characteristics that
affect the value of the property. All of these
data have inherent biases and uncertainties.
During the 15-year period of aquatic plant
problems at Guntersville, long periods of rela-
tively few residential transactions have oc-
curred, due to other economic factors. This
situation, coupled with property tax records
that are not current, has provided a somewhat
uneven data set. These considerations are
common in such land value approaches.

The travel cost method is an additional sur-
rogate method used for estimating recreation
benefits. The method uses the individual’s
value of time and travel costs as a surrogate
measure of willingness-to-pay for recreation.
Although recreation has been the only appli-
cation of travel cost analysis, other applica-
tions should be possible (Hufschmidt et al.
1983).

Nonmarket methods for environmental
goods and services

For goods and services that cannot be val-
ued directly or indirectly through market
data, nonmarket valuation methods have
been developed. Nonmarket methods entail
establishing demand curves through bidding
or voting methods to determine monetary val-
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ues or to establish priorities among policies,
outcomes, or alternative projects (Freeman
1979, Hufschmidt et al. 1983).

Bidding approaches are based on an indivi-
dual’s evaluation in paying for different bundles
of goods and services. Willingness-to-pay
values are elicited for improvements to an
individual’s situation, and willingness to ac-
cept compensation values for outcomes that
reduce overall welfare. In contrast to the
market methods, consumer preferences are
determined for hypothetical situations rather
than demand being based on observed con-
sumer behavior.

At Lake Guntersville, valuation of differ-
ent aquatic plant control alternatives is being
undertaken through presentation of different
control alternatives. Descriptions of recre-
ation conditions to be experienced for each of
three control alternatives will be presented.
Respondents will provide two pieces of valua-
tion information: their amount of recreation
use and their willingness-to-pay for recre-
ation under each of the control alternatives.

Establishing the relation between changes
in environmental characteristics and valuation
is more difficult for nonmarket analysis be-
cause of the lack of a functioning market to
determine price. Freeman (1979) summarizes
this process as establishing the change in
three relationships. Application of this three-
step process to the recreation analysis at
Lake Guntersville gives the following:

(1) Change in an environmental charac-
teristic or amenity, e.g. level and dis-
tribution of aquatic plant control,
leading to a change in measure of
environmental quality. At Lake
Guntersville, this is a change in level
and distribution of aquatic plants (en-
vironmental characteristic), which
leads to a

(2) Change in environmental quality
leading to a change in the flow of en-
vironmental goods and services. At
Lake Guntersville, this is a change in
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recreation quality and desired quan-
tity (environmental goods and ser-
vices), leading to a

(3) Change in environmental services lead-
ing to changes in economic welfare.
At Lake Guntersville, this is a change
in willingness-to-pay for recreation use
at Lake Guntersville (change in eco-
nomic welfare or benefits).

Establishment of these relationships re-
quires understanding of individual behavior
and preferences under different conditions.

The demand curves of Figure 2 represent aggre-
gated preferences of a user population. To
begin the process, say for recreation, a demand
curve is determined for an individual showing
the relation of willingness-to-pay to the num-
ber of recreation days consumed (Figure 6).

PER DAY

WILLINGNESS TO PAY

/ g D
NUMBER OF RECREATION DAYS

Figure 6. Demand curve for recreation:
Relation of willingness-to-pay and
consumption of recreation days

Individual willingness-to-pay values may
be aggregated (Figure 7) to approximate an
aggregate demand curve. In Figure 7, lines
A, B, and C are the demand curves for indi-
viduals, and line D represents the aggregate
or combined curve. The important point to
note is that, in some cases, individuals hold
greatly different willingness-to-pay values for
the same level of an environmental amenity.
Rather than individuals, A, B, and C could rep-
resent demand curves for different user groups
and D, the total population demand curve.
Where different groups are being considered,
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the demand curves may show different prefer-
ences, i.e., downward-sloping versus upward-
sloping, showing different preferences for
overall levels of control.
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Figure 7. Aggregation of individual demand curves

The aggregation of user groups and indi-
vidual demand curves can mask the differ-
ences in individual and group preferences.
Generalized demand curves such as Figure 2
should be viewed in light of the understanding
that an aggregated demand curve represents
the combined demand of the individuals and
groups represented.

Willingness-to-Pay Measurements

For goods and services traded in a market,
the price is determined by the monetary amount
that individuals will pay for a specified quantity
of goods that suppliers are willing to supply at
that price, shown graphically in Figure 8. The
price represents the amount an individual is
willing to pay for a particular quantity of the
good. That is, the utility, degree of satisfaction,
or level of economic welfare for individuals
can be measured in terms of the prices they are
prepared to pay for the consumption of goods
and services. For goods that are consumed
without paying for them, prices that individuals
would be willing to pay can be imputed through
nonmarket methods. For goods and services
not traded in markets, what the individual has
to pay to enjoy an environmental good, e.g.
sportfishing, may be limited to his expenditures
for a fishing license, tackle and equipment, and
the value of his time.
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Figure 8. Price as a function of supply (S-S)
and demand (D-D)

The provision of the sportfishing opportu-
nity is supplied by a public agency, which
bears most of the costs of providing the public
good. This leads to a situation in which an
individual’s willingness-to-pay for a public
good may far exceed what it costs the individ-
ual to consume the good. This relationship is
shown in Figure 9, showing relation of expen-
ditures to willingness-to-pay, and is normally
referred to as a Marshallian demand curve.

This demand curve (Figure 9) shows will-
ingness-to-pay related to quantity consumed,
and the relation of expenditures to willing-
ness-to-pay. The amount the individual is
willing to pay but does not have to pay, i.e.,
the area under the demand line but above the
expenditure line, is known as the consumer
surplus. The consumer surplus is the differ-
ence between the amount the user is willing

i
CONSUMER
WILLINGNESS SURPLUS
TO
PAY
EXPENDITURE{\
QUANTITY

Figure 9. Consumer surplus
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to pay for a good and his actual expenditures
for the good. Consumer surplus is considered
the amount of public benefit produced by pro-
vision of the public good to the individual.
Group and population measures of economic
benefit are produced by aggregating the con-
sumer surpluses of individuals in the user
groups and population.

Agency actions that affect willingness-to-
pay include such things as provision and qual-
ity of facilities, any required use or entrance
fees, and the quality or condition of the natural
resources and environmental amenities that are
encountered in the consumption of the public
good. Considering the willingness-to-pay for
recreation affected by aquatic plants, willing-
ness-to-pay may be reduced through excessive
plant densities that clog boat motors and tangle
water skis. Alternately, willingness-to-pay
values may be increased by perceptions of
improved angler success.

Development of willingness-to-pay models
is accomplished through regression analysis
that specifies the relation between willingness-
to-pay and a number of explanatory variables
that consider characteristics of the user, e.g.
age, income, preferences for recreation, and
variables that incorporate the aquatic plant
conditions and other natural resource condi-
tions (Freeman 1979). Analytical methods
such as contingent valuation utilize this type
of regression analysis to produce models that
are used to value changes in recreation or
other public goods.

Analysis Procedures

The economic benefits and costs that result
from the operation of a public waterway are
used to make decisions on the feasibility of
construction of those facilities. While there
may be generalized references to benefit-cost
ratio or benefit-cost analysis or “having to take
a look at the benefits versus the costs,” such
references may be without a specific concep-
tual framework. More importantly, the actual
decision process that occurs may be misrepre-
sented by the rather inexact use of economic
terms.
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Cost-effectiveness analysis

Decisions about aquatic plant control con-
sider the costs and benefits of control, but
these decisions are by definition cost-effec-
tiveness analyses rather than benefit-cost
analyses. In cost-effectiveness, specific or
target levels of goods or services are decided
on as being desirable or the appropriate pol-
icy for adoption, and the cost-effectiveness
analysis involves evaluating how to most
effectively use available funding to achieve
the goal levels (Hufschmidt et al. 1983).

As pointed out in the discussion on de-
mand, the decisions on aquatic plant control
involve specific levels of plant infestation or
percent coverage to be achieved by proposed
control alternatives. Given the available
funding, decisions are made on how to allocate
the funding to achieve the desired control
alternative.

Estimating accurately the benefits and
costs of public goods is more difficult than
evaluating the most efficient way to achieve
an agreed-on level of control (Hufschmidt et
al. 1983). Obtaining a consensus of public
and agency values for a particular level of
aquatic plant control and then examining the
available funding and other resources for at-
taining that level of control produces a cost-
effectiveness analysis that can be used for
decision-making.

A major difference with the benefit-cost
analysis is the time horizon. Rather than con-
sidering benefits for the life of a project, an-
nual decisions are made about control efforts.
The nature of aquatic plant growth and redis-
tribution is such that significant increases or
decreases in plant biomass or acreages may
occur in a single annual growing season. The
effects of natural occurrences such as floods or
droughts or human-controlled influences, such
as reservoir drawdowns, can greatly change
aquatic plant populations from year to year.
For these reasons, an annual evaluation and
planning of control efforts is required.

The cost-effectiveness criterion is used by
decision-makers in formulating the plans for
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control efforts. This decision process has
been summarized as seeking to ascertain the
level and distribution of control to be attained
by available control technologies and other re-
sources. This summary of the decision pro-
cess will be examined in two parts (criteria)
to more closely examine how economic infor-
mation is used in the process.

Criterion: “Level and distribution of
control. ” In the explanation of cost-effec-
tiveness analysis, the discussion of determin-
ing the cost-effectiveness of available control
plans to achieve a consensus control level
may imply that an appropriate level of con-
trol is readily observed, obtained, or that con-
sensus readily exists. This is not necessarily
the case. Elicitation of such preference infor-
mation on aquatic plant control preferences
is usually limited to the public meetings in
conjunction with a Master Plan for a plant
control program, and may be limited to gen-
eral input on plant control without valuation
input.

In addition, plant control objectives are
sometimes stated as reduction of the plants to
some percentage of the waterway or to some
historic level or biomass level. Objectives
stated in such terms are difficult to use for
eliciting public values because individuals
have difficulty relating their use and values
to biomass or percent coverage statements.

Recalling the willingness-to-pay curve for
recreation (Figure 6), different groups and
individuals hold different preferences for the
same level of control, and these preferences
for use may in fact conflict. To identify
aquatic plant perceptions and preferences for
different plant control levels, Lake Gunters-
ville recreation users are being asked a series
of questions. Information about the user’s
recreation use of the lake will allow aggrega-
tion of individual responses to analyze group
preferences and values and to identify differ-
ences in plant control preferences and values
between groups. The basic questions used to
elicit this information are as follows:
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Would you describe the aquatic plant
coverage as:

A. Not noticeable D. Heavy
B. Slight E. Severe
C. Moderate F. Don’t know

What amount of aquatic plant coverage
would you like to see?

As much as possible

Somewhat more than presently exists
The same as presently exists

Less than presently exists but at least
some

No coverage, eliminate the plants
Don’t know

Al DopEes

In addition to the perception and prefer-
ence questions, respondents provide informa-
tion on issues and site characteristics,
collectively called satisfactions and prefer-
ences, which are important for their recre-
ation use. Such questions are a means to
identify those externalities important for use
by the recreationist. An abbreviated listing
is given below.

Satisfactions and Preferences

—Open water where you can recreate
-Water quality

—Natural beauty

~Opportunity to catch large number of fish
—Public access to lake

—Habitat

As pointed out, plant control objectives
stated as percent coverage or total biomass
do not address an important aspect of the in-
festation that affects public preferences, that
is, the distribution of the plants. To the indi-
vidual user, the location of the plants may be
more important to his willingness-to-pay
than the total quantity or acreage coverage of
the plants. Knowledge that a person’s boat
dock will not be blocked by plants will likely
be more important to estimates of expected
use and value than his knowing that a particu-

lar level of plant coverage equates to 27 per-
cent of the reservoir.

Accommodating preferences on plant dis-
tributions has a number of technical aspects
that must be considered. Response E to the
second question above, “No coverage, elimi-
nate the plants,” while being a reasonable re-
sponse, is impossible to accomplish from a
biological standpoint, besides being undesir-
able for overall ecological considerations.
Growth of most exotic aquatic plants is limited
by the need for sufficient sunlight, normally
limited by clarity of the water, but mostly by
water depth. Only parts of a water body less
than about 15 ft' in depth will support plant
growth.

Water quality considerations restrict chem-
ical treatment near water intakes. However,
aquatic plants near major sources of agricul-
tural runoff can absorb substantial amounts
of excess nutrients from agricultural produc-
tion. Considerations of lake recreation
management support the need for open non-
vegetated areas for water skiing, boat launch-
ing, and access to open-water areas.

Prior to formulation of alternatives for use
in a valuation survey for Lake Guntersville,
an effort was undertaken to obtain expert
input on the distribution question. The intent
was to ensure that the alternatives presented
to the public are feasible and desirable and
accommodate the diverse ecological and pub-
lic needs of different user groups. A Techni-
cal Advisory Panel (TAP) was formed of five
groups with expertise in the areas of aquatic
plant management; recreation; water quality;
fisheries; and wildlife, waterfowl, and wet-
lands.

The five expert groups worked separately
to develop plant distributions that optimized
benefits to their group’s interests. After de-
velopment of the five separate plant distribu-
tion plans, the groups prepared a TAP Plan
representing a consensus plant distribution
that accommodates all reservoir user groups.

L A table of factors for converting non-SI units of measurement to SI units is presented on page xxi.
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Additionally, the plant distribution and acre-
age coverage of the TAP Plan approximated

the goal of the Joint Agency Project of 7,000
acres of aquatic plants (10 percent of the res-
ervoir).

Criterion: ‘“Attained by available con-
trol technologies and other resources.” The
second part of the cost-effectiveness criterion
subsumes all the constraints under which
aquatic plant control occurs. A limited number
of control technologies are available: physi-
cal control (reservoir drawdowns); biological
control (establishment of natural predator
populations); chemical treatment (herbicides);
and mechanical control (plant harvester).
The resources that affect decisions about
aquatic plant control are subsumed under two
headings, institutional factors and natural
resource factors, as discussed below.

Cost-effectiveness decisions are made
considering the institutional context of a bu-
reaucratic agency. The most important insti-
tutional factor is available funding for plant
control. Water quality and other regulatory
institutional requirements will alter the level
of aquatic plant control that is required. Con-
sidering the overall demand curve shown in
Figure 2, if a level of control is decided, a
higher level of control may be imposed (for
instance, a Congressionally mandated goal as
with Lake Guntersville). Such a newly estab-
lished quantity of public goods produced will
have the effect of increasing both total bene-
fits and total costs. Depending on the start-
ing point on the curve, the marginal benefit
of the change may be less than the marginal
costs of the required increase in control.

Changes in natural resources can alter the
aquatic plant levels and distributions through
changes in growing conditions. This will re-
quire alterations to the short- and long-range
control plans. Referring to the demand
curve, a drought can shift the total utility
curve to the left, reducing benefits for the
same amount of control effort. Alternately,
flood years will increase the resulting control
benefits realized.

Henderson

Each control technology has different costs,
length of effect, and public acceptability. Me-
chanical harvesters are expeditious in cutting
boat lanes to ensure access to deep water, but
may not be cost effective for small projects,
because of the investment required. Biologi-
cal controls have potential for the longest
control period, but it may take several years
for a population of the control organism to be
large enough to provide the needed level of
control. Difficulties in establishing the natu-
ral predators sometimes require several ef-
forts. Chemical control is expedient, readily
controlled, and cost effective, but has vary-
ing degrees of acceptability with the public.

Efforts to assess public perceptions on the
different control techniques have been limited
to public meeting input. The surveys at Lake
Guntersville are eliciting perception informa-
tion on the knowledge of and acceptability of
different control techniques, and the effec-
tiveness of the disseminated educational in-
formation. For a specific control decision,
the costs of potential control technologies
must be balanced with the benefits to be at-
tained, the time extent of control, and public
acceptability of the plant control project.

Summary

This paper has examined the economic val-
uation of a public good—control of nonnative
aquatic plant species—through examination
of methods to determine the economic value
of the goods and services impacted by aquatic
plant control. The approach used in the paper
was to describe how the valuation could
occur. Making decisions on plant control
requires integration of economic benefit in-
formation with other policy and technical in-
formation. From the economic standpoint
alone, the magnitude of this task can be
shown by considering the tasks involved in
optimizing the multiple effects and economic
values, as shown in Table | (from Henderson
1991). The work accomplished in the Lake
Guntersville study and other work at WES
will increase the ability to value the benefits
resulting from aquatic plant control efforts.
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Table 1
Aquatic Plant Impacts on Economic Benetfits

Project Purpose/Benefit Aquatic Plant Impacts

Change in Benefits or Costs

Municlpal and industrial

water supply | intakes.

Clogging of intakes; control efforts to avoid

Increased costs to supply; increased costs
_| of control.

Flood controt

=
Hydropower Clogging of intakes.

Reduction of tota! storage capacity.

Potential loss of flood benefits of lost
storage.

Increased generation and maintenance
costs.
o

k

Inland navigation
unloading facilities.

Increase in difficulty of access to loading/

ﬁncreased transportation costs.

Recreation

Affects components of recreation use.

Changes in recreation use such as fishery
habitat, accessibility and navigation, and
Lwillingness-to-pay for recreation.

Regional income

on water-dependent industries.

Change in income due to impacts of plants

Changes in income, e.g. recreation-related,
manufacturing.

dependent industries.

Regional employment Changes due to impact of plants on water-

Changes in employment, e.g. recreation-
related, manufacturing.

Urban and community
and residents’ use of the lake.

Changes in residential land use patterns

Changes in residential land values due to
aquatic plants.

i impact

Life, health, and safety

hazards to safety of plants.

Changes in vector production; possible

Losses due to vector-borne disease.
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Movements and Habitat Use of Triploid Grass Carp
in Lake Marion, South Carolina, 1990-1991

Stephen D. Karalia,' Jeffrey W. Foliz," and K. Jack Killgore2

Introduction

Lake Marion, South Carolina, is a 44,000-ha
lake formed by impoundment of the Santee
River. It consists of open water as well as
dense cypress swamps. Agquatic vegetation
has become a serious problem in upper Lake
Marion north of the Interstate 95 (I-95) bridge
(Inabinette 1985). Upper Lake Marion’s
shallowness is conducive to aquatic plant
growth. Many areas of the lake have limited
access due to dense aquatic vegetation. This
has hampered use of the lake by recreational
hunters and anglers. Herbicides have been
used extensively to control the vegetation
problem, but a more feasible and long-term
solution is needed. Mechanical removal and
herbicide treatment can be costly and time
consuming, and work on a limited basis for a
limited time.

One possible solution is the release of trip-
loid grass carp (Ctenopharyngodon idella).
Grass carp have been effective in eliminating
Hydrilla verticillata in several large lakes in
Florida (Beach et al. 1976; Miley, Leslie, and
Van Dyke 1979). Advantages of biological
control include longevity of the method, con-
stant fish-feeding activity against growing
vegetation, low long-term cost, and high ef-
fectiveness on selected plants (Sutton and
Vandiver 1986).

Three hundred thousand triploid grass carp
have been released between 1989 and 1991 at
various locations in upper Lake Marion to
control nuisance aquatic vegetation (South
Carolina Aquatic Plant Management Council
and South Carolina Water Resources Com-

mission 1990). Water temperature is known
to cause migrational movement in grass carp
once water reaches 15 to 17 °C (Aliev 1976).
A rise in water level or increased flow rates
have also caused grass carp to exhibit migra-
tional movement (Stanley, Miley, and Sutton
1978). If triploid grass carp were to migrate
up the rivers and away from aquatic plant-
infested areas, they would be ineffective for
weed control.

Objectives of this study were to (1) deter-
mine the magnitude and direction of grass
carp movements, (2) determine if grass carp
remain in the targeted vegetation areas, and
(3) examine characteristics of habitats used
by triploid grass carp.

Study Site

Lake Marion has an average depth of only
5 m and a maximum depth of 12 m. Imme-
diately upstream of Lake Marion, the Santee
River is formed by the confluence of the
Wateree and Congaree Rivers. The Wateree
River originates at the Wateree Dam about
100 km upstream from Lake Marion.

The Congaree River originates at the Saluda
Dam on Lake Murray and flows 85 km before
joining the Wateree. The Wateree and Con-
garee Rivers average 183 and 266 m?/sec dis-
charge, respectively. When Lake Marion was
constructed in 1941, it impounded 6,500 ha in
its headwater section, known as the Santee
Swamp. The swamp is anaerobic most of the
year and hence influences water quality in
upper Lake Marion (Bates and Marcus 1989).
Vegetated areas of the lake targeted for control

I South Carolina Agricultural Experiment Station, Clemson University, Department of Aquaculture,

Fisheries and Wildlife, Clemson, SC.

2 Us Army Engineer Waterways Experiment Station, Vicksburg, MS.
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have an estimated 4,800 ha of submerged veg-
etation, mostly upstream from the I-95 bridge.

Habitats in upper Lake Marion can be
categorized as five types: (1) Santee River
channel (2 to 8 m deep), (2) open water with
creek channels running through it (1 to 2 m
deep), (3) open water with scattered cypress
trees (2 to 3 m deep), (4) open-water shallow
flats (1 to 2 m deep), and (5) thick cypress
swamp (2 to 3 m deep). All types except the
Santee River channel support dense

Scales were removed from the incision area,
and a 5-cm longitudinal incision was made in
the ventral wall 6 cm anterior to the pelvic
girdle. A transmitter was inserted into the
body cavity, and the incision was closed with
nonabsorbable silk sutures. Oxytetracycline
(50 mg/kg body weight) was injected into the
body cavity before the last suture was stitched.
Fish were then immediately released into the
lake approximately 1 km north of Santee
State Park (Figure 1).

stands of nuisance aquatic vegetation.
No assessment of the proportion of
upper Lake Marion that each habitat
type comprises has been made. Like-
wise, no assessment of the magnitude
of the swamp’s influence on down-
stream water quality has been made,
although fish kills due to anaerobic
conditions are a common summer
phenomenon in upper Lake Marion’s
swamps.

Methods

Thirty-seven triploid grass carp
were surgically implanted with radio
transmitters. The life span of the trans-
mitters was 9 months, and transmitter
frequencies ranged from 48.036 to
49.527 KHz. Each fish was identified
by a distinct frequency. Fish were an-
esthetized using a bath containing 100
mg/L MS-222 and 25 mg/L Furacin.
Each fish was weighed to the nearest

Santee State Park

5 km

North

Santee River Channel

Interstate 95

0.01 kg and measured to the nearest
millimeter. Anesthetized fish were
placed in a V-shaped operating trough
so that the fish excluding its abdomen
was submersed in water containing
MS-222 and Furacin. A small aquarium
aerator was used to maintain adequate
oxygen levels in the operating trough. A
radio transmitter was then surgically im-
planted using the procedure described by
Schramm and Black (1984). Surgical gloves
were worn, and instruments and transmitters
were disinfected prior to use.

WES MP A-92-2, June 1992

Figure 1. Locations of radio-tagged adult triploid grass carp
in upper Lake Marion, 1990-1991. Each dot represents one

or more individual fish locations

An Advanced Telemetry Systems (model
2000) radio receiver was used. Boat searches
for implanted grass carp were conducted
3 days per week for 18 months. Signals were
received while boating with a Telex Commu-
nications (model 64 B-S) four-element yagi
antenna. Once a signal was picked up by the
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receiver, the antenna was rotated to ascertain
direction, and the boat was motored in that di-
rection. Signal strength increased as the fish
was approached. The coax cable was then
disconnected from the antenna and dropped

in the water beside the boat. Intensity of the
signal indicated when the boat was within

25 m of the fish.

Once a fish was located, the date, water
depth, and Loran latitude and longitude coor-
dinates were recorded. Water temperature
and dissolved oxygen (DO) were measured at
the surface and on the bottom with a YSI dis-
solved oxygen meter (model 51B) (to the
nearest 0.1 °C and 0.1 mg/L, respectively).
Mean DO was calculated from the surface and
bottom value. An aquatic vegetation sample
was taken from the surface and bottom with
a rake. Aquatic vegetation was identified
(Pennwalt 1984) in the field. The species
that comprised the largest proportion of a sam-
ple was categorized as primary vegetation, and
the species that comprised the next largest
proportion was categorized as secondary.

Vegetation density in the general vicinity
of the fish location was identified as one
of four categories: (1) vegetation covers
250 percent of the surface, (2) vegetation
covers <50 percent of the surface, (3) vegeta-
tion present but submersed, or (4) vegetation
sparse. Habitat type was categorized as one
of five types (see Study Site): (1) river chan-
nel (Santee, Congaree, or Wateree); (2) open
water with creek channels; (3) open-water
shallow flats; (4) thick cypress swamp; and
(5) open water with scattered cypress trees.

Fish locations were plotted on a digitized
map that indicated the Santee River channel.
Days elapsed and distance moved (to nearest
0.01 km) between readings were computed
for each fish. Minimum net daily movement
was then computed as net kilometers per
elapsed days. Linear and nonlinear regres-
sions were employed to describe seasonal
changes in minimum net daily movement.
Distance from the river channel to the fish
was computed along a line perpendicular to
the fish and the river channel. Distances
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were recorded to the nearest 0.01 km. Dis-
tance of grass carp from the river channel
was tested with a t-test (null hypothesis that
distance = zero).

Results

Triploid grass carp used in this study
averaged 704 mm total length (standard error,
SE = 15) and 4.42 kg live weight (SE = 0.20)
at the time of release. Fish were located on
180 occasions, and the average elapsed time
between locations of an individual fish was
17 days. The longest distance moved by a
fish was 10.6 km over 4 days, while the aver-
age was 0.10 km/day (SE = 0.01). Grass carp
in this study did not demonstrate a preference
for the river channel in Lake Marion (Figure 1).
Mean distance of grass carp from the river
channel was 1.01 km (SE = 0.07). This mean
distance was significantly different from zero
(t=14.21, p =0.0001).

Surface DO concentrations at fish loca-
tions remained above 8 mg/L most of the
year, but bottom concentrations averaged less
than 1 mg/L in May (Figure 2). Water tem-
peratures at fish locations were similar to the
pattern that occurs in the upper lake: winter
temperatures of 10 °C and summer high tem-
peratures of 29 °C (Figure 2). There was a
2 to 5 °C difference between surface and bot-
tom temperatures at fish locations, which
ranged in depth from 2 to 3 m (Figure 2).

No studies to date have quantified the dif-
ferent proportions of habitat and aquatic veg-
etation types in upper Lake Marion. During
the study, 64 percent of fish locations were
habitats composed of shallow flats with
depths of 2 to 3 m (Figure 3). Twenty-five
percent of the time, grass carp locations were
in thick cypress swamps. Fish were congre-
gated in either open-water shallow flats or
thick cypress swamps during the months of
January through April (Table 1). Numbers of
fish in the cypress swamps decreased from
June through September, and numbers of fish
in shallow flats increased. No fish were lo-
cated in the cypress swamp by June.
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Figure 2. Average depth (m), water temperature (°C), and dissolved oxygen (mg/L) at locations occupied
by adult radio-tagged triploid grass carp in upper Lake Marion
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Figure 3. Habitat utilization by radio-tagged adult triploid grass carp in upper Lake Marion
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Table 1
Percentage of Grass Carp Locations in Relation to Habitat Categories in Lake Marion

Habitat Category (Percentage Fish Locations)'
Month (1991) RC owcc OWSF TCS OowCs
January 0 0 57 43 0
February 0 4 48 48 0
March 0 0 o 71 26 3
April 0 0 84 16 0
May 0 13 75 12 0
June 0 25 75 0 0
July 100? 0 0 0 0
August 0 0 5 25 0
September 0 0 100 0 0
October 0 0 52 24 24
November 0 8 72 20 0
December 0 0 55 45 0

' Habitat categories are defined as follows: RC = river channel, OWCC = open water with creek channels,
OWSF = open-water shallow flats, TCS = thick sypress swamps, and OWCS = open-water cypress stands.
2 These fish were located at boundary between river channel and shallow flats near Santee State Park.

Fifty-three percent of recorded grass carp November, December, and January, respec-
locations were in areas with aquatic vegeta- tively (Table 2). Winter and spring frequency
tion at the water’s surface (Figure 4). More of observations for areas with <50 percent
specifically, 23 percent of the locations were coverage and submersed vegetation were
areas with vegetation that covered >50 percent high, as expected, accounting for 100, 87,
of the surface and 30 percent in areas with 91, and 100 percent of grass carp locations
vegetation that covered <50 percent of the for January, February, March, and April,

surface (Figure 4). Areas
with submersed vegetation
accounted for 41 percent
of fish locations.

None-6%

Submersed-41%
On a seasonal basis,
grass carp locations dem-
onstrated a trend similar to
that of the progressive in- ———
crease in aquatic plant bio-
mass. The summer is
characterized by dense
aquatic vegetation stands
that reach the water sur-
face. Grass carp locations
in areas rated as 250 per- -
cent coverage increased Coverage-30%
from 13 percent in May, to
75 percent in September,

N\ Complete
;A Coverage-23%

and declined to 43, 44, 55, Figure 4. Aquatic vegetation densities of locations used by radio-tagged
and 0 percent for October, adult triploid grass carp in upper Lake Marion
22
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Table 2
Mol:uhly Changes in Vegetation Density at Grass Carp Locations

Density Category (Percentage of Fish Locations)
Month (1991) None Sparse Submersed <50% coverage | >50-100% Coverage
January 0 0 B 71 - 29 0
February 0 0 30 57 13
March 0 3 74 17 6
April 0 0 79 21 0
May 0 0 38 50 12
June 25 0 75 0 0
July 100’ 0 0 0 0
August 0 0 1o 38 62
September 0 LO 0 25 75
October 5 0 38 14 43
November 0 0 4 52 44
‘December 0 |0 - 18 B 27 55
' These fish were Ioc;t; at t;u;déry betweenﬁér ;:hannel and shallovrlals ne_ar?antee State Park.

respectively. Over the course of the study, Discussion

70 percent of fish locations were in areas

dominated by hydrilla (Figure 5). Egeria densa The magnitude of grass carp movements
was the predominant vegetation type in only noted in this study was comparable but less
6 percent of fish locations. Other vegetation than rates reported for adult fish by Chappe-
types, which included duckweed, Nitella, and lear et al. (1990) and Bain et al. (1990).
coontail, accounted for 19 percent of the loca- Chappelear et al. (1990) reported average
tions, but no single species exceeded 2 percent. daily movements of 0.29 km/day with an av-

erage elapsed time be-
tween observations of
None-5% an individual fish of
éﬂw 10 days. Movements
reported by Chappelear
et al. (1990) were for
Hydriila-70% grass carp released at
three widely separated
points in upper Lake
Marion. Also, fish prob-
ably moved to avoid the
widespread low-DO
events that occurred
during 1989 and 1990 in
the uppermost cypress
swamps and adjacent
flats. Bain et al. (1990)
reported that adult fish

movement averaged
33 km over a 4-month

Others-19%

Egeria-6%

Figure 5. Predominant aquatic vegetation at locations used by radio-tagged
adult triploid grass carp in upper Lake Marion
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period (i.e., about 0.27 km/day) and that one
fish traveled 6 km/day. It is difficult to make
direct comparisons between studies without
knowledge of the frequency of observation.
For example, a fish could travel 1 km each
day for 10 successive days, but if it finished
at its origin and had not been observed for
10 days, net daily movement would compute
as zero. In the present study, grass carp gen-
erally remained in the shallow flats located
within 2 km of their release site.

Redistribution of grass carp from thick
cypress swamps to open-water shallow flats
was probably due to low DO in the upper lake
during the summer. Thick cypress swamps
are characterized by low summer DO concen-
trations (Bates and Marcus 1989). Utilization
of slightly deeper and slightly less vegetated
areas probably provides grass carp with a
suitable combination of food density and DO
concentrations.

Locations predominated by hydrilla consti-
tuted the majority of grass carp locations.
Hydrilla is an excellent food for grass carp
because of the soft nature of the plant and its
high ash content (Tan 1970, Rottman 1977).
Grass carp used in this study were large
(704 mm total length), and according to Sutton
and Vandiver (1986), hydrilla would be their
preferred food. No data exist concerning the
percentage of Lake Marion’s total nuisance
aquatic plants that the individual species com-
prise. Thus, no preferences for hydrilla can
be inferred in the present study.

In summary, no long-distance migrations
were observed, and fish showed no affinity
for the Santee River channel. Triploid grass
carp remained in the upper part of Lake Mar-
ion, and these fish did not leave areas targeted
for aquatic vegetation control. Dissolved
oxygen levels appeared to play an important
part in the location and movement of fish. In
addition, information on water quality and
aquatic vegetation distribution for upper
Lake Marion is needed in order to interpret
movements relative to available habitat.
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Management of Endemic Aquatic Macrophytes
in Warmwater Ponds

Gary O. Dick" and R. Michael Smart!

Introduction

The Lewisville Aquatic Ecosystem Re-
search Facility, located in Lewisville, TX,
consists in part of 55 earthen ponds and was
originally operated as a state fish hatchery.
All ponds are gravity-fed from Lewisville
Lake and are inhabited by several species of
submersed aquatic macrophytes, including
Najas guadalupensis, Potamogeton nodosus,
P. pectinatus, Ceratophyllum demersum,
Zunnichellia palustris, and Chara vulgaris.
Additionally, numerous emergent macrophyte
species are indigenous to the ponds.

To make the ponds more useful for con-
trolled aquatic plant research, we require
practical methods for reducing or eliminating
the dominant species, Najas and Chara. Our
initial approach has been to investigate the
germination of Najas seed and Chara spore
banks in pond sediment, the efficacy of
water-level manipulation for reduction of
seed and spore numbers, and the use of se-
lected herbicides for preemergent control of
both species.

Methods

Seed and spore
bank germination

Sediment was collected from several
ponds, and then pooled and mixed to ensure
homogeneity. Aliquots of 0.5 L of sediment
were added to 3.8-L pots (to a depth of 6 cm),
and each pot was then flooded with 2.0 L of
filtered (0.1 mm) lake water. Water tempera-
tures were maintained between 20 and 30 °C

for 38 weeks under a 14:10 artificial light re-
gime. Germinated plants were counted and
removed on a weekly basis as soon as they
could be identified as Najas, Chara, or
“other.” After germination rates tapered off
(week 8), water from a set of pots was drawn
off, and the sediment was dried for 1 week.
Each pot of the set was then reflooded with
2.0 L of deionized water. The drying process
was repeated at 25 weeks on these pots.

An additional set of pots was dried and
reflooded for the first time at week 25, result-
ing in three treatments in the experiment:

(1) continually flooded, (2) two dry periods
(at 8 and 25 weeks), and (3) one dry period
(at 25 weeks). The data presented here
represent 38 weeks of observation. We plan
to continue this study until the seed/spore
banks are depleted.

Wet/dry cycles in ponds

Several ponds at the Lewisville Facility
were manipulated to observe the effects of
wet/dry cycles on Najas and Chara popula-
tions. Water levels were maintained for a
minimum of 6 weeks after filling a pond,
which allowed time for the initial surge of ger-
mination by Najas and most of the first surge
by Chara. The ponds were then drained to
destroy all germinated plants. After a drying
period, the ponds were flooded again and the
cycle repeated. Effectiveness was estimated
visually by species composition and area of
coverage by all species from cycle to cycle.
Although these methods await scientific scru-
tiny, we present several observations related
to this procedure.

I US Army Engineer Waterways Experiment Station, Lewisville Aquatic Ecosystem Research Facility,

Lewisville, TX.

Dick & Smart
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Preemergent control

Three herbicides were chosen based upon
preliminary testing and/or known efficacies
against the target species: monoamine salt of
endothall, dichlobenil, and metam-sodium.
Methods used in the germination study were
duplicated. Sediment in each treatment was
amended with maximum label-recommended
rates of the herbicides for controlling standing
macrophytes or seeds.

Results and Discussion

Seed and spore
bank germination

Najas began sprouting approximately
1 week after flooding. Initial numbers aver-
aged five germinations per replicate over the
first 4 weeks of the study (Figure 1). Chara
began sprouting approximately 2 weeks after
flooding, with high numbers of plants re-
moved during the first 8 weeks of the study
(Figure 2). “Other” plant species, principally
Polygonum spp., began sprouting | week
after flooding, but generally died prior to
harvest.

Following the initial surge, germination
rates tapered off in both species. Najas
stopped sprouting after 4 weeks. Chara con-
tinued to germinate over the remainder of the
study, but at much reduced rates after 8 weeks,
with weekly averages of less than one plant
per replicate in continually flooded pots.

The drying events at 8 and 25 weeks ap-
parently triggered additional Najas seed ger-
mination, although cumulative numbers were
not significantly different from the continually
flooded treatment. Small sample size with
relatively low germination numbers hampered
our ability to detect differences between
treatments.

The induced wet/dry cycles sparked in-
creases in germination by Chara. The treat-
ment dried at 8 weeks showed a significant
increase over the continually flooded treat-
ment, increasing the cumulative number of
germinations by over 50 percent. Both treat-
ments dried at 25 weeks showed less than
5-percent increases in total numbers of germi-
nating spores. The large difference in the in-
creases between the initial drying periods for
the two wet/dry treatments may have been
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Figure 1. Mean cumulative germination of Najas
guadalupensis in three treatments of wetldry cycles,
with a typical standard error bar for each treatment
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Figure 2. Mean cumulative germination of Chara
vulgaris in three treatments of wet/dry cycles, with
a typical standard error bar for each treatment
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related to timing. Those spores that were
dried early and reflooded may not have had an
opportunity to enter into “long-term” dor-
m:ancy, whereas those not subjected to an early
dry

period did, or were not able to survive.

Wet/dry cycles in ponds

In ponds that were drained and filled only
once, Chara returned as the initial dominant
species, but was gradually replaced by Najas
when water was maintained in the pond for
more than 10 weeks. This may have been the
result of the high number of Chara spores
germinating (estimated at >8,500/m” in some
ponds) and the favorable conditions for
Chara growth in newly flooded ponds (high
levels of light and nutrients). Successional
replacement by Najas over time may have
been typical, due in part to shading and even-
tual crowding out of the Chara.

When ponds were subjected to repetitive
short-term wet/dry cycles, Najas replaced
Chara as the initial dominant species in sec-
ond and successive fill periods, with Chara
becoming established only in fringe areas
where Najas did not grow well, usually in
very shallow water. The first wet/dry cycle
may have significantly reduced the spore
bank of Chara, giving Najas an opportunity
to become established earlier due to reduced
competition.

Six weeks was the preferred length of time
for the wet period of the cycle. Under longer
periods, Chara may produce spores and ne-
gate the operation. Although Najas does not
reach seed production potential as quickly, it
is more resistant to dry periods and may re-
quire up to 2 weeks for complete elimination
of plants by drawdown. A near-optimum
wet/dry cycle thus requires 6 to 8 weeks.

Peemergent control
The numbers of Najas and Chara germi-
nated from sediment treated with monoamine

salt of endothall did not vary significantly
from controls (Figures 3 and 4). Endothall
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was deemed inadequate as a preemergent her-
bicide for use in ponds.
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Dichlobenil and metam-sodium treatments
showed significantly lower germination rates
than controls, totaling only four individual
germinated Chara spores and no germinated
Najas seeds in dichlobenil treatments, and
one germinated Chara spore and no germi-
nated Najas seeds in metam-sodium treat-
ments. The four Chara plants in dichlobenil
treatments occurred in the third week of the
study, and all died within 3 days.

Although dichlobenil was effective at con-
trolling germination in both species, its use
may be limited to ponds in which no aquatic
plant studies are planned in the near future.
The herbicide may persist in the sediment for
up to 1 year, and nonselectively controls

WES MP A-92-2, June 1992

standing macrophytes. We are continuing
our evaluation of this compound for control
of unwanted vegetation in experimental
ponds.

Metam-sodium showed the most promise
in preemergent control of Najas and Chara.
When used as a soil fumigant, the herbicide
kills both seeds and spores, effectively steri-
lizing the sediment for our purposes. After
several days of drying, the metam-sodium va-
pors escape the sediment, and preliminary re-
vegetation tests on treated sediment thus far
have been very successful. Further study in-
volving application techniques on a larger
scale is currently being planned.
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Effects of Aquatic Plants on Water Quality
in Pond Ecosystems

David Honne//,] John D. Madsen,l and R. Michael Smart'

Introduction

This study was undertaken to directly
compare the effects of exotic plant species
versus native plant communities on water
quality. To date, the relative influence of ex-
otic aquatic plant species on water quality
has received little attention. A series of cul-
ture and research ponds located at the Lewis-
ville Aquatic Ecosystem Research Facility
(LAERF) provided a unique opportunity to
examine the impacts of different aquatic
plant species on water of similar origin. Ten
ponds of different species composition were
examined at various times during the study.
In this effort, we used continuous hourly re-
cordings of water quality parameters to pro-
vide more complete observations of daily
variations than the single-point observations
often used.

The goal of this study was to document
both diurnal and longer term patterns in four
water quality parameters (temperature, dis-
solved oxygen, pH, and conductivity) in
ponds of different plant composition.

Methods

Vegetation types selected for this study
included the exotic species of waterhyacinth
(Eichhornia crassipes), hydrilla (Hydrilla
verticillata), Eurasian watermilfoil (Myrio-
phyllum spicatum), and a native species
complex that included American pondweed
(Potamogeton nodosus), southern naiad
(Najas guadelupensis), coontail (Cerato-

phyllum demersum), and stonewort (Chara
sp.). Three ponds of waterhyacinth (floating)
were used with a total sampling period of

53 days. One pond of hydrilla (submersed)
was used with a total sampling period of 47
days. Four ponds of Eurasian watermilfoil
(submersed) were used with a total sampling
period of 41 days. Two ponds containing
various native species (submersed) were sam-
pled with a total sampling period of 53 days.

The average size of the study ponds is
0.30 ha, with an average depth of approxi-
mately 1 m (Figure 1).

Four Hydrolab Datasonde I units were
calibrated (as outlined in the manual) and
deployed on a weekly basis, rotating between
ponds of each species composition. Each
sonde deployed was located in the deepest
area of the pond, and was positioned such
that the probes were located subsurface. One
pond per representative species composition
was monitored each week.

Parameters measured were temperature
(°C), dissolved oxygen (mg/L), pH (units),
and conductivity (uS/cm). All conductance
values were corrected to 25 °C. The recording
sample frequencies were set at |-hr intervals.

Data analysis was undertaken using a
Kruskal-Wallis nonparametric statistic. The
statistics were computed for the minimum,
maximum, average, and range for each 24-hr
day of recorded information for each pond

type.

I US Army Engineer Waterways Experiment Station, Lewisville Agquatic Ecosystem Research Facility,

Lewisville, TX.
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Figure 1. Map of Lewisville Aquatic Ecosystem Research Facility showing pond locations, size,
and species composition

Results and Discussion

Surface water temperature of the ponds re-
vealed very little difference in daily average
values (Figure 2).

Dissolved oxygen in the hydrilla ponds was
significantly lower than in the watermilfoil or
native ponds (Figure 3). Dissolved oxygen
was highest in the native species ponds. Av-
erage dissolved oxygen levels in the exotic
species ponds were below 5 mg/L, which is
undesirable for warmwater fisheries.' The
daily fluctuations of dissolved oxygen were
similar in amplitude, but the minimum daily
values observed in ponds containing exotic
species could cause stress to warmwater fish.

Average pH values were highest in the na-
tive ponds, lowest in the waterhyacinth ponds,
and intermediate in the hydrilla and water-
milfoil ponds (Figure 4). Daily fluctuations
in pH were fairly large in the submersed spe-
cies ponds, while pH of the waterhyacinth
(floating) ponds exhibited little daily variation.

Conductivity values among the exotic spe-
cies ponds were very similar, and exhibited
little daily variation (Figure 5). The native
ponds exhibited both lower conductivity val-
ues and greater diurnal fluctuations than did
the exotic species ponds.

1
Agricultural Experiment Station.

WES MP A-92-2, June 1992

Claude E. Boyd. 1979. Water quality in warmwater fish ponds. Auburn, AL: Auburn University,
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Conclusions

Based on the results of this study, conclu-
sions are summarized below.

a. Vegetation had no significant effect
on pond water temperature.

b. Exotic species ponds showed signifi-
cantly lower average DO values (gen-
erally lower than 5 mg/L) than did
native species ponds. Native species
ponds exhibited greater daily fluctua-
tions, but averaged over 5 mg/L.

¢. Exotic species ponds generally exhib-
ited higher pH values than did native
species ponds.

d. Native vegetation ponds exhibited
greater daily fluctuations and signifi-
cantly lower conductivity than did
the exotic species ponds.

Honnell, Madsen, & Smart

Ongoing Research

With the excellent opportunity afforded by
the LAERF, we are continuing to monitor
water quality in ponds of different species
composition to expand data sets for full sea-
sonal cycles. Additional parameters are also
being analyzed on a routine basis by the on-
site chemistry laboratory to develop a
broader data set and a better understanding of
the processes taking place in the ponds of
varying aquatic plant communities.
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Environmental Characteristics of Ponds at the Lewisville
Aquatic Ecosystem Research Facility

R. Michael Smart," Joe R. Snow," and Gary O. Dick'

Introduction

The Lewisville Aquatic Ecosystem Re-
search Facility (LAERF) includes 55 earthen
ponds that are available for experimental re-
search on aquatic and wetland ecosystems.
In an ongoing effort to provide WES scien-
tists and managers with needed information
0.1 the characteristics and utility of these ex-
perimental systems, we present preliminary
information on the physical attributes and en-
vironmental characteristics (light, tempera-
ture, and water quality) of the ponds.

Physical Characteristics of Ponds

The ponds range in size from 0.4 to 1.9
acres (Table 1) and are of various shapes
(Figure 1). Most of the ponds (37 of 55) are
rectangular and range from 0.67 to 0.86 acre,
making them suitable for conducting repli-
cated experiments. Pond volumes range
from 1 to 7 acre-ft, with most of the ponds
holding between 2 and 3 acre-ft. Maximum
pond depth ranges up to 9 ft, although aver-
age depth is much less, with most averaging
about 3 ft in depth. This depth is suitable for
conducting studies of both submersed and
floating aquatic plant species as well as emer-
gent wetland plants. In studies of submersed
aquatic plants conducted at the LAERF to
date, we have concentrated sampling in
deeper portions of the ponds (Figure 2).
However, the gentle slopes of the pond bot-
toms provide opportunities for sampling at
various water depths if desired. Pond water
levels are easily regulated, so wetland or
o:her studies requiring shallower or variable
water depths can be accommodated.

Meteorological Conditions

A meteorological station installed at the
L AERF has been collecting data on solar ra-
diation; wind speed and direction; tempera-
tures of the air, soil, water, and sediment;
and rainfall for nearly 2 years. Several ponds
are equipped with data loggers and environ-
mental monitoring equipment for obtaining
continuous records of environmental condi-
tions for specific studies. All of these data
are available in digital form to researchers
using the ponds.

Water temperatures measured in the ponds
reflect seasonal changes in daily air tempera-
ture (Figure 3). Both water temperature and
light intensity (Figure 4) exhibit strong sea-
sonality and are representative of environ-
mental conditions occurring over much of the
continental United States.

Light intensity in the ponds decreases with
increasing depth in a manner typical of clear
lakes (Figure 5). The clarity of water pro-
vided to the ponds is high, allowing for high
light levels and favorable growing conditions
for submersed aquatic plants.

Water Quality

Water is provided to the ponds from Lewis-
ville Lake, a water supply/flood control reser-
voir constructed and operated by the Corps of
Engineers. The reservoir impounds the waters
of the Elm Fork of the Trinity River and pro-
vides drinking water to the cities of Dallas and
Denton, TX. Water supplied to the ponds is
sampled and chemically analyzed on a regular

I 'US Army Engineer Waterways Experiment Station, Lewisville Aquatic Ecosystem Research Facility,

Lewisville, TX.
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Table 1
Physical Characteristics of LAERF Ponds
Surface Water Area Surface Water Area
Area, Volume, Average |>2 ft Area, Volume, Average |[>2ft
Pond No. | acres acre-ft Depth, ft | Deep, % | Pond No. | acres acre-ft Depth, ft | Deep, %
1 1.75 6.76 3.85 89 28 0.85 3.03 3.55 83
2 1.10 3.35 3.04 70 29 0.40 1.07 2.64 55
3 0.93 3.04 3.25 63 30 0.73 2.28 3.10 96
4 1.02 3.38 3.32 |47 31 0.72 2.10 2.92 64
5 0.95 3.16 3.32 55 82 0.72 2.10 2.92 64
6 1.16 4.46 3.85 — 33 0.72 2.18 3.04 65
7 1.53 6.23 4.06 85 34 0.72 2.18 3.04 65
8 0.74 2.1 2.86 81 35 0.73 2.11 2.91 64
a 0.74 2.11 2.86 81 36 1.92 6.59 3.44 70
10 0.74 2.16 2.93 81 37 1.16 3.26 2.81 42
11 0.74 2.16 2.93 81 38 0.56 1.61 2.89 56
12 0.74 2.27 3.04 73 39 0.56 1.61 2.89 56
13 0.50 1.26 2.50 50 40 0.56 1.61 2.89 56
14 0.74 2.07 2.80 75 41 0.56 1.61 2.89 56
15 0.86 2.88 3.36 70 42 0.73 2.32 3.17 69
16 0.86 2.88 3.36 70 44 0.68 2.1 3.10 61
17 0.86 2.88 3.36 70 45 0.67 2.09 3.11 70
18 0.63 1.93 3.06 73 46 0.67 2.44 3.62 80
19 0.67 1.99 2.96 69 47 0.67 2.41 3.61 79
20 0.74 2.41 3.25 81 48 0.67 | 2.44 3.62 80
21 0.85 3.01 3.56 82 49 0.67 2.41 3.61 79
22 0.84 2.99 3.56 83 50 0.67 2.09 3.1 70
23 0.85 3.01 3.56 82 51 0.68 2.11 3.10 61
24 0.85 3.03 3.55 83 52 0.67 2.09 3.11 70
25 0.86 3.05 3.53 83 53 0.68 2.1 3.10 61
26 1.00 3.47 3.46 84 54 0.67 2.09 3.11 70
27 0.86 3.05 3.53 83 55 0.86 2.69 3.12 39
basis by LAERF personnel (Table 2). We of monospecific populations of different spe-
also regularly monitor the composition of cies of aquatic plants in ponds of initially
water leaving the facility. The chemical similar water and sediment composition pro-
composition of many experimental and cul- vides a unique opportunity to study the effects
ture ponds is also monitored. These data, as of aquatic plants on the physical and chemi-
well as additional onsite analytical services, cal characteristics of aquatic environments
are available to researchers using the ponds. (see preceding paper).
Alkalinity and pH of the water supply are Acknowledgment
generally stable throughout much of the grow-
ing season (Figure 6); however, aquatic plants Michael Crouch, Susan Dutson, Aleida
cause dramatic changes in pond water chemis-  Eubanks, David Honnell, John Madsen,
try. Example data shown here were obtained Kimberly Mauermann, and Susan Monte-
from a Hydrilla culture pond. The occurrence leone of the LAERF contributed to this effort.
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Figure 1. Configuration of LAERF ponds

TOP OF LEVEEX

400’

Figure 2. Depth contours of Pond 5 (in feet)
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Table 2

Water Quality Parameters Measured at LAERF

Analytical Category Parameters

Water quality Temperature, pH, conductivity, dissolved oxygen, alkalinity, turbidity,
total suspended solids, chlorophyll A

Nutrients Nitrate nitrogen, ammonium nitrogen, soluble reactive phosphorus,
total phosphorus

Metals Sodium, potassium, calcium, magnesium, iron, manganese
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Annual Report - Aquatic Plant Control
Operations Support Center

Wayne T. Jipsen :

In October 1980, the Jacksonville District
was designated by the Office, Chief of Engi-
neers, as the Aquatic Plant Control Operations
Support Center (APCOSC) in recognition of
the District’s knowledge and expertise gained
through the administration of the largest and
most diverse aquatic plant management pro-
gram in the Corps. The APCOSC personnel
assist other Corps elements and other Federal
and State agencies in the planning and opera-
tional phases of aquatic plant control. The
specific duties and relationships with other
Corps APC programs, and guidelines for utili-
zation of the APCOSC, are outlined in Engi-
ncer Regulation (ER) 1130-2-412.

The Center responded to 119 requests for
assistance during fiscal year (FY) 1991. A
breakdown of these activities appears in
Table 1. Figure | indicates the types of infor-
mation requested; Figure 2 provides a break-
down as to the source of information requests.

The demand for and type of services per-
formed by the Center vary from year to year,
based on the type of problems encountered
by Corps elements and other agencies. Four
basic types of information are requested:
planning, operations, research, and training.
Planning assistance includes determinations

of water body eligibility and allowable costs,
computation for benefit-cost ratios, methods
of data acquisition, and other factors that
enter into the process of planning an Aquatic
Plant Control Program. Operations assistance
involves most aspects of chemical, mechani-
cal, biological, and integrate<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>