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Conversion Factors, Non-Sl
to S| Units of Measurement

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

Muitiply By —LTo Obtain

acres 4,046.873 square meters

acre-feet 1,233.489 cubic meters

degrees (angle) 0.01745329 | radians

feet T 0.3048 Imeters

gallons (U.S. liquid) [ 3.785412 liters

inches —L 2.54 centimeters
mes (U.S. statute) ;’ 1.609347 ﬂ)meters

ounces (mass) 28.34952 grams

pound (mass) 0.4535924 kilometers

quarts (U.S. liquid) 0.9463529 liters

square feet 0.09290304 square meters

tons (mass) per acre 0.22 kilometers per square meter
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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,
U.S. Army Corps of Engineers; the Program
Manager, Environmental Resources Research
and Assistance Programs (ERRAP); and repre-
sentatives of the operations elements of vari-
ous 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
the 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, U.S. 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, Engineers 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, vid-
eos, 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 29th Annual Meeting held in
Vicksburg, MS, 14-17 November 1994.



Center for Aquatic Plant Research and Technology

J. L. Decell!

For nearly 20 years, the scientists and
staff of the U.S. Army Engineer Waterways
Experiment Station (WES) Environmental
Laboratory (EL), through the Aquatic Plant
Control Research Program (APCRP), have
been conducting research for development of
technology for managing problem species of
aquatic plants that interfere with the valued
uses of the Nation’s water bodies. This re-
search includes development of technology
for the environmentally compatible use of
chemical, biological, mechanical, and inte-
grated control methods. In addition, ecologi-
cal studies, simulation/modeling capabilities
and environmental studies determining the
relationships of aquatic plants to fisheries,
water quality, and the aquatic ecosystem gen-
erally, are conducted. These comprehensive
studies, the results of the research and the ef-
fective transfer of technology, have caused
the APCRP, the EL scientists, and the EL
APCRP staff to be recognized by other Federal
agencies, state agencies, and universities as
the national leader in the development of
aquatic plant technology and conduct of re-
search. In nearly all technical areas of en-
deavor, the APCRP and the respective lead
scientists are also recognized internationally.

Aquatic plants occur in nearly every water
body in the United States. Eventually, as part
of natural processes, these plants interfere not
only with navigation, flood-control activities,
and water supply, but with hydropower gener-
ation, recreation, and, at very high population
levels, with the natural balance of the quality
of the aquatic ecosystems, often shortening
the life of one or more components. The
APCRP scientists have lead the Nation in
developing and providing technology and
innovative, environmentally compatible ap-
plications of technology for managing these

problem plants. Since 1977, two of the four
major aquatic plant problems have been re-
duced to nonproblem levels, nationally, as a
direct result of studies by the APCRP scientists
and staff.

The APCRP, through its accomplishments
of the last 15-20 years, is recognized as the
national and international leader in the field
of aquatic plant research and technology de-
velopment. The APCRP has served the needs
of the Corps of Engineers (CE) extremely
well, and through the CE structure, has served
the CE Districts’ respective state cost-sharing
partners. With the exception of the U.S. De-
partment of Agriculture, Agricultural Research
Service (USDA-ARS), the Tennessee Valley
Authority (TVA), and the U.S. Department of
Interior Bureau of Reclamation (USDI-BR),
other Federal agencies and the majority of uni-
versities are not aware of this expertise and
do not routinely turn to the APCRP for this
technology. While the USDA-ARS, TVA,
and the USDI-BR continually cooperate with
the APCRP on research, noncooperating Fed-
eral agencies are generally unaware of the
capabilities and expertise of APCRP. As
aquatic plant managers of the United States
are forced to deal with the ever-strengthening
environmental concerns for all aspects of
water resources management, the expertise
of the APCRP and related sciences will be
called on even stronger, to identify, develop,
and apply the appropriate technology com-
mensurate with the problem, and to do so in
a manner that protects or enhances environ-
mental quality. The Corps APCRP must be
in a position, organizationally, to aggressively
achieve the final plateau of recognition and
responsiveness to the Nation through the
other Federal agencies.

I Director, ERRAP, EL, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
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In August 1993, the Corps established the
Center for Aquatic Plant Research and Tech-
nology (CAPRT) at the WES. The CAPRT
will provide a single point of contact for coor-
dination/facilitation office at WES for nation-
wide aquatic plant research and resulting
technology to: (a) Congress and their staffs,
(b) Army Staff, (c) Headquarters, U.S. Army
Corps of Engineers (HQUSACE), (d) USACE
Divisions, Districts, and Field Operating Ac-
tivities (FOA’s), (e) Installation Commanders
and other Department of Defense (DOD)
users, (f) other Federal agencies, (g) State
agencies, (h) academia, and (i) private indus-
try and organizations. The CAPRT will ad-
dress Federal-wide aquatic plant management
and technology coordination needs for both
civil and military programs.

The CAPRT will provide administrative
and technological leadership, facilitation and
coordination of all aquatic plant research,
technology development, and technology
transfer. Activities will include: (a) direct
allotted Research and Development (R&D),
(b) technology transfer, (c) technical assistance,
(d) workshops and seminars, (e) technical
guidance documents, (f) general information
requests, and (g) coordination with special
interest groups/organizations.

Subsequent to its establishment, Mr. J. L.
Decell was appointed Director of the CAPRT
in 1993, with the authority and responsibility
to execute the CAPRT mission. Key to this
responsibility will be coordination with other
Federal agencies engaged in aquatic plant
research/management activities.

In late 1994, key Federal executives, repre-
senting agencies involved in aquatic plant
control, were invited to hold Charter Member-
ship in the CAPRT and serve as members of
an advisory board to guide the CAPRT through
the formative years and into the future. The
Advisory Board for Center Activities (ABCA)
was formed and consists of:

Dr. Mary E. Carter

Area Director

South Atlantic Area

USDA Agricultural Research Service
Athens, GA
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Dr. Ronald Ritchard

Senior Scientist

Tennessee Valley Authority
Muscle Shoals, AL

Mr. Donald Stubbs

Chief, Fungicide-Herbicide Branch
Registration Division

U.S. Environmental Protection Agency
Washington, DC

Dr. Stanley Ponce

Chief, Research and Laboratory
Services Division

Denver, CO

The first meeting of the ABCA will be
held during this meeting. It is planned that
the ABCA will meet no more than once each
year to review activities of the Center and
provide guidance to ensure that all agencies’
needs are being addressed, and that the Center’s
functions are being efficiently provided, not
only for the Federal agencies, but also for
those state and local agencies managing aquatic
plant problems throughout the Nation.

Part of the concept of the CAPRT was to
facilitate action items of common interest to
other Federal agencies. This can be especially
useful when regulatory requirements are part
of the action. To be well informed on the cor-
rect issues, in a timely manner, this type of
coordination must be effected at the working
level. The CAPRT was established with the
ability to form working groups as needed.
These will be subject-matter-related groups
and will remain in existence as long as the
need exists. The first such working group to
be formed is the Aquatic Herbicide Working
Group (AHWG), with the initial purpose of
more effectively communicating with the U.S.
Environmental Protection Agency (USEPA) re-
garding aquatic herbicide registration matters.
Dr. Kurt Getsinger was selected to serve as
Chairman of the AHWG. Members of the
AHWG include working level representatives
from the EPA, USDA-ARS, USDI-BR, and
TVA.

The issues being addressed and coordinated
by the AHWG are also of vital interest to the
herbicide industry. For that reason, industry
representatives were invited to a meeting
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during which an invitation was extended for
industry to form a Herbicide Industry Working
Group (HIWG). This group is not an integral
part of the CAPRT and functions outside of
the CAPRT. Its interests are functionally
linked to the AHWG by agreement that the
Chairman, AHWG, will also serve as a member
of the HIWG. In this manner, the two groups
can maintain continuity, while allowing the
CAPRT to maintain its necessary status as a
Federal Center.

Future plans for continued development of
the CAPRT include the formation of an

Decell

Aquatic Biocontrol Working Group (ABWG)
to coordinate actions for the development and
use of biological control agents for manage-
ment of aquatic plants. In addition, initiatives
will be taken to determine the proper and ap-
propriate involvement of interest groups that
may have input into the development of future
management practices.

It is hoped that the members of the CAPRT
can identify issues and objectives of common
interest to all involved Federal agencies, and
can subsequently progress together to meet
our respective goals.
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Annual Report - Aquatic Plant Control
Operations Support Center

Wayne T. Jipsen1

In October 1980, the Jacksonville District
was designated by HQUSACE 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 program in the
Corps. The APCOSC personnel assist other
Corps elements and other Federal and state
agencies in the planning and operational
phases of aquatic plant control (APC).

The specific duties of the APCOSC and re-
lationships with other Corps APC programs
as outlined in ER 1130-2-412 are:

® Provide operational guidance to Corps
Districts in the planning phases of APC
programs.

® Provide technical guidance to Corps Dis-
tricts in the operational phases of APC
programs.

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

® Provide assistance to HQUSACE and
Division offices for the training and certifi-
cation of Corps application personnel.

® Assist WES in the field application and
evaluation of newly developed control
techniques or procedures.

® Provide assistance to HQUSACE in the
development and administration of a com-
prehensive Corps-wide APC program.

The demand for and types 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 as-
sistance 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 APC program. Operations assis-
tance involves most aspects of chemical, me-
chanical, biological, and integrated technology.
The Center provides data, information, and rec-
ommendations relating to operational activi-
ties. Information on research activities is
provided to requestors if available, or the re-
quests are referred to WES. Training assis-
tance includes providing materials for use in
educational and training programs and presen-
tation of the Pesticide Applicators Training
Course and the Aquatic Plant Management
Course by Center staff.

During fiscal year 1994 (FY94) the Center
responded to 144 requests for assistance. Fig-
ure | indicates the types of information re-
quested; Figure 2 provides a breakdown
regarding source of information requests.

Center activities during FY94 included pro-
viding answers to numerous questions on the
development of private contracts for control
operations, new-start programs, and economic
impacts. In addition, the Center provided crews
and equipment to assist WES researchers with
the Triclopyr studies on Lake Minnetonka. Cen-
ter training activities included airboat training,
biocontrol training, and a variety of presenta-
tions to user groups and professional societies.

I us. Army Engineer District, Jacksonville; Jacksonville, FL.
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OPERATIONS 48%

PLANNING 15%
TRAINING 21%

RESEARCH 16%

FY84

WES 20%

OCE 9%
DIS 31%

PRI 10%

IND 3%

S/L 18%

Figure 1. Types of assistance requested

A review of information requests for the
past three years was undertaken to assist the
Center staff in preparing for the future. This
activity provided an insightful view of the
overall program, as well as current and
potential future concerns.

The three-year comparison of request types
is provided in Figure 3. Figure 4 contains the
comparison of the source of these requests.
These comparisons document a number of
phenomena. First, while the operations com-
ponent of these requests remains steady at ap-
proximately 50 percent of all requests, FY94
saw a 33 percent increase in the number of
planning assistance requests. In addition,
training requests continue to increase.

Figure 2. Sources of requests, FY94

Results of the on-going restructuring of the

Corps Operations elements are evident in the
comparison of sources of requests. The num-
ber of requests from Corps Division offices
has decreased significantly while the number
of requests from District offices has increased.

The increase in planning-related requests,

along with the increase in requests from both
District offices and State and local agencies

can be attributed to an increased interest in
program expansions and new program starts.
These interests can be attributed to both the
expansion of the range of exotic species and
an increasing view of the APC program as an
environmentally friendly program.
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One of the main challenges of the Center long-term control of exotic plants. This train-

as well as of all aquatic plant managers will ing needs to include a wide range of audiences
be to provide an adequate level of training in order to help slow the spread (especially
assistance to our partners and customers. intentional plantings) of the target species.

Training continues to be one of the keys to
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Use of Economic Information in the Evaluation
of Aquatic Plant Control Programs: The Lake
Guntersville Recreation Study

Jim E. Henderson'

Decisions on aquatic plant control should
be based on information on the preferences,
perceptions, and values related to plant con-
trol and plant control alternatives. The Recre-
ation Study component of the Guntersville
Joint Agency Project (GJAP) is the most ex-
tensive study to date to analyze the public
preferences and economic values of aquatic
plant control for recreation (Thunberg 1991).
Different user groups may hold differing and
conflicting preferences for plant control that
must be balanced and accommodated in plan-
ning for management of non-native vegetation
(Henderson 1991). Conflicts derive from the
differences between the desire of anglers for
as much fishery habitat (aquatic vegetation)
as possible and the desire by nonanglers for
minimal vegetation to avoid interfering with
water skiing, swimming, and pleasure boating
(Henderson Draft).

Decisions about aquatic plant control pro-
grams must balance the needs and preferences
of anglers with those of boaters and other non-
angler recreational interests. The results of
the Lake Guntersville Recreation Study will
be used to show how the perception, prefer-
ence, and valuation information is used to
evaluate the impact of changes in aquatic
plants on angler and nonangler users.

Results of the Study

As reported in previous meetings (Hender-
son 1994), surveys were used to elicit prefer-
ence and valuation data from individuals. Three
separate surveys were conducted to obtain
(1) baseline recreation use and preference in-
formation; (2) recreation use and economic

value for the different alternatives; and
(3) economic impact information (Bergstrom
et al. 1994).

Baseline recreation use
and preferences

Baseline recreation use and preference, im-
portance, and satisfaction data were obtained
by asking lake users to describe their experi-
ence and express their opinions. Anglers and
nonanglers were asked the same questions.
Respondents were asked to identify the recre-
ation activities participated in and the amount
of time spent at the lake.

Baseline recreation use and aquatic plant
perceptual data were collected through face-
to-face (onsite) interviews and mailed sur-
veys. To use the lake, recreators either use a
public access point, such as a park or boat
ramp, or access is obtained for residential
users by their lakefront property or common
access lot (for backlots that do not front the
shoreline). A face-to-face survey at public ac-
cess points was used at marinas, boat ramps,
and parks. Because of the difficulty of finding
residents at home for a survey, a mailed sur-
vey was used for residential users (Henderson
1994).

Recreation use. Based on the onsite and
residential surveys, a total of 3.1 million an-
nual visits were estimated broken out as
2,844,718 onsite and 208,221 residential visits.
In comparing anglers to nonanglers for total
visits there were 1,066,175 angling visits and
1,975,917 nonangling visits, for a 35:65 per-
cent angler:nonangler breakdown. The user
group breakdown for the 2.8 million onsite

I U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.

8

Henderson

Proceedings, 29th Annual Meeting, APCRP




visits is further disaggregated as shown in
Table 1 (Bergstrom et al. 1994).

Preferences. To obtain perceptions on the
impact of aquatic plants on recreation, respond-
ents were asked to characterize the impact as
“A Help,” “Doesn’t Affect,” “Bothersome
Sometimes,” or “Bothersome Most of the
Time.” To obtain preferences for the amount
of plants, the response categories were “As
Much as Possible,” “More than Presently Ex-
ists,” “Same as Presently Exists,” “Less than
Present,” and “None.” Residential respondents
were asked to describe the aquatic plants near
their home as “Not Noticeable,” “Slightly No-
ticeable,” “Moderate,” or “Heavy/Severe.”

Perceptions of aquatic plants showed dif-
ferences between user groups (Table 2)
(Bergstrom et al. 1994). Considering the im-
pact of aquatic plants on recreation, for the
onsite visitors, boaters and shore-based
recreators clearly expressed that the plants
had no effect (Table 2). Approximately half
(47.1 percent) of the boat anglers view the

plants as a help to their recreation experience.
The bank anglers are more widely split in
evaluation, with only a fifth (20.1 percent) of
the bank anglers seeing the plants as a help,
half (54.2 percent) saying no effect, and a
fourth of the bank anglers (25.7 percent)
saying the plants are bothersome at least

part of the time.

Perceptions on recreation impact by the res-
idential users (Table 3) showed that residential
users experienced greater negative impact by
the plants (Bergstrom et al. 1994). With the
exception of boat anglers (28.4 percent), each
group responded as bothersome at least part
of the time, bank anglers (74.1 percent),
boaters (70.7 percent), and no main activity
(53.7 percent).

Respondents that indicated plants had an
effect on their recreation were asked prefer-
ences for amounts of plant coverage (Table 4)
(Bergstrom et al. 1994). Presenting the onsite
results, an increase in plant coverage (more
plants or as much as possible) (i.e., reduction

Table 1

User Group Annual Recreation Visits - Onsite Survey

User Group Total Onsite Recreational Visits Confidence Interval (90%) | Percent of Total Visits
All users 2,844,718.14 29.63% 100

Angler/Boater 645,224.32 16.74% 22

Angler/Nonboater 331,284.15 63.92% 12

Nonangler/Boater 271,807.07 25.92% 10
Nonangler/Nonboater 1,596,402.60 50.97% 56

Table 2
Impact of Aquatic Plants on Recreation (percent), Onsite Survey
Does Not Affect Bothersome Bothersome Most
Main Actlvity Helps Activity Sometimes of the Time
Bank angling 20.1 54.2 156.3 10.4
Boat angling 471 36.0 9.9 il
Boating 4.1 74.4 11.9 9.6
Shore-based recreation 72 86.4 4.0 24
All visitors 26.9 58.1 8.7 6.2
Note: Chi-square = 451.1; p < 0.0001.
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Table 3

Impact of Aquatic Plants on Recreation (percent), Residential Users

Maln Actlvity A Help Does Not Affect Bothers Sometimes Bothersome Most of the Time
Bank angling 129 12.9 41.9 32.2
Boat angling 50.5 20.8 18.6 9.8
Boating 2.6 26.5 51.3 19.4
No main activity or other 5.5 40.6 34.4 19.3
All residents 16.0 294 36.3 18.1

Note: Chi-square: p < 0.001.

Table 4
Preferences for Amounts of Aquatic Plant Coverage, Onsite Survey (percent)1
As Much as More Than Same as Less Than
Main Activity Possible Presently Exists Presently Exists Present None at All
Bank angling 11.1 17.3 35.8 24.7 11.1
Boat angling 28.9 33.1 20.3 13.6 4.1
Boating 0.0 1.4 29.6 42.3 26.8
Shore-based recreation 20.9 9.1 22.7 36.4 10.9
All visitors 23.9 26.0 22.8 19.8 75

Note: Chi-square = 174.6; p < 0.0001.

v Only those visitors who said aquatic plants have some effect on their recreational activity responded to this question.

in total control) is favored by 62 percent of
the boat anglers. The bank anglers are fairly
evenly divided with 28.4 percent preferring
more plants (or as much as possible), 35.8 per-
cent satisfied with existing conditions, and
35.8 percent wanting less or none at all. Sixty-
nine percent of the boaters prefer less plants
or none at all, with another 29.6 percent
preferring present conditions. About half
(47.3 percent) of the shore-based recreators
preferred less plants than current conditions.

Perceptions were obtained on the import-
ance and satisfaction of a range of recreation
and resource management attributes such as
opportunity to catch a lot of fish, open water
areas, and availability of camping, swimming,
picnic, and camping facilities. The import-
ance and satisfaction evaluations provided ex-
tensive amounts of information on a range of
resource management and recreation charac-
teristics that assists in evaluation of impacts
of angler/nonangler groups. A portion of
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these results will be presented in the follow-
ing section where the impact of different
aquatic plant alternatives on user groups are
evaluated.

Recreation use and economic value
of plant control alternatives

The economic valuation of plant alternatives
was determined using a contingent valuation
method (CVM) survey. The CVM survey was
administered as a mailed survey, using the resi-
dential survey sample and names collected as
part of the onsite survey (Henderson 1994).
The CVM approach presents alternative sce-
narios, in this case alternative plant control
alternatives. The scenarios were depicted
graphically and verbally in enough detail so
respondents can evaluate what their response
would be to the alternative plant conditions.
That is, the response or behavior is contingent
on the scenario conditions.
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Five alternative plant control scenarios
were presented (Table 5) covering the range
from no control of plants (minimal control) es-
timated to be about 34,000 acres of the lake
(50 percent of the lake acreage) to complete
eradication of the plants (Alternative D). The
three intermediate alternatives represent the
vegetation during past years (Henderson 1994).

Table 5
Lake Guntersville Aquatic Plant
Control Alternatives

Plant Coverage,
Alternative acres Year
Minimal control 34,000
Alternative A 20,000 1988
Alternative B 14,000 1989
Alternative C 8,000 1990
Alternative D Near "0"

Analysis of the CVM survey provided
decisionmakers at all levels with data to com-
pare effects on users of different levels of
plant control. Differences in economic values
and use patterns for anglers and nonanglers
further enable comparison of differential im-
pacts on user groups. Respondents were clas-
sified as anglers and nonanglers and separate
valuation equations were estimated for the two
groups. Estimates of recreation visits were
developed by logistic regression equations.
Potential variables included in the regression
equations were the bid amount, management
alternative, demographic variables (income,
age, sex, lake residence status, family size),
availability of recreation substitutes, and an

index of the amount of plants preferred by the
individual.

Annual recreation use for the five alterna-
tives was calculated from responses to the
CVM scenarios (Table 6) (Bergstrom et al.
1994). Total annual visits were estimated
from responses to the five CVM scenarios.
Measurement of recreation visits is import-
ant because it infers desirability and accept
ability of alternative aquatic plant conditions
for recreation. The aggregate or total visits
is used to calculate the aggregate economic
value of aquatic plant control, described
below.

Recreation use (number of visits) was
highest for Alternatives A, with Alternative
B following closely with only about a 3 per-
cent difference (Table 6). The user group
composition of visitation is different, with
Alternative A having a majority of angler
visits while Alternative B has a higher pro-
portion of nonangler visits.

In the valuation models estimated for angler
and nonangler groups, the regression equations
estimated the probability that respondents
would say “yes” to the bid amounts. The
probability functions were then integrated
over the bid variable values. The resulting an-
gler and nonangler mean annual economic val-
ues for each alternative are shown in Table 7.
The variables that were significant and in-
cluded in the models were: bid amounts, in-
come of respondent, residence status (whether
the respondent lived on the lake), and the sub-
stitute variable (the availability of substitute
water recreation sites for the respondents),
significant for anglers only.

Table 6
Estimated Visits by User Groups and Management Alternatives

Minimum Control Management Management Management Management
User Group Alternative Alternative A Alternative B Alternative C Alternative D
Angler 1,644,440 1,847,554 1,429,608 976,508 476,536
Nonangler 855,640 1,434,785 1,765,458 1,868,209 1,750,512
Total visits 2,500,080 3,282,339 3,195,066 2,844,717 2,227,048
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Table 7

Mean Annual Economic Values per
Visitor for Angling and Nonangling
Groups (1990 dollars)

Control

Alternative Anglers Nonanglers
Minimum control |$790.47 $-334.80
Alternative A 778.46 424 .83
Alternative B 503.77 918.84
Alternative C 9.43 1,050.37
Alternative D -639.87 999.94

The anglers had the highest mean annual
value for the Minimum Control Alternative
while Alternative C is highest valued for the
nonanglers (Table 7). Alternatives A and B
provide significant economic values for both
user groups. The negative values in Table 7
indicate recreation users would have to be
compensated to use the lake.

The aggregate annual economic value of
each alternative for all user groups (Table 8)
was calculated based on the number of visits
(Table 6) and user groups mean annual eco-
nomic values (Table 7). The aggregate eco-
nomic value is the total economic value of
recreation for all user groups, anglers and non-
anglers. Alternative B has the highest annual
economic value with an aggregate total of
$122 million, followed by Alternative C and
Alternative A (Table 8). Two things of note
about this result. First, the alternative with
highest aggregate economic value (Alterna-

Table 8
Aggregate Annual Net Economic Value
for Management Alternatives

Alternative Aggregate Annual Economlc Value

Minimum control $21,591,799.83

Alternative A 93,979,867.14

Alternative B 122,795,210.20

Alternative C 101,799,931.70

Alternative D 52,721,076.02
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tive B) is not the highest valued alternative for
either the angler or the nonangler user groups
(Table 7). The second consideration is in
comparing the alternative aggregate values to
the number of estimated visits (Table 6) for
each alternative. Alternative A has a slightly
higher number of visits (Table 6), but Alterna-
tive B has the highest aggregate economic
values (Table 7). The effect is likely the re-
sult of differences in the mean annual eco-
nomic values of the user groups (Table 7) and
the differences in visits by the groups under
each alternative (Table 6). Alternative B has
a higher number of nonangler annual visits
(compared to Alternative A) which are higher
valued than the anglers, resulting in a higher
aggregate economic value.

Economic impact
to the local economy

The analysis of economic impacts to the
local economy was based on the expenditure
survey. Lodging, food, gas, supplies, and fish-
ing tackle are examples of recreation expendi-
tures for goods and services of interest to the
local economy (Henderson Draft).

To develop estimates of economic impact,
an expenditure survey was given to onsite re-
spondents, to be completed at home and
mailed back. Expenditure surveys were
mailed to residential respondents. Respondents
were asked to summarize their recreation ex-
penditures for trips to Lake Guntersville and
for annual recreation expenditures, e.g., li-
censes, boats, motors, fishing tackle, summa-
rized at Table 9. Nonangler trip expenditures
are approximately 18 percent more than an-
glers (1990 dollars).

The expenditure summaries were used in an
economic input-output model (IMPLAN) that
estimates the economic impact on specific eco-
nomic sectors important to recreation (Palmer
and Siverts 1985, Probst 1988). IMPLAN al-
locates expenditures to the appropriate eco-
nomic sector. When an angler buys, for
example, fishing tackle at a store at Lake
Guntersville, those expenditures represent the
direct or “first round” effects of recreation
spending. Increases in demand for fishing
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Table 9

Expenditure Summary'by Expenditure Categorles

User Type Lodging Food Transportation | Actlvities Misc. Total
Angler $22.88 $24.23 $32.12 $4.17 $4.98 $88.38
Nonangler 4.28 47.09 40.21 2.82 13.92 108.32

tackle, caused by increased recreation, cause
increases in orders for tackle. Tackle manu-
facturers purchase the raw materials and labor
necessary to meet the new orders for tackle.
The increases in purghase of raw materials,
labor, and other items by the tackle manufac-
turers are known as indirect effects. The in-
creased employment and income resulting
-from additional tackle production puts more
income in the hands of tackle manufacturers,
suppliers, and their employees; this income is
then spent on additional goods and services.
This spending resulting from increased in-
come is known as the induced effects
(Bergstrom et al. 1994).

~ The IMPLAN ﬁodel accd".unts for and allo-
cates the direct, indirect, and induced spending

IMPLAN estimates economic impacts (Table 10)
in terms of increases in total gross output or
production, e.g., food service, tackle, boats;
income; and employment associated with
each of the alternatives. These values repre-
sent economic impact as increases resulting
from recreation expenditures associated with
each of the alternatives.

Economic impacts are summarized in
Table 10, showing increases in total gross out-
put, income, and employment as a result of
user-group spending associated with the five
alternatives. These economic impacts were
estimated for the two-county area where Lake
Guntersville is located. Comparing alternatives,
the pattern is similar for all three measures of
economic impact. Alternative A produces the
greatest increase in gross production, income,

- effects to the appropriate economic sectors.

Table 10
Economic Impacts Due to Recreational Spending

Minimum Control.":| Management Management Management Management
User Type Alternative Alternative A Alternative B Alternative C Alternative D
Total Annual Gross Output Due to Rééreatlonal Spending at Lake Guntersvlile, $ mllllon (1990 dollars)
Angler ._3. 155.19 174.36 134.92 92.16 44.69
Norj;ngler 86.36 : i144.81 178.19 188.55 176.68
Toéal 241.55 : 519.17 313.11 280.71 22137
Toi,al"Annual Inclqme Due fo Recreational Spending at Lake Guntersvllle, $ million (1990 dollars)
Angler 87.78 98.63 76.31 52.12 25.43
Nonangler 48.70: 81.66 100.48 106.33 99.63
Total ., | 1-56.’58'1 " 180.29 176.79 158.45 125.06
Total Em__ployme‘hl bile}_o Recreational Spending at Lake Guntersvlile, Total Number of Jobs
angler - |'agos ¢ 5077 4,066 2,736 1,335
Nonangler - | 2681« . : | 4498 5,532 5,854 5,485
Total 7,289 - - 9,673 9,538 8,590 6,820

.
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and employment. However, Alternative B is
only about a percentage point below Alterna-
tive A on all three measures. This result is
likely due to the small (3 percent) difference
in total visits between the two alternatives.

Considering that Alternative A represents
30 percent coverage of the lake versus 20 per-
cent for Alternative B, the difference in economic
impacts resulting from this large (10 percent)
change in plant coverage is minimal. Looking
at this from the standpoint of the marina oper-
ator or the bait seller, a large difference in
plant coverage (at the 20 to 30 percent level)
does not translate into a significant difference
in the amount of economic activity.

Applications of the
Study Findings

Decisions on changes in aquatic plant
control programs should take into account the
preferences, values, and behavior responses
(visits) of angler and nonangler groups. The
economic value and alternative evaluations
presented above provide insight to understanding
angler and nonangler responses to changes
in aquatic plant control and can be used to
evaluate public acceptance of different control
alternatives.

In evaluating the public response to changes
in aquatic plant control, there are two questions
to be considered. The first question is: How
will recreation behavior likely change in re-
sponse to altered plant conditions? Specific-
ally, what will be the changes in visitation
and economic value resulting from a change.
The second question for consideration is:
What are the angler and nonangler user group
perceptions related to the change in amount

of vegetation, and how will the recreation
behavior likely change in response to altered
plant conditions?

In evaluating changes in aquatic plant con-
trol, three situations are likely: reduction in
total control resulting in an increase in plants;
increase in plant control to increase open
water areas; and a change in control around
shorelines (Henderson Draft). The positive
and negative impacts of these plant changes
on user groups are summarized in Table 11
and discussed with relation to study findings
presented above.

Reduce total control

A reduction in the total amount of plant
control results in an increased amount of
aquatic plants. This situation can be caused
from a reduction in control efforts by the res-
ervoir operations agency or from changes in
natural resource conditions that alter growing
conditions affecting plant growth, e.g., drought
(Henderson 1991). This point is readily un-
derstood by looking at the reductions in plant
coverage reflected in the years 1988-1990
(Table 5). These significant reductions were
primarily attributed to a series of high water
years which reduced the growing conditions,
and not entirely the result of increased control
efforts.

Evaluating a change in total plant control
starts with examination of perceptions of the
impact of existing plant conditions (Table 2).
Boaters and shore-based recreators clearly ex-
pressed that the plants had no effect, 74.4 and
86.4 percent, respectively. Approximately
half (47.1 percent) of the boat anglers view
the plants as a help to their recreation experi-
ence. The bank anglers are more widely split

Table 11

Summary of Impacts of Changes In Aquatic Plant Control

Change in Plant Control Posltive Impact

|

Negative Impact

Reduce total control Boat anglers

Boaters

Increase open water areas Boaters

Shore-based recreators

Change in shoreline control Bank anglers

Boat anglers
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in evaluation, with only a fifth (20.1 percent)
seeing the plants as a help, half (54.2 percent)
saying no effect, and a fourth of the bank an-
glers (25.7 percent) saying the plants are both-
ersome at least part of the time.

Looking at preferences for amounts of plant
coverage (Table 4) (asked of respondents indi-
cating the plants had an effect on their recre-
ation), an increase in plant coverage, more
plants or as much as possible (i.e., reduction in
total control) is favored by 62 percent of the
boat anglers. The bank anglers were fairly
evenly divided with 28.4 percent preferring
more plants (or as much as possible), 35.8 per-
cent satisfied with existing conditions, and
35.8 percent wanting less or none at all. The
boaters would be negatively impacted by an
increase in plants (Table 4). Sixty-nine percent
of the boaters preferred less plants or none
at all, with another 29.6 percent preferring
present conditions. About half (47.3 percent)
of the shore-based recreators preferred less
plants than current conditions.

To summarize, a change in plant control
that increases the amount of plant coverage
would be favored by boat anglers and would
negatively impact boaters and shore-based
recreators. Looking at the relative amount of
visits affected, boaters represent 10 percent of
the visits, boat anglers 22 percent, and shore-
based recreators 56 percent (Table 1). The
point is that the number of total visits (or im-
pact on visitation) by a group should be con-
sidered in using the preference information to
make decisions. While the strength of prefer-

ences may be high or extreme, the total amount
of visitation affected should also be considered.
Sixty-nine percent of the boat anglers prefer
more plants, and that preference represents
only 10 percent of the total number of visits
(Tables 1, 4).

Based on the estimate of visits under each
alternative (Table 6), with increased plants
the number of visits would increase to a maxi-
mum under Alternatives A and B, with Alter-
native B having more nonangling visits and
Alternative A more angling visits. With in-
creasing amounts of plants, annual economic
values would increase for the angling group
and decrease for the nonangling group.

Increasing open water areas

Many lake managers are under pressure to
increase open water areas for use by pleasure
boaters and more recently by jet skiers and
other watercraft requiring wide expanses of
water to avoid congestion and for safety. In-
creasing open water areas positively affects
the boater group by providing more recreation
areas and negatively affects boat anglers by
reducing fishery habitat.

Looking at the satisfaction and importance
analyses, satisfaction levels for boating and
angling attributes (Table 12) show greater sat-
isfaction levels for boaters. Characteristics af-
fecting the boating group (open water areas,
water skiing opportunities) are relatively high
at mean values of 4.13 and 4.08, respectively
(1-5 scale). Satisfaction levels for characteristics

Table 12
Satisfaction Levels (Means) for Boating and Boat Fishing Characteristics Onsite
Survey
Characteristic Bank Fishing Boat Fishing Boating Shore-based
Open water areas 3.85 3.82 413 4.02
Water skiing opportunities 3.56 3.95 4.08 3.92
Opportunity to catch a lot of fish | 3.58 3.49 3.80 3.67
Opportunity to catch large fish 3.52 3.50 3.72 3.68
Note: Means are based on a 5-point Likert scale, 1 = Terrible, 5 = Delighted.
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important to anglers (opportunity to catch a
large number of fish and opportunity to catch
large sized fish) are Jower. Mean satisfaction
values for boat angler attributes are 3.49 for
catching large numbers of fish and 3.50 for
catching large sized fish (Henderson Draft).
As discussed with the perception and preference
results, satisfaction levels for characteristics
affecting boaters are higher than satisfaction
levels for the boat anglers (Table 5). This is
indicative that boating conditions are highly
satisfactory and that it may be difficult to
increase that satisfaction level significantly. In
other words, it may not be possible to achieve
measurably higher levels of satisfaction for
the boaters.

Satisfaction levels for the boat anglers may
be further diminished if further reductions in
plants occur, losing fishery habitat. If increased
open areas of water are requested it may be
possible to redistribute boat angling use to an-
other part of the lake by lake use restrictions
or by constructing new access points in areas
of extensive plants.

Change in plant control
around shorelines

In aquatic plant control programs, a major
emphasis is placed on maintaining access to
the lake by cutting boat lanes to residential
boathouses, boat docks, and residential shore-
lines. Additionally, public swimming beaches
and other areas of high use are kept free of
plants.

Looking at residential responses to changes
in shoreline control, residential respondents
were asked to describe the aquatic plant cover-
age near their homes (Table 13). Those anglers
fishing from piers, boathouses, and residential
shoreline property (bank anglers) are the group
most affected by residential shoreline condi-
tions. This group reported plant coverage as
heavier than the other user groups. Over half
of the resident bank anglers (51.5 percent) de-
scribed plant coverage as moderate or heavy/
severe. The bank angler percentages for the
moderate or heavy/severe categories were
higher (51.5 percent) than the boat anglers
(32.6 percent) or the boater group (36 percent).
Additionally, perceptions of impact on recre-
ation (Table 3) for bank anglers show 74.1 per-
cent of residential respondents perceive the
plants as bothersome at least part of the time.

Residential respondents were asked the
importance of plant control attributes around
residential areas. Overall, residential groups
show strong support of control efforts around
the residential area (Table 14). A public con-
cern has been the use of sprayed pesticides in
the lake (Tennessee Valley Authority 1993),
but there are high levels of support for use
of spray pesticides. When asked statements
about attributes related to control around
boathouses and control to maintain access for
residential areas, means for all user groups
were in the Strongly Agree-Agree (1-2) range
(Table 14).

Given perceptions of already high level of
plants by the residential bank anglers, increased

Table 13

Aquatic Plant Coverage Near Residential Homes (percent)

Maln Activity Not Noticeable Slightly Noticeable Moderate Heavy/Severe
Bank angling 16.1 322 32.2 19.3

Boat angling 42.3 25.0 23.9 8.7

Boating 236 39.4 228 14.0

No main activity or other 229 324 29.3 15.2

All permanent residents 271 32.7 26.4 13.7

Note: Chi-square: p < 0.03.
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Table 14

Importance Means for Aquatic Plant Control Attributes at Residential Areas

Attribute Bank Fishing | Boat Fishing Boating No Main Activity Overall
Like clear shoreline for access 1.57 1.66 1.25 1.55 1.49
Support spraying aquatic plants near my 1.87 1.92 1.36 1.66 1.66
boathouse

Aquatic plants decrease value of my 1.87 2.04 1.50 1.72 1.74
property

Prefer clear boat lanes leading from my 1.55 1.65 1.32 1.46 1.47
boathouse

Aquatic plant control necessary for 1.71 1.74 1.35 1.57 1.56
management of residentual access areas

0.01 level.

Note: Means are based on a 5-point Likert scale, 1 = Strongly agree, 5 = Strongly disagree. Means significantly different at

plant control around the shorelines should be
welcomed by the bank anglers. As discussed,
residential groups show strong support of
control efforts around the residential areas,
including use of spray pesticides.

Agreement on the statement about effects
of aquatic plants on residential land values is
supported by another GJAP study (Driscoll
et al. in press). A hedonic analysis was used
in a land values study to estimate the effect
of aquatic plants on land values. Hedonic
analyses determine the contribution of differ-
ent attributes or characteristics to the total
value. In the land values study, the hedonic
analysis determined the influence of the pres-
ence and extent of aquatic plant coverage on
residential land values. The analysis showed
that complete aquatic plant control, that is,
eradication of plants in front of lakefront homes
(not backlots or undeveloped lots) at Lake
Guntersville, increased residential values by
$12 million annually.

Summary and
Recommendations

The highest level of economic value for
recreation, $122 million annually, is achieved
at 20 percent plant coverage of the lake. This
amount of plant coverage provides highest
economic value when angling activity can be
at high levels and nonangling recreation is
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also high, not hindered by excessive plant
growth. This level of plant coverage strikes
an acceptable balance between angling and
nonangling recreation.

The Lake Guntersville study of recreation
preferences and valuation is the most extensive
valuation of aquatic plant control (Thunberg
1991). The results presented herein are repre-
sentative of angler and nonangler use at large
multiple-purpose reservoirs constructed and
operated for navigation, flood control, and
other nationally important purposes.

Future plant control valuation studies should
focus on two types of studies. A valuation
study should be implemented at other large
reservoirs to determine how similar preference
and values are among the large reservoirs that
provide the majority of the Nation’s water-
based recreation opportunities. It may prove
insightful to evaluate a reservoir where the
sportfishing interests and industry are less
developed or prominent than at Lake Gunters-
ville (Tennessee Valley Authority 1993).

The second study type should evaluate
smaller resource systems or reservoirs. State-
managed reservoirs or power company lakes
should be considered. Smaller systems may
be easier to control plant coverage on, but the
likelihood of conflict between angling and
nonangling use may be increased because of
the smaller size resource.
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The Lake Guntersville study evaluated al-
ternatives, depicted for respondents as six dif-
ferent recreation environments. Numerous
comments by respondents, resource manag-
ers, and recreation specialists noted that the
total amount of plant coverage may not be as
important as the distribution of the plants.
That is, where the recreator encounters the
plants may be more important for preference
and valuation than the total plant acreage of
an alternative. The Lake Guntersville study
asked questions on the level of satisfaction
and importance of total amount and distribu-
tion of plants. Future studies should address
the distribution of plants in a more extensive
and explicit manner. Preferences for types of
lake areas, e.g., around boat ramps, where the
plants should be controlled, and the areas
where plants are acceptable or desired should
be elicited in a detailed manner.
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Triploid Grass Carp Growth, Mortality,
and Population Size in the Santee Cooper
Reservoirs, South Carolina - 1994

James P. Kirk," James V. Morrow, Jr.,' and K. Jack Killgorel

Introduction

The Santee Cooper reservoirs cover 70,000
hectares in South Carolina and consist of
Lakes Marion and Moultrie and the diversion
canal connecting the two reservoirs. Hydrilla
(Hydrilla verticillata) became established in
upper Lake Marion in the early 1980’s (In-
abinet 1985) and spread throughout the entire
system colonizing approximately 22,000 hect-
ares in 1994. Control by herbicides alone
was not feasible and stocking of triploid grass
carp (Centopharyngodon idella) as a biocontrol
agent began in 1989. From 1989 through 1992,
100,000 triploid grass carp were stocked
yearly; 50,000 and 152,500 fish were stocked
in 1993 and 1994, respectively. The estimated
stocking density is 5 fish/ hectare.

Triploid grass carp are sterile, have dietary
preferences similar to diploid grass carp, and
have potential for low-cost, long-term control
of nuisance aquatic vegetation (Sutton 1985;
Allen and Wattendorf 1987; Wattendorf and
Anderson 1984). However, proper use of this
fish requires that important population attri-
butes such as population size (and hence den-
sity), growth, and total mortality be accurately
estimated for use in the AMUR/STOCK
model (Boyd and Stewart 1994).

Methods to collect and age triploid grass
carp were developed that allow monitoring
in large water bodies (Kirk, Morrow, and
Killgore 1994). This article summarizes col-
lection techniques, aging techniques, growth
rates, mortality rates, and population estimates
of triploid grass carp in the Santee Cooper
Ieservoirs.

Methods

Initial collection attempts using conven-
tional fisheries gears, such as electroshocking
and gill nets, failed. Subsequently, the South
Carolina Department of Natural Resources
(DNR) assisted WES by recruiting skilled
bowfishermen and managing collection efforts.
This technique involved using a fishing boat
configured with lights in which bowfishermen
stood on the bow and collected grass carp at
night (Kirk et al. 1993).

Length-to-weight relationships, determination
of age using hard structures, and backcalcula-
tion of length at earlier ages were used in
estimating population attributes. Length-to-
weight relationships were used to estimate
condition of fish and weight at backcalculated
lengths. Scales, otoliths, and spines were ex-
amined for annual marks or annuli (Jearld
1983). Lengths at an earlier age were back-
calculated and weights at this previous age
were estimated using a length-to-weight rela-
tionship specific to the Santee Cooper reser-
voirs. For additional information on aging
structures (lapillar otoliths and scales), age
distributions, and growth see Kirk et al. (1993)
and Kirk, Morrow, and Killgore (1994).

We used a catch curve (Ricker 1975) to
estimate total mortality. The number of fish
by age class (adjusted for the number of fish
stocked) was plotted and the descending or
decreasing arm of the plot was used for mor-
tality calculations. The natural log of numbers
of fish collected (dependent variable) was re-
gressed against age classes (independent vari-
able). The slope of the regression was the

1 U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
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instantaneous rate of total mortality (Z). The
annual rate of survival was the antilog of Z.

The population of triploid grass carp in the
Santee Cooper reservoirs was estimated using
the relationship (Ricker 1975):

_ —zt
Nt = Noe

Precise counts of the number of fish stocked
(NO), the instantaneous rate of total mortality
(z), and the number of years since stocking (t)
were used in calculations. Using a spreadsheet
and this relationship, population size and bio-
mass by year class were estimated.

Results

Collection of triploid grass carp using
skilled bowfishermen proved to be an efficient,
cost-effective method. During 1994, approx-
imately 160 fish were collected from late
winter through early fall; collection success
varied from O to 28 fish per evening depending
on weather conditions. More triploid grass
carp were collected on calm nights with clear
water than during windy weather.

The length-to-weight relationship was
Weight = 0.0000032Length>% and this rela-
tionship differed little from previous years (Kirk,
Morrow, and Killgore 1994). Age-specific
weights ranged from 0.38 kg to 15.2 kg for
ages | through 6, respectively (Table 1).

These weights show a linear increase in
weight of approximately 3 kg/year (Figure 1).
Growth in length (Table 1) was rapid during
the first three years (150 to 200 mm/year ) but
decreased to 60 to 70 mm yearly during ages
4 through 6.

20

w e

Weight = -2.3 + 2.94AGE

WEIGHT IN KG
=

Figure 1. Growth of triploid grass carp stocked in
thte Santee Cooper reservoirs, South Carolina

The instantaneous rate of total mortality
was estimated at -0.246 (Figure 2) which con-
verts to an approximate annual rate of survival
(S) of 80 percent. We estimated approximately
135,000, 39,000, 61,000, 48,000, 37,000 and
29,000 fish surviving in August 1994 for year
age classes | through 6, respectively, and a
total biomass of approximately 2,000,000 kg
(Table 1).

Table 1
Population Attributes and Size at Age of Triploid Grass Carp in the Santee Cooper
Reservoirs as of August 1994
Population Attributes Age-Specific Attributes
Age Number Surviving Biomass (kg) Length (mm) Weight (kg)
1 134,850 51,377 322 0.38
2 39,096 138,439 639 3.5
3 61,140 436,785 793 71
4 47,806 447,950 862 94
5 37,381 459,378 937 12.3
6 29,229 446,681 1,002 15.2
20
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Figure 2. Catch curve used to estimate mortality
of triploid grass carp stocked in the Santee
Cooper reservoirs, South Carolina

Discussion

Accurate estimates of mortality, specifically
the instantaneous rate of total mortality (Z)
(Ricker 1975), are critical to proper use of the
AMUR/STOCK model. Figure 3 illustrates
the importance of accurate mortality estimates.
As an example, an error of 20 percent in esti-
mated mortality can cause a 300 percent error
in the estimated population size after 4 years.
Consequently, estimates of mortality need to
be based upon correctly applied methodolo-
gies. Our mortality estimates were affected
by higher than expected survival of the initial
1989 stocking (Figure 2). This trend suggests
that annual survival over time may be less
than 80 percent and populations should be

Time in years

90% survival 70% survival
—5— -

Figure 3. Decline of a cohort of 100 fish
over 6 years with annual survival rate(s)
of 90 and 70 percent
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monitored yearly to properly support stocking
strategies.

Earlier efforts (Kirk, Morrow, and Killgore
1994) using scales alone to estimate age distri-
butions were improved by using otoliths. Scales
from fish became difficult to read after age 4.
We improved our estimates by using sectioned
lapillar otoliths to determine age and then
using scales of known age for backcalculations.

Growth in weight was estimated at approxi-
mately 3 kg/year. This rate was linear (r2 =10,99)
(Figure 1) which may indicate that hydrilla, a
preferred food, is not limiting. We speculate
that growth may decline if hydrilla abundance
decreases.

This work unit is ending in FY95. During
this seven-year study we have monitored the
movement of triploid grass carp in relation to
food sources (Chappelear et al. 1991), studied
water quality associated with beds of hydrilla
(Kartalia, Foltz, and Killgore 1992), and sur-
veyed native fish populations in relation to
aquatic vegetation. We developed novel tech-
niques to collect adequate numbers of grass
carp for population monitoring and developed
aging techniques (Kirk et al. 1993; Kirk, Mor-
row, and Killgore 1994). A final report will
be prepared that summarizes our findings and
recommends new approaches to monitor trip-
loid grass carp used to control nuisance
aquatic vegetation.
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Integrated Use of Herbicides and Pathogens
for Submersed Plant Control

Michael D. Netherland' and Judy Shearer!

From an aquatic plant management per-
spective, integrated control can be defined as
a cost-effective, environmentally sound man-
agement system that incorporates suitable
control techniques (biological, chemical,
environmental, physical) to reduce exotic
plant populations to levels which cause no eco-
nomic or ecological harm. This implies a com-
bination of different control measures instead
of an approach based on a single control mea-
sure (Murphy and Pieterse 1990). The ratio-
nale behind this approach is to combine the
strengths of each technology which often
eliminates their individual weaknesses.

Today the term integrated control is usu-
ally associated with techniques aimed at re-
ducing reliance on pesticides. Murphy and
Pieterse (1990) stated that in aquatic systems
herbicides are only applied if other means of
aquatic plant control are ineffective or too
costly; therefore, decreasing the use of chemi-
cals is usually not a major objective of inte-
grated control. However, the recent emphasis
on using low rates or improving timing of ap-
plication of herbicides to provide a species-
selective response or to reduce environmental
loading creates many new potential oppor-
tunities to integrate chemicals with other tech-
nologies. Herbicide use at reduced rates or
the ability to apply less frequently will give
plant managers from state and Federal agen-
cies more flexibility in choosing chemicals
as part of their plant management program.

It is likely that the public will continue to
demand a reduction in herbicide usage and
use rates. Therefore, it is essential that inte-
grated strategies be developed to meet this
demand while maintaining the ability to
provide adequate and cost-effective plant
control.

Several researchers have investigated com-
bining chemical and biological methods for
improved plant control. Efforts directed at
submersed vegetation have involved the inte-
gration of herbicides with pathogens. Sorsa,
Nordheim, and Andrews (1988) examined the
effect of combining the herbicide endothall
with the fungal pathogen Colletotrichum sp.
for control of Eurasian watermilfoil. Smit et
al. (1990) combined the herbicide fluridone
with isolates of various fungal species and
evaluated control of coontail. Results suggest
the integrated approach provided improved
efficacy versus either approach on its own.

Biological control research under the
APCRP has identified the fungal pathogen
Mycoleptidiscus terrestris (MT) as a potential
organism to provide control of the exotic sub-
mersed species hydrilla (Hydrilla verticillata
L.f Royle). Moreover, chemical control re-
search under the APCRP has demonstrated
that extremely low use rates of the herbicide
fluridone can provide effective hydrilla control.
Kerfoot (1989) suggested that herbicides that
block metabolic pathways (such as fluridone)
can weaken the plant defenses at low rates
and indirectly increase susceptibility to tradi-
tional nonlethal agents such as pathogens.

In assessing the use of either fluridone or
MT alone for hydrilla control, it was noted
that the strengths of each technology frequently
offset the weaknesses of the other technology
(Table 1). This assessment led to initial dis-
cussions and planning for integrating these
technologies in a laboratory-scale demonstra-
tion. The objective of this study was to deter-
mine the potential additive, antagonistic, or
synergistic effects on hydrilla by integrating a
fluridone treatment with the plant pathogen MT.

1L U.s. Army Engineer Waterways Experiment Station, Vicksburg, MS.
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Table 1

Fluridone for Control of Hycrilla

Comparative Strengths and Weaknesses of the Biocontrol Agent MT and the Herblclde

Mycoleptidiscus terrestris

Fluridone

Strengths

Weaknesses

* High specificity
(studies still required)

* Rapid results

= Very short exposure requirement

* Low to moderate specificity
(species, rate, and timing)

* Delayed results

» Extended exposure requirement

Weaknesses

Strengths

* Variable activity
(temperature, virulence)

e Little to no field verification

* Little residual activity
(limitation of current formulation)

* Not currently registered for use

* Defined dose response

* Proven method of control

* No regrowth during exposure

* EPA registered

Materials and Methods

This study was conducted in a walk-in
environmental growth chamber that has been
described in previous herbicide concentration/
exposure time studies (Netherland, Green, and
Getsinger 1991, Netherland, Getsinger, and
Turner 1993). This system consists of 52, 55-L
aquaria, located in a controlled-environment
room with a temperature of 23 + 2 °C, light
intensity of 570 + 60 pmol/m/sec, and photo-
period of 14L:10D. A general water culture
solution proposed by Smart and Barko (1984)
for growing aquatic macrophytes was used
throughout the study.

Hydrilla apical tips were collected from the
Suwannee River, FL, and sediment was ob-
tained from Brown’s lake at the WES. Sedi-
ment was enriched with NH4Cl (200 mg/L) to
prevent nitrogen limitation during the course
of the studies. Glass beakers (300 ml) were
filled with sediment and four 10- to 15-cm
hydrilla apical tips were planted (5 cm deep)
in each beaker. A thin layer of silica sand
(0.5 cm) was used to cover the sediment to
prevent sediment suspension in the water
column. Eleven beakers were placed in each

24 Netherland & Shearer

aquarium and water was flowed-through (one
exchange per 24 hr) during the pretreatment
growth period. Air was lightly bubbled
through each aquarium to provide a source
of CO, and mixing of the water column.

A pretreatment growth period of 4 weeks
resulted in the formation of a thin surface can-
opy and ensured development of a viable root
system. Prior to treatment, one beaker was
removed from each aquarium to provide an
estimate of pretreatment biomass. Estlmated
pretreatment shoot biomass (128 g DW m ) for
this study approximates spring-to-early summer
biomass reported for hydrilla (Harlan, Davis,
and Pesacreta 1985). Treatments were ran-
domly assigned to a test aquarium resulting
in 17 exposure scenarios (Table 2). Each
treatment was replicated three times.

Two beakers were harvested from each
aquarium at 14-, 28-, 42-, 60-, and 94-day
posttreatment to determine treatment effects
on biomass over time. In addition net photo-
synthesis (net PHS) and total chlorophyll
were measured on 4-cm apical tips through-
out the studies to determine physiological
competence of treated plants.

Proceedings, 29th Annual Meeting, APCRP



Table 2

Fluridone, MT, and Fluridone + MT
Treatment Rates for Control of Hydrilla
Treatment Rate, ug/L Rate, CFU/mi
Fluridone 2

Fluridone 5

Fluridone 12

MT - 100

MT - 200

MT - 400
Fluridone + MT 2 100
Fluridone + MT 2 200
Fluridone + MT 5 100
Fluridone + MT 5 200
Fluridone + MT |12 100
Fluridone + MT |12 200
Untreated Ref

Data were analyzed at each sample date
using analysis of variance (ANOVA) to deter-
mine if differences existed between the various
treatments. If the ANOVA determined signifi-
cant differences existed, data were further
subjected to an LSD test at the 0.05 level.

Results and Discussion

Results showed dramatic differences in the
pattern of initial and long-term hydrilla response
to the various treatments (fluridone, MT,
fluridone + MT). As a point of reference, un-
treated control plants maintained healthy
growth throughout the study and physiological
parameters (chlorophyll content and net pho-
tosynthesis (PHS)) were generally consistent;
however, some reduction in vigor was noted
(indicating stress or nutrient limitation) toward
the end of the study. Following initial treat-
ment injury, if plants began to show physio-
logical recovery, biomass recovery always
followed (providing a predictive capability).
If, however, physiological parameters remained

Proceedings, 29th Annual Meeting, APCRP

significantly reduced compared to untreated
controls, hydrilla biomass continued to decline.

Following the fluridone treatments of 2, 5,
and 12 pg/L, characteristic bleaching of apical
tips was noted within days. Overall, hydrilla
response to fluridone was dose dependent with
significant differences in percent biomass re-
duction noted at each sample period (Figure 1).
This dose response has been noted in previous
studies and is especially pronounced at the
low fluridone rates tested (Netherland, Getsin-
ger, and Turner 1993). The reduction of bio-
mass was essentially linear over time with
eventual reductions of 71, 90, and 97 percent
for treatment rates of 2, 5, and 12 pug/L, re-
spectively (Figure 1). The inability to com-
pletely control hydrilla in the laboratory
following extended exposure periods is in
agreement with previous fluridone studies
(Netherland, Getsinger, and Turner 1993).

Within days following MT treatment,
hydrilla leaves became translucent and began
to detach from the stems. By 10 days after
treatment (DAT), stems were nearly completely
defoliated and significant stem damage had
occurred at the higher MT treatment rates of
200 and 400 CFU/ml. Initial results indicated
that hydrilla also responded to MT treatment
in a dose-dependent manner. Chlorophyll and
net PHS were significantly reduced compared
to untreated controls at 14 DAT. Biomass
measurements at 14 DAT indicated reductions
of 97, 91, and 82 percent following MT treat-
ments of 400, 200, and 100 CFU/ml (Figure 2).
However, physiological parameters measured
at 21 DAT began to show recovery in the
100- and 200-CFU/ml treatments. Visual
assessments and the 28-day biomass harvest
confirmed that although biomass was still sig-
nificantly reduced compared to untreated con-
trols, recovery had occurred between 14 and
28 DAT. Biomass recovered rapidly and by
42 DAT recovery from 100- and 200-CFU/ml
treatments resulted in no significant differences
(Figure 2). Although the 400-CFU/ml treat-
ment was generally slower to recover, vigorous
growth resulting in canopy formation was
noted within 56 DAT. The laboratory response
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Hydrilla 7% Control Following Fluridone Treatment
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Figure 1. Percent control of hydrilla following treatment with fluridone or Mycoleptidiscus terrestris (MT).
Points at each sampling date represent the average of three replicate samples

26 Netherland & Shearer Proceedings, 29th Annual Meeting, APCRP



Hydrilla % Control Following Fluridone/MT Treatment
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of hydrilla to MT treatment (initial knock-
down followed by rapid regrowth) was quite
similar to effects in pilot-scale field trials at
the Lewisville Aquatic Ecosystem Research
Facility (LAERF).!

The fluridone + MT treatments resulted in
initial symptoms similar to the MT treatment
with leaves becoming translucent and stems
defoliated or severely injured (200 CFU/ml)
within 1 week posttreatment. By 14 DAT
these treatments were indistinguishable from
the MT treatments, with biomass reductions
ranging from 89 to 96 percent (Figure 2).
However, at 21 DAT, physiological parameters
showed no signs of recovery. New apical
shoots were sprouting from uninjured stems
and rootcrowns; however, within days fluridone
symptoms (bleached apices) were manifest.
Physiological parameters remained significantly
reduced compared to untreated controls and
biomass continued to decline. This eventually
resulted in complete hydrilla control at 56 and
42 DAT with the 5 and 12 ug/L + 100- and
200-CFU/ml treatments. The 2-pg/L fluridone
+ MT at 200 and 100 CFU/ml resulted in com-
plete control of hydrilla by 60 to 94 DAT.

Laboratory results suggest that MT (as cur-
rently formulated) acts as a contact bioherbi-
cide which results in excellent initial. biomass
reduction, but fails to provide any long-term
residual control. (It should be noted that the
WES biocontrol team is currently working on
formulating MT to provide improved residual
control.) Fluridone treatment provided good
long-term hydrilla control; however, poor ini-
tial control and the requirement for extended
exposure periods limit applications of this
product. (It should also be noted that the WES
chemical control team is evaluating delivery
systems (controlled-release, metering, repeat
applications) to optimize the use of fluridone.)

Integrating fluridone and MT provided-the
benefits of excellent initial biomass reduction
along with long-term control. Integrating
these treatments greatly reduced fluridone ex-
posure requirements while also reducing the

1 personal Communication, R. M. Smart, LAERF.
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rate of fluridone necessary to provide control
of hydrilla.

Preliminary laboratory results demonstrate
the potential exists for combining chemical
and biological control agents to improve effi-
cacy and reduce reliance on chemicals (lower
use rates or less frequent applications). In ad-
dition, by assessing the comparative strengths
and weaknesses of a chemical with a biologi-
cal control agent, a rational approach can be
used to combine these technologies.

Future Work

Future work will include determination of
the specificity (hydrilla and beneficial native
species) of both MT and fluridone individually
and in combination. Studies will be scaled up
to the mesocosm level at the LAERF for vali-
dation of laboratory results and to determine
the effects of such variables as temperature,
water quality, and species composition on var-
ious fluridone and MT treatment combinations.
In addition, following operational field treat-
ments, hydrilla will be analyzed in the labora-
tory to determine pathogenic assemblages
associated with a fluridone treatment.
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The Influence of an Exotic Submersed Aquatic Plant,
Myriophyllum spicatum, on Water Quality, Vegetation,
and Fish Populations of Kirk Pond, Oregon

by

John D. Madsen,' R. Michael Smart,! Gary O. Dick,? and David R. Honnell?

Kirk Pond, located near Eugene, OR, is a
24-ha borrow pit resulting from the construc-
tion of the Fern Ridge Reservoir dam. Itis
the central feature of a day-use park, with pri-
mary activities being fishing and nonpower
boating. The primary water source is a pipe
from Fern Ridge Reservoir. The outlet of Kirk
Pond, Coyote Creek, is a tributary of the Long
Tom River. The nonnative submersed macro-
phyte Myriophyllum spicatum (Eurasian water-
milfoil) currently dominates the pond, interfering
with recreation and thus reducing the abun-
dance and diversity of both native plants and
fish. This article documents environmental
and ecological information required to evaluate
the actual and potential effects of Eurasian
watermilfoil on the pond ecosystem and the
need for aquatic plant control.

chemistry analytical procedures are described
in Madsen et al. (1993).

The pond can be delineated into two major
areas by water quality and flow regime. The
western basin of the pond is essentially a
flow-through system for outlet water from
Fern Ridge Reservoir. The eastern basin of
the pond is an isolated water body, relatively
static, and appears to have significant influx
of groundwater or seepage water. In general,
the eastern basin has higher conductivity, al-
kalinity, and dissolved metals, and lower tur-
bidity and suspended solids than the western
basin (Table 1). Turbidity is a major factor in
vegetation distribution and abundance in the
pond, as indicated later (Figure 1).

Characterization

Bathymetry and sediment composi-
tion were measured along transects es-
tablished every 400 m along the
shoreline of Kirk Pond. Sediment anal-
yses were described in Madsen et al.
(1993). Water chemistry was mea-
sured at six stations in the pond every
two weeks during May through Octo-
ber. Stations 1 and 6 were grab sam-
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ples from the inlet and outlet,
respectively (Figure 1). Stations 2
through 5 were collected as integrated
samples of the water column. Water

Figure 1. Seasonal average turbidity of water samples from
all sample dates at the six water chemistry sample sites (top),
and location of water sample stations in Kirk pond (bottom)

I U.S. Army Engineer Waterways Experiment Station, Lewisville Aquatic Ecosystem Research

Facility, Lewisville, TX.

2 AScl Corporation, U.S. Army Engineer Waterways Experiment Station, Lewisville Aquatic

Ecosystem Research Facility, Lewisville, TX.
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Table 1
Water Chemistry Parameters for Six Monitoring Stations In Kirk Pond Averaged
Over the Entire Sampling Perlod. (Standard error of the mean Is given In
parentheses)
Station: 1 2 3 4 5 6
Parameter Inflow In-lake In-lake In-lake In-lake Outflow
Temp ('C) 19.4 19.4 20.0 20.5 20.1 20.0
(0.3) (0.7) (0.9) (0.9) (0.8) (0.7)
pH (units) 7.1 7.3 7.7 9.4 9.6 8.1
(0.2) (0.1) (0.1) (0.2) (0.3) (0.2)
D.O. (mg L") 76 8.2 8.6 10.4 8.4 79
(0.4) (0.4) (0.4) (0.8) (0.5) (0.6)
Cond. 79.7 75.0 83.3 184.8 194.0 81.2
(uS cm™) (8.2) (9.2) (8.4) (21.3) (18.1) (10.0)
Alk. 24.0 25.9 29.7 91.1 93.6 29.2
(mg CaCQO, L) (1.4) (1.5) (1.4) (2.5) (2.8) (1.3)
Turb. (NTU) 27.8 27.3 28.6 2.1 1.9 17.1
(1.9) (2.2) (2.9) (0.2) (0.2) (2.6)
TSS (mg L) 22.8 1.6 38.0 7.7 47 18.7
(2.8) (1.9) (13.0) (1.8) (1.6) (3.2)
NH,-N (mg L) 0.03 0.08 0.06 0.04 0.03 0.03
(0.01) (0.04) {0.03) (0.01) (0.02) (0.01)
NO,-N (mg L) 0.05 0.03 0.02 0.03 0.03 0.03
(0.01) (<0.01) (<0.01) (0.01) (0.01) (0.01)
TP (ug L") 48 58 60 26 20 40
(4) (6) (9) (2) (2) (3)
SRP (ug L) 6 8 8 10 4 7
(0.3) (0.6) (0.1) (0.9) (0.6) (0.9)
Ca (mg L") 28 33 39 13.9 13.8 43
(0.2) (0.3) (0.3) (0.7) (0.5) (0.5)
Mg (mg L) 25 29 35 12.6 12.8 34
(0.1) (0.1) (0.3) (0.5) (0.3) (0.2)
Na (mg L") 4.0 4.3 4.7 9.7 10.5 4.7
(0.4) (0.3) (0.3) (0.8) (0.9) (0.2)
K (mg L™ 1.1 1.3 1.0 0.9 1.0 0.9
(0.1) 0.2) (0.1) (0.1) (0.1) (0.0)

Vegetation—Distribution

The distribution of aquatic plants in Kirk
Pond was examined using transects placed
every 400 m, marked in 1-m intervals. All
species were recorded in each 1-m interval by
a SCUBA diver. A total of 19 transects and
3,161 intervals were examined. Fourteen

Proceedings, 29th Annual Meeting, APCRP

aquatic plant species were observed (Table 2,
Figure 2). Total plant cover of the pond was
85 percent. Eurasian watermilfoil covered a
total of 69 percent of the pond, with 50 per-
cent being a monoculture of M. spicatum.
The 15 percent bare area occurred in two
deep spots (exceeding 1.5 m) in the turbid
western basin of the pond. Native plants,
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Table 2

Percent Cover of Aquatic Plant Species in Kirk Pond

Sclentlfic Name' Common Name Growth Form Percent Cover
Ceratophyllum demersum Coontail Submersed 247
Cyperus sp. Rush Emergent 04
Elodea canadensis Elodea Submersed 90
Juncus sp. Rush Emergent 1.0
Myriophyllum spicatum Eurasian watermilfoil Submersed 68.9
Nuphar sp. Yeliow pond lily Floating-leaved 0.1
Polygonum sp. Smartweed Emergent 1:1
Potamogeton nodosus American pondweed Floating-leaved 0.3
Potamogeton crispus Curlyleaf pondweed Submersed 05
Potamogeton epihydrus Leafy pondweed Submersed/Floating-leaved 0.1
Scirpus sp. Bulrush Emergent 1.5
Sparganium sp. Burreed Emergent 09
Typha sp. Cattail Emergent 1.0
Utricularia vulgaris Common bladderwort Emergent 0.3
None (Bare Sediment) -- -- 15.0

! Species identified to generic level only because of the absence of flowering structures or other identifying features required

for proper identification.

without any Eurasian watermilfoil, constituted
only 16 percent of the pond and were largely

restricted to a deep area in the eastern basin
of the pond (Figure 2). This deep area was
dominated by C. demersum (coontail),

100

a native species that tolerates low light
levels. Diversity throughout the pond

80

PERCENT COVER

MILFOIL

ELODEA

14 SPECIES PRESENT

EMERGENT

@ Mo 3 COONTAIL

SUBMERSED

was relatively low, in part due to the
dominance of much of the habitable
space by M. spicatum. Native species
occurred in 51 percent of the intervals
not inhabited by M. spicatum, and only
27 percent of intervals which did have
Eurasian watermilfoil (Table 3).

Vegetation—Biomass

In addition to limiting the depth dis-

32

Figure 2. Percent surface area of Kirk Pond composed of
bare substrate, milfoil, coontail, elodea, emergent species,
and other submersed species (top) and distribution map
of major plant communities in Kirk Pond (bottom)

Madsen et al.

tribution of plants in the western end

of the pond, turbidity also appeared to
limit the biomass of M. spicatum. Bio-
mass at stations in the eastern basin of
the pond was greater than 300 g m2
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Table 3

Percent Frequency of Plant Species Pairwise Two-by-Two Comparisons of Presence
or Absence In the Presence or Absence of Myriophyilium spicatum. (Specles with
too few occurrence for statistical comparisons were eliminated)

Without M. spicatum With M. spicatum Chi-sq
. p-value and +/-
Species Absent Present Absent Present Association
Ceratophyllum demersum 543 (55) 441 (45) 1838 (84) 339 (16) 0.001 -
Elodea canadensis 918 (93) 66 (7) 1959 (90) 218 (10) 0.003 +
Native plants’ 478 (49) 506 (51) 1582 (73) 595 (27) <0.001 -

excludes both M. spicatum and P. crispus.

'Cross-classification based on the occurrence of any native species in the presence or absence of M. spicatum; thus it

and appeared limited by nutrient availability.
Biomass levels in the western basin were
below 300 g m2, and were not limited by nu-
trient availability. Biomass of M. spicatum in
the western basin of the pond may have been
limited by light due to the higher turbidity in
this area (Figure 3; Madsen et al. 1993).

Fisheries

Kirk Pond was sampled in the spring of
1991 and 1992 using electroshocking. A total
of eleven species were collected, with bluegill
and white crappie being the most common
species (Table 4). The size distribution of

the three major fish species indicated poor
growth in the dense cover created by Eurasian
watermilfoil (Figure 4).

Conclusions

Kirk Pond was dominated by a dense can-
opy of Myriophyllum spicatum that reduced
native plant diversity, reduced the growth and
vigor of the warm-water fishery, and interfered
with the recreational use of the pond. With a
reduction in turbidity, Eurasian watermilfoil
could spread to deeper areas of the western
basin of the pond, as in the eastern basin.
Areas of more than 1.5-m depth in the western

basin that are currently bare might be
colonizable by coontail. Without man-

agement of M. spicatum, the abundance
and diversity of native plants in the

i

MILFOIL

BIOMASS (g/m®)

1] v

Vi

0.5- to 2.0-m depth range will likely
continue to decline. Management of
M. spicatum will improve native plant
diversity and abundance, growth of
warm-water fishes, and access for

KIRK POND
BIOMASS SITES I-VI

recreational purposes.

Reference
Madsen, J. D., Dick, G. O., Honnell,

D. R., Shearer, J., and Smart, R.

Figure 3. Biomass of Myriophyllum spicatum at six biomass
sample locations (top) and locations of biomass sample sites
and demarcation of turbid water and clear water regions of

Kirk Pond (bottom)
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M. (1993). “Ecological Assess-
ment of Kirk Pond,” Miscella-
neous Paper A-94-1, U.S. Army
Engineer Waterways Experiment
Station, Vicksburg, MS.
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Table 4

Species List and Frequencies from 1991 and 1992 Kirk Pond Electrofishing
Samples. (fis the humber of each species collected and rfis the relative frequency
within all samples)

1991 1992
Family Scientific Name Common Name f rf(%) f (%)
Salmonidae Salmo clarki Cutthroat trout 6 1.8 - -
Cyprinidae Carassius auratus Wild goldfish - - 1 0.3
Cyprinus carpio Common carp 13 40 29 9.4
Catostomidae Catostomus macrocheilus Largescale sucker 1 0.3 1 03
Ictaluridae Ictalurus natalis Yellow bullhead 2 0.6 - -
| Poeciliidae Gambusia affinis Mosquitofish * * ‘ *
Centrarchidae Micropterus salmoides Largemouth bass 21 6.4 17 55
Lepomis gibbosus Pumpkinseed 4 1.2 1 0.3
Lepomis gulosus Warmouth 17 5.2 5 1.6
Lepomis macrochirus Bluegill 126 38.7 51 16.5
Poxomis annularis White crappie 126 38.7 202 65.2
Poxomis nigromaculatus Black crappie 10 31 3 0.9
Totals L326 100.0 310 100.0
* Collected only during preliminary sampling.
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Figure 4. Size class distributions of largemouth bass (M. salmoides), bluegill (L. macrochirus), and white
crappie (P. annularis) for 1991 and 1992, with mean length and weight also indicated

34

Madsen et al.

Proceedings, 29th Annual Meeting, APCRP




Synopsis of the District/Division Aquatic Plant
Management Operations Breakout Session

Wayne T. Jipsenl

The eighth annual Operations Breakout
Session was held on 15 November 1994 during
the Aquatic Plant Control Research Program
Review. Representatives from Headquarters,
1 Division Office, 10 District Offices, and the
WES attended. The total attendance of 27 in-
dividuals also included representatives from
7 state cooperating agencies.

The session started with an overview of
the program provided by the Headquarters’
APC Program Manager. The major topics of
discussion during this overview were funding
concerns and the revision of the Corps APC
Regulation. The revision is part of the Federal
government’s overall program to reduce regu-
lations. The format of the new regulations
allows for the description of the program but
does not include the customary “processes.”
These will be dictated later as policy.

Each District and local sponsor representa-
tive briefed the meeting attendees on their re-

spective programs. Three main topics emerged
from these overviews. First, all major sub-
mersed exotic species currently targeted in the
program are expanding their ranges. Hydrilla
continues to spread in Alabama, Florida, North
Carolina, South Carolina, and Texas. Eura-
sian watermilfoil is spreading in Michigan,
Minnesota, Tennessee, and Wisconsin while
water chestnut is spreading in the Northeast.

As a result of this spread, the second main
concern dealt with the desire to expand exist-
ing programs and/or initiate new starts. Head-
quarters guidance was to document the needs
and send the requests forward for review.

Lastly, more states are utilizing dedicated
funding sources (taxes and/or fees) for their
local sponsor share. This approach is getting
mixed results around the country.

1 U.S. Army Engineer District, Jacksonville, Jacksonville, FL.
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Chemical Control Technology

Chemical Control Technology

Development:

Overview

Kurt D. Getsinger1

The mission of the Chemical Control Tech-
nology Development area is to develop and
evaluate technology that will improve the
management of nuisance aquatic vegetation
using herbicides and plant growth regulators
(PGRs) in an environmentally compatible and
cost effective manner. A wide array of work
is being conducted in laboratory and growth
chamber facilities at WES, in large-scale
outdoor mesocosms at LAERF near Dallas,
TX, and at various field sites around the
Nation. In fiscal year 1994 (FY94), direct
allotted funds for chemical control research
and development were apportioned among
six work units:

a. Herbicide Concentration/Exposure Time
Relationships.

b. Herbicide Application Techniques for
Flowing Water.

Herbicide Delivery Systems.

& D

Field Evaluation of Selected Herbicides.

PGRs for Aquatic Plant Management.

o

f. Species-Selective Use of Aquatic Herbi-
cides and PGRs.

Two additional work units, (g) Coordina-
tion of Control Tactics with Phenology of
Aquatic Plants and (k) Integrated Use of Her-
bicides and Pathogens for Submersed Plant
Control, were also under the direction of the
Chemical Control Technology Team (CCTT)
during FY94.

For the past several years, the CCTT’s pro-
gram has continued to focus on the protection
and restoration of aquatic habitats using herbi-
cides and PGRs. The emphasis of this restora-
tion effort involves the selective removal of

nuisance plants, allowing for the growth and
recovery of native vegetation (Figure 1).
Through the use of selective chemical control
techniques, biodiversity of a system can in-
crease while dependence on herbicides (and
other control tactics) can decrease. This man-
agement scenario will allow for less environ-
mental loading of chemicals, as well as reduced
labor and costs associated with repetitive
herbicide application techniques.

Herbicides / PGRs

Selective Removal
of Weeds
* Increase biodiversity
* * Reduce chemical use
Recovery of
Native Plants

Figure 1. Protection/restoration of aquatic
habitats using chemicals

Cooperative work in the chemical area in-
cludes efforts with various CE Districts (e.g.,
Jacksonville, Seattle, St. Paul, and Wilming-
ton), TVA, USDA, USDI-BR, state and local
entities (e.g., Washington Department of
Ecology, Minnesota Department of Natural
Resources, Texas Parks and Wildlife, and
Florida Water Management Districts), and re-
search institutions (e.g., University of Florida,
Purdue University, and North Carolina State
University). The CCTT also interacted with
chemical companies pursuing aquatic registra-
tion for new products earmarked for use in pub-
lic waters and/or changes in existing national
aquatic herbicide labels (e.g., DowElanco,

1 U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
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Chemical Control Technology

SePRO, Griffin, Rhone-Poulenc, ElIf Atochem,
Zeneca).

In an effort to communicate more effec-
tively with the pesticide regulatory arm of the
USEPA, the CCTT established an AHWG
comprised of representatives from key Federal
agencies involved in studying, regulating, and
managing aquatic vegetation: the CE, USDA,
TVA, USDI-BR, and USEPA. This working
group will operate under the sponsorship of
the CAPRT, which was recently established
at the WES. Functions of the AHWG are as
follows:

a. Serve as clearinghouse for all Federal
agencies implementing chemical con-
trol of aquatic vegetation.

b. Coordinate Federal research efforts to
ensure the development of safe and cost-
effective herbicides, and provide guid-
ance for the environmentally sound use
of those compounds in public waters.

c. Address issues concerning the fate, per-
sistence, and toxicity of herbicides in
the aquatic environment.

d. Address issues concerning the potential
adverse human health effects of aquatic
herbicides, including applicator safety.

e. Interact, when appropriate, with state
and local agencies tasked with manag-
ing aquatic vegetation.

f. Encourage research initiatives in govern-
ment, academia, and private industry
that focus on the integration of chemi-
cal control methods with other aquatic
plant management technologies.

g. Provide public information on the risks
and benefits associated with the appro-
priate use of aquatic herbicides.

The AHWG will be chaired by the CCTT,
and will meet on a regular basis to discuss
items of mutual interest concerning chemical
control of aquatic vegetation.

Chemical control work unit summaries are
presented below. Detailed updates of each work
unit can be found in articles in the Chemical Con-
trol Technology Section of this proceedings.
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Herbicide Concentration/Exposure
Time Relationships (32352)

Concentration/exposure time (CET) rela-
tionships are being developed for all regis-
tered and experimental use permit herbicides
used for controlling Eurasian watermilfoil
and hydrilla. Unique properties of each chem-
ical (i.e. application rate, mode of action, half-
life, and selectivity) require that CET
relations be developed for each target plant.
These CET studies are conducted in con-
trolled-environment chambers at WES and in
outdoor mesocosms at the LAERF. When
coupled with water exchange information,
CET relationships can be used to guide the se-
lection, rate, and timing of application of ap-
propriate herbicides. When herbicides are
used within a respective CET window for tar-
get plant control, concomitant effects on non-
target submersed plants are also being
ascertained in small-scale evaluations.

Herbicide Application Techniques
for Flowing Water (32354)

In this effort, herbicide application techniques
are developed to minimize the amount of ac-
tive ingredient used and the frequency of treat-
ments, while maximizing efficacy against
submersed target plant species (primarily Eur-
asian watermilfoil and hydrilla) in high water
exchange environments (e.g., rivers, canals,
tidal zones, lakes, and reservoirs). Results
from the previously described Herbicide CET
work unit provide the pertinent dose/response
information required to develop improved and
innovative application techniques.

Work has focused on understanding bulk
water exchange and stratification patterns in
target submersed plant stands, and on the po-
tential impact of these conditions on herbicide
contact time, off-target movement, and effi-
cacy. Water exchange studies have been com-
pleted using tracer dyes and flow meters in a
variety of submersed plant stand conditions.
Results from this work are being used by oper-
ational personnel to select both type and timing
of submersed application techniques that will
minimize the impacts of water movement on
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herbicide efficacy. Successful large-scale
applications of products developed in this work
unit include the control of hydrilla in the Crys-
tal, Withlacoochee, and St. Johns rivers, FL,
and in Foster Creek, SC, using the herbicides
endothall and fluridone; and the control of
Eurasian watermilfoil in Pend Oreille River
and Long Lake, WA, and in Lake Minne-
tonka, MN, using the herbicides triclopyr and
fluridone. This flowing water work unit is
scheduled for completion in FY95.

Herbicide Delivery
Systems (32437)

Information generated in the Herbicide
CET and Flowing Water work units, above, is
used to design systems that can deliver low
doses of herbicides over extended periods of
time, providing acceptable plant control. En-
vironmentally compatible controlled-release
(CR) carriers, such as polymers, gypsum, pro-
teins, etc., are evaluated for herbicide release
rates and efficacy in small-scale systems at
WES. The most promising formulations are
further evaluated in large-scale mesocosms at
the LAERF, or in hydraulic channels at the
TVA Aquatic Research Laboratory near Athens,
AL. Results from these studies are used to im-
prove the control of nuisance submersed plants
in flowing water systems. Recent work has
focused on endothall-gypsum CR carriers and
a high-load endothall-polymer formulation.

Field Evaluation
of Selected Herbicides
for Aquatic Use (32404)

The most effective application techniques
and chemical formulations developed through
the CCTT’s small-scale research are eventually
evaluated under field conditions. In addition
to documenting efficacy, these field efforts
are used to collect pertinent environmental
data pertaining to the fate and dissipation of
the chemical formulations’ active ingredients.
Cooperators on these efforts include chemical
companies, CE Districts, Federal, state, and
local agencies, universities, and contractors.
Efficacy and environmental fate and dissipa-
tion data collected in these studies are used to
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prepare guidance on the appropriate use of
aquatic herbicides, and are available to sup-
port USEPA requirements for registration of
specific herbicide formulations for use in pub-
lic waters. Results from these field evalua-
tions verify results from laboratory- and
mesocosm-scale studies, and can aid in modi-
fying the status of previously registered
aquatic herbicides. Recent work has focused
on the national aquatic registration of
triclopyr (for Eurasian watermilfoil and
waterhyacinth control), and on modifying the
labels on fluridone and endothall.

Plant Growth Regulators
for Aquatic Plant Management
(32578)

Plant growth regulators (PGRs) offer the
potential of slowing the vertical growth rate of
nuisance submersed plants, thereby reducing
the negative aspects that “topped-out” vege-
tation can impose on a water body (e.g., re-
stricting navigation and recreation, causing wide
diurnal variance in water temperature, dis-
solved oxygen, and pH levels, and eliminating
native plant habitat). Thus, the beneficial
qualities provided by underwater vegetation
(e.g., fish and wildlife habitat, oxygen produc-
tion, nutrient sink, and sediment stabilization)
can be retained.

Chemical compounds that demonstrate
PGR activity are being evaluated in this work
unit including bensulfuron methyl, flurpri-
midol, paclobutrazol, and uniconazole. Since
PGR efficacy is sensitive to life cycle events
of target plants, information obtained from
the Phenology work unit (described below)
will be useful in evaluating growth regulating
effects. Once evaluations have been conducted
in greenhouse and growth chamber systems,
the most promising compounds are evaluated
in mesocosms and ponds at the LAERF.

Species-Selective Use of Aquatic
Plants and PGRS (32841)

While weedy submersed species can be re-
moved using traditional chemical control tac-
tics, these treatments can also impact native
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plant species. However, using chemicals in a
species-selective manner can result in the con-
trol of target vegetation while enhancing the
growth of desirable/beneficial plants. Allowing
these desirable species to flourish can slow
the reinvasion of weedy species and provide
improved fish and wildlife habitat. In this way,
water bodies plagued with monoculture infes-
tations of exotic plants can be restored to a
healthy, diversified, and balanced aquatic
community.

In this work unit, species-selective aquatic
plant management practices using chemicals
are being developed and evaluated. Studies
are focusing on species-selective responses
to applications (rates and timing) of various
herbicides/PGRs. As responses to weedy and
various nonweedy species are determined,
desirable herbicide-resistant plants can be se-
lected for further evaluation. The most prom-
ising compounds (e.g. triclopyr, fluridone,
endothall, diquat) are being applied to mixed
plant communities in a mesocosm system at
the LAERF. Results from this effort will be
used to provide guidance for managing aquatic
vegetation using the species-selective approach.

Coordination of Control Tactics
with Phenological Events
of Aquatic Plants (32441)

A thorough understanding of a species’ sur-
vival strategy can be used to identify weak
points in its growth cycle, which can then be
exploited to improve control of that plant.
Once identified, these susceptible periods can
be predicted on the basis of growth-cycle
events, morphological characteristics, and en-
vironmental cues. An easily recognizable
characteristic or cue will enable field person-
nel to determine the optimum time for apply-
ing appropriate chemical control techniques
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by taking advantage of the weak link in the
plant’s growth cycle to maximize efficacy.

Phenological studies are being conducted
on Eurasian watermilfoil, hydrilla, and water-
hyacinth at the LAERF. Results from these
studies are being used in the control oriented
chemical work units described above. In addi-
tion, phenological information is contributing
to the plant growth modeling effort in the
Simulation Technology area of the APCRP.

Integrated Use of Herbicides and
Pathogens for Submersed Plant
Control (32953)

Current policies are directing government
agencies to reduce overall use of pesticides,
including herbicides used for managing nui-
sance vegetation. One potential method of re-
ducing herbicide use rates while maintaining or
improving plant control is to integrate chemical
control strategies with known pathogens. By
integrating the strengths of a chemical treat-
ment with a biological organism, the weak-
nesses of an individual control technique are
often minimized or negated. Potential uses
of herbicide/pathogen combinations include:
(1) using low rates of herbicide to stress target
plants, making them more susceptible to
pathogenic attack, and (2) use of pathogens
as contact bioherbicides to reduce standing
biomass of target plants which allows for
reduced rates of herbicides to be applied.

Selected aquatic herbicide and pathogen
combinations are being evaluated for synergistic/
antagonistic relationships in growth chamber
studies. Promising combinations will be eval-
uated in mesocosms and ponds at the LAERF.
Results from this work will provide informa-
tion on the potential of integrating chemical
and biological control techniques to improve
management of aquatic vegetation.
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Herbicide Application Technique Development for Flowing
Water: Summary of Accomplishments (32354)

Kurt D. Getsinger1

Introduction

Since the major pathway for herbicide up-
take in submersed plants is via the shoot/water
column interface, hydrodynamic processes
can dramatically influence the efficacy of a
treatment by altering herbicide concentration
and exposure time relationships with respect
to target vegetation. Undoubtedly, many un-
successful chemical treatments can be attrib-
uted to off-target movement of water caused
by flow, wind mixing, thermal stratification,
tidal action, and other water exchange processes.
Clearly, an understanding of water movement
in and around target submersed vegetation
was essential to improve control of nuisance
plants in flowing water situations, or in sites
representing spot-treatment applications and
partial treatments of large water bodies.

In 1986, this “flowing water” work unit was
initiated to (a) characterize flow velocities and
water exchange patterns in submersed plant
stands under a variety of field conditions,

(b) evaluate application techniques that maxi-
mize herbicide contact time in flowing-water
environments, and (c) provide guidance to op-
erational personnel for improving the control
of nuisance submersed vegetation using herbi-
cides in high water exchange environments.
These work unit objectives were met through
a series of large-scale water exchange studies
(flow meter and tracer dye) and field applica-
tion technique evaluations (dye/herbicides).
Results from this 10-year effort have been
used to dramatically improve the chemical
control of Eurasian watermilfoil and hydrilla
in rivers, lakes, and reservoirs around the
Nation. In addition, treatment techniques
developed in this work unit can be used to
manage other target submersed species.

The following article presents a summary
of the major accomplishments in this work
unit including the conduct of water exchange
studies to develop and evaluate innovative ap-
plication techniques, and the verification of
those techniques using several herbicides,
against two target species, in a variety of field
situations. A final summary report on this
effort will be available in 1996.

Results and Discussion

Flow meter studies: 1986-87

Flow velocities were measured in submersed
plant stands using electromagnetic sensor por-
table velocity meters in hydraulic flumes at
the WES, in the Holston River, TN, and in
irrigation/drainage canals in the Sacramento
Valley, CA (Getsinger 1987, 1988; Getsinger,
Green, and Westerdahl 1990). Results from
this work verified that dense stands of sub-
mersed macrophytes substantially alter water
movement in lotic systems. The physical struc-
ture and height of plants, as well as areal ex-
tent of the plant stand, can influence water
velocities. Data showed that electromagnetic
flow meters can be used to characterize linear
water flow in and around submersed plant
stands when velocities are >1 cm/sec; how-
ever, low intrastand velocities (<1 cm/sec)
can make the use of these instruments im-
practical in many field situations. The limited
value of these flow meters for determining
water exchange patterns in plant stands led to
the search for more reliable techniques. One
such technique is the use of the inert tracer
dye, rhodamine WT (RWT).

I U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
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Dye studies: 1987-90

In an effort to more accurately characterize
flow velocities and water exchange patterns
in submersed plant stands, field studies were
designed to include the use of the dye rhoda-
mine WT. Data from these dye studies were
also used to evaluate various submersed
application techniques.

The research focused on several major
problems faced by field personnel responsible
for controlling submersed vegetation. Studies
were designed to determine retention time of
herbicides in hydrilla stands in tidally influ-
enced systems, such as the Crystal River, FL,
and the Potomac River near Washington, DC
(Fox, Haller, and Getsinger 1991, Fox et al.
1991; Getsinger et al. 1991). Additional stud-
ies were conducted in hydrilla and Eurasian
watermilfoil stands in inland rivers and lakes,
such as the St. Johns and Withlacoochee rivers,
Lochloosa Lake, and Lake Kissimmee in Flor-
ida (Getsinger, Green, and Westerdahl 1990;
Getsinger, Haller, and Fox 1990), and the
Pend Oreille and Columbia rivers in Washing-
ton (Getsinger, Green, and Westerdahl 1990;
Getsinger, Sisneros, and Turner 1993).

Results of these studies showed that RWT
dye is a reliable and relatively easy technique
for determining water exchange characteristics,
relative to potential herbicide contact time, in
submersed plant stands under most field con-
ditions. Results also showed that tracer dyes
can be used to determine the effects of thermal
stratification and various application techniques
on the potential distribution of herbicides in
submersed plant stands.

Dye/herbicide studies and
operational successes: 1989-95

The primary objective of the final phase of
the flowing water work unit was designed to
couple field water exchange information, via
dye applications, with laboratory-derived
herbicide concentration/exposure time (CET)
relationships to improve control of target
plants in flowing water systems. A secondary
objective of this effort was to establish corre-
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lations between the behavior of RWT and se-
lected herbicides when applied to submersed
plant stands. Once established, these dye/
herbicide relationships could be used to reliably
predict posttreatment water-column distribution,
off-target movement, and contact time of
herbicide active ingredients.

Field studies in which RWT was added
concurrently to herbicide applications on
hydrilla were conducted for diguat, endothall,
and fluridone, and bensulfuron methyl in
Lakes Orange, Washington, Hell 'n’ Blazes,
and Seminole, and the Crystal River in Florida
(Fox, Haller, and Shilling 1991; Fox, Haller,
and Getsinger 1992, 1993; Fox and Haller
1994; Langeland et al., in press). Additional
dye/herbicide studies were conducted in Eura-
sian watermilfoil stands in the Pend Oreille
River, WA (Getsinger, Turner, and Madsen
1992a, 1992b, 1993, 1994; Turner, Getsinger,
and Netherland 1994).

Results from these evaluations verified her-
bicide CET relationships for hydrilla and Eur-
asian watermilfoil, established correlations
between the behavior of RWT and most of the
registered aquatic herbicides, and contributed
to the development of innovative application
techniques (e.g., sequential/block treatments,
controlled-release carriers, low-dose exposures,
etc.).

An important legacy of the flowing water
work unit has been the documented opera-
tional success stories of managing vegetation
in rivers, canals, lakes, and reservoirs that
have occurred through the use of the technol-
ogy developed in this effort (Haller, Fox, and
Shilling 1990; Fox and Haller 1992; Getsin-
ger, Turner, and Madsen 1992a, 1993; Farone
and McNabb 1993; Getsinger 1993; Fox,
Haller, and Shilling 1994; Madsen, Getsinger,
and Turner 1994; Getsinger 1995; Madsen
and Getsinger 1995). Clearly, the ability to
control nuisance submersed plants using her-
bicides in hydrodynamic environments has
been vastly improved by coupling water ex-
change information, herbicide CET relation-
ships, and innovative application techniques.
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Plant Growth Regulators
for Aquatic Plant Management

Carole A. Lembi," Sally L. Yost,! and Xiao-xi Liu'

Introduction

For several years we have studied the po-
tential of several groups of chemicals to act
as plant growth regulators on submersed
aquatic plant species. One of the most prom-
ising of these groups is the gibberellin synthe-
sis (GS) inhibitors. These compounds inhibit
the synthesis of the naturally occurring plant
hormone gibberellin. Since gibberellin is re-
sponsible for causing plants to increase in
length, application of GS inhibitors reduces
main stem elongation. The aquatic plants re-
main short and nonweedy, and yet are viable
and able to provide benefits to the aquatic
environment such as oxygen production and
habitat.

We now know quite a bit about the effects
of GS compounds in aquatic plant systems
from our laboratory bioassay and small-scale
outdoor barrel tests. These compounds signif-
icantly reduce main stem length in hydrilla
(Hydrilla verticillata) and Eurasian water-
milfoil (Myriophyllum spicatum) at parts per
billion (ppb) concentrations without adversely
affecting physiological parameters such as
photosynthesis and respiration (Netherland
and Lembi 1992). Extensive tests with one of
the GS compounds, flurprimidol, showed that
this compound could significantly reduce
main stem length for 28 days in hydrilla at
75 ppb and Eurasian watermilfoil at 200 ppb
after only a 2-hr exposure (Lembi and Chand
1992). We also developed the techniques for
extracting and detecting flurprimidol in water,
sediment, and submersed plant tissue using
gas chromatography (Chand and Lembi
1991). Water, plant tissue, and sediment anal-
yses showed flurprimidol half lives of 9.1,

9.9, and 178 days, respectively (Chand and
Lembi 1994). Although the compound ap-
peared to dissipate rapidly from the plant tissue,
minute amounts were still present in height-
reduced milfoil plants 28 days after a 2-hr
treatment.

These results indicate that flurprimidol
readily dissipates (probably from photodegra-
dation) from the water but is longer lived in
soil. It is taken up rapidly by the plant (maxi-
mal uptake 24 hr after exposure), and height
reduction persists for at least a month and
probably longer.

One of the major considerations in the use
of any aquatic chemical is the route of plant
uptake. Do aquatic plants take up flurprimidol
from the water or from the soil or both?
There are several important reasons for deter-
mining this. First, if plants can take up
flurprimidol from the sediment, then it may
be possible to design delivery systems that
will specifically concentrate the compound in
the sediment with minimal contamination of
the water. Secondly, uptake from the sediment
(given significant long-term persistence in the
sediments) should provide long-term stem re-
duction in both static and flowing water sys-
tems. If, on the other hand, uptake is strictly
from the water, we will probably not be able
to count on significant residence time in flow-
ing water, and delivery systems will have to
be devised to extend exposure periods in
hydrodynamic systems.

Our first goal this year was to initiate studies
to determine the route of flurprimidol uptake.
Here we describe the results of a dose-response
experiment using compartmentalized plastic
containers to determine whether hydrilla

' Department Botany and Plant Pathology, Purdue University, West Lafayette, IN.
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takes up flurprimidol from the soil or from
the water. Our second goal was to begin a
larger scale study on competitive interactions
between flurprimidol-treated hydrilla and the
native, beneficial species, Vallisneria ameri-
cana (vallisneria). We know hydrilla is
extremely sensitive to flurprimidol at concen-
trations as low as 10 ppb active ingredient
(ai). Vertical stem length in hydrilla is much
reduced, and the plant puts its resources into a
low-growing stoloniferous form. However,
little is known of the effects of flurprimidol
on vallisneria. The growth form of vallisne-
ria differs from that of hydrilla. Rather than
elongating stems, most of the vallisneria height
is due to leaf elongation from a short stem
that remains at the ground line. If flurprimidol
were to have minimal effects on leaf elonga-
tion in vallisneria, then the potential exists for
significant shading of the height-reduced
hydrilla by the vallisneria.

Methods and Materials

Flurprimidol uptake study

Plastic cylinders (43 cm long, 7.5 cm in di-
ameter) were constructed with a plate to sepa-
rate the water and soil compartments (Figure 1).
The soil compartment was filled with a wet
garden soil, and the water compartment was
filled with Smart and Barko (1985) medium.
A small hole in the plate allowed the hydrilla
plant to be inserted into the soil. The hole
was sealed with melted cocoa butter at the top
of the plate and melted paraffin underneath
the plate. The plants were allowed to accli-
mate and develop roots in the cylinders for
14 days at a light intensity of 200 umol/m/sec,
25 °C, and a photoperiod of 16:8 hr light:dark.
The light was reduced to 40 umol/m/sec prior
to treatment. Flurprimidol applications to the
water were made by introducing the com-
pound directly into the water at the top of the
cylinder. Water concentrations were 0, 1, 10,
100, and 500 ppb ai. Flurprimidol applications
to the sediment were made by injecting the
compound with a hypodermic needle through
a small porthole into the sediment. Soil con-
centrations were also 0, 1, 10, 100, and 500 ppb.
Each soil and water treatment consisted of
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three replicate cylinders. The plants were har-
vested for length measurements 4 weeks after

treatment. The experiment has been conducted

only once to this point.

Competition study

Stock tanks (1.1 m in diameter, 60 cm in
depth) were placed out-of-doors and layered
with 12 cm of garden soil covered with a thin
layer of sand. The remainder of the tank was
filled with well water. The tanks were cov-
ered with 73 percent shade cloth. The south-
ern form of vallisneria was planted and
allowed to become established. Mean longest
leaf length of vallisneria at the time of treat-
ment was 47 cm. Hydrilla was planted 7 days

Figure 1. Plastic cylinders used in the flurprimidol
uptake study. The bolts are located at the plate
which separates the upper water chamber
from the lower soil chamber

Proceedings, 29th Annual Meeting, APCRP




before treatment; mean stem length at the
time of planting was 10 cm. Six plants of
each species were used per tank as required.
The treatments were as follows: (1) hydrilla
alone, no flurprimidol; (2) hydrilla alone,
with flurprimidol; (3) vallisneria alone, no
flurprimidol; (4) vallisneria alone, with flur-
primidol; (5) hydrilla and vallisneria mixed,
no flurprimidol; and (6) hydrilla and vallisne-
ria mixed, with flurprimidol. Each treatment
consisted of three tanks. The flurprimidol
concentration in the treated tanks was 150 ppb
ai, applied on 3 July 1994. The plants were
allowed to grow for 8 weeks at which time all
plants were harvested and measured.

Results and Discussion

Flurprimidol uptake study

The selected treatments that are shown
here (Figure 2) compare untreated plants with
plants that were treated with the lowest flur-
primidol concentration (1 ppb) used in the
water and sediment compartments. Lateral
stems above the plate are the laterals that
were produced by the main stem in the water
compartment. Laterals below the plate were
actually stolons which lay on the soil surface
and can get quite long, with roots produced at
intervals to anchor them into the soil. The
latter effect is quite typical of flurprimidol-
treated plants, i.e. a switch from vertical
growth to horizontal growth.

Length of main stem

Untreated
Water (1 ppb)
Soil (1 ppb)

Length of lateral stems above plate

Untreated
Water (1 ppb)
Soil (1 ppb)

Length of laterals below plate (stolons)

Untreated
?’;’5’8 T S
oll (1 pp

0 $ 10 15 20 25 30 35

Figure 2. Effect of flurprimidol when applied to
the water or soil compartments at 1 ppb
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The untreated plants appeared to put their
resources mostly into the production of lateral
stems above the plate. Mean length of the
main stem of untreated plants was 17.2 cm
but mean length of lateral stems off that main
stem was 19.7 cm. The mean length of lateral
stems (stolons) produced below the plate (in
the soil) was only 2.1 cm. The effects of the
water treatment were as expected. Mean lat-
eral stem lengths produced above the plate
were considerably shorter (7 cm) than those
of the untreated plants (19.7 cm). However, the
lengths of stolons produced below the plate
were longer than those of the untreated plants
(19.4 cm versus 2.1 cm). These results sug-
gest that flurprimidol is effective through the
water even at concentrations as low as 1 ppb.

Sediment treatments mirrored water treat-
ments in terms of length of the laterals above
and below the plate (Figure 2). Main stem
length was considerably longer than either the
untreated or water-treated plants. This may
be due to the fact that flurprimidol moves
slowly from the soil system to the tip of the
plant in terrestrial species. The delay in
movement of flurprimidol to the top of the
plant may have allowed the apical meristem
to continue producing new nodes and inter-
nodes which then elongated. However, the
effects on the lateral stems, both above and
below the plate, even at 1 ppb, indicate that
soil treatments can be as effective as water
treatments.

The potential for contamination of un-
treated compartments was determined using
gas chromatographic analysis of all soil and
water samples. No flurprimidol residues
were detected in the water when the soil com-
partment was treated; no flurprimidol residues
were detected in the sediment when the water
compartment was treated.

Competition study

This experiment was conducted in the sum-
mer of 1994 and will be repeated in the sum-
mer of 1995. Because of some design flaws,
not all of the 1994 data are usable, but these
problems should be solved when the experi-
ment is repeated in 1995. In general, the
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1994 results suggest that flurprimidol did af-
fect leaf length of vallisneria, whether growing
alone or in combination with hydrilla. How-
ever, the length of these leaves was longer
than the stem lengths of hydrilla. For example,
in the mixed stand tanks, the mean length of
new vallisneria leaves in the untreated tanks
was 52 + 3 cm; the mean length of these
leaves in the treated tanks was 35 £ 3 cm. In
the treated tanks, the mean stem length of
hydrilla was only 21 £ 2 cm. Of probably
greater significance was the difference in
shoot dry weight production between hydrilla
and vallisneria in the mixed stand tanks. The
mean dry weight of vallisneria in the treated
tanks was 36 = 6 g; for hydrilla mean dry
weight was 4 £ 0.1 g. Visual observations of
the mixed stand tanks at harvest indicated a
severe reduction in the amount of hydrilla
present under the vallisneria canopy, suggest-
ing that vallisneria had a suppressive (possi-
bly light shading) effect on hydrilla.

Flurprimidol-treated vallisneria did show
marked reduction in flowering stem length.
This suggests that sexual reproduction in
vallisneria may well be inhibited by flurpri-
midol treatments; however, vallisneria rapidly
propagates itself by the production of winter
buds and stolons. The effects of flurprimidol
on winter bud production is unknown, but our
experiments indicate that although stolon
length of treated vallisneria was reduced,
more plants from stolons were produced in
the treated than in the untreated tanks.

Future Work

Both of these experiments must be re-
peated in 1995. The results of the competition
study are intriguing because they suggest that
vallisneria may gain a competitive edge on

S0 Lembi, Yost, & Liu

hydrilla when both plants are treated with
flurprimidol. Since our experiment simulated
the initial invasion of hydrilla into an estab-
lished bed of vallisneria, other scenarios
should be examined. For example, what is
the effect of flurprimidol when applied to a
more established bed of hydrilla and vallis-
neria? What is the potential for treating an
established bed of hydrilla with flurprimidol
and then planting vallisneria into the height-
reduced hydrilla? The potential benefits of
flurprimidol treatment are particularly exciting
because few herbicides selectively remove
hydrilla from vallisneria stands.

References

Chand, T., and Lembi, C. A. (1991). “Gas
chromatographic determination of flur-
primidol in a submersed aquatic plant
(Myriophyllum spicatum), soil, and
water,” J. Plant Growth Regul. 10, 73-8.

. (1994). “Dissipation of gibberel-
lin synthesis inhibitors in small-scale
aquatic systems,” J. Aquat. Plant Manage.
32, 15-20.

Lembi, C. A., and Chand, T. (1992). “Re-
sponse of hydrilla and Eurasian watermilfoil
to flurprimidol concentrations and expo-

sure times,” J. Aquat. Plant Manage. 30,
6-9.

Netherland, M. D., and Lembi, C. A. (1992).
“Gibberellin synthesis inhibitor effects on

submersed aquatic weed species,” Weed
Sci. 40, 29-36.

Smart, R. M., and Barko, J. W. (1985). “Lab-
oratory culture of submersed freshwater

macrophytes on natural sediments,”
Aquat. Bot. 21, 251-63.

Proceedings, 29th Annual Meeting, APCRP




Chemical Control Technology

Herbicide Concentration/Exposure Times:
Effects on Nontarget Plants

Susan L. Sprecher1

Introduction

In aquatic plant communities the intro-
duced exotics Eurasian watermilfoil (hereaf-
ter called milfoil) and hydrilla can quickly
reach nuisance levels. However, the vegeta-
tion management problems that these weeds
present should not divert attention entirely
from the ecologically valuable species native
to the community, and target aquatics should
be removed by methods that will allow benefi-
cial plants to regenerate habitat and re-create
ecosystem stability. Consequently, the most
efficient use of herbicides and plant growth
regulators in aquatic vegetation management
requires knowledge of the effects of these
chemicals on both the target and nontarget
species present.

The Herbicide Concentration/Exposure
Time (CET) Relationships Work Unit has pro-
duced guidelines which predict control at a
wide range of aquatic herbicide dosages for
milfoil and hydrilla (Green and Westerdahl
1990; Netherland, Green, and Getsinger 1991;
Netherland and Getsinger 1992; Nelson, Neth-
erland, and Getsinger 1993; Netherland,
Getsinger, and Turner 1993). However, these
recommendations only apply for the target
species actually tested, and the Chemical Con-
trol Technology Team (CCTT) is also engaged
in defining herbicide response in nontarget
plants. Initial evaluations of fluridone and
triclopyr effects on six nontarget species are
summarized in this paper.

Materials and Methods

For these experiments rooted plants of
each species were established in separate 55-L

1 U.S. Army Engineer Waterways Experiment Station
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aquaria from 40 to 60 propagules planted into
a total of 10 sediment-filled 300-ml beakers,
and grown in controlled environment cham-
bers under a light intensity (PPFD) of 541175
uE/mzlsec 14L:10D photoperiod and water
temperature of 2312 °C (Netherland 1990).
Three replications of the herbicide CETs and
of untreated references were assigned to
aquaria of each species in completely random-
ized experimental designs, and treatment con-
centrations were calculated on the basis of a
net 47-L water volume. Pretreatment dry
weight biomass data were estimated from one
beaker of plants per aquaria.

Posttreatment condition of plants was
evaluated visually, and various physiological
parameters were monitored. Carbohydrate
content, peroxidase enzyme activity, and total
protein concentration were estimated using
colorimetric methods (Luu and Getsinger
1990; Sprecher, Stewart, and Brazil 1993;
Bradford 1976; Lowry et al. 1951). Chloro-
phyll concentrations were determined from
dimethyl sulfoxide extractions of shoot sam-
ples (Hiscox and Israelstam 1979). Photosyn-
thesis and respiration were determined from
O, evolution and uptake. Phytoene and caro-
tene pigment analyses followed those of
Duke, Kenyon, and Paul (1985). Viable tis-
sue remaining in each aquarium was har-
vested for final dry weight biomass
measurements.

Triclopyr CET studies

Triclopyr was applied as Garlon® 3A,
which is currently used under an Experimen-
tal Use Permit, at rates of 1 mg acid equiva-
lent (ae)/L for 12 hr, and 2.5 mg (ae)/L (the
highest labeled rate) for 24 hr. In the first of
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two separate evaluations, treatments were ap-
plied to milfoil and to the monocots sago
pondweed (Potamogeton pectinatus L.),
wildcelery (Vallisneria americana Michx.),
and elodea (E. canadensis Rich.) at §, 6, 7,
and 8 weeks, respectively, after establishment
from apical shoots (milfoil, elodea), winter
buds (wildcelery), or tubers (sago pondweed).
In the second evaluation, apical shoots of the
dicot coontail (Ceratophyllum demersum L.),
the monocot water stargrass (Heteranthera
dubia (Jacq.) MacMill.), and the dicot
watermarigold (Bidens beckii L..) were estab-
lished and treated 2.5, 3.5, and 7.5 weeks after
planting, respectively. In sago pondweed,
chlorophyll concentrations were determined
using three shoot samples from each aquarium
at 31 days posttreatment (DAT). Peroxidase
activity and total protein concentrations were
determined in all species pretreatment,
through 11 DAT and before final harvest.

Fluridone CET studies

This evaluation simulated an early season
herbicide treatment for milfoil eradication in
the Northern tier states, where fluridone ap-
plied before target weed emergence will also
affect early development of the native Ameri-
can pondweed (P. nodosus Poir.), sago
pondweed, water stargrass, and wildcelery.
Winter buds, tubers, apical shoots, and pruned
crowns of these species, respectively, were
planted; after a week, emerging plants were
treated with 2, 10, and 25 pg/L of fluridone.
Exposure to 2 and 10 ug/L of fluridone was
continued for 90 days, while the 25-ug/L
treatment was removed at 60 DAT by draining

and filling aquaria twice. During the first

30 days of treatment, nominal fluridone levels
at all concentrations were accidentally in-
creased due to retreatment following flow-
through periods that exchanged only a half
rather than a whole aquaria water volume.
Herbicide concentrations during this time are
estimated to have been as shown in Table 1.
Treatment levels were returned to 2, 10, and
25 ug/L at 31 days of exposure, and are dis-
cussed here as nominal levels.

Peroxidase, protein, carbohydrate, photo-
synthesis, respiration, and phytoene and caro-
tene analyses were made of this material over
the course of the study. Fresh weight biomass
was monitored from harvest of one beaker
of plants during the third, fifth, and seventh
weeks after treatment, and dry weight biomass
was measured on the remaining three beakers
at final harvest at 90 DAT.

Results and Discussion

Triclopyr on nontargets

Evaluation of both monocot and dicot non-
targets was of interest as triclopyr is an auxin-
like compound, similar in herbicidal effect to
2,4-D and, in general, has activity on broad-
leaf dicots rather than on monocots (WSSA
1989). The triclopyr rates evaluated here in-
clude the maximum-labeled concentration,
2.5 mg ae/L.. The lower triclopyr CET has
given <70 percent milfoil control in labora-
tory evaluations, and the higher 85 percent
control (Netherland and Getsinger 1992).

Table 1
E?s?inelated Levels of Fluridone Resulting From Retreatment of Aquaria Following
Incomplete Water Exchanges
DAT Fluridone, ug/L
0 2 10 25
7 3 15 375
15 3.5 17.5 43.8
21 38 18.8 46.9
31 - 10 25
52
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A range of herbicide effects was seen in
target and nontarget species. In milfoil,
epinastic curvature of apical and axillary
shoots characteristic of auxin-like compounds
was visible in all treated aquaria by 3 DAT,
and epidermal rupture was evident from pres-
ence of extracellular air bubbles in stems.
Stem tissue became water-logged and began
to decompose, and by 14 DAT no viable stems
or leaves remained. No milfoil regrowth oc-
curred in either treatment level, and no tissue
remained for biomass harvest 5 weeks after
treatment. Lack of milfoil regeneration in the
lower treatment rate was not expected, but re-
moval of apical meristems for physiological
analyses may have contributed to it.

In elodea, wildcelery, and coontail no de-
cline or loss of condition was noted in plants
following treatment, and differences in bio-
mass found among treatments within these
nontarget monocot species at 35 to 37 DAT
were not significant (Figure 1). This is consis-
tent with information from field treatments,
including a triclopyr application made this
past summer at Lake Minnetonka, MN, where
coontail was unaffected while milfoil was
eradicated (Getsinger 1995). Therefore, use
of triclopyr to control milfoil is not expected
to reduce abundance of these three species.

However, the other species in this evaluation
were affected in various ways by triclopyr,
and although plants were not eliminated by
herbicide treatment the higher rate signifi-
cantly reduced biomass in each (Figure 1).
Auxin-related symptoms did not occur in the
monocot sago pondweed, but by 20 DAT
plants treated at both rates exhibited some
loss of turgor and appeared to have less chlo-
rophyll in leaves and shoots compared to un-
treated references. Cellular deterioration
continued at the higher treatment level, indi-
cated by tissue necrosis and colonization of
the plant surface by algae. By 31 DAT mean
chlorophyll content was 1.11 £ (s.d.) 0.20 and
1.12 £ 0.37 mg (g'lfw) in the reference and
the lower treatment aquaria, respectively, and
0.60 £ 0.48 mg (g'l) in the higher treatment
(p = 0.22), reflecting significantly reduced
chlorophyll in two of three replicate aquaria.
Growth continued from functioning root
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crowns even at the maximum labeled rate, but
at 35 DAT these pondweed plants had less
than half the biomass of the lower treatment
or untreated material.

Water stargrass, a monocot, was affected
in a way similar to that to the pondweed, with
the higher triclopyr concentration causing
chlorophyll loss, necrosis, and reduced bio-
mass, but not preventing continued growth
from apices and crowns. However, this spe-
cies did show the pronounced epinastic re-
sponse associated with 2,4-D activity on
dicots, with crooking and curling of apical
tips and leaves by 1 DAT and 3 DAT in
plants at the higher and lower rates, respec-
tively, and brittle upper nodes. A return to
normal shoot development with new apical
growth and flowering was evident in the
lower treatment by 23 DAT, but less regrowth
in the higher treatment resulted in signifi-
cantly less final biomass. These results indi-
cate that in the field sago pondweed and
water stargrass could be maintained during
milfoil control by use of intermediate rates.
At the maximum labeled rate regrowth from
root crowns would be expected following her-
bicide application, with full revegetation in
the following growing season.

Apical tips in treated material of the dicot
water marigold showed growth hormone ef-
fects by 2 DAT. Reduction in internode
length and epinasty caused stunting of apices
and reflexive curvature of leaf petioles and
stem; symptoms were more severe with the
higher dose. In addition, numerous roots
emerged from stem nodes in a zone just
below the shoot apices in both treatments by
9 DAT. While some root formation occurred
along stems of untreated plants during the
course of the evaluation, in treated material
the greater length (up to 18 cm) and concentra-
tion in one area of the axillary roots resembled
the results of an application of auxin rooting
hormone. Apical tips remained healthy in
treated plants, and returned to normal growth
and elongation after 15 DAT. By 32 DAT
these rooted apical shoot segments were frag-
menting from treated plants, and in the field
could have functioned as autofragments,
floating away from the parent plant to establish
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Triclopyr vs Target and Nontargets, Biomass
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Figure 1. Final harvest (35 to 37 DAT) biomass for milfoil and six monocot and dicot nontarget
species treated with triclopyr at 1.0 mg ae/L for 12 hr; 2.5 mg ae/L for 24 hr; or untreated.
Bars represent the standard errors of means of three replicates
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in sediment. Thus, even though overall bio-
mass in aquaria treated at the higher rate was
significantly reduced, it is possible that in the
field triclopyr treatment would promote veg-
etative coverage of water marigold by encour-
aging rooting through its auxin-like properties
and producing increased propagation through
autofragmentation.

Physiological evaluations showed that per-
oxidase enzyme activity increased only with
treatment in the highly susceptible dicot mil-
foil, while protein content and enzyme activity
were not correlated to the intermediate
triclopyr effects which resulted in reduced
biomass (data not shown).

The varying effects of triclopyr on mono-
cot and dicot nontarget species show that a
blanket recommendation cannot be given for
use of this compound as a “broadleaf herbicide”
in aquatic vegetation management. However,
the reduction in vigor or biomass without
complete eradication seen in watermarigold,
water stargrass and sago pondweed indicates
the potential for regrowth and revegetation of
these species following triclopyr control of
milfoil.

Fluridone on nontargets

Netherland, Getsinger, and Turner (1993)
have shown that milfoil and hydrilla are
controlled at 12 and 24 ug/L with 90-day
exposures, and levels as low as 5 ug/LL can
control hydrilla as long as exposure time can
be maintained for 90 days (Netherland 1994).
Results here show that the nontarget American
and sago pondweeds and wildcelery tolerate
a 90-day exposure to 2- to 4-ug/L fluridone
but are significantly affected by 10 ug/L
(Figure 2).

Water stargrass was initially susceptible to
fluridone, showing characteristic bleaching of
new growth in treated plants, but this species
succumbed to a plant pathogen early in the
study and did not remain in the evaluation.

The pondweeds showed no bleaching or re-
duction in chlorophyll with 2 pug/L, and fresh
weight biomass at 4 to 5 weeks posttreatment
did not differ from that of untreated material
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(data not shown). American pondweed under-
went a normal lifecycle at this concentration,
producing surface leaves, flowers, and seed.
By 90 DAT it retained significantly more bio-
mass than untreated material which was fur-
ther advanced in senescence. Sago pondweed
was slowed in biomass accumulation by 2 ug/L,
but continued new growth through 90 DAT.
Fluridone at 10 and 25 pug/L eliminated al-
most all tissue in both pondweeds by 60 DAT,
with no appreciable regrowth in the 30 days
following removal of the 25-ug/L treatment.

Growth from pruned mature crowns of
wildcelery was uneven (see pretreatment bio-
mass, Figure 2) and much slower than seen
normally from winter buds. Fluridone at
2 ug/L showed no bleaching effect or growth
reduction relative to untreated plants, but bio-
mass was reduced by the two higher treatments.

The various physiological analyses reflected
fluridone effects during the first weeks of
treatment, but later loss of tissue prevented
further conclusions from most of these mea-
surements (data not shown). Standing plant
populations of these species are expected to
be adversely affected by fluridone control of
target weeds; however, the vegetative repro-
ductive structures of these species (winter
buds, stolons, crowns, tubers) may be able to
renew plant populations following fluridone
dissipation. Hydrilla turions and tubers are
reduced in number by 5-pug/L fluridone (Mc-
Donald et al. 1993), and suppression should
be investigated in these nontarget species
which rely on underground propagules.

Future Work

Future studies will monitor additional treat-
ment levels to determine minimum threshold
concentrations of triclopyr and fluridone ver-
sus these and other nontarget species that are
prominent in the Southern and Northern plant
communities. Evaluations of treatment effects
on vegetative propagules will indicate the
long-term regrowth and revegetation response
that can be expected in the field. This infor-
mation will increase the predictability of her-
bicide effect on valuable native species in the
field, and allow herbicide applications to be
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Figure 2. Pretreatment, 60, and 90 DAT biomass (one planting beaker) for three nontarget
species treated with fluridone at 2, 10, and 25 g ai/L for 90 days, or untreated.
Bars represent the standard errors of means of three replicates
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tailored precisely to the site and the plant
community present. The details of nontarget
species’ response to various concentration

and exposure times can provide basic informa-
tion to the CCTT’s work units dealing with se-
lectivity and integrated control using herbicides
in conjunction with weed pathogens. These
approaches increase the potential of herbicides
for eliminating target plants while benefiting
individual native species and the entire plant
community during vegetation management.
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Mesocosm Evaluation of a New Endothall
Polymer Formulation

Michael D. Netherland® and E. Glenn Turner*

Introduction

The conditions under which an aquatic
herbicide is applied (high or low water ex-
change, thermal stratification, water quality
and temperature, plant species and density)
will have a direct influence on field perfor-
mance (Fox et al. 1991). The formulation of an
aquatic herbicide (liquid, granular, slow-release
pellet) will also affect field performance (i.e.,
distribution, concentration, availability, and
efficacy) under diverse environmental condi-
tions (Getsinger, Haller, and Fox 1990). In
particular, properties of granular formulations
(carrier type (clay, lignin, gypsum, polymer),
active ingredient (ai) loading, and release
rates) can greatly affect aqueous behavior.
Therefore, development of new granular for-
mulations requires testing at the laboratory
and mesocosm scale to determine suitability
for large-scale field testing.

In addition to performance characteristics,
herbicide formulations can also 1mpact the ap-
plicator. For example, Aquathol (10.1 per-
cent dipotassium endothall granule) has
demonstrated excellent field performance;
however, applicators have complained of the
high bulk required for treatment (90 percent
inert) and the tendency of the granules to form
an irritating dust. In response, the manufac-
turer of endothall (Elf Atochem NA) has begun
development of a new superabsorbent polymer
formulation (SPF) that contains dipotassium
endothall at 63 percent ai with a very low po-
tential for dust formation. Although the SPF
is promising it remains untested. Primary re-
search needs include determining efficacy ver-
sus conventional formulations, release and
distribution characteristics, and handling char-

acteristics at the laboratory and mesocosm
level prior to committing to full-scale field
testing.

The potential advantages of reducing the
bulk of the SPF are clear. For example, an
endothall treatment (3.0 mg/L) of a 2-hectare
area 2 m in depth would currently require
1,095 kg of Aquathol (10.1 percent ai),
whereas the SPF (63 percent ai) would re-
quire only 185 kg of material. Reducing the
bulk of the SPF could decrease application
time (less reliance on nurse boats or onshore
loading), reduce handling and exposure (a
200-1b granular hopper would only need to
be filled twice versus 10 times for the conven-
tional formulation). Moreover, the SPF will
result in significantly lower dust formation.

The SPF is composed of crosslinked
polyacrylate/polyacrylamide polymers, which
are currently used in agricultural and green-
house applications (StockosorbR 400 series)
to improve soil moisture retention and unifor-
mity. Upon contact with water, the granules
absorb water and expand (releasing endothall)
to form a gel-like material. It is important to
note that the polymers (minus the ai endothall)
are recognized as nontoxic and nonhazardous
(Stockhausen 1985). Development of inert
nontoxic formulations is a key objective in
this work unit, as this ensures environmental
compatibility and a greater likelihood of
approval for use by the EPA.

The objectives of this work were to evalu-
ate the laboratory release profiles of the SPF
versus the conventional granule and to com-
pare efficacy, aqueous distribution, and han-
dling characteristics of the SPF versus the
liquid and conventional granule formulations

I U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.

2 AScl Corporation, Vicksburg, MS.
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at the mesocosm/field level. In addition, one
metered treatment was employed to continue
work designed to deliver threshold levels of
endothall over an extended exposure period.

Materials and Methods

Laboratory release profiles were deter—
mined by placing the SPF and Aquathol
granules in 52-L aquaria to achieve a total
concentration of 6.0 mg/L. A general water
culture solution proposed by Smart and Barko
(1984) for growing submersed macrophytes
was used for these studies. Water was gently
bubbled to provide limited mixing, and water
temperature was maintained at 22 + 1 °C
throughout the study. Water samples were
collected (middepth) at 0, 0.5, 2, 12, and 24 hr
posttreatment. At 24 hr all aquaria were
drained and refilled three times (no granules
were removed) and water was sampled on
day 2 at 2, 12, and 24 hr. This procedure was
repeated for day 3. Treatments were replicated
four times. Following collection, samples
were immediately frozen and shipped to A&S
Environmental (Lancaster, PA) for analysis.

The mesocosm/field scale studies were
conducted at the TVA hydraulic flume system
(located at the TVA Aquatic Research Labora-
tory, Browns Ferry, AL) previously described
by Turner, Netherland, and Burmns (1992) and
Turner et al. (1993). Each of the eight flumes
used for this study measured 112 m in length,
4.3 m in depth, and were lined with a 50-cm-
thick layer of reservoir sediment. Water depths
(1.2 m) were maintained by stacking weir
boards at the outlet end of each flume. Water
discharge rates measured at the outlet ranged
from 65 to 75 m>/hr or 3.2 to 3.7 volume
exchanges (flume volume is calculated at
550,000 L) per day.

Flumes were drained in early May and
given a 3-week drying period prior to planting
Eurasian watermilfoil (hereafter called milfoil).
Two stands of milfoil (4.3 by 12 m) were
planted at the middle and outlet end of each
flume. Water flow was restored and main-
tained throughout the rest of the study. Milfoil
was given a 2-month period for establishment.
In addition to milfoil, species such as Najas
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sp., Potamogeton sp., Ceratophyllum, and
Chara germinated and represented the major-
ity of plant biomass in each flume. In fact, in
several flumes poor milfoil establishment was
attributed to aggressive competition from
these species. Several flumes had nearly

100 percent surface cover prior to herbicide
treatment. Pretreatment biomass samples
were randomly collected with 0.5-m 2pvC
frames at four sites within each plant stand.

Flumes were treated with elther 3.0 mg/L
of liquid endothall (Aquathol KM, granular
endothall (Aquathol ), SPF (two flumes), or
1.5 mg/L of SPF (two flumes). In addition,
one flume was treated using a metering pump
calibrated to deliver 0.4 mg/L for either 48 hr
(plant stand 1) or 72 hr (plant stand 2). Both
the metered and liquid treatments included
the use of rhodamine WT dye to allow on-
site, real time confirmation of likely endothall
residues. One flume was also established as
an untreated control.

Following treatment, water samples were
collected at middepth from flumes at 0, 0.5,
2,6, 12,24, 36, 48, and 72 hr posttreatment.
Furthermore, flumes treated with SPF were
sampled at three depths to determine distribu-
tion through the water column. Water samples
were immediately frozen and sent to EIf
Atochem (Bryan, TX) for residue analysis.
Water flow was maintained throughout the
treatment and measured daily at the metal
weirs. As of the writing of this update, water
residues analysis had not been completed and
will therefore not be reported in this paper.

Visual observations of treatment effects
were noted on a weekly basis and biomass was
collected at 8 weeks posttreatment. The same
procedure was used as described for pretreat-
ment biomass; however, sampling at the post-
treatment harvest was more intensive than
pretreatment sampling.

Results and Discussion

In the laboratory studies the SPF granules
sank to the bottom of the water column upon
treatment and within minutes a noticeable in-
crease in granule size (due to absorption of
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water) was observed. By l-hr posttreatment
the granules (2-3 mm) had increased in size
two- to three-fold and had also changed from
a hard pellet to a clear gelatinous cube. Re-
sults of laboratory release rate studies indi-
cated that both the conventional granule and
SPF rapidly released endothall with >80 per-
cent released from the granules within 2 hr
(Table 1). Release from the SPF was slightly
reduced compared to the conventional formu-
lation. In contrast to the conventional granule,
some endothall was released from the SPF on
day 2. Although statistically significant dif-
ferences were noted in release rates, these
differences were minimal and unlikely to neg-
atively impact field performance. Moreover,
the ability to extend release rates from the
SPF may have potential applications for con-
trolled-release technology.

Table 1

Endothall Laboratory Release Data
from the Conventional 10.1% Clay
Granule (Aquathol®) and the SPF

Time Aquathol? SPF
hr % released % released
]
05 85 67
2 93 85
12 99 92
24 100 96
48 100

Results of the hydraulic flume studies
showed that all endothall treatments signifi-
cantly reduced plant biomass at 8 weeks post-
treatment. Although the liquid endothall
treatment of 3.0 mg/L resulted in an increase
in milfoil biomass in plant stand 3 (low expo-
sure time), an 88 to 90 percent reduction in
Najas sp. biomass was noted in plant stands 2
and 5 (Figure 1). Milfoil was planted in stand
6, but was outcompeted by Najas sp. to the ex-
tent that no milfoil was detected in pre- or
posttreatment harvests. The Aquathol K gran-
ule and SPF at 3.0 mg/L resulted in similar
control of both milfoil and Najas sp (Figures 1
and 2). The SPF provided >90 percent con-
trol of both milfoil and Najas sp. while the
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Aquathol K granule gave >80 percent control
of both milfoil and Najas sp. The SPF
endothall rate of 1.5 mg/L yielded 76 to 93
percent milfoil control and >90 percent con-
trol of Chara, Najas, and Ceratophyllum
(Figure 2). Little difference was noted be-
tween the 3.0- and 1.5-mg/L SP treatments.
All formulations tested provided season-long
control of submersed vegetation in high-flow
environments.

The metered application of 0.4 mg/L for
48 and 72 hr resulted in a significant overall
decrease in milfoil biomass (70 to 80 percent)
and P. crispus/Najas sp. biomass (80 to 96
percent) (Figure 3); however, milfoil control
achieved at 48 hr of exposure was greater
than control achieved at 72 hr. This result
was unexpected as their is generally a direct
relationship between increased plant control
and increased exposure time with endothall
(Netherland, Green, and Getsinger 1991). Pre-
vious flume studies showed that endothall at
0.5 mg/L for 96 hr resulted in 100 percent mil-
foil control (Netherland et al. 1994). These
results (in combination with limited labora-
tory data) suggest that 0.3 to 0.4 mg/L of en-
dothall may represent a threshold for
submersed plant control.

Milfoil in the untreated control flume was
completely eliminated at 8 weeks posttreat-
ment (Figure 3). In this case, the disappear-
ance of milfoil in plant stands 2 and 5 was
attributed to very aggressive competition
from Potamogeton nodosus. The floating
pondweed leaves formed a complete canopy
at the surface, and it is likely that as it contin-
ued to expand the established pondweed pre-
empted milfoil growth from newly planted
apical tips. The control flume was the only
flume with significant stands of P. nodosus.

Summary

Results from these studies indicate that the
SPF provides a very similar release profile to
the current conventional granule. Further-
more, large mesocosm-scale efficacy tests
showed the SPF to be as or more effective
than the current conventional granule and lig-
uid products. Aside from the formulations,
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Figure 1. Endothall efficacy on Eurasian watermilfoil and Najas sp. following a 3.0-mg/L treatment
to flowing water flumes with the conventional liquid or conventional granular formulation. Each
bar represents the average of four biomass samples taken from each plant stand
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Figure 2. Endothall efficacy on Eurasian watermilfoil and Najas sp. following a 1.5- or 3.0-mg/L
treatment to flowing water flumes with a supersorbent polymer formulation. Each bar represents
the average of four biomass samples taken from each plant stand
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Figure 3. Endothall efficacy on Eurasian watermilfoil and Najas sp. and P. crispus following a metered
treatment of 0.4 mg/L to flowing water flumes or untreated control flume. Each bar represents
the average of four biomass samples taken from each plant stand
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the major differences between the conven-
tional and the SPF granule are the active in-
gredient loading rate (10.1 percent for the
conventional granule and 63 percent for the
SPF granule) and the reduced potential for
dusting with the SPF. Although the SPF
product did not greatly increase efficacy, the
potential for a significant improvement in han-
dling and reduced applicator exposure justify
continued research with this product.

Future Work

Plans for future work include large-scale
field dissipation and efficacy studies with the
SPF granule. These studies will be conducted
in waterbodies in Florida in 2- to 4-hectare
plots. Efficacy and dissipation will be com-
pared between the conventional granule and
the SPF. In addition, handling characteristics
and dust formation will also be compared be-
tween the two products. Obtaining this infor-
mation will be crucial for a data package
submission to EPA for consideration of regis-
tration of this product. In addition, water resi-
dues collected from the flume studies will be
analyzed to determine aqueous distribution
and release rates at the mesocosm level.

Other work will include continued develop-
ment of controlled-release or metering tech-
nology to deliver threshold concentrations of
herbicide over an extended exposure period
(48-120 hr). A large-scale demonstration re-
search project using one of these technologies
is planned for irrigation canals in the Western
states in FY95.
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Reduced Rate Endothall Application for Controlling
Sago Pondweed in High-Flow Environments

David Sisneros' and E. Glenn Turner?

Introduction

Recent studies at the TVA hydraulic flumes
indicate that providing continuous exposure
(48-96 hr) to low herbicide concentrations
can be as or more efficacious than traditional
application at higher label rates. Moreover,
the use of low herbicide rates (near the potable
water tolerance) can often decrease toxicity to
nontarget organisms and can potentially reduce
restrictions on water use. In flowing-water
systems traditional slug applications of cer-
tain herbicides may not work due to rapidly
dissipating concentrations and a concomitant
lack of exposure period (Hansen, Oliver, and
Otto 1983). This study was designed to evalu-
ate the efficacy of metering low concentrations
(10 times below the maximum label rate) of
the herbicide endothall for control of Poramo-
geton pectinatus L. (sago pondweed) in the
high-flow environment of irrigation canals.

Herbicide concentration/exposure time re-
quirements for various herbicides have been
studied by the WES (Green and Westerdahl
1990; Netherland, Green, and Getsinger 1991;
Netherland and Getsinger 1992; Netherland,
Getsinger, and Turner 1993). Numerous her-
bicides have been evaluated in laboratory
studies demonstrating that extended exposure
to low concentrations can provide good to ex-
cellent efficacy. This concept was evaluated
further by the WES and the U.S. Bureau of
Reclamation (BOR) (Netherland and Sisneros
1993) in large hydraulic flume studies in Ala-
bama in 1993. In these studies controlled-re-
lease gypsum matrices and metering pumps
were used to deliver threshold concentrations
of triclopyr to control Eurasian watermilfoil.

During the 1993 study, limited testing of
the herbicide endothall was conducted using
the controlled-release gypsum technology in
flowing water to determine efficacy on
aquatic vegetation (Eurasian watermilfoil,
Najas sp., Potamogeton sp.) (Netherland et al.
1994). Approximately 0.5 mg/L of endothall
released for 96 hr resulted in complete control
of aquatic vegetation throughout the flume.
From this study it was determined that the
broad spectrum of control provided by en-
dothall and the potential to greatly reduce use
rates (while maintaining good efficacy) made
it an excellent candidate for testing in the
high-flow environment of irrigation canals
choked by aquatic vegetation.

Materials and Methods

A field site was selected in the BOR Pa-
cific Northwest Region (Figure 1), in the
Minodoka Project, on land operated and main-
tained by the North Side Canal Company at
Jerome, ID. The S19 canal at this study site
(Figure 2) was approximately 25 miles west
of Twin Falls, ID. The portion of the S19
used was earthen and approximately 14 ft wide
and 2 ft deep. The study site was approxi-
mately 3 miles long. Flows in the system
ranged from 12 to 18 cfs and consisted of re-
turn flow water from agricultural irrigation.
The length of the canal to be treated was
2 miles. All treated water entered a 2- to
3-acre augmentation pond where diminishing
residues were further diluted with inflow water
from another irrigation canal. All water
leaving the augmentation pond was diverted
through a canal and used for power production
before entering the Snake River.

1 U.S. Bureau of Reclamation, Ecological Research and Investigations Work Group, Denver, CO.

2 AScl Corporation, Vicksburg, MS.
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Figure 1. Location of field site (within Minodoka Project, Pacific Northwest Region
of U.S. Bureau of Reclamation)
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Figure 2. Location of the S19 canal showing the location of sampling stations at 0.25, 0.7, 1.4,
and 2.0 miles from the drop structure where endothall was metered in. Additional sampling
stations included the fish hatchery and the outlet at Lemon’s Power Plant
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There were five biomass sampling sites
within the study area to determine herbicide
efficacy. Each biomass site was 100 ft long
with the control biomass site located just above
the application site. Two of the four biomass
sites were established dependent on plant
density (visual observations) between the ap-
plication site (drop structure) and the 0.7-mile
sampling site. The remaining two biomass
sites were randomly located between the
0.7-mile sampling site and the 1.4-mile sampling
site. No further biomass sites were established
downstream of the 1.4-mile sampling site due
to decreasing water velocities and increasing
water depths created by the influence of the
small holding pond.

Six random biomass samples were taken
from each of the biomass sampling sites using
a 0.25-m biomass square prior to treatment
and'at 21 and 41 days posttreatment. Biomass
samples were then sorted to species and dried
for 24 hr at 100 °C to determine dry weight/
square meter. The major aquatic weed species
was Potamogeton pectinatus L. (sago pond-
weed) while the minor aquatic weed species
was Alisma L. (water plantain).

Seven water sample sites were established
for endothall residues at 0.25, 0.7, 1.4, and
2.0 miles downstream of the application site.
Three additional sampling sites were estab-
lished downstream of the pond. Duplicate
water samples were collected from the seven
sampling sites at pretreatment and 12, 24, 36,
48, 60, 72, 84, and 90 hr posttreatment. Water
samples were frozen following collection and
stored for analysis.

The potassium salt of endothall (Aquathol
K) was applied to the S19 canal using an elec-
tronic metering pump manufactured by Liquid
Metronics Division of Milton Roy. The calcu-
lated target rate to be achieved was 0.4 mg/L
for 72 hr. In addition rhodamine WT dye was
added to concentrated herbicide to provide a
dye concentration of 4 ug/L.. Real-time readings
of dye concentration on a fluorometer allowed
onsite assessment of the general accuracy of
the metered application (Turner, Getsinger,
and Netherland 1994).
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Results

Due to the persistence of drought and un-
anticipated irrigation requirements in the
study area it was difficult for the North Side
Canal Company to maintain a constant flow
for this study. Preliminary residue data from
the sampling site at the 0.7-mile sampling site
over 72 hr indicated that the target rate of 0.4
mg/L of endothall was not achieved with the
exception of the 48-hr sampling interval (Fig-
ure 3). Endothall residues at the Outlet
Lemon’s Power Plant (OLPP) below the pond
were less than 0.10 mg/L and, therefore,
never exceeded the potable water tolerance
of 0.20 mg/L.

Data from the four sampling stations showed
that the biomass was reduced by 38 to 53 per-
cent at 21 days posttreatment and 30 to 70 per-
cent at 41 days posttreatment (Figure 4).
However, both sago pondweed and water plan-
tain harvested from the treated plots showed
significant necrosis and discoloration of leaves,
stems, and roots. In addition, treated plants eas-
ily pulled away from the sediment and were ob-
served to have lost buoyancy from one-week
posttreatment until the 41-day posttreatment
sampling. Plants harvested from the control
site maintained a surface canopy with viable
healthy roots which did not easily pull from
the sediment throughout the study.

Conclusions

Although the target rate was generally not
achieved due to variable flow rates in the
canal, utilization of metering pumps with the
ability to respond to fluctuations in the flow
rate could overcome this problem. Visual dif-
ferences between treated and control plants
were dramatic. Had the target treatment con-
centration been achieved or the exposure pe-
riod extended to 96 hr, it is likely biomass
reduction would have been significant. Al-
though quantitative biomass numbers did not
show significant differences, loss of buoyancy
and general necrosis of the treated plants re-
sulted in less resistance to water flow through
the system. Project managers were generally
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Figure 3. Endothall concentrations measured at 0.7-mile marker and the outlet at Lemon’s Power Plant

pleased with the treatment and the increased water, (2) Although treated water was not
flow rates due to the lack of vegetation through used for irrigating crops, the extremely low
the water column. In addition to reducing the residues (0.10 mg/L) would likely be of very
problem of aquatic vegetation impeding water low toxicity to any crops irrigated with this

flow, the following environmental concerns water, and (3) residues were at levels which
were met: (1) The potable water tolerance of would not be detrimental to nontarget organ-
0.2 mg/L. was not exceeded in the discharge isms such as fish and aquatic invertebrates.
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at pretreatment (PT) and 21 and 42 days posttreatment

Future Work and transferring the technology to riverine
and reservoir systems. These tests will need
Further field tests of metering and con- to be conducted under varying flow regimes,
trolled-release delivery systems are required plant species and density, and target treatment
to evaluate the utility and feasibility of using areas. Further field testing of endothall utiliz-
this technology (low herbicide rates for an ex- ing metering pumps is anticipated in western
tended exposure period) for irrigation canals irrigation systems during 1995.
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Preliminary Report on Species-Selective Control
of Eurasian Watermilfoil with Triclopyr

R. Michael Smart,' Kurt D. Getsinger,2 Gary O. Dick,* and John G. Skogerboe1

Introduction

Exotic weedy species such as Eurasian
watermilfoil (Myriophyllum spicatum) cause
problems in many Corps of Engineers reser-
voirs and waterways. These problem species
exhibit high rates of growth and have the po-
tential to spread rapidly throughout unvegetated
or disturbed systems (Smart and Doyle, in
press). The prolific growth of these species
produces high levels of plant biomass and a
dense canopy of intertwined, leafy shoots at
the water surface. This dense canopy inhibits
the exchange of gases across the air-water
interface and impedes wind-driven mixing of
the water column, often contributing to prob-
lems with oxygen depletion (Honnell, Madsen,
and Smart 1993). The dense surface mat of
leaves also prevents sunlight from penetrating
the water column, shading out seedlings of
native plants that might have been potential
competitors. Once it becomes well established
in disturbed plant communities, Eurasian
watermilfoil can even displace existing native
plant species (Madsen et al. 1991).

As a result of its weedy growth characteris-
tics, Eurasian watermilfoil often grows in large,
monospecific beds. The low diversity of plants
in these Eurasian watermilfoil-dominated
environments, coupled with the poor water
quality conditions that can occur under the
surface canopy (Honnell, Madsen, and Smart
1993), result in poor-quality, low-diversity
aquatic habitats.

Most native plant species do not cause
problems with water resources, but do pro-
vide valuable aquatic habitat for fish, water-

fowl, and other aquatic life, as well as stabi-
lizing sediments and improving water clarity
and quality (Smart et al., in press). One goal
of management should be to selectively con-
trol the growth of Eurasian watermilfoil and
restore diverse native plant communities. These
native plants would provide ecological bene-
fits while occupying the niche vacated by the
exotic weedy species, thereby preventing or
slowing reinvasion (Smart and Doyle, in press).

Materials and Methods

The experiment was conducted in the
Chemical Control Mesocosm System located
at the Lewisville Aquatic Ecosystem Research
Facility in Lewisville, TX. The experiment
employed 17 large fiberglass tanks supplied
with filtered lake water from a lined water-
supply pond. Detailed characteristics of the
system have been provided elsewhere (Dick,
Getsinger, and Smart 1993; Smart and Decell
1994).

In October 1993, Eurasian watermilfoil,
elodea (Elodea canadensis), and water star
grass (Heteranthera dubia) were individually
planted in 4.4-L plastic containers of sterilized
pond sediment. These, and additional unplant-
ed containers, were held in a growout pond
throughout the fall and winter period. In early
March 1994, planted and unplanted containers
were moved to the experimental tanks, and
the unplanted containers were planted with
vallisneria (Vallisneria americana) or sago
pondweed (Potamogeton pectinatus). Each
tank held 54 containers of plants (33 containers
of Eurasian watermilfoil and 5 containers of

1 US. Army Engineer Waterways Experiment Station, Lewisville Aquatic Ecosystem Research

Facility, Lewisville, TX.

2 US. Army Engineer Waterways Experiment Station, Vicksburg, MS.
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each of the four native plant species (Figure 1).
The greater number of containers of Eurasian
watermilfoil ensured that the experimental

tank communities would be dominated by Eur-

asian watermilfoil. Plants were allowed to ac-
climate for several weeks prior to treatment.

TARGET
AREA

@ EURASIAN WATERMILFOIL
NATIVE SPECIES:

Figure 1. Arrangement of containers in experi-
mental tank communities. Native plant species
were randomly assigned to positions within
the indicated target area. Only Eurasian
watermilfoil containers located within
the target area were sampled
Sfor biomass

Triclopyr was applied to the tanks in early
April 1994 to give concentrations of 0.0, 0.5,
or 1.0 mg/L. Different exposure times were
achieved by varying the rate of flow of water
supplied to the tanks. Flow rates were cali-
brated to provide half-lives of 6, 12, or 24 hr.
Three replicate tanks of each of five treat-
ments were used: 0.0 mg/L (reference),

0.5 mg/L x 12 hr, 0.5 mg/L x 24 hr, 1.0 mg/L
x 6 hr, and 1.0 mg/L x 12 hr. A single tank
was treated at maximum label rate (2.5 mg/L)
under static conditions (no flow) to evaluate
the maximum potential impact of a triclopyr
application on the selected native plants. Reg-
ular visual observations indicated that the
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1.0 mg/L x 6 hr treatment was ineffective at
controlling Eurasian watermilfoil, and these
tanks were retreated in early May 1994, with
1.0 mg/LL x 24 hr. Rhodamine WT dye was
added to each of the tanks as a tracer of the
herbicide and to verify dilution rates.

Pretreatment biomass was estimated by
harvesting nine replicate Eurasian water-
milfoil and five replicate containers of each
of the native species from a single representa-
tive tank that had been established for that
purpose. Plant shoots from each harvested
container were cut at the sediment surface,
rinsed in filtered lake water, separated to spe-
cies, and dried at 60 °C to constant weight.
At termination of the experiment in late
July 1994, final biomass was determined in
the same manner.

Results

Biomass of Eurasian watermilfoil was sig-
nificantly reduced at all but the lowest expo-
sure (Figure 2). Effective control of Eurasian
watermilfoil required exposure to 0.5 mg/L
for greater than a 12-hr half-life or exposure
to 1.0 mg/L for greater than a 6-hr half-life.
As little as one fifth of the label rate, applied
under conditions providing a half-life of only
24 hr, markedly reduced the growth of this ex-
otic species. Eurasian watermilfoil was com-
pletely eliminated from the tank treated with
the maximum label rate.

Total community biomass was not greatly
affected by any of the treatments (Figure 3).
Although biomass of Eurasian watermilfoil
was reduced under all but the lowest exposure
to triclopyr, biomass of the native species in-
creased, maintaining total community biomass
at roughly similar levels across all of the repli-
cated treatments. Although final biomass of
Eurasian watermilfoil was not reduced at the
lowest exposure (0.5 mg/L x 12 hr), its growth
was sufficiently arrested to greatly reduce its
suppression of the native species. Commu-
nity biomass attained its maximum level in
this treatment. Although the maximum label
rate treatment was unreplicated, native species
biomass attained in this treatment appears to
be somewhat reduced relative to the lowest
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Figure 2. Shoot biomass (g dry mass/tank) of Eurasian watermilfoil measured at the end of the
experiment. Values are means and standard errors based on three replicate tanks per treatment,
except for the static 2.5 mg/L treatment which was unreplicated
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Figure 3. Total community shoot biomass (g dry mass/tank) measured at the end of the experiment.

Community biomass includes that of Eurasian watermilfoil as well as the sum of all native species
in the experimental communities. Values are means and standard errors based on three replicate
tanks per treatment, except for the static 2.5 mg/L treatment which was unreplicated
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effective treatment. This reduction suggests
that one or more of the native species may be
susceptible to triclopyr when it is applied at
full label rate.

Conclusions

Low concentrations (0.5 to 1.0 mg/L) of
triclopyr are effective at controlling Eurasian
watermilfoil even when exposure periods are
short (24 and 12 hr, respectively). These
treatments elicited only minimal adverse ef-
fects on native members of the community,
and once the dominance of Eurasian water-
milfoil was eliminated, native species in these
communities flourished.

These results indicate that triclopyr can be
used to restore plant communities impacted
by an infestation of the exotic, Eurasian
watermilfoil. A similar result has been ob-
served following triclopyr treatment in the
Pend Oreille River, Washington (Madsen,
Getsinger, and Turner 1994).
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Field Evaluation of Triclopyr in Lake Minnetonka:
An Overview (32404)

Kurt D. Getsimger1

Introduction

The herbicide triclopyr (3,5,6-trichloro-
2-pyridinyloxyacetic acid), manufactured by
DowElanco, is being evaluated for the selec-
tive control of exotic weeds (primarily Eura-
sian watermilfoil, purple loosestrife, and
waterhyacinth) in aquatic sites around the
U.S. Field studies have been conducted using
the triethylamine salt formulation of triclopyr
(GarlonR 3A) under EPA Experimental Use
Permit (EUP) labels in numerous states, in-
cluding Alabama, Georgia, Florida, Michi-
gan, Minnesota, and Washington since 1986.
This herbicide has been labeled for forestry
and other noncrop terrestrial use since 1978,
and has recently been used under EPA specific
exemption labels for purple loosestrife con-
trol in Minnesota and broadleaf weed control
in rice in Arkansas, Louisiana, and Texas.

Researchers at the WES have evaluated
triclopyr as an aquatic herbicide under labora-
tory and field conditions since 1982 (Getsin-
ger and Westerdahl 1984; Green et al. 1989;
Getsinger, Turner, and Madsen 1992; Nether-
land and Getsinger 1992). Results from these
studies have shown that triclopyr can provide
selective control of Eurasian watermilfoil
with no adverse impact on nontarget organ-
isms or water quality.

Triclopyr is a systemic herbicide which is
readily absorbed by shoots of actively grow-
ing susceptible plants, disrupting cell elonga-
tion in a manner similar to other synthetic
plant auxins (WSSA 1989). In submersed plant
communities dominated by Eurasian water-
milfoil, triclopyr can provide excellent control
of milfoil while minimizing the impact on na-

tive submersed species such as elodea, pond-
weed, and wild celery. This selective control
will encourage the re-establishment and
growth of a diverse native plant community
(Getsinger, Turner, and Madsen 1993, 1994,
Madsen, Getsinger, and Turner 1994).

The primary degradative mechanism for
triclopyr in aquatic environments is photo-
degradation, with oxamic acid as the principal
by-product (McCall and Gavit 1986; Solomon
et al. 1988; Woodburn et al. 1993). Triclopyr
will also undergo biodegradation in aquatic
environments, with 3,5, 6-trichloro-2-pyridinol
(TCP) as the major degradation product
(Lickly and Murphy 1987; Norris, Montgom-
ery, and Warren 1987; Woodburn and Cranor
1987; Grant 1992). Triclopyr and TCP have
little to no effect on sediment or water micro-
organisms, and show low toxicities to aquatic
insects, shellfish, fish, and waterfow! (Hedlund
1972; Dow Chemical 1988; WSSA 1989). Re-
sults from large-scale field studies have shown
that dissipation/degradation in water is rapid,
with half-lives of less than 4 days, and that
residue accumulation of triclopyr and TCP in
sediment, plants, shellfish, and fish is negligi-
ble (Getsinger and Westerdahl 1984; Dow
Chemical 1988; Green et al. 1989; Woodburn
et al. 1993).

In an effort to verify previous laboratory and
field dissipation characteristics of triclopyr in
aquatic sites, the WES Chemical Control Tech-
nology Team directed and conducted a large-
scale dissipation study of triclopyr in Lake
Minnetonka, MN. Primary study cooperators
included the Minnesota Department of Natural
Resources, the CE St. Paul and Jacksonville
Districts, the Lake Minnetonka Conservation

1 U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.

Proceedings, 29th Annual Meeting, APCRP

77

Getsinger




Chemical Control Technology

District, the University of Florida Center for
Aquatic Plants, DowElanco, and Braun Intertec.

The objectives of this study were to:
(1) establish dissipation curves for triclopyr
applied at the proposed maximum label rate
as the triethylamine salt to an aquatic environ-
ment, (2) follow the formation and decline of
triclopyr’s major metabolite, TCP, (3) estab-
lish residue levels of triclopyr and TCP found
in nontarget organisms (fish, clams, crayfish,
and plants), (4) assess the efficacy of triclopyr
on Eurasian watermilfoil, and (5) document
the recovery of the aquatic plant community
following triclopyr application. Study objec-
tives 1 through 3 were accomplished under
EPA Guidelines 164-2 and 164-5 following
Good Laboratory Practices requirements.

This article will present an overview of the
Lake Minnetonka study protocol. Other arti-
cles in this proceedings (Fox and Haller 1995;
Madsen and Getsinger 1995) will report on
specific aspects of the study.

Study Site and Treatment Plots

Study site

The study site was located in eastern Min-
nesota at Lake Minnetonka near Minneapolis
(Figure 1). Lake Minnetonka consists of 15
interconnected basins with a surface area of
some 5,800 ha (14,000 acres). At normal full-
pool elevation, the lake has a mean depth of
7 m and a maximum depth of 31 m. Grays
Bay Dam, located on the northeastern shore
of the lake, regulates water during periods of
floods and low flows. Five major streams
enter Lake Minnetonka from the west and
north, with the major outlet being Minnehaha
Creek below Grays Bay Dam.

The exotic submersed macrophyte, Eurasian
watermilfoil, is widespread in the lake and
occupies a total area of over 500 ha. Despite
ongoing mechanical and chemical control pro-
grams, this aggressive weed is displacing the
desirable native plant community. An ecolog-
ical description of Lake Minnetonka and its
watershed can be found in Smith, Barko, and
McFarland (1991).
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Figure 1. Triclopyr dissipation study site,
Lake Minnetonka, MN

Treatment plots

Three 6.5-ha (16-acre) treatment plots
were established in separate arms of the lake
(Figure 2). Two of the plots were designated
for triclopyr treatment and the third was used
as an untreated reference (or control) plot.
The vegetative communities located in these
plots represented the types normally treated
with herbicides in Lake Minnetonka. The
stands were dominated by dense growths of
the target weed, Eurasian watermilfoil, but
also contained a sparse understory of nontar-
get native plants. Although not intended as
replicates, these plots were selected for simi-
larities in water depth and plant communities.
The plots were separated by distances (5 to
10 km) great enough to preclude herbicide
cross-contamination.

Plot A (mean depth = 2.1 m) was located
along the west-northwest shore of Phelps Bay
and was selected to receive a triclopyr treat-
ment of 2.5 pug/L (ppm) using a subsurface in-
jection application technique. Plot B (mean
depth = 1.9 m) was located in the southern-
most protected arm of Carsons Bay and was
selected to receive a triclopyr treatment of
2.5 ng/L using a surface broadcast application
technique. Plot C (mean depth = 2.5 m) was
located along the northwest shore of Carman
Bay and was chosen as the untreated reference
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Figure 2. Treatment plots A and B and reference plot C at Lake Minnetonka study site

plot. Details of the triclopyr application pro-
cedure and pre- and 6-week posttreatment
efficacy assessment are presented in Fox and
Haller (1995) and Madsen and Getsinger
(1995), respectively.

Plot design

A schematic of the basic plot design is
shown in Figure 3. Each triclopyr-treated
plot contained five internal sampling stations,
one in the center of each quadrant and one in
the center of the plot. External sampling sta-
tions were located 100 m from the edge of the
plots (three at Plot A and one at Plot B), and
at intervals of 400, 800, and 1600 m from the
plot boundaries. The 400- to 1600-m stations
were used to establish potential set-back dis-
tances with respect to triclopyr applications
and potable water intakes. Additional external
sampling stations were established to follow
any off-target movement of triclopyr not cov-
ered by the predetermined external stations
(Fox and Haller 1995). The internal and ex-
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ternal sampling stations served as fixed loca-
tions for the collection of water, sediment,
and plants. The internal center plot station
served as a fixed location for sampling of
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Figure 3. Schematic of triclopyr treatment
plot and sampling stations
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caged fish, crayfish, and clams. The corners
of each plot, as well as each fixed sampling

station, were signified for the duration of the
study with standard mooring and can buoys,

anchored to the bottom.

Data and Residue Collection

Meteorological conditions (air/water
temperature, rainfall, humidity, wind, and
light intensity) were measured using auto-
mated weather st<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>