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PREFACE

The 15th Annual Meeting of the U. S. Army Corps of Engineers
Aquatic Plant Control Program was held in Savannah, Georgia, on 17-20
November 1980. The meeting is required by Engineer Regulation
(ER) 1130-2-412 paragraph 4c¢ and was organized by personnel of the
Aquatic Plant Control Research Program (APCRP), Environmental Laboratory
(EL), U. S. Army Engineer Waterways Experiment Station (WES).

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

COL Nelscn P. Conover, CE, was Commander and Directoxr of the WES
at the time of this meeting and during the preparation of the proceed-
Ings report. Mr. F. R. Brown was Technical Director.
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AGENDA
15th ANNUAL MEETING
U. S. ARMY CORPS OF ENGINEERS
AQUATIC PLANT CONTROL RESEARCH PLANNING
AND OPERATIONS REVIEW

Savannah, Georgia

17-20 November 1980

Monday, 17 November 1980

8:30 a.m. Federal Aquatic Plant Management Working Group--Winged Foot
to Room
4:30 p.m.
10:00 a.m. Registration—-—-Marine Directors Room
ta
6:00 p.m,
6:30 p.m. Reception--Ballroom A
Tuesday, 18 November 1980
Ballrooms B and C
8:00 a.m. Registration continues--Marine Directors Room
8:30 a.m. Call to Order and Announcements - W. N. Rushing,
Waterways Experilment Station (WES)
8:45 a.m., Welcome to Savannah District and South Atlantic Division -
LTC Walter Heme, Deputy District Engineer, USAE District,
Savannah, GA
9:00 a.m. General Comments - Mr. Gerald Purvis, Chief, Recreation
Resources Management Branch (RRMB), Office, Chief of
Engineers (OCE)
9:15 a.n. Establishment of the APC Operations Support Center at the
Jacksonville District - Mr. Dwight Quarles, RRMB, OCE#*
9:30 a.m. The APCRP from a Different Perspective - J. L. Decell,
Manager, Aquatic Plant Control Research Program {(APCRP),
WES
%

Presentation not submitted for inclusion in Proceedings.
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9:45 a.m. Break

10:15 a.m. Industry Session - C. Hudson, Ortho Division, Chevron
Chemical Company*

10:30 a.m. W. Arnold, Lilly Research Laboratories, A Division of Eli
Lilly and Company

10:45 a.m. W. Moore, Pennwalt Corporaticn
11:00 a.m. J. Gallagher, Union Carbide Agricultural Products Company
11:15 a.m. D. Paschke, Applied Biochemists, Inc.

D. Widmann, Nalco Chemical Company®

A. Fuchs, Sandoz, Inc.

B. Still, B. Still, Inc.*
11:30 a.mn. Other Industry Representatives and/or General Discussion
12:00 noon Lunch

1:30 p.m. USAE Division/District Presentatioms——Aquatic Plant
Problems——-QOperations Activities

Lower Mississippl Valley Division, Memphis District (Lake
Wappapello) - R. Hite

Missouri River Division, Omaha District - J. Anderson®
North Central Division, St. Paul District ~ W. Koerner*

North Pacific Division - 0. Beckwith, Seattle District -
R. Rawson

Scuth Atlantic Division, Jacksonville District - J. Joyce,
Savannah District ~ J. Patti*

Southwestern Division, Galveston Distriet - L. Hunt,
Tulsa District - P. Mace

3:15 p.m. A Cooperative Agreement for Accomplishing an Aquatic Plant
Control Program in Washington State - R. Pine, Washington
Department of Ecology, Olyampia, WA

3:30 p.om. Break

* Presentation not submitted for inclusion in Proceedings.
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4:00

4:05

4:25

4145

5:00

8:30

8:35

8:55

9:15

9435

10:00

10:10

10:30

10:50

11:30

p.m.

p.o.

d.m.

Problem Identification and Assessment - A. M., B. Rekas,
WES, Presiding

Techniques for Large Area Surveys of Aquatic Plants as
Applied in Panama and Texas - S. D. Parris, WES

Ground and Aerial Surveys of Giant Cutgrass in Lake
Seminole, A Discussion of Techniques - J. M. Leonard,

University of Idahe, Moscow, 1D

An Adaption of Existing Instrumentation Technology to
Aquatic¢ Plant Monitoring - A, M. B. Rekas, WES

Adjourn for the Day

Wednesday, 19 November 1980
Ballrooms B and C

General Studies - W. N. Rushing, Presiding

Recording Fathometer for Hydrilla Distribution and Biomass
Studies - J. V. Shireman, University of Florida, Gaines-
ville, FL

Laboratory Studies of Several Submersed Aquatic Plant
Species - J. Barko, WES

Evaluation of Mathematical Models for Use in the Aquatic
Plant Control Research Program - J. Wlosinski, WES

Break

Biological Control Technology Develeopment - D. R. Sanders,
WES, Presiding

Dispersal and Efficacy of Sameodes albiguttalis on Water-
hyacinth in Florida - T. D. Center, USDA, Fort Lauderdale,
FL

Domestic Survey for Invertebrates on Eurasian Watermilfoeil
and Hydrilla - J. K. Balciunas, USDA, Fort Lauderdale, FL

Evaluation of Insect Species for Biocontrol of Aquatic
Plants - G. R. Buckingham, USDA, Gainesville, FL

Quarantine Studies of Fusartwn rosewn, a Fungal Pathogen

for Control of Hydrilla - R. Charudattan, University of
Florida, Gainesville, FL
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11:50

12:10

1:40

1:45

2:00

2:15

2:30

2:45

3:20

3:40

4:00

4:20

4:40

5:00

a.m.

Microbiological Control of Eurasian Watermilfoil - H.
Gunner, University of Massachusetts, Amherst, MA

Lunch

Mechanical Control Technology Development - H., W. West,
WES, Presiding

Field Evaluation of the Limnos, Ltd., Mechanical Harvest-
ing System for Control of Hydrilla - J. Smicth, Colorado
State University, Ft. Collins, CO

Prediction of Equipment Performance for Optimal Harvesting
of Submerged Aquatic Plants - T. D. Hutto, WES

Effects of Water Disposal of Mechanically Processed
(Chopped) Hydrilla - B. M. Sabol, WES

Prediction of Hydrilla Growth and Biomass for Scheduling
Mechanical Control Operations - D. Miller, WES

Break

Chemical Contrcl Technology Develepment - H. E. Westerdahl,
Presiding

Development of Controlled Release Herbicide Technology
Using Polymers - F. W. Harris, Wright State University,
Dayton, OH

Field Evaluation Objectives and Plans for Controlled
Release Herbicides - R. E. Hoeppel, WES

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

Identification of a Naturally Occurring Inhibitor for
Hydrilla Control - D. F. Martin, University of South
Florida, Tampa, FL

New Controlled Release Chemical Formulations - C. Himel,
University of Georgia, Athens, GA

Adjourn for the Day
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Thursday, 20 November 1980
Ballrooms B and C

LARGE-SCALE OPERATIONS MANAGEMENT TESTS (LSOMT)

8:00 a.nm. Use of White Amur for Control of Hydrilla in Lake Conway
in the Jacksonville District - A. Miller, WES, Presiding

8:05 a.m. Aquatic Macrophytes — J. Schardt, Florida Department of
Natural Resources, Tallahassee, FL

8:20 a.m. Fish, Mammals, and Waterfowl - R. Land, Florida Game and
Fresh Water Fish Commission, Tallahassee, FL

8:35 a.m. Water Quality - R. Kaleel, Orange County Pollution Control
Department, Orlando, FL

8:50 a.m. Benthos - T. C. Crisman, University of Florida, Gainesville,
FL
9:05 a.m. Herpetofauna - J. S. Godley, University of South Florida,
Tampa, FL
9:20 a.m. Radiotelemetry Tracking of White Amur - M. Keown WES
9:35 a.m. Break
10:00 a.m. Use of Prevention Methodology for Eurasian Watermilfoil
Control in the Seattle District - A. M. B. Rekas, WES,
Presiding
10:15 a.m, Analysis of Monitoring Procedures and Milfoil Fragment

Barrier Effectiveness - E. A. Dardeau, Jr., WES

10:30 a.m. Eurasian Watermilfoil Treatment with 2,4-D, Diquat, and
Endothall at Reduced Application Rates - K. J. Killgore,
WES

10:45 a.m. Physiologic Impact of Mechanical Harvesting Eurasian
Watermilfoil - M. A. Perkins, University of Washington,
Seattle, WA

11:00 a.m. Use of Bicleogical Agents for Control of Waterhyacinth in

the New Orleans District - R. F. Theriot, WES, Presiding

11:15 a.m. Mass Release of Arzama - A. F. Cofrancesco, University of
Southern Mississippi, Hattiesburg, MS

11:30 a.m. Large-Scale Field Application of Cercospora rodmanii -~
E. A. Theriot, WES
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12

12:

12

12

:00

15

:30

:35

:00

to

:00

noon

Use of Aquatic Plant Control Technologies in the Panama
Canal - W. N. Rushing, WES, Presiding

Organisms Impacting Waterhyacinth in the Panama Canal
Zone - D. R. Sanders, Sr., WES

Evaluation of Aguathel K and Hydout for Hydrilla Control
in Gatun Lake, Panama Caral Zone - H. E. Westerdahl, WES

Final Wrap-Up and Adjournment - J. L. Decell
Lunch

FY 82 Civil Works R&D Program Review - R&D Office, OCE,
St. Andrews Room (Corps representatives only)
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-
verted to metric (SI) units as follows:

Multiply By To Obtain
acres 4046.873 square metres
Fahrenheit degrees 5/9 Celsius degrees or Kelvins®*
feet 0.3048 metres
gallons (U. S. liquid) 3.785412 cubic decimetres
inches 25.4 millimetres
miles per hour 1.609347 kilometres per- hour
{(U. S§. statute)
miles (U. 5. statute) 1.609347 kilometres
ounces {U. S. fluid) 29.57353 cubic centimetres
pounds (mass) 0.4535924 kilograms
pounds (mass) per acre 0.000112 kilograms per square metre
pounds {mass) per cubic foot 16.01846 kilograms per cubic metre
square feet 0.09290304 square metres
square inches 645.16 square millimetres
tons {mass) per acre 0.22 kilograms per square metre
tons (2000 1lb, mass) 907.1847 kilograms
vards 0.9144 metres

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the following formula: € = (5/9)(F - 32). To obtain Kelvin
(K) readings, use K = (5/9)(F - 32) + 273.15.
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15TH ANNUAL MEETING

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

Introduction

As part of the Corps of Engineers (CE) Aquatic Plant Control Re-
search Program (APCRP) it is required that a meeting be held each year to
provide for professional presentation of current research projects and
review current operations activities and problems. Subsequent to these
presentations, the Civil Works Research and Development Program Review
is held. This program review is attended by representatives of the Civil
Works and Research aund Development Directorates of the 0ffice of the
Chief of Engineers; the Program Manager, APCRP; and representatives of
the operations elements of various Division and District Engineer Qffices.

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

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

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

The contents of this report include the presentations of the 15th
Annual Meeting held in Savannah, Georgia, 17-20 November 1980.
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PROCEEDINGS

RESEARCH PLANNING CONFERENCE ON THE AQUATIC
PLANT CONTRQL RESEARCH PROGRAM

The Recreation Resource Management Branch Responsibilities

in Research and Aquatic Plant Control Program

by

Gerald Purvis*

The Recreation ResourcerManagement Branch, of the Office, Chief of
Engineers, U. S. Army, has overall staff supervision of the Aquatic Plant
Control Research Program. We also serve as technical monitors of the
associated research efforts. As many of you also know, a few changes
have been made in our branch in the last year or so. I became the Branch
Chief just prior to your last annual meeting and Roger Hamilton who has
been the technical monitor has temporarily gone on to greener pastures
as a Planning Associate for a year. While Roger is gone, Dwight Quarles
is serving in his place as Section Chief and Tech Monitor for aguatic
research.

We realize, therefore, that our in-depth knowledge of the progress
made in aquatic plant control is lacking. So, I'm looking forward to
this meeting to not only identify and offer solutions to programmatic
problems but as a learning experience for myself.

In reviewing the operations and research efforts concerned with
aquatic plant control, I have been impressed with the dedication and pro-
fessionalism of the personnel involved., 1 see a program that in my
opinion has been turned into a viable, progressive Corps mission in the
past few years and I see no reason why this objective management will not
continue in the years ahead.

For those of you that aren't familiar with the Recreation Resource
Management mission, I would like to give you a very brief overview. In
our data system we list 449 water resource development projects that
have a visitation of more than 5000 annually. We experienced a visitation
in 1979 of over 426 million. The Corps has under it's management respon-
sibility 5 million acres** of water, 6 million acres of land, 22,000 miles

* Chief, Recreation Research Management Branch, Office, Chief of Engi-
neers, U. S. Army, Washington, D. C.
*% A table of factors for converting U. 8. customary units of measure-
ment to metrlc (SI) units is presented on page 23.
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of inland waterways, 3,000 miles of iInterccastal waterways, and over
400 small boat harbors.

In 2 recent discussion with the Director of Civil Works, I dis-~
cussed the pressing issues of our mission in the 1980's. He listed
among his top prilorities the protection, management, and enhancement of
the natural resources of our projects. He particularly emphasized our
role as custodians of the nation's water resources. 1 feel very strongly
that our emphasis in the 1980’s will be the resource portion of our
function.

I believe you and I face unique challenges in aquatic plant control
in the 1980"'s. We most certainly will face a shrinking dollar while
every indication leads to the inescapable conclusion that the problems
of aquatic plant control are on the verge of significant increases in
areas of the country where we have previously experienced little trouble.
We must continue through research to plan and implement more efficient
methods of management and coperations and we must ensure that transfer of
that technology is made to others.

During the aquatic plant control meeting at Lake Eufaula, Oklahona,
in November 1979, Roger Hamilton passed out a questionnaire designed to
gauge the attendees' perceptions of our overall research, planning, and
control efforts. I believe it's important that you be aware of the per-
ceptions indicated by the respondents to that survey.

A total of 106 people returned a completed questionnaire. Of
these, almost exactly half were Corps of Engineer employees, and the re-
maloder were fairly evenly distributed among local and State agencies,
private endeavors, and the academic community. Researchers, planners,
and policy/administrators greatly outnumbered the people working in
control operations.

Slightly less than one third of the respondents felt that our cur-
rent legislation provides an adequate base for the aquatic plant program.
The remaining two thirds either felt that our legislation was inadequate,
or they were not familiar with the legislation. The "unfamiliar" category
was the most disquietening because it alone accounted for one half of
all respondents.

The perceptions of Corps policy and management were certainly much
clearer than for legislation. Almost 95 percent of the respondents in-
dicating a knowledge of Corps policy said it was adequate to govern the
program, and 97 percent felt that management was good or excellent. Only
3 percent of the respondents felt that both policy and management were
inadequate. There was overwhelming support that a Center of Competence
{or an Aquatic Plant Control Support Center) was needed. OCE has con-
curred in that need and Dwight Quarles will detail to you the perimeters
and conditilons that have been determined for implementing the establish-
ment of the support center in the Jacksonville District.

Last year's group indicated overwhelming support for the Large-Scale
Operations Management Test (LSOMT). Their responses indicated that they
were firmly convinced that:
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LSOMT is an effective method of technology traunsfer.

{w

b. The Corps is very effective in identifying areas that lend
themselves to this type of technology transfer,

Almost 85 percent stated that they, or their organization, had
benefited from these tests. Some 90 percent alsc rated the
technology transfer aspects of the overall aquatic plant control
program as either adequate or excellent.

[

I believe the establishment of the Aquatic Plant Control Center will
further facilitate this technological transfer.

Almost three fourths of the respondents indicated frequent receipt
of research publications. The same approximate percentage indicated
that they read more than half the publications; however, a significantly
smaller group found the publications useful in their work.

As one of the television networks said about another recent poll,
"Our survey really wasn't scientific, it doesn't lend itself to statis-
tical analysis, its results probably only reflected what the respondent
was thinking at the time, and it might not accurately reflect their later
actions.”

While I realize that this modest effort at judging the users' per-
ceptions of the Corps' efforts has its limitations, it does appear to
reflect a collective judgment that the Corps can identify an area need-
ing work, look inte it, and get the results to the users in an understand-
able and usable form.

The Huntsville Division recently sent out a questionnaire asking
about the need for formal training in aquatic plant control, We have
reviewed the results of that survey and are convinced that the 35 to 40
respondents really are in the direct planning and control elements con-
cerned with aquatic plant control.

We feel we don't have sufficient information to implement a formal
training course at this time. We 2lso think any urgent training needs
can be met through our existing, techneological transfer system, informal
workshops, this meeting, and the Aquatic Plant Control Support Center.

1f anyone has any questions or problems they wish to ask concerning
this area, they should by all means do so during this meeting, either to
Dwight Quarles or myself,

Certainly through surveys such as these and the results of this
meeting we can determine the trends developing in the aquatic plant con-
trol program and the directions we should be taking to effectively man-
age our program.
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INDUSTRY SESSION

Lilly-Elanco

by
W. Arnold®

I want to take this opportunity to express my appreciation for
this invitation to discuss Lilly Research Laboratories perspective of
the Corps' program and aquatic plant controel.

The questions:

a. How does Lilly-Elanco perceive their interaction with the
Corps’ Aquatic Plant Control Research Program?

We see the Corps as being a very vital sector in the research and
development phase of new products as well as in the marketplace. The
vital sector in the development phase would be the location and applica-
tion of test sites, designing protocols on specific areas of need, and
lmplementing those protocols in cooperation with the technology developed
by our company. We see the techmology developed by our company as being
shared with the Corps of Engineers.

We envision some date in which the Corps may decide to apply for
Experimental Use Permits fox certain aquatic problems.

b. How can the Corps do a better job from our standpoint?

We would like to become better acquainted with your people involved
in aquatic programs and aquatic problems. This meeting is an excellent
atmosphere for becoming better acquainted; however, we need to know what
industry can supply to meet the problems and challenges in aquatics.
Lilly's commitment to scientific research is 70 years old, and no one in
Lilly can envision auny circumstances that would cause us to change that
commitment. We at Lilly are constantly adopting iannovative concepts to
attack new and increasingly complex research objectives, but we need to
identify and define needs in the aquatic environment.

¢. How do you view the future for development in your area of
interest and in aquatic plant control as a market?

Lilly-Elanco views the aquatic market as a long-term commitment.
We intend to be a multiproduct company with scientific research of the
highest order, directed toward major marketplace needs. We feel that the
general public doesn't perceive water as a natural resource such as oil,
but in certain portions of the world the quality of water is of the utmost
concern. We hope, as a company, to integrate our products into control-
ling factors that can enhance the availability of good quality water.

* Lilly Research Laboratories, a Division of Eli Lilly and Company,
Florida Research Station, Boynton Beach, Florida.
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We have conducted research in the areas of aquatic growth regulators,
algicides, and herbicides. We feel that the Corps of Enginecers is on
the cutting edge of knowing our water resources needs and we look to

you to tell us the direction of research programs before a potential
crisis occurs.
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INDUSTRY SESSION

Pennwalt Corporation

by

W. Moore*

The Corps' Aquatic Plant Control Research Program is very meaning-
ful to Pennwalt for the following reasons:

a. There 1s a direct relationship between Corps funding for
aquatic weed control and our sales of aquatic herbicides.

b. Testing and data collection performed by the Corps with our
herbicides help us to keep and expand our agquatic herbicide
labels. New labels currently pending with the Environmental
Protection Agency (EPA), 1f approved, should greatly expand
the use of endothall herbicides. Many basic questions con-
cerning the effect on water quality, method of application,
and use of additives can be answered with your help,

Pennwalt has no new aquatic herbicides under development at this
time. We are continuing to investigate the use of new technology with
endothall in the following areas:

a. Other endothall formulations.
b. Slow release formulations.

¢. Dust-free pellets and granules.

d. The use of additives such as polymers, inverts, and surfactants.
e. Combinations with other herbicides.

The market for herbicides for submerged aquatic weed control is not
as large as many people conceive. It 1is especially small when compared
to the agricultural herbicide market. However, Pennwalt is committed to
the aquatic weed control market. We have established a separate Aquatic
Chemical Department within the Agricultural Chemical Division of our
company. This will allow us to provide more specialization and expertise
to better service the market,

We at Pennwalt are trying to do a good job of providing information
and educational materials on our products to those who are involved in
aquatic weed control. Pennwalt aquatic chemicals play an important role
in the control of noxious aquatic weeds and algae without harm to the
environment. The use of our herbicides is also cost-effective when com-
pared to other methods of aquatic weed control. We want the correct
story to be told.

* Pennwalt Corporation, Winter Garden, Florida.
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INDUSTRY SESSION

Union Carbide Agricultural Products Company, Inc.

by
John E. Gallagher*

To answer the questions raised by Mr. Decell, I will use an outline
to suggest policy, research needs, and problem areas which might be
addressed by the Corps. Many of the areas touched upon could be the
basis for much longer discussions.

The Uniqueness of Aquatic Weed Control. Aguatic weed contrel is
categorized as a minor use segment of weed science, yet the problem
is widespread, not regional, since aguatic weed problems are criti-
cal in all parts of the world. The problem is further confounded

by:
A.

Diversity of Pest Species
1. Native species - usually having an established niche.

2. Introduced species - having the capability of an explosive
rate of spread due to a lack of natural predators.

Enviromment Modifications

1. Actions that modify or affect the stability of an aquatic
ecosystem generally aid and abet the spread of problem
species.

| g%
.

Use patterns, particularly those that stress the natural
community competitiveness, tend to determine speciles
dominance.

Industry - Corps or Other Federal Agency Interaction

A

Concept of agency purchaser and applicator - its limitations.
Historically, the Corps and Department of Interior (Bureau of
Water and Power) out of necessity had to research and develop
application methodolegy. Times and values have forced changes.

1. The establishment of EPA (a necessary agency).
2. The gradual decline of available herbicides.

3. The industry prioritization of development cost which
places aquatic herbicide use on a low priority.

01d methods are not applicable to today's needs and the follow-
ing action should be considered:

*

Union Carbide Agricultural Products Company, Inc., Ambler,

Peunsylvania.

31



1. Establish the state of the art. Update what is known.
2. Maximize information transfer to the field.

3. Initiate needed research programs either in-house or fund
cooperatively.

4, Remove the word eradicate from administrative language.

5. Encourage industry to continue research efforts in the
aquatic field.

Interact with EPA. Begin to establish an organized policy
toward EPA and other critical regulatory agencies.

1. Establish an in-house department of specialists to aid in
label registration.

2. Organize and coordinate Experimental Use Permits programs
alone and in cooperation with IR-4 groups.

Needed Corps Cooperative Actions

1. Act as a lead agency in research and the funding of re-
search in total aquatic plant management prograwms.

a. Support screening programs.

b. Support small plot field tests.

c. Support large-scale Experimental Use Permits projects.
(1) Cost share control agent.
(2) Provide site and operation personnel.
(3) Maintain test sites.

2. Coordinate operational programs with other Integrated Pest
Management projects to evaluate whole watershed systems.
Corps controlled watershed management programs should be
coordinated to provide total impact data packages.

a. Collect long-term data.

b. Build a case history of successful aquatic plant manage-
ment programs to be able to more forcibly counteract
opposition.

3. Take positive action.

a. Become an activist agency in terms of risk/benefit or
cost/benefit ratios when dealing with aquatic plant
management programs.

b. Blow your own horn - let more people know of the good
that is accomplished.

¢. Support your industry cooperators by allowing your re-
search specialist group to override your purchasing
agent.
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I1I. The Future
A. Market Activity in Aquatic Weed Control - Short Term

1. A slow growth industry frustrated by over~regulation which
will support a limited number of participants.

B. Long Term

1. A worldwide commodity need, but not an easy market to
maintain even in the face of limited water supplies.

2. In the final sense, countinued development of aquatic herbi-
¢cides has to be a cooperative effort between industry and
the Corps. A partnership of sorts that is directed toward
providing the most efficacious and minimum risk combina-
tion of pest plant management,
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INDUSTRY SESSION

Applied Biochemists, Inc.

by

Dave Paschke* and Jim Schmidt¥®

As a small company involved in the aquatic pest control industry,
Applied Biochemists, Inc., views the Corps' activities in this field
both as a viable market for our products as well as a means of testing
material for label expansion. We appeal to the Corps to give cutrine-
plus consideration in both testing and operational programs. Within our
means, we are willing to participate in research activities. Use of
cutrine~plus in tank mix combinations with registered herbicides, in con-
junction with polymers, and by itself warrants further examination
against certain target pests. OQur present label would allow for much of
the work to be conducted without registration problems.

We suggest that the Corps establish a timely industry notification
system whereby we are notified in advance of product testing and applica-
tion sites. Emphasis should be placed on working with presently regis-
tered or potentially registerable materials. Greater efforts should be
made toward informing the public of the envirommental and human safety
considerations which have been made in choosing chemical control tech-
niques. The future of aquatic pest control will trend towards integrated
methodology. Chemicals will be a continuing necessity from a cost-
effective standpoint. As a manufacturer, we are seeking closer involve-
ment with Corps personnel and activities in the future.

* Applied Biochemists, Inc., Mequon, Wisconsino.
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INDUSTRY SESSION

Sandoz, Inc.

by
A. F. Fuchs, Jr.%

For these whe aren't familiar with Sandoz, Inc., let me briefly
give you some background information. Sandez, Inc., is the subsidiary
of Sandoz, Ltd., Basle, Switzerland. Founded in 1886, our parent company
is one of the 200 largest industrial firms based outside of the United
States, with 35,000 employees and operations in 42 countries. The pro-
ducts ¢f Sandoz include pharmaceuticals, chemicals, dyestuffs, specialty
foods, seeds, and agrochemicals. Worldwide sales by Sandoz are close to
$2.8 billion., Sandoz spent approximately $3 million this year (1%80) on
agrochemical research in the United States.

Sandoz has two products that are presently used in various areas
of the United States to control plant growth:

a. Komeen (aquatic herbicide) is an ethylenediamine chelated cop-
per used to countrol hydrilla, Brazilian elodia, and southern
naiad.

b, K-Lox (algicide) is a triethanolamine chelated copper used to
control various algae.

These products play an important role in the Corps' aquatic plant control
program.

How can the Corps do a better job from my standpoint? In accor-
dance with the Endangered Species Act of 1973, as amended in 1978,
Federal Agencies must ensure that their actions do not threaten the con-
tinued existence of endangered species. The continued existence of
chemicals for aquatic plant contrel is endangered and we must be con-
cerned about the power of this act. 1 would like to see the Corps of
Engineers take a leadership role to include industry in consultation con-
cerning an endangered species when the "stop use' of a particular product
is invelved. All industry is very concerned about endangered species,
especially Sandoz. But sometimes decisions are made to stop the use of
certain products, when possibly after hearing industries views, the pro-
duct could continue to be used while testing is being conducted. Indus-
try should be included in the test program because of its specific
knowledge of its preducts. Hastily banning the use of an aquatic herbi-
cide could have serious long-term consequences. Some people will con-
tinue to consider the product "unsafe' even after proven safe. It is
like the judge who tells the jury te disregard what was said, but we all
know that every person on the jury will remember what was said.

* Sandoz, Inc., Tallahassee, Florida.
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Give industry the benefit of the doubt so it doesn't lose sales
and profits. These are needed to develop new aquatic products and pay
taxes that are used to fund various Federal and State aquatic programs.
Don't take away the incentives for industry to expand in the aquatic
field. Please bear in mind that I am referring to situations where there
is only speculative information that a particular product is affecting
an endangered species. This is all that 1s needed under the present
Endangered Species Act to overrule years of testing and spending, some-
times millions of dollars to register a product with EPA and/or a state.

How do I view the future for development in the aquatic herbicide
field? The future of chemicals for aquatic plant contrcl depends on how
regulated industry will be and how much funding is available to Federal
and State agencies for aquatic weed control. Industry must have an in-
centive for management to justify expenditures to develop and register
a product for aquatic plant control. Fortunately, or maybe I should say,
unfortunately, the world population is now about 4 billion and will
double in the next 35 years to 8 billion. This means that we must double
food production in the next 35 years just to feed people at today's level
(which doesn't include everyone). Due to this situation, Sandoz research
is continually trying to develop new chemicals to help increase crop pro-
duction and, hopefully, some of these products will be used in the
aquatic industry. Sandoz 1s a world leader in bicchemical research and
development. This may be the answer for the future.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

Lower Mississippi Valley Division, Memphis

District (Lake Wappapello)

by
Richard L. Hitew

For several years Lake Wappapello has been plagued with a signifi-
cant infestation of Najas minor (brittle naiad), which grows virtually
unchecked throughout most of the lake. As a result, we receive numerous
complaints from boaters, fishermen, skiers, and swimmers.

Lake Wappapello, which is in the Memphis District, is a relatively
old (1941) and shallow lake. The average depth at summer pool, 360 ft
mean sea level (msl), is only 12 ft. The lake has a great number of
springs. This, and the rocky, graveled creek bottoms contribute to the
lake's good water quality. Where aquatic vegetation is not present, the
lake and tributaries are gquite clear.

Water is routinely sampled and tested from six different Jocations
and levels from surface to 11 m depending on location and present lake
level. These parameters include: temperature, dissolved oxygen, total
coliform, conductaunce, and pH. The tests have never indicated any type
of pollution., However, we wonder about the possibility of excessive fer-
tility resulting from sewage, agricultural fertilizer, cattle lots, etc.

The University of Missouri sampled the lake vegetation in July
1978 and reported that naiad comprised 99 percent of the total vegetation.
Other species included pondweed, duckweed, and milfoil. It is also sig-
nificant that Lake Wappapello is the only major impoundment in Missouri
that contains brittle naiad. This is probably due to the warm shallow
water conditions at Wappapello. We have not had any formal research con-
ducted. However, we have observed increased growth of the species during
hot, dry summers such as this past summer (1980) when summer surface
temperatures averaged 28°C.

Past and present control methods have been costly and futile. For
the past b6 years during April and June we have sprayed Aqua-Kleen
{(2,4-D), a product of the Amchem Corporation, at 200 lb/acre around
intensive-use areas. However, we don't feel that the chemical is effec-
tive, This is more of a cosmetic exercise to appease dock operators and
the general public.

Mechanical controls are not practical due to the vast area and

* U. S. Army Engineer Division, Lower Mississippi Valley; Memphis
District, Memphis, Tennessee.
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submerged obstructions.

The best natural control seems to be a long,
cold, severe winter while the lake is drawn down for winter storage.
(The winter pool is 355.00 ft msl.)

We would like to have some research conducted and recommendations
made by the U. S. Army Engineer Waterways Experiment Station (WES).
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

New England Division*

by

Irving Fistel#*#

The Aquatic Plant Control Research Program, as presently authorized
and administered, has significant gaps that in New England, and probably
in other areas of the country, prevent us from effectively combating the
agents that cause the development of aquatic plant problems. Inadeguacy
is not related to the intent of the program but to the scope and objec-
tives we are limited to.

It is apparent from our experience in administering this program
in New England that the majority of aquatic plant problems we deal with
are intimately related to the type and degree of development common to
our area. The root sources of most of our problems are the changes man
has engendered in the watersheds because of his immediate presence and
activities. By concentrating people around our lakes and waterways, we
have tremendously increased the rate at which these resources age. The
agents that enhance the aging process are the nutrients that are liter-
ally flushed into the waters from the homes, businesses, and recreation
areas surrounding them. In our authorized attempts to control obnoxious
agquatic plant growth, we are in a sense cowmbating the obvious effect
of these activities while avoiding the causes.

Nearly every aquatic plant control problem we have seen would be
technically defined as a condition of advanced eutrophication or enrich-
ment, which is the natural phenomenon that ages water bodies. The re-
sult of our presence is that the total amount of anutrients available for
plant growth is tremendously increased. Aquatic plants respond to this
increased amount of wmaterial by greatly enhanced growth. This growth
is often reflected in the size of plants as well as the numbers of
individual plants. Our priorities are in need of revision. True, we
generally become involved after prevention is no longer possible, but
a prime requirement of permanent control is limiting continuation of
fertility. In the terms of our existing technology, we are severely
limited in methods of controlling the enrichment of our most urbanized
water resources.

We are about to propose a year-long study of a culturally impacted
lake, Fort Meadow, in Marlboro, Massachusetts, to develop a program to

* This paper was not presented at the 15th Annual Meeting but is in-
cluded here for information purposes.
*% U, S. Army Engineer Division, New England; Waltham, Massachusetts.
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control present aquatic growth and prevent further degradation of water
quality. The results of this study, if approved by OCE, would give guid-
ance tc a long-term effort to cerrect the problem. Our first step would
be submission of the scope to OCE with a proposed funding level. Con-
currence of OCE and funding provided by them would be utilized by the
New England Divison to initiate the fieldwork next spring. Fieldwork
would involve water quality, lake sediment, plant identification, and
other biological sampling to determine the sources and extent of eutrophi-
cation of the Fort Meadow Reservoir, buillt over 100 years ago for indus-
trial water storage, The study will also identify the point socurces of
enrichment in the basin and relate them to the development of the aquatic
plant problem. We will also look into the flow dynamics of the system

to see if a hydrologic management schedule can be imposed to help allevi-
ate some of the problems. Once we can identify the type and amount of
enrichment and the potential for management we will be able to formulate
a program that will utilize conventicnal aquatic plant treatment with
necessary elimination of nutrients by treatment or diversion to prevent
some of the water quality degradation. The key word is prevent. If we
can gear our program to the preventative rather than the curative, we
hope to be able to reclaim, at least to some degree, our most abused
water resources. We will also be in a position to implement environ-
mental controls for ocur remaining high quality water resources.

In summary, we find that in New England local people are alarmed
and confused by the appearance of an aquatic weed problem. They do not
comprehend the reason for subtle developments and often will not accept
the fact that the control procedures they have used for many years have
proven to be inappropriate and that their cumulative effect is the objec-
tionable growth. Generally, the pecple are becoming educated to the rea-
sons for these problems. Since local funding and expertise are limited,
they seek assistance through applicable Federal and State programs. We
are hopeful that the next few years will show if the Corps' program will
be of help to New England's aquatic weed problems.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

North Pacific Division

by
Orrin Beckwith®

The Aquatic Plant Control Research Program in the North Pacific
Division 1s concentrated on one plant, Eurasian watermilfoil, and major
efforts to prevent and control this plant are centered in the State of
Washington.

Since the 14th Annual Meeting, Aquatic Plant Control Research Plan-
ning and Operations Review, 1979, we have added the State of QOregon as an
entrant into the program. We were contacted in May 1980 by representa-
tives of Oregon's Marine Board concerning problems in Blue Lake, Sturgeon
Lake, and Swith-Bybee Lake, Multnowah County, Oregon. Eurasian watermil-
foil has been positively identified in Blue lLake, although the other two
lakes may require further verification. Our initial meeting with the
State of Oregon involved the Division, Portland District, Oregon Marine
Board, and Oregon Department of Agriculture. The program was explained,
including discussion of potential problems, i.e.,, funding, use of chemi-
cals, public opposition, etc., but still received positive reaction from
the State. With a letter of intent from the State, we requested funds
to accomplish the receonnaissance report. Since we were out of step with
the budget cycle, funding was delayed until this fiscal year.

The Portland District has requested funding to initiate a Design
Memorandum (DM) and Environmental Impact Statement (EIS) in FY 1982, The
Portland District will proceed on the DM and EIS if the results of the
reconnaissance study indicate that we should.

The basic problem is the lack of authority to enter into a preven-
tative program with the northwestern states when we have not positively
identified a problem. As it stands, by the time the Corps is informed
that there is a problem, we know it will be 3 to 4 years before we
have completed our studies and received our funding., By that time, the
specific plant, in this case Eurasian watermilfoil, has usually become
entreanched, requiring control or eradication measures rather than preven-
tative measures.

* U. §. Army Engineer Division, North Pacific; Portland, Oregon.
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AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

North Pacific Division, Seattle District

by

Robert M. Rawson¥®

The Seattle District has been involved 1n aquatic plant control
only since 1977, when the Washington State Department of Ecology re-
quested that a State-wide management plan for Eurasian watermilfoil be
established. At that time, milfoil had been identified as the species
causing problems and numerous complaints in the Seattle area. Around
that same time, we became aware of serious problems in the Okanogan
Lake Chain in British Columbia with milfoil moving rapidly downstream
into Oscoyoos Lake. A problem level population was alsc identified in
Banks Lake, a Water and Power Resources Services reservoir in the Colum-
bia Basin.

We had no in-house expertise in aquatic plant coantrol at that time,
s0 we asked WES for assistance. They assisted in getting our planning
study started and developed a 3-year research program designed to evalu-
ate control methods for adaptation to a prevention program.

We also received help from other organizations involved in aquatic
plant contrel: the Jacksonville District, The Tennessee Valley Authority,
and the Bricish Columbia Ministry of the Environment, in particular.

With this help, we were able to complete cur planning study in
June 1980, We signed a cooperative agreement with the Washington State
Department of Ecology, the State-wide sponsor, in July.

Because of the wide range of public concerns expressed during our
planning process, we realized that no single control method would solve
all of our problems. With this in mind, we geared our program, which
requires 30 percent local matching funds, to be as flexible as possible.
The local sponsor is left to choose the control method, within the frame-
work of our program, which best meets local needs.

The first year's operation of our program consisted of mechanical
harvesting and the use of fiberglass-bottom screens in high-use public
recreation and navigation areas in Lakes Washington and Sammamish, in
the Seattle area; the maintenance of a fragment barrier on the Okanogan
River and spot treatments of the herbicide 2,4~D in Osoyoos Lake to pre-
vent downstream spread; and the continuation of a public information pro-
gram to minimize fragment spread by recreational boaters. These programs
are expected to continue next year (1981).

* U. S. Army Engineer Division, North Pacific; Seattle District,
Seattle, Washington.
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The top priority of our program is to keep milfoil from becoming
established in the Columbia River. The Department of Ecology, in coopera-
tion with Okanogan County, has conducted a holding actilon on the Okanogan
River since 1977. This year, that work was incorporated into our cost-
share program. The downstream spread of milfoil has been slowed, but
not stopped. This summer, the WES field team found scattered milfoil
plants down to the mouth of the river. Now that our operational program
has been established, we can hopefully stop this spread.

The Department of Ecoclogy has also confirmed milfoil in the Pend
Oreille River, as far downstream as Boundary Dam., This is about 14 river
miles from the confluence with the Columbia River.

In addition to these two tributaries, we have a potential fragment
source at Banks Lake. This irrigation resexrvoir is filled by puwmping
water from the Columbia River and now contains several hundred acres of
milfoil. The preoblem we face here is the fact that two of the pumps
used to fill the lake are reversible. 1In times of high lake level and
high power demand, the flow could be reversed for generation. This
would result in water from the lake, possibly containing milfoil frag-
ments, going back into the Columbia River.

In summary, we have the Columbia River threatened by the direct
flow of fragments from two tributaries, from the possible two-way flow
from an infested man-made lake, and from private boaters traveling from
infested waters carrying fragments on their props or trailers. 1It's
going to be a big job and this coming year is going to be a critical time
for the Seattle District.
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USAE DIVISION/DISTRICT PRESENTATIONS
AQUATIC PLANT PROBLEMS--OPERATIONS ACTIVITIES

South Atlantiec Division, Jacksonville District

by
Joseph C. Joyce* and James T. McGehee¥*

The Jacksonville District's aquatic plant management program con-
sists of the Cooperative Aquatic Plant Control Program, the Removal of
Aquatic Growths Project, and operations conducted under specific project
operations and maintenance authoritiles. During the period between FY
1969 and FY 1979, the overall program underwent an expansion in both
scope and magnitude. The impetus for this expansion was (1) the introduc-
tion of new problem aquatic plant species, such as hydrilla; (2) the
requirement for additional control methods to manage the new problem
species and the diverse environmental situations associated with these
problems; (3) a change in aquatic plant management philosophy to a2 main-
tenance control approach; and (4) the passage of various regulatory laws
which require additional program assessment and coordination. The pur-
pose of this paper is to briefly discuss the magnitude and direction of
this expansion. Table 1 summarizes the areas of the program which have
undergone the greatest expansion.

Operational Function Expansion

In FY 1969 the waterhyacinth was the only nuisance aquatic plant
species covered under the program and the basic control method was the
application of 2,4-D. By the end of FY 1979, the control program in-
cluded 19 different plant species and integrated the use of chemical,
biological, mechanical, and envirommental manipulation techniques.

This expansion was necessitated by the spread of additional major
problem species such as hydrilia and the initiation of a control program
for minor problem aquatic plant species. This latter program was imple-
mented due to the realization that, although infestations of these plants
are generally localized, they can significantly interfere with water-
related activities when they arise ip critical locations. The treatment
or clearing of a small access trail through these areas will often open
a pathway to a relatively large area providing a substantial increase in
the area available to the public. Also, the treatment of a major problem
plant such as-waterhyacinth or hydrilla opens a water area to habitation

* (. S. Army Engineer Division, South Atlantic; Jacksonville District,
Jacksonville, Florida.
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by other species which were not previously included in the program. If
these plants are allowed to proliferate in previously cleared areas, a
portion of the benefits derived from the 'initial treatment would be
negated.

This increase in nuisance species and advancements in herbicide
technology resulted in an increase in the number of herbicide formula-
tions and application technigues under the District program. Currently,
10 differeat formulations of herbicides are employed, and applicatiocn
techniques include aerial and ground application of liquid and/or polymer
formulations; surface or subsurface injection of liquid, polymer, or
invert formulaticons; and surface application of herbicide pellets. Addi-
tionally, mechanical and biological control programs have been expanded
to fully operational levels within fiscal and environmental limitations.

In keeping with Federal and Corps personnel ceilings and the em-
phasis on contracting of additional services rather than performance
with Federal forces, Corps-hired labor operations have not significantly
increased over this ll-year period. However, the number of contracts
for support services has increased from 4 in FY 1969 to 32 in FY 1979.
A majority of the additional control work has been performed by the State
of Florida Department of Natural Resources under a cooperative cost-
sharing contract. The State has further subcontracted this work to
geveral tiers of local and regional agencies and private firms. This
approach has placed the management of aguatic plants at the local govern-
mental level, which is generally more familiar with the local aquatic
plant problems and more responsive to the specific management needs.

Planning Function Expansion

The increase in the number of problem plant species and environ-
mental awareness of the general public has also increased the expenditure
for program management, planning functions, research and development
efforts, and special projects. Numerous Federal laws have significantly
increased requirements for program assessment, justificatrion, and coordi-
nation. Examples of such laws include: the National Environmental Policy
Act of 1969 (NEPA); the Federal Envirommental Pesticide Control Act of
1972 (FEPCA); the Endangered Species Act; and the Resource Conservation
and Recovery Act of 1976. As a result of these acts: (1) three Environ-
mental Impact Statements and numerous environmental assessments have been
prepared according to NEPA; (2) key personnel have been trained and certi-
fied as pesticide applicators for several categories in accordance with
FEPCA; and (3) most recently the District has become invelved in a Sec-
tion 7 consultation with the U. 5. Fish and Wildlife concerning potential
impacts on the endangered species, the West Indian manatee (Trichechus
manatusg) .

Throughout this program expansion, the Jacksonville District work
force has remained relatively constant while the work load, cowmplexity,
and responsibilities have increased significantly. As noted in Table 1,
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there has only been an increase of 2.5 man-years in the total District
aquatic plant control work force. Two of these are allocated to the
field offices to assist in the contract inspection and compliance func-
tion. The other 0.5 man-year is allocated to the District office for
overall program management.

Funding

The net result of the program expansion discussed above has been
an almost elevenfold increase in annual expenditures from approximately
$514,000 in FY 1969 to approximately $5.75 million din ¥Y 1979. These
values represent the combined expenditure of the Corps and the State of
Florida under the cooperative program.

Future of the Program

The direction which the program has taken is expected to continue.
As current problem areas are brought under maintenance control, which
reduces the overall costs of control, additional problem areas can be
included under the program. This will allow the attainment of a greater
amount of benefits under the program with the same level of expenditure.
Pending a change in Fedevral policy, there will also be an increase in
the amount of operations and services that are contracted out rather than
performed with in-house personnel.

Perhaps one of the most challenging and potentially beneficial ex-
pansions in the Jacksonville District's program is the establishment of
a Corps-wide Aquatic Plant Control Operations Support Center at the
Jacksonville District. As reported at this conference by Mr. Dwight
Quarles of the Chief of Engineer's Office, the Center was established to
provide technical assistance to other Corps Districts on matters pertain-
ing to aquatic plant control operations. Upon request, the aquatic plant
control personnel in the Jacksonville District will assist other field
gperating units in the establishment of operational programs and provide
technical guidance during the planning phases of aquatic plant control
programs aud other operational related matters. Since aquatic plant con-
trol is of such a specialized nature, assistance by the Center's person-
nel will allow other Districts to avoid some of the pitfalls associated
with the establishment of a new program and to effectively manage nui-
sance aquatic plant infestations.
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Table 1

Areas of Expansion in the Jacksonville District

Aquatic Plant Control Program

FY 196% - FY 1979

FY 1969 FY 1979
Expenditures $514,000 $5.75 million
No. of Plant Species 1 19

Contracts and Government Agreements
State 1 1

Subcontracts 1 21
Private firms
Materials and equipment 2 7
Control work 0 2
Architect Engineer 0 1
Government agency agreements 0 4
Laws for Assessment and Coordination 1 4
Coordination with other Government
agencies
Federal 1 3
State 1 5
Assistance to other Districts/Agencies 0 6

Control Methods
Mechanical systems 0 2

Biological agents 1 8
Chemical formulations 1 10
Manpower allocation (man-years)
Corps
District 2 2.5
Area QOffices 21 23
State and Subs. 43 158%*
District Office Manpower Allocation
and Grade Structures
Engineer 1 0
Biclogist 0 1.5
Engineering Technician 1 1
Secretary 1 shared 1 shared
Clerk 1 shared 0

* Does not include part-time administrative and support personnel.
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AQUATIC PLANT PROBLEMS-~OPERATIONS ACTIVITIES

Southwestern Division, Galveston District

by
Lee W. Hunt#*

Status of the Aquatic Plant Control Program in Texas

The Galveston District administers an active aquatic plant control
program in the State of Texas.

This program is a cooperative cost-sharing and contractual agree-
ment between the Federal Government and local interests. The Galveston
District represents the Federal Government, and the Texas Parks and Wild-
life Department represents the State of Texas as the local cooperating
agency. Field operations are carried out by the Texas Parks and Wild-
life Department under the supervision of Mr. Lou Guerra, Director,
Noxious Vegetation Coutrol Program for the State of Texas.

Control activities are performed in 18 designated work areas in
accordance with established priorities. These areas are oriented to the
watersheds of major river basins and coastal drainage systems. OQur pro-
grawm is primarily limited to activities in the lower portions of the
following 10 work areas:

4. Nueces River Basin.

b. Guadalupe River Basin.
¢. North Coastal Area.

d. Sabine River Basin.

€. Trinicy River Basin.

f. Neches River Basin.

g. Cypress Creek Basin.

h. South Coastal Area.

1. San Jacinto River Basin.
J- Rio Grande Basin.

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

*# U. 5. Army Engineer Division, Scuthwestern; Galveston District,
Galveston, Texas.

48



Waterhyacinth

Although we consider waterhyacinth to be basically under control,
it continues to be a serious aquatic plant pest in Texas. Waterhyacinth
infestations are presently most critical in the North Coastal Area and
Sabine River Basin. The San Jacinto, Trinity, Guadalupe, and Nueces
River Basins are also problem areas that require frequent herbicide
treatment. Control measures for waterhyacinth involve the use of EPA-
approved formulations of 2,4-D.

Alljgatorweed

Infestations of alligatorweed have increased in recent years
throughout much of southeast Texas. The estimated acreage of alligator-
weed occurring in Texas for 1971 to May 1979 has increased from 8,400
acres in 1971 to approximately 11,400 acres at present. The Trinity and
Sabine River Basins and North Coastal Area are the most c¢ritically in-
fested regions at this time. However, extensive infestations also occur
in the Neches and San Jacinto River Basins.

Alligatorweed control methods to date have involved the use of the
Agasicles flea beetles (Agasicles hygrophilla). Although flea beetles
have been introduced at selected loczlities in five Texas work areas
since 1967, their weed destruction capabilities have met with limited
success. No releases have been made since 1974 as part of the Texas
Aquatic Plant Control Program.

Hydrilla

Hydrilla (Hydrilla verticillata) has become a serious problem in
portions of Texas; however, control of this species is not presently
authorized as part of the Galveston District’s Aquatic Plant Control
Program. Hydrilla was first discovered in Texas in 1970 in the reflec-
tion pool of the Houston Zoo. Infestations have continued to increase
substantially in portions of Texas with approximately 8,000 acres of
hydrilla reported in Texas in 1979. The most serious problem presently
occurs in Lake Conroe im the San Jacinto River Basin, where 32 percent
of the 21,000-acre lake is infested. 1In order to inelude hydrilla in
our control program, economic and environmental studies are presently
being conducted in order to revise the General Design Memorandum and
supplement the Environmental Impact Statement %o include control of this
species, Treatment to date in Texas has primarily involved experimental
control on Lake Conroe and Lake Livingston by the Texas Parks and Wild-
life Department.
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Problems and Needs

During our studies to revise the Generval Design Memorandum and
Environmental Impact Statement, we found that much of our information
was insufficient to determine the effectiveness of our present program.
A comprehensive survey of the extent of aquatic weed ilnfestations in the
Galveston District has not been conducted since 1971. A resurvey is
needed in order to document the spread of certain species and to develop
a data base to measure the effectiveness of our control program.

In April 1980, the Galveston District and the Southwestern Divi-
sion (SWD) contacted the WES for assistance with our Aquatic Plant Con-—
trol Program. We determined in coordination with SWD and WES that this
was an excellent opportunity to use the expertise and services of WES
personnel to help develop a comprehensive management plan for aquatic
plant control. Our request was twofold: first to utilize rapid survey
methods developed by WES to update our aquatic plant survey, and second
tc develop a plan for establishment of biocontrcl agents in Texas on
waterhyacinth and alligatorweed.

An agreement was developed with WES and cooperative work was
started in FY 1980 and will continue until completed. We feel that this
cooperative program with WES will greatly increase the capability of the
Galveston District in development of better methods of aquatic plant con-
trol in Texas.
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Southwestern Division, Tulsa District

by
J. P. Mace*

Tulsa District is involved in the Aquatic Plant Control Research
Program (APCRP) not because we have the overwhelming problems experienced
by the southeastern states, but because we have the potential for those
problems. Eurasian watermilfoil (Myriophyllum spicatwn L.) is the prob-
lem species.

Burasian watermilfoil was first collected in Tulsa DPistrict on
26 June 1959 in Quannah Parker Lake on the Wichita Mountains Wildlife
Refuge in southwestern Oklahoma, From these it spread, or more probably
other populations were introduced until it was found in the Arkansas,
Red, and Washita River drainage systems. In the early 1970's, after a
survey by the Oklahoma Department of Wildlife Conservation it became
apparent that the State could have a potential problem of major economic
significance.

Reconnaissance surveys were conducted in 1975 and 1979 persuant to
developing a State Design Memorandum. A compariscon of those surveys
showed that in 1975 watermilfoil was growing in 12 separate water bodies.
In 1979 the total number increased to 18 with the discovery of growths
in Soil Conservation Service ponds in south central Oklahoma. However,
the number of infested acres decreased by almost half from 8,000 acres
in 1975 to 4,300 acres in 1979.

The only Corps lake in Oklahoma infested is Robert S. Kerr, a
project in the McClellan-Kerr Navigation System along the Arkansas River.
The infestation there was 288 acres in 1979 after an all time high of
1,200 acres in the middle 1970's. There is a control program being
carried out at that project, but the most obvious possible explanation
for the decrease in the remaining acreage of infestation is that the
winters of 1977-78 and 1978-79 were extremely severe freezing more of
the overwintering plants than usually occurs.

Oklahoma is like a simmering pot ready to boil over and send Eura-
sion watermilfoil down the Arkansas and Red Rivers to the Gulf. It is
because of this potential that Oklahoma is very much involved in aquatic
plant control and the APCRP.

This year we will complete work on a State Design Memorandum

* U, S§. Army Engineer Division, Southwestern; Tulsa District, Tulsa,
Oklahoma.
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allowing local entities to receive cost-sharing in control programs.
The District will continue to monitor the plant populations and conduct
periodic surveys to detect possible new infestations. Measures will be
taken to ensure that, insofar as possible, Oklahoma infestrations will
stay home.
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A COOPERATIVE AGREEMENT FOR ACCOMPLISHING AN AQUATIC
PLANT CONTROL PROGRAM IN WASHINGTON STATE

by

Ron Pine®

Introduction

Prior to 1975 the words "Eurasian watermilfoil" or "milfoil"" were
little used in the State of Washington, except by aquatic bieclogists.
Now it has become almost a household word. Many newspaper articles have
been written and spots have appeared on television describing the prob-
lems caused by milfoil and the control efforts, and airing differences
of opinion on the most cost-effective and environmentally safe methods
of controlling the plant.

Washington State officials first became aware of the potential ex-
tent of the problem through Dr. Peter Newroth of the British Columbia
Ministry of Environment. At a presentation before the Pacific Northwest
River Basins Commission, in December 1976, Dr. Newroth described infes-
tations of milfoil in the Okancgan River lake chain in Canada, tyributary
to the Columbia River, and the Ministry's efforts to control it. BHe
warned that unless steps were taken to stop the spread of milfeoil it
would eventually infest the Columbia River, an important fishery, irri-
gation, recreation, and hydroelectric resource in the Pacific Northwest.
It was subsequently learned that there were infestations of milfoil in
lakes Washington and Sammamish near Seattle, and in some of the Columbia
River Basin irrigation project reservoirs.

A series of meetings was held by the Washington Department of
Ecology with the Corps of Engineers Seattle District to discuss the
Corps’ cost-share aquatic plant control program authorized under Section
302 of the Rivers and Harbors Act of 1965. The Washington Department of
Ecology, by authority of the Governor of the State, agreed to act as the
statewide "umbrella sponsor' for the cost-share program actively seeking
local sponsors to contribute the required 30 percent matching funds.

A Strawman Aquatic Plant Management Plan was subsequently prepared
by WES to assist the Seattle District in developing a final work plan
and to describe various control alternatives, A field reconnaissance
was then conducted and a report prepared by WES describing the potential
for infestation of selected waters in Washington State by Eurasian water-
milfoil. A 3-year Large-Scale Operations Management Test (LSOMT) was
also initiated by WES to evaluate prevention and control methodologies
that might be used in the State of Washington.

* Washington Department of Ecolegy, Olympia, Washington.
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Ultimately, a final Aquatic Plant Management Program Design Memo-~
randum and an Environmental Impact Statement were prepared by the Seattle
District that emphasized prevention as a priority and unique feature of
the Washington State program. All through this process the Seattle Dis-
trict Corps of Engineers encouraged the participation of, and review by,
the State of Washington Department of Ecology. A final cooperative
agreement was developed and signed on 15 July 1980.

The Cooperative Agreement

A considerable amount of discussion took place between the Jackson-
ville and Seattle Districts and the Washington Department of Ecology be~
fore it was decided that a cooperative agreement was the wmost appropri-
ate cost-share vehicle for the State of Washington Aquatic Plant Pre-
vention and Control Program. The Jacksonville District uses annual pro-
curement contracts for the direct purchase of services from the State of
Florida Department of Natural Resources in the control and eradication
of waterhyacinth, alligatorweed, milfoil, and other obnoxious aquatic
plants.

A cooperative agreement developed under authority of Public Law
95-224, Section 6, allows for the "transfer of money, property, services,
or anything of value to the state or other recipient to accomplish' a
task or work plan "authorized by Federal statute, rather than acquisi~
tion, by purchase, lease, or barter, of property or services for the
direct benefit" of the Federal Government. In a cooperative agreement,
substantial involvement is anticipated between the Federal agency execu-
ting the agreement and the State or local government irvolved. What is
meant by "substantial involvement” is defined in the "OMB Guidance On
Implementation of Grants and Cooperative Agreements'" dated 30 September
1978, but essentially can vary from a lot to very little.

The cooperative agreement for the control of Eurasian watermilfoil
between the Seattle District and the State of Washington consists of pri-
marily two major parts: the agreement, and the detailed annual budget
and work plan. The agreement defines the purpose; identifies the parties
involved; describes the priority elements of the program, reimbursement
procedures, and duration of the agreement; identifies the preject offi-
cers representing the Corps and the State; and specifies the effective
date of the agreement.

As part of the cooperative agreement, all operations carried out
by the State must conform to the minimum work requirements (attached to
the agreement as Appendix A} an integral part of the Agreement. Appen-
dix A describes the eligible treatment methods for the prevention and
control of milfoil, requires the State to inform residents and the
public concerning treatment and any restrictions necessary, and requires
supervision, inspection, monitoring, and reporting of operations. The
cooperative agreement remains Iin force unless terminated by either
party after providing 90 days advance written notice to the other.
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The aquatic plant management work plan and budget is the flexible
portion of the agreement. A work plan and budget must be developed
annually by the State and submitted to the Seattle District for approval.
It describes in detail the work to be accomplished for the fiscal year
in question and an estimated budget. T1f subcontractors or local spon-
sors, other than the State, are involved, the work assigned to each is
described. Although not required under the cooperative agreement, all
subagreements or contracts between the State and local governments for
the control and prevention of milfoil are submitted to the Seattle Dis-
trict for review.

Conclusions

The Cooperative Agreement was the best and least cumbersome vehicle
for instituting a cost-sharing aquatic plant management program in the
State of Washington. While the State Attorney General had some initial
questions and concerns about certailn paragraphs and phrases in the agree-
ment, these were eventually worked cut to the satisfaction of everyone.
It would have been much more difficult trying to satisfy the concerns
of the attorneys and our administration in negotiating a procurement
contract,

One of the worthy features of the agreement is that it establishes
prevention operations as the first priority in the Washington program
and control operations as the second priority. The annual work plan
and budget is developed accordingly, which makes it easier when cuts
have to be made in the program if the desired funding for any particular
year does not become available.

In conclusion, I would like to say that the cooperation of the

Corps of Engineers, and particularly the Seattle District, has been a
major factor in the development and initiation of a successful aquatic
plant management program in the State of Washington. Much more can and
will be done to prevent and control the growth of milfoil in the State

of Washington; however, the legal instrument to accomplish the necessary
work has been developed and efforts can now be concentrated on the actual
implementation of an effective milfoll prevention and control program.
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PROBLEM IDENTIFICATION AND ASSESSMENT

An Overview

by
Anthony M. B. Rekas¥®

Introduction

Objectives

As stated in the Aquatic Plant Control Research Program (APCRP)
S5-year plan, the objectives of the Problem Identification and Assessment
for Aquatic Plant Management work unit are:

a. To develop techniques for identifying and assessing the scope
of problem aquatic plant infestations.

b. To classify the problem areas into categories related to avail-
able control methodologies.

c. To quantify the economic and social impacts of severe aquatic
plant infestations.

Research on this APCRP work unit is being conducted by the Environ-
mental Assessment Group (EAG) of the Environmental Laboratory at the
U. S. Army Engineer Waterways Experiment Station (WES).

Approach

The approach to achieving the objectives of this work unit has
consisted of three sequential tasks:

a. Task 1l: Develop and evaluate rapid, site-specific and regional
survey techniques to locate, identify, and map the distribution
of problem emergent and submerged aquatic plant species.

b. Task 2: Develop and evaluate a classificatlon system for
characterizing aquatic plant problem areas that can be used
to select control techniques.

c. Task 3: Develop and evaluate techniques for quantifying the
economic and social impacts of severe aquatic plant
infestations.

The repert on this work presented at the l4th Annual Meeting,
Aquatic Plant Control Research Planning and Operations Review (Rekas
1980) summarized the previous WES work on Task I which has resulted in

* U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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the identification of films and filrers, aerial photomission specifica-
tions, and photeointerpretation techniques that are recommended for rapid
surveys of emergent and submergent aquatic plant populations in site-
specific situations (i.e., specific lakes and rivers). An engineer
pamphlet describing the aquatic plant survey techniques for operational
users is in preparation.

1580 Research Studies

Task I studies

In 1980, EAG has conducted Task I studies in widely separated
geographic areas teo validate the aquatic plant survey techniques appldi-
cability to regional aquatic plant surveys (Galveston District), an
emergent aquatic plant survey (Mobile District), and submerged aguatic
plant surveys in riverine systems {(Galveston and Seattle Districts) and
lakes (Seattle District and Pamama Canal). The details of the Galveston
District and Panama Canal studies will be presented in a subsequent
paper by Mr., S. D. Parris and details of the Mobile District study will
be presented by Mr. J. M. Leonard. The Seattle District studies are
discussed in the following paragraphs.

The airphoto mission specifications, methodology, and preliminary
results of the water penetration tests using three films, black and white
(Kodak Double-X Aerographic Film, 2405), color (Kodak Ectachrome ER
Aerographic Film, $0397), and color infrared (IR) (Xodak Aerochrome
Infrared Film, 2443), flown at 1:5000 scale were presented at last year's
meeting (Rekas 1980). Since then, the EAG has completed the photointer-
pretation of the 1:10,000- and 1:20,000-scale imagery. The results of
the tests of the films' capability to be used to detect two sizes and
two colors of targets that were diver-placed in three lakes at 5-ft depth
intervals from O- to 30-ft depths are presented in Table 1. Target detec-
tion was determined by a skilled photo interpreter using 10x magnifica-
tion. The analysis indicated that black and white imagery yielded shal-
lower detection depths than either color or color IR at all scales in all
lakes and that color and c¢olor IR film, in most cases, performed equally
well at all scales in all lakes. Hewever, color imagery was easier to
interpret (Table 2). 1In general, white targets were easier to detect
than were green targets. Panels were easier to detect than were blocks,
and larger scale imagery was easier to interpret than smaller scale
imagery. 1t should be noted that water transparency, background (bottom)
color, orientation of targets with respect to sun angle, and surface
glitter may significantly alter the maximum depths that targets can be
detected; however, these results are consistent with those reported by
Lockwood et al. {(1974) for similar film/filter combinations.

As a result of the previous and 1980 Task I studies, EAG personnel

conclude that black and white films flown at 1:10,000 te 1:20,000 scale

are most useful for regional surveys of both emergent and submergent
fal

aquatic plants. Color films flown at 1:5000 scale are more suitable for
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detailed surveys of submerged aquatic plants and color IR films flown at
1:5000 scale are more suitable for detailed surveys of emergent aquatic
plants. The Okanogon and Pend Oreille Rivers and Lake Osoyoos were
successfully surveyed in FY 80 using color film flown at 1:5000 scale.

Task 1I studies

Work on the development of a site classification system began in
1979 for use in selecting one method from available aquatic plant control
methodologies (Rekas 1980). Initial efforts were directed to the ldenti-
ficatlion of the aquatic plant control methods that were available to, and
in current use by, Corps of Engineers (CE) Districts. A review of
aquatic plant control literature published through 1978 and a telephone
survey of the CE Districts were conducted to compile these data (Dardeau
1981). An important element of the review and survey was the identifi-
cation of the types of data that were required to conduct CE District
aguatic plant control operations; e.g., Table 3 presents a list of data
requirements identified by the Jacksonville District.

The FY 80 work on the site classification system was scheduled
to include two concurrent studies:

a. lIdentification of the site characteristics that affect selec-
tion and performance of control methodologies.

b. Identification of the factors that affect the potential popu-
lation level of Eurasian watermilfoil (Myriophyilum spicatum
Lo ) 4

By November 1979 it was apparent that the magnitude and complexity
of the work on either of these studies would require more time and per-
sonnel than c¢ould be supported by the available FY 80 funding. A com-
prehensive review of the program was conducted that resulted in a reduc-
tion in the scope of the FY 80 work. The scope of classification
system work was restricted to an investigation of the envircnomental
factors that affect establishment and growth of Eurasian watermilfoil
{hereafter called milfoil) and the development of a classification system
to characterize the sites where milfoil can be and has become established.
The reasons for the shift in scope included:

a. The identification of site characteristics that affect selec-
tion and performance of control methedologies was currently
being investigated by three existing APCRP programs, biologi-
cal, c¢hemical, and mechanical.

In the past 5 years, the most severe aquatic plant management
problems reported by CE Districts have been with control of
the submerged aquatic plant species Eurasian watermilfoil
(Seattle District) and hydrilla (Jacksonville District}).

i

e

The potentilal population level of the problem species is the
data requirement (Table 3} for which the lease informaticn
was and is avallable.

{ou

The results of recent APCRP-funded laboratory studies on the
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environmental requirements (i.e., temperature, light, nutri-
ents, etc.) of aquatic plants (Barko 1980) could be used to
evaluate the results of field studies of the same requirements.

The APCRP laboratory studies could use field-collected data
on existing environmental conditions to establish realistic
environmental gradients for scheduled laboratory evaluations
of aquatic plant requirements.

I

The objectives of the revised FY 80 classification work were:

a. To identify the eonvironmental factors that are expected to be
important to the establishment and growth of Eurasian
watermilfoil.

b. To identify the equipment and sampling techniques required to

effectively collect field data on the environmental factors.

¢. To develop a research pian for field data collection for imple-
mentation in FY 80.

d. To collect field data at selected sites in the United States.

To meet objective a above, the EAG prepared a list of selected
environmental factors that were expected to be important to the estab-
lishment and growth of milfoil and compiled the minimum and maximum
range for those factors from the literature reports on milfoil popula-
tions (Table 4). However, the literature reviewed did not include field-
collected data on several of the environmental factors. For objective b,
equipment was purchased and field sampling techniques were identified for
the subsequent FY 80 field studies. A data collection plan was prepared
and implemented in Lake Osoyoos, Washington, to satisfy objective c.

The specific objective of the field plan was to evaluate the sampling
equipment and techniques and collect field data (objective d) on sedi-
ment type and nutrients for comparison to the biomass of milfoil in five
selected sites where milfoil occurred and five sites where it was absent
{Tables 5 and 6). Analysis of these data will continue in FY 81. The
sampling equipment and techniques will be described in the paper entitled
"An Adaption of Existing Instrumentation Technology to Aquatic Plant
Monitoring.' (This paper begins on page 85 of this report.)
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Table 1

Detection of Underwater Target Panels and Blocks

Using Various Scale-Imagery Combinations

Detection Limit
(Water Depth), ft
White Green
Test Site Imagery Panel* Block** Panel Block

Scale 1:5,000

Lake Osoyoos

{Secchi disk - 12 ft, Black and white 20 20 10 0
lake bottom - sand) Color 20 15 20 0
Color infrared 20 10 20 10

Scale 1:10,000

Black and white 15 10 5 5
Color 20 10 5 5
Color infrared 25 10 10 5

Scale 1:20,000
Black and white 10 0 0 4]
Color 20 0 10 0
Color infrared 20 15 15 15

Scale 1:5,000

Lake Whatcom

(Secchi disk - 16 ft, Black and white 10 0 5 0
lake bottom - mud) Color 20 10 15 5
Color infrared 15 15 10 5

Scale 1:10,000
Black and white 10 0 0 0
Color 15 10 10 10
Color infrared 15 15 10 15

(Continued)

* 4 ft x 4 ft.
**% 16 in. x 8 in.
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Table 1 (Concluded)

Detection Limit
(Water Depth), ft

Whilte Green
Test Site Imagery Panel Block Panel Block
Scale 1:20,000
Lake Whatcom Black and white 10 0 0 0
(Continued) Color 15 5 10 10
Coler infraredt
Scale 1:5,000
Lake Sammamish
(Secchi disk - 14 ft, Black and white i5 10 0 0
lake bottom - sand) Color 20 15 15 10
Coloxr infrared 15 15 15 15
Scale 1:10,000
Black and white 10 10 0 0
Color 10 10 5 10
Color infrared 15 10 15 10
Scale 1:20,000
Black and whitett
Color 10 5 10 10
Color infrared 15 10 15 5

t Obscured by glitter, no data.
1t No 1:20,000-scale black and white imagery was available for Lake

Sammamish.

62



Table 2

Average Detection Depths,* Lake Osoyoos,

Lake Whatcom, and Lake Sammamish

Average Detection Depth, ft

Scale-Imagery White Green
Combination Panel Block Panel Block
Scale 1:5,000
Black and white 15.0 6.7 5.0 0
Colox 20.0 13,73 16.7 8.3
Color infrared 16.7 13.3 15.0 11.7
Average 17.2 11.1 12.2 6.7
Scale 1:10,000
Black and white 13.3 3. 3 1.7 L #
Color 15.0 10.0 6.7 8.3
Coleor infrared 18.3 11.7 11.7 10.0
Average 15.0 9.4 6.7 6.7
Scale 1:20,000
Black and white 10.0 0 0 0
Color 15.0 3.3 10.0 6.7
Color infrared 11.7 8.3 10.0 6.7
Average 11.1 4.4 7:5 5.0
*

Based on data contained in Table 1.
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Table 3

Data Requirements for Planning Control Programs®

Environmental Factors

Aquatic plant species present

Existing and potential population level of aquatic plants
Morphology of water body

Water depth

Streamflow (seasonal and dally trends)

Weather (seasonal and daily trends)

Obstructions (stumps, pilings, etc.)

Collection peoints for floating plants

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

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

Resource Factors

Man power (in-house, contract, ot hired labor)
Available control methods (biological, chemical, mechanical)
Funds (operation and maintenance, special need)

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

# Modified from Joyce (L977}).
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Table 4

Maximum and Minimum Values for Cricical Environmental Factors Imporxtant to the Establishment,

Growth, and Spread of Eurasian Watermilfoil

Factor

Minimum Value

Source*

Maximum Value

Source¥

*%

Water parameters

Temperature

Light i{ntensfity
(compensation point)

Total alkalinity (hardness)

pH

Conductivity

Dissolved oxygen
Water depth
Nutrients

N
P
K
S
Ca

Mg
Te
Cu
Sediment parameters

Particulate organic
magcer

pH

3.9%¢

335 Einstein/mzfsec

(20°C; 400-700 mm wavelength)

20 ug CaCD3/E**
5.8
76 ymhos/cm**

0.6 mg/i*x*

0.00 mg/e*x
<0.005 mgfb¥*
1.4 mp/ex*

2.8 ppm

5.0 mg/L¥k

1.48 percent** (dry wt)
{organic carbon}

b.4x%

B.C., W.I.B. (1979)

Brenkert and Amudsen
{not dateg)

Fussell-Rutherford
(1978)

Brenkert and Amudsen
{(not dated)

Fussell-Rutherford
(1978)

Pinsent et al. (1974)

Scheaffer (1978)
Pinsent et al. (1974)
Perkins (1980)
Brenkert and Amudsen

(not dated)
Perkins (1980)

Pinsent et al. {(1974)

Scheaffer (1978)

(Continued)

39.4°C
2
700 u Einstein/m /sec
{30°C; 400-700 mm wavelength)
1210 ug CaCO,/ak
9.7

463 pmhos/cmk*

15.6 mg/ex

5.0 mg/r**

3.2 mg/axk

2.3 mgfrrx
270 ppm

8.7 mg/L¥r

6.5 perceutt (dry wt)

g, g%

Fussell~Rutherford
(1978)

Brenkert and Amudsen
{(not dated)

Perkins (1980}

Brenkert and Amudsen
(not dated)

Pinsent et al. (1974)

Pinsent et al. (1974)

Scheaffer (1978)
Scheaffer (1978)
Perkins (1980)

Brenkert and Amudsen
{not dated)
Perkins (1980)

Barko and Smart (1979)

Scheaffer (1978}

* See References section.

+ Laboratory test value.

Value for entire lake, not

just areas infested with Burasian watermilfoll.



Table 4 (Concluded)

Factor

Minimum Value

Source

Maximum Value

Source

Sediment parameters (Continued)

Nutrients

N
P

K
S
Ca
Mg
Fe
Cu

Parcicle-size distribution

Soll type

Wave aud current parameters

Wawe helght

Wind direction
Wind velocity
Current direction

Currant velocity

Other parameters
BotLom topography

Elomass of Eurasian
watermilfoil

Meristem production of
Euraslan watermilfoil

Biomass of competing
plant species

3] ppmx*
1 ppmk*

(==
oo

Sand-silt-clay
0.0-20.0-80.0f
(percent dry wt)

12 gfus {dry wc)
(seasonal value)

Scheaffer (1978)
Scheaffer (1978)

Barko and Smarc (1979)

Grace and Wetzel (1978)

0.37 ppm#**
515 ppm {total P)**

Sand-silt-clay
60.0-2.5-37.5¢
(percent dry wt)

1146 g/m2 (dey we)td
(seasonal value)

1950 g/m® (dry wt)
(Fajas guadalupensis)

Scheaffer (1278)
Fusgell-Rutherford
(1978)

Barko and Smart (1%79)

Grace and Wetzel (1973)

Brenkert and Amudsen
{(not dated)

%%  Yalue for entire lake, not just areas Infested with Eurasian watermilfoil.

Laboratory test value.

i: Grace and Wetzel (1978) state that this value reported for Wisconsin in 1968 was possibly an overestimate because of the small number of

samples.



_ Sediment Analyses

Table 5

Sediment Samples - Loke Osoyoos, 1980

Sample Range

train-aize analysis,
percent retaloned on

Ua 8.
Mo
Hu.
Moy .
Ne.
No .,
Na .

Standard Sieve
14
0
&0
140
200
00

Volatile solids
percent

tlasstflcation

{U. §.

Geological

Survey)

pH (131 racio)

Bicarbonate
alkalinity+

Jotal organtc
carbon, ugig

Aamon ia-N

sR{E

Nitrate-N

aulg

Jucat Kjeldahl
ultrogen, vplp

Soluble
urthophosphate
anfp oas P

Jural phosphate
apfg as P

Valattle solids

wulg

- -lw:riage Values for

min-max e 5 Average Valyes Pey Plor N Lake Osoyocos
Watermilfall Watermilfoil Watermilfoil Presenc Watermilfoll Absent e P Mean Mean
Preseat _Absent Ix 2 3 5 14 3 ey e 4 9 15 _Presvnt nbsent
0.9-21.4 0.3=43.5 6.275 7.28 10.94 6.63 7.03 10.64 4.30 5.56 3.74 17.713 7,700 10,191
0.7-19.4 2.5-19.3 19,25 17.82 24.68 13.61 15.83 22,72 9.b6 16.04 15.74 55.00 18.161 16,200
£2.5-66.1 7.5-45.2 56,10 59,42 64,80 47,71 63,46 62,50 23,44 33,62 30,48 89,77 58.678 w4327
£3.4-43.1 6.0-63.5 18.17 94. 40 YL.90 77,24 96,29 91.72 16..8 74,40 50,38 97,00 85,326 67.591
0.7-19.¢ 2.4-20.7 91.497 100. 04 99,84 B5.30 100. 0% 100. 04 43.82 87,12 57.24 99.93 94. 743 75,691
0.0-46.0 0,0-70.0 6.27 0.0 0.14 14,60 0.0 0.0 56,18 12.94 42,16 0.0 5.063 26,322
0.2-13.5 0.2-4.9 4,35 1.46 1.68 k.35 3.03 [ERCTS 1.58 .60 152 2.10 2.444 2.087
-- ~= $P-5M 5P 5P 5M 5P 13 SL or ML SM $M or S5C
7.0-8.1 7.1-8.01 1.67 7,60 7.76 7.62 7.17 7.80 7.82 7.62 7.80 7. 57 1.596 7.651
1.1-2.5 1.U-2.6 1.30 1.46 1.46 1.82 L.? 1.16 1.80 1.88 1.10 L.é&3 1.55) 1. 635
H00-19,400 iN0-27,500  6,800.u 1,660.4 3,32009 6,250.0 3,500.0  4,780.90 8,740.0 5,700 7,700.u 1,b66. 7 4,347 6,200.0
L.6-27 1.9-41 9.97 3.54 4,16 13,27 6.1 7. 24 32.0 12.1 4.6U 6.4 T.665 Lu. 078
0-3.48 0-4.9 == 0.65 0.634 2.13 1.04 0.46 Q.26 221 0.73 1.0% 1.143 0.939
L4u-3,030 270-2,160 914.0 360.0 476.0 781.67 970.0 44,0 1,540.0 1,048.0 360.0 446.7 671.13 Bhil, 87
0-3.2 0-<3.0 0.70 1:13 0.74 2.40 0.77 a.74 1.5 1.50 1.50 0.68 1.25% b.2z3
174-1, 240 231-1,610 516.0 532.6 536.6 55955 505.3 S03.0 894.2 T14.2 893.6 2967 555.4 691.96
1,000-135,000 2,000-92.000 43,500.0 14,600.0  16,800.0 13.500.0  50,333.3  6,406.0  35,800.0 26,000,y 15,200,0 21,000.0 24,4678.3 20,4869, 6

+ Ihese gee plot numbers,




Table &

Plasma Spectrographic Analysis of Sediment Samples - Lake tlsoyoos, 19330

___Sample Range, pg/p TR Average Values Per Plot, ug/g Average Values for
Watermilfoil Watermilfoll Watermilfoll Present - Watermilfoil Absent Lake Osoyoos, pgig
Element __FPresent Absent 1 e i 3 18 6 7 3 9 19 Present __Absent,
Aluminum 58,600-580,800 49, 800-97,400 62,750.0 74,060.0 65,440.0 95,840.0 13,500.0 66,960.0 65,760.0 £5,720.0 83,860.0 16,633.3 76,657.5 71,365.2
Ant Lmoay 0-<15.0 0-<13.0 7.5% 7.5% rag L 7.5 7.54 T.5% Ta o L To5x 75:5% 7.5% 1.5%
Arsenic 0-<30.0 0-+30.0 15.0% 15.0* 15.0% 15.04 15.0% 15,0% 15.0% 15.0% 15.0% 15.0% 15.0% 15.0%
Garium 872-1,260 £39-1,270 L.058.7 1.126.0 1,044.0 1,003.3 913.3 9948 838.0 957.0 1.134.0 1,012.3 1,035.3 993.1
Beeyll fum 0-<0.73 0-<0.3 Q.15 0.15#% 0.15% 0.15* 0,15+ 0.15% 0.15» 0,134 0,15 0.15# 0,15~ 0.15%
Bismuth 0-<5G.0 0-<50.0 25.0% 25,0 25,04 25.0% 25.0% 25.0% 25.0% 25.0n 25.0= 5. 0% 25.0% 25.0*%
Cadmium D-<2.3 0-<2.5 L.25* 1.25¢% L. 25# L. 25¢# 1.25n% 1.:25K 1.25% 1.2%4 L.25% 1.25* L. 25% L.25%
Calcium 16,200-47,200 17,300-162,000 25,075.0 25,940.0 21,500.0 24,157.0 26,900.0 21,060.0 93,160.0 33,900.0 40,320.0 25,200.0 26,562.0 45,3%9.0
Chromium 21-316 24~265 203.2 29.6 &68.4 26.9 173.3 76.4 43.8 ar.z 56.86 1324.3 83.8 62.4
Cobalt 0-12 5-24 3.5 8.2 10.2 8.1 4.7 7.0 16.6 11.6 15.8 1.0 8.2 Fl.z2%
Copper 4-30 6-33 12.0 8.8 3.0 10.4 18.0 10.2 41.2 16.6 30.6 18.0 10.2 23.48
Icon L4,900-28,200 15,300-44,200 16,0253.0 21,000.0 16,560.0 18,557.0 21,700.0 17,180.0 33,600.0 23,660.0 18,100.0 24,100.0 18,620.8 27.604.7
Lead 0-410 0-13 135.5% 4.0% 4.0 4.0 20.7% b.0* 4.0* 4. 4.0% 7.0 28.0% 4,354
Magnesium 4,800-10,700  5,000-18,000 5.505.0 T.080.0 5,960.0 6,342, % 7.333.3 5.880.0 1,%64.0 4.040.0 14,5200 T.r00.0 6,404.2 7,700.9
Manganese 211-600 341-952 349.0 537.4 4144 460.7 581.7 410.8 667.6 560.2 847.0 650.0 462.9 625, L
Malybdeaum 0-45 0-32 7.2 2.0+ 13.4» 2.0% 2.0% 5.6% 12.8 6,22 3.8 3.0 5.2% b, 6%
Kickel 7-29 10-35 15.5 12,4 9.0 12.3 22.9 13:2 27.4 16.4 27.6 L5.7 13.4 21.0
Phosphorus  1,280-2,630 1,560-4,000 1,492.0 2,304.0 2,022.0 1,868.4 2,103.0 1,808.0 2.494.0 2,440.0 3,343.0 2,046.7 1.957.2 2,459.4
Potassiom ) 1,500-20,500 12,000-22,600 18,300.90 16,360.0 16,630.0 17,685.7 14,933, 1 19,2380.¢ 14,760.0 17,300.0 20,700.0 18,233.1 17,000.0 18,0%9.1
Silver 0-<3.0 0~23.0 1.5% 1. 5% ). 5* L.5* 1.5 1.5 1. 5% 1.5# L..5* L;5% 1, 5% L3%
Sod Lum 20,100-26,800 13.000-26,900  22,050.0 25,720.90 23,800.0 264,037.1 22,2332 24,1600 16,600.0 21,240.0 22,740.40 22,400.0 23,787.5 21,343.5
Strontinm 457-615 667-747 521.0 592.6 483.2 537.4 535.3 496.0 618.2 596.8 556.6 531.0 534.6 563.0
Tin 0-<30.0 0-<30.0 15.0% 15.0% 15.0% 15.0% 15.0% 15.04 15.0% 15.0% 15.0% 15.0# 15.0% 15.0
Titanium L,420-3,106 1,930-5,160 1,557.5 2,432.0 2,168.0 2,162.0 2.1399.3 2.122.0 1,274.0 2,672.0 4,384.0 2,40L.0 2,148.4 3.015.8
Vanad lum 40-112 41~132 44.5 63.2 54,0 55.2 81,7 55.:2 97.4 68,8 113.4 86.7 S8.1 84.1
Llne 18-57 L7-102 22.0 44,8 34 24.7 43.7 21.0 61.6 49.8 46.4 449.0 2.9 54.4

*  lhese averages Inelude one or wore values below the detection Jimit, Averages were calculsted using one half of che value of the detection Limit.



PROBLEM IDENTIFICATION AND ASSESSMENT

Development of Technlques for Large-Area Surveys of Aquatic

Plants in Panama and Texas

by

Stephen D. Parris*

Background

The WES Environmental Assessment Group (EAG) is conducting research
to develop rapid survey techniques to locate, identify, and map the dis-
tribution and character of emergent and submersed aquatic plant species.
During FY 80 two field tests were scheduled to determine the applicabil-
ity of previously developed aerial photomission specifications. A test
of the best film/filter combinations for detecting submersed hydrilla
was scheduled for Panama, and a test of the application of the rapid
survey techniques to large-area problems was initiated in Texas in the
Galveston District. The objectives of these tests were to develop im-
proved photomission specifications to fit the characteristics of each
area, and, in the case of the Galveston District, to develop and refine
the survey techniques for use in an overall District-wide aquatic plant
problem-assessment program.

Panama

Problem

Since 1976, the WES has maintained an aquatic plant contrel assis-
tance program for the Panama Canal and Gatun Lake. The program is spon-
sored by the Panama Canal Commission (PCC), formerly the Panama Canal
Company.

An important part of the program was the aerial photographic sur-
veys in 1977 and 1979 to determine the location and areal extent of hy-
drilla in Gatun Lake. Color infrared (IR) photography was obtained at a
scale of 1:24,000 in both years. Photeinterpretation revealed signifi-
cant areas of the lake had been invaded by hydrilla, but it was not possi-
ble to determine two importrant factors: (a) the maximum water depth in
Lake Gatun at which hydrilla can be detected on the color infrared imagery
(i.e., maximum detection depth), and (b) whether hydrilla was growing in

* U. S. Army Engineer Waterways Experiment Station, Vicksburg,
Mississippi.
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Lake Gatun at depths greater than the maximum detection depth. Since
the distribution of submersed hydrilla was of primary interest, a field
visit was made in March 1980 to determine the water-depth limit for hy-
drilla growth in Lake Gatun. Ground studies were scheduled at the same
time that aerial photography was to be obtained at three altitudes with
three film types over lake aveas where detection targets had been placed
on the lake surface and at water depths ranging from 5 to 30 ft.

Test plans

The remote sensing experimental design was based on a similar ex-
periment conducted in the Seattle District during 1979.*% Detection tar-
get panels of two sizes, 4 ft by 4 ft and 8 in. by 16 in., were painted
green or white and one of each type was placed on the lake surface and
at 5-ft intervals to a maximum depth of 30 ft. The target panels and
adjacent areas were to be photographed with black and white, true color,
and false-color IR photography at scales of 1:6,000, 1:12,000, and
1:24,000. Arrangements were made with the Inter-American Geodetic Survey
{(TAGS) to perform the photomission.

In the areas adjacent to the targets, selected colonies of hydrilla
were to be characterized for the purpose of determing maximum depth of
growth (Figure 1). Length and width of the colonies were to be measured
with a Leitz 24~in. split-image rangefinder, and submersed portions of
the colonies identified with a recording fathometer {(Figure 1). Areas
where hydrilla was 5 to 10 ft beneath the water surface were of particu-
lar interest, as the limlt of detection with the three films was esti-
mated to be in that range of water depth.

Scheduling of the field test was of critical Importance. The rainy
season in Panama is unsuitable for aerial photomissions due to daily
rain showers and continuous cloudy conditions. After consultation with
experts in the TAGS, the Instituto Geografico Nacional, and the PCC, the
period of 24 March to 4 April 1980 was selected. It was the consensus
that, although rhe time selected was near the end of the dry season, the
weather would still be suitable for the mission. The late starting date
would also allow WES sufficient time to complete planning, equipment
preparation, and coordination activities.

Test results

Photography. Unfortunately, the assessment of the expected weather
conditions during the scheduled photomissions was optimistic. Cleuds and
haze associated with the rainy season obscured the study sites. Although
target panels were in position on 26 March as scheduled, photography
could not be obtained. The photomissicn and associated ground studies

* R. L. Lazor, and Dardeau, E. A., Jr. 1980. '"Prevention as an Agua-
tic Plant Management Method," Proceedings, Fourteenth Annual Meeting,
Aquatic Plant Control Research Planning and Operations Review, Mis-
cellaneous Paper A-80-3, pp 213-224, U. S. Army Engineé?FWaterways
Experiment Station, CE, Vicksburg, Miss.
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were rescheduled for the December 1980-February 1981 time period, after
the end of the rainy season.

Field data collection. Even though the photomission was postponed,
the WES field team obtained valuable information on the depth of growth
of hydrilla coclonies and the distribution of submersed hydrilla, which
is applicable to 1977 and 1979 imagery. Fathometer data indicated large
areas of submersed hydrilla with tops at a maximum of 15 ft beneath the
water surface. Irregularly distributed sprigs of hydrilla less than
3 ft in length were found growing at a maximum water depth of 30 ft by a
PCC diver.

The data indicated that hydrilla can survive in Gatun Lake at
depths between 20 and 30 ft, but only develops extensive submersed beds
or topped-ocut surface mats when water depths are 20 ft or less. Based
on these findings, two basic types of hydrilla colonies were identified
in Gatun Lake (Figure 2).

Type 1 coloniles are characteristic of backwater areas and island
shorelines. Beyond these areas the lake bottom drops sharply into sub-
merged valleys or old river channels over 20 ft in depth. Topped-out
mats form in the shallows and may be small or extensive, depending on
the bottom topography. There is very little submersed hydrilla that
does not develop surface mats at these sites, Color IR aerial photogra-
phy of these areas shows the topped-out mats but no submersed hydrilla,
which is an accurate portrayal of the situation.

Type 2 colonies are found in open water of the lake, generally in
areas where dredged material was deposited during canal construction and
maintenance activities, The dredged material disposal created extensive
areas of level topography 10 to 15 ft deep, forming an excellent sub-
strate for hydrilla establishment and growth. The result is hundreds
of acres of submersed and topped—-out hydrilla. Wave action appeared to
be an lmportant reason hydrilla did not generally form topped—out mats
over large areas on the dredged material disposal areas. 1t was noted
at Dump 10 that specific colonies changed height due to wave action and
perhaps changes in current, sometimes extending to or near the water
surface and at other times being 5 to 10 £t beneath the water surface.
These height changes coupled with substrate variations produced a dis-
continuous growth pattern over hundreds of acres of hydrilla in the
disposal areas. This pattern was noticeable on 1977 and 1979 photography,
giving the disposal areas a speckled appearance.

Cbservations

Even though areas of submersed hydrilla were located, there was no
way to determine how much the beds had changed since the aerial photogra-
phy was taken. Also, it was apparent that the locations of the submersed
beds had to be determined accurately in reference to shoreline position
identified on recent photography. Therefore, an AGNAV positioning system
was acquired that had the capability to establish ot to relocate posi-
tions by coordinates over water. The AGNAV system uses two onshore
signal repeaters and a boat-mounted unlt that continucusly displays
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coordinate data. This equipment will be used for accurate position de-
termination during the rescheduled photomission and ground-data
collection.

At the present time, only estimates can be made of the water depth
in Gatun Lake that is the limit for detecting submersed hydrilla by
remote sensing. In both type 1 and 2 hydrilla colonies, the estimated
limit is between 5 and 10 ft with the limit in the less turbid backwater
areas perhaps several feet deeper than in the dredged material disposal
areas,

Galveston District

In April 1980 the Galveston District contacted WES for assistance
with their aquatic plant control program. One specific concern was the
extent and location of problem aquatic plant infestations within the
District. The EAG saw this request as an opportunity to integrate the
survey techniques developed during the past several years and to produce
not only an improved and updated reglonal aquatic plant survey, but also
a monitoring sequence applicable to planning future regional surveys in
the Galveston District.

The Galveston Disrict includes the entire Texas gulf coast, ex-
tends inland over 100 miles (Figure 3), and contains a diversity of
aquatic ecosystems: freshwater and saltwater marshes, estuaries, swamps,
rivers, ¢reeks, reserveoirs, and natural lakes. Three species of aquatic
plants are of primary interest: hydrilla (Aydrilla verticillata),
waterhyacinth (Eichhornia crassipes), and alligatorweed (Altermanthera
philoxeroides). These species exhibit a variety of growth forms:
hydrilla is a rooted submersed aquatic species; waterhyacinth is a
floating species; and alligatorweed 1s a rooted emergent species. The
variety of topographic features and associated plant communities in the
District presents an opportunity to verify the aquatic plant survey and
assessment methodology in very different test enviromments than that of
Gatun Lake.

Test plan
Two primary objectives have been specified for the assistance
program:

a. Use remote sensing and ground reconmaissance methodology to
develop a problem-assessment plan that can be implemented
operationally by the Galveston District.

o

Update the Galveston District portion of the 1971 General
Design Memorandum, "Aquatic Plant Control and Eradication
Program, State of Texas.”

Site selection

The selection and photography of several study areas representa-
tive of the aquatic vegetation habitats in the District were completed
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Figure 3. Location of study areas in Texas

during the 1980 growing season. Four areas were selected: the J. D.
Murphee Wildlife Management Area near Port Arthur, which had alligator-
weed and waterhyacinth populations; the Wallisville Lake project area
near Anahuac with reported alligatorweed and waterhyacinth populations;
Lewis Creek Reservoir near Conroe, which had an established hydrilla
population; and the San Marcos River at San Marcos with hydrilla and
waterhyacinth populations. (Note: the San Marcos River is within the
Fort Worth District, but was included as a study area since it drains
directly into the Galveston District as a tributary of the Guadalupe
River system.)

Photromission

The Galveston District study required a wide range of survey and
assessment capabilities for aquatic plant habitats because of the
diversity of the plant species. Color IR imagery is used extensively
to distinguish floating and emergent aquatic plant species and terres-
trial vegetation types. True color imagery is also very suitable and
has the advantages of being less expensive, operationally easier to use
in a photomission than color IR film, and generally more easily and
reliably interpretable for submerged aquatic plant growth. The J. D.
Murphee area, which has a heterogeneous variety of aquatic and terres-
trial plant species, was considered a good study site for a comparison
of the detection capabilities of true color and false-coclor IR film.
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For this reason, both color IR and true color films at 1:12,000 scale
were used for the J. D. Murphee area. The Wallisville Lake area was
flown with true color at 1:12,000 scale.

Water depth penetration is an lmportant consideration in surveys
for hydrilia, and, in areas where hydrilla colonies are not extensive,
photographic scale may also be critical. For these reasons, Lewis Creek
Reservoir was photegraphed with true color at scales of 1:12,000 and
1:6,000 and the San Marcos River with true color at 1:6,000 scale.

Ground recommaissance

A WES fleld team visited the test areas late in September. The
vegetation types in the study areas were recorded, and marker panels
that would be visible in the photography were placed near representative
vegetation types at critical locations in the J. D. Murphee area and
the Lewils Creek Reservoir. The photomission was flown on 2, 9, and
10 October 1980.

Data collection

J. D. Murphee area. The J. D. Murphee Wildlife Management Area is
coastal freshwater marshland, generally without surface water during a
large part of the year. In addition to alligatorweed and waterhyacinth,
two other problem aquatic plant species were identified in the area:
waterpennywort (Hydrocotyle wmbellata) and frog's bit (Limnobiwn spongia).
Primary problem locations are in the canals that drain the area. A
total of six marker panels consisting of white bed sheets suspended from
long stakes were placed in six vegetated areas: four in a colony repre-
sentative of each species and two in areas of mixed vegetation.

Lewis Creek Reservoir. ZLewis Creek Reservolr is an impoundment
used as a source of cooling water for the Lewis Creek Power Plant owned
by Gulf States Utilities Company (GSUC). The water in the impoundment
1s relatively clear (Secchi disk reading of 14 ft), and early this past
summer about 80 percent of its 1100 acres was covered by hydrilla.*
Although there was a partial dieback late in the summer, during late
September hydrilla covered 50 to 60 percent of the surface area of the
reservoir.

As in Panama, the problem in Lewis Creek Lake was to determine how
much submersed hydrilla was present. Four marker panels were placed
adjacent to hydrilla beds in the lake. Fathometer readings of adjacent
submersed hydrilla growth were made and will be used to correlate photo-
interpreted hydrilla distribution with depths and locations of hydrilla
established by the field team.

The hydrilla problem at Lewis Creek Lake is especlally interesting
due to the recent dieback of hydrilla. Diebacks of hydrilla of this
magnitude (about 30 percent of the total growth) have been rarely

* Personal Communication, September 1980, Mr. Bobby Clay, Biologist,
GSUC, Willis, Texas.
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reported in the scientific literature or elsewhere. Sam Houston State
University has conducted water quality studies at Lewis Creek Lake for
the past several years. Currently, Dr. James DeShaw of the University
is analyzing the data for any correlations between water quality param-
eters and the dieback and subsequent regrowth., He observed a noticeable
drop in pH at the time of dieback and a subsequent rise in pH during
regrowth,*

San Marcos River. The headwaters of the San Marcos River start at
a group of springs in the city of San Marcos in socuth-central Texas
between Austin and San Antonic. The headwater is derived almost entirely
from a spring flow of 200 million gallons a day and has an extremely
clear, stable ecosystem in the upper reaches. An abundance of aquatic
plants of a variety of species occur in the river. Hydrilla is the
problem plant of most concern, but waterhyacinth is also well established
in the systen.

There are two areas of dense hydrilla growth in the San Marcos
River. The headwaters area from Spring Lake downstream about 1 mile to
the Houston Street Bridge is heavily infested. Hydrillla and other
aquatic vegetation as regularly harvested in the Aquarens Spring Amuse-
ment Park on Spring Lake to maintain open water for scheduled activities.
The other heavily infested area is in the rearing ponds of the State fish
hatchery located adjacent to the river about 5 miles from the headwaters.
The river is the hatchery water source, and consequently hydrilla has
become established throughout the rearing ponds.

One objective of the ground-truth mission on the San Marcos River
was to determine how far downstream hydrilla had become established.
Hydrilla had been reported in the upper 5 or 6 miles, but the status
farther downstream was unknown,** The river was surveyed by the field
team traveling in a canoe from Spring Lake to Martindale, about 16 river
miles. Unfortunately, heavy rains occurred shortly before the survey,
and the river was high and turbid, reducing the probability of detecting
submerged hydriila. A small colony was found south of Pecan Park,
about 10 miles below the headwaters, but similar colonies could have
been overlooked. The survey did confirm that the greatest biomass of
hydrilla was established within 5 miles of the headwaters.

Wallisville Lake area. Wallisville Lake 1s an authorized Corps
reservoir project located east of Houston near the town of Anahuac,
Texas. Construction has been halted by litigation for the past several
years. The project area is composed of approximately 20,000 acres of
marshes and swamps, with waterhyacinth and alligatorweed reported to be
problem species.

Ground-truth evaluation was limited to a small area adjacent to

* Personal Communication, Sept 1980, Dr. James DeShaw, Sam Houston
State University, Huntsville, Texas.

*% Personal Communication, 1980, Lou Guerra, Chief, Noxious Vegetation
Section, Texas Parks and Wildlife Commission, San Antonio, Texas.
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Interstate 10, part of the southern porticn of the project that was
photographed during the aerial photomission. Several areas characterized
by uniform dense waterhyacinth colonies and an area containing submersed
coontail (Ceratophyllum demerswn) surrounded by waterhyacinth were
selected for use as ground contrel in photointerpretation. Alligatorweed
colonies were not accessible and therefore were not included. The
selected ground-control locations will be carefully studied on the
imagery when it is received and prior to photointerpretation.

Proposed FY 81 Work

Panama

The photomission will be flown after the end of the current rainy
season, probably in late January. An EAG field crew will be omsite to
obtain data on ambient and subaqueous light conditions, hydrilia distribu-
tion, and structural characteristics.

The biannual aerial aquatic plant survey of Gatun Lake is due in
FY 81, and the EAG will suggest that it coincide with the WES photo-
mission to obtain imagery for comparative evaluation, The recommended
film for the FY 81 survey is true color based on the results of FY 79
film evaluations conducted for the Seattle District.®* The EAG will pre-
pare a base map of hydrilla distribution and determine the number of
surface acres of hydrilla.

Galveston

The main thrust of the Galveston study will be the development of
a problem-assessment plan for the FY 81 growing season. Comparisons of
the FY 80 imagery and ground-control data obtained at the time of the
overflight will be made to develop the optimal aerial photomission
specificatlions. Data from these comparisons also will be used to deter-
mine schedules and manpower requirements for conducting photomissiens
and ground-truth surveys in FY 81. A priority ranking of water bodies
will be develcoped for survey purposes where water bodies of primary
interest to the District and most likely to develop aquatic plant prob-
lems will be assigned a high priority. When completed, this project is
expected to result in improved techniques for District-wide aquatic
plant surveys and an updated assessment of aquatic plant control problems
in the Galveston District.

% Lazor and Dardeau (1980).
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PROBLEM IDENTIFICATION AND ASSESSMENT

Boat and Aerial Surveys of Giant

Cutgrass in Lake Seminole

by

James M. Leonard#®

Background

Lake Seminole was created by the closure of the Jim Woodruff Dam
on the Apalachicola River downstream of the confluence of the Flint and
Chattahoochee Rivers. The 37,500-acre eutrophic lake is located on the
common border of Georgia, Florida, and Alabama. The U. S. Army Engineer
District, Mobile, operates this project for navigation, electric power
generation, and recreation. Heavy silt and nutrient inflow from the
Flint River, the Chattahoochee River, Spring Creek, and Fish Pond Drain,
coupled with the inundated limestone sink ponds of the river basin,
create an ideal environment for numerous aquatic plants. Giant cutgrass
(Zizaniopsis miliacea) has become a major problem along the 250-mile
shoreline of the lake.

As a consequence of the prolific aquatic plant growth, an aquatic
plant control program has been practiced in the lake area for the past
several years. An inventory of the locations and acreages of the plant
populations was made in the summer of 1979 to plan control cperations
and to establish a baseline from which to monitor the plant populations
periodically following control activities, and to deterwmine the effective-
ness of the control methods.

Lake Seminole was selected as a WES test site for an aerial photo-
graphic survey of emergent aquatic plants. The aerial photographic
survey work was done at WES as part of the Aquatic Plant Control Re-
search Program’'s (APCRP) evaluation of assessment techniques. The boat
survey work was performed as a routine assessment procedure for giant
cutgrass by the Lake Seminole Resource Manager's Office. The acquisition
of information concerning the boat survey method offered the WES an
opportunity to compare results of the two survey methods.

Purpogse and Scope

The WES study had two major objectives. The primary objective was

*# U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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to map the distribution of giant cutgrass in Lake Seminole by controlled
photointerpretation and to determine the area occupied by the plant
species. The secondary objective was to perform a comparative analysis
of the costs and results of the boat and remote sensing methods for
inventorying and monitoring the giant cutgrass population.

Boat Survey

Minimal requirements for performing a boat survey of this type are
skilled personnel, preferably with biological training, who are familiar
with the area and accurate maps or aerial photographs of the area of
interest. The boat survey of giant cutgrass in Lake Seminole was per-
formed by highly qualified, experienced personnel from the Reservoir
Manager's Office using a 1:24,000-scale black and white semicontrolled
photomesaic.

The objectives of the boat survey were to determine the location of
the cutgrass and to estimate the amount of herbicide needed to conduct
the control operation. For these objectives, exact positioning and area
measurements were not considered essential.

The survey procedure consisted of cruising along the lake and
island shorelines in a small boat and marking the occurrence of cutgrass
on the photomosaic. The estimates of surface area occupied by cutgrass
were inflated in many instances to correspond to the minimal area (swath
width) that can be treated with herbicides using the selected application
methods. For example, if a band of cutgrass along the shoreline was &6 ft
in width, the width was increased to about 10 ft to account for the mini-
mum swath width allowable using the applicator technique.

Personnel required to perform this survey consisted of a boat
operator and a trained biologist. Surveving the entire lake required
25 working days. The surface area covered by cutgrass at each location
was estimated based on visual observations and the minimum-area con-
straint for herbicide application and was recorded on the map sheets.
The field product was a map showing the areas to be treated. Areal
calculations were made in the office using the boundaries marked on the
map during the boat survey. Marked boundaries were traced with a polar
planimeter to determine the surface area of cutgrass. The final products
of the boat survey were a map displaying locations of cutgrass and an
estimate of the total area for herbicide treatment.

It should be ncoted that there are other resource management activi-
ties that could be conducted concurrently with a boat survey. If the
survey is performed the same way during subsequent years, population
trends could be estimated. Observations as to the status of other plant
communities and the changing ecology of the lake could also be made
during such surveys.
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Aerial Photographic Survey

The aerial survey method included:

a. An aerial photomission,

b. Limited field data collection for ground control.

¢. Photointerpretation.

d. A visual check of the photointerpreted map of cutgrass from a

fixed-wing aircraft.

Three control sites were selected for laying out reference markers
and for surveying the perimeters of cutgrass colonies. Selection of the
control sites was based on the presence of cutgrass in full aerial view
and accessible by boat.

At each control site three reference markers were positioned to
form the vertices of a triangle adjacent to cutgrass colonies. The
markers were constructed by crossing two 3- by 10-ft strips of fluores-
cent pink plastic fabric at each vertex. The markers were supported
with wooden poles at or above the water surface. A small boat equipped
to measure distance and azimuth was anchored in the triangle at a point
equidistant from the three vertex markers. A person in waders positioned
a range pole at successive locations around the perimeters of adjacent
cutgrass colonies until the extent of each colony was defined. Per-
sonnel in the anchored boat recorded the distance and azimuth of each
range-pole position. Colony size and location were determined in this
manner with accuracies of 410 ft at all three of the control sites.

The photomission was completed on 29 October 1979, 1 week after
the reference markers were put in place and adjacent cutgrass colonies
surveyed. Kodak Aerochrome 2448 color film was selected for the photo-
mission. The product delivered was color positive transparent roll
film with a 9- by 9-in. frame format at a nominal scale of 1:24,000
for the entire lake. A more precise scale for the photography was
determined using the reference markers at each control site.

Interpretation of the imagery was done by WES. The interpreter
first located all three sets of reference markers on the photography
and the nearby cutgrass colonies that were surveyed in the field. Using
the known locations of cutgrass as photointerpretation keys, the loca-
tion and extent of cutgrass were interpreted over the entire lake.

A semicontrolled photomosaic of Lake Seminole constructed at a
scale of 1:24,000 from black and white 1979 aerial photography was ob-
tained from the Mobile Districr. A 1:24,000-scale base map of the lake
shoreline and islands was traced from the photomosaic onto a transparent
mylar overlay. The color film positive transparencies were placed under
the overlay, and the cutgrass boundaries were interpreted and added to
the base map. In those cases where the scales of the base map and color
imagery were not in sufficient registration, a Bausch and Lomb Zoom
Transfer Scope (ZTS) was used to register the two images optically.
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After recording all areal boundaries of cutgrass vegetation on the
base map, the areas occupied by cutgrass were measured. Area measure-
ments were made using the Bruning Aeragraph Chart No. 4849, counting the
number of dots randomly distributed within the areas mapped as cutgrass,
and dividing the total number of dots by 100 to obtain the total area in
square inches occupied by cutgrass. The area Iin acres was calculated
using the following equation:

No. of dots

Aa == 7100 (91.8270)
where -
Aa = area, acres
100 = factor specified for the Areagraph Chart No. 4849
91.8270 = acres per square inch at a map scale of 1:24,000

(Accuracies of at least 97 percent are maintained in determining areas
with Areagraph Chart No. 4849.)

The final photointerpreted map of cutgrass areas was checked by
observations made from a fixed-wing aircraft flying at an altitude of
500 fr. As a result of this aerial reconnaissance, minor changes and
additions were made to the map. These changes consisted mostly of in-
cluding colonies that were too small to be detected on the photography.
The net change in area occupied by cutgrass was a 10 percent increase
for a grand total of 2603 acres.

The products from the aerial photographic survey were as follows:

a. Field measurements of the locations and boundary points of
cutgrass occurrences at three ground-control sites at the time
of the survey.

b. A mylar base map produced from a 1:24,000-scale black and
white photomosaic of the entire lake.

c. A fipal map of verified locations and areal extent of giant
cutgrass for a specified date.

d. Documented measurements of lake area covered by giant cutgrass
for a specified date.

The aerial photographs contained much more information than was
used in this study. The photographilc record will be available in the
future, should a need arise for historical data on occurrence and dis-
tribution of other aquatic and terrestrial plants.

Discussion

Because the basic objectives of each survey were different, a
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comparlson of variations in acreage estimates is not considered to be
valid. The aerial survey method produced a measurement of actual surface
area covered by cutgrass, whereas the boat survey produced an estimate
of cutgrass acreage requiring treatment.

There are some comparisons between the two metheods that do bear
consideration. The advantages and disadvantages presented in Table 1,
in general, apply to most ground and aerial surveys. Cost estimates were
based on information supplied by resource management personnel at Lake
Seminole and the actual WES costs. The costs of the two methods on a
per-acre basis were calculated based on the size of the lake (37,500
acres) and were adjusted for current (1980) costs of materials and per-
sonnel. Comparative unit costs were 5 cents/acre for the aerial photo-
graphic survey and 12.6 cents/acre for the boat survey.
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Table 1

Comparison of Boat Surveys and Aerial Surveys

Boat Survey

Aerial Survey

Advantages

Done by in-house staff

Other management objectives can be

accomplished simultaneously

Documents population trends

Low cost (5¢/acre)

Rapid data acquisition and update
capability

Provides photographic records for
future reference

Disadvantages

Comparatively high cost
(12.6¢/acre)

Limited documentation

Subjective estimates of location
and areal coverage of cutgrass

Acquisition or updating requires
5 weeks

Some cutgrass not visible from the
air

Requires training in aerial
photointerpretation

Requires skilled personnel
(biologist)
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PROBLEM IDENTIFICATION AND ASSESSMENT

An Adaption of Existing Instrumentation
Technelogy to Aquatic Plant Monitoring

by
Anthony M. B. Rekas* and Philip D. Bailey*

Introduction

One of the objectives of the APCRP work unit entitled "Problem
Identification and Assessment for Aquatic Plant Managemeut' is the devel-
opment of techniques for identifying and assessing the scope of problem
aquatic plant infestations. This work has required the development of
techniques to locate, identify, and map the present distribution of
problem emergent and submerged aquatic plant species (using remote
sensing techniques) and the development of techniques to assess the exist-
ing and possible future bicmass and distribution of the plant species in
individual water bodies (using existing or newly developed field sampling
techniques and equipment). The WES Environmental Assessment Group (EAG)
developed a two-stage plan to identify techniques and equipment for the
latter assessment. The first stage was to collect data on specific bio-
logical, chemical, and physical parameters in the habitats where Eurasian
watermilfoil (Myriophyllwn spicatwn L.) (hereafter called "milfoil") was
established and attempt to correlate quantitative data on the levels of
the various parameters to the biomass of milfoil in the habitats. If
relationships between the parameters and milfoil biomass could be demon-
strated, then EAG hypothesized that both the potential habitats (i.e.
the future distribution) and the potential biocmass of milfoil in those
habitats could be predicted based on field measurements of the important
parameters. The second stage of work would be to field test the hypoth-
esis in a CE District where milfoil was recently established.

Information on existing and potential distribution and existing
and potential biomass can be used by CE Districts to determine the prob-
lem potential of recently established milfoil populations and to estimate
the costs/benefits of an aquatic plant management program for milfoil
control. A milfoil population established in "poor' habitat may never
develop a maximum biomass that adversely affects users of that habitat
but is a source of reproductive material (fragments) that can be carried
by water to a "good" habitat within the same or a contiguous water body.
The eventual problem potential of an initial milfoil population in a
water body is the historical probability that all potential habitats

* U. S. Army Engineer Waterways Experiment Station, CE, Vicksburg,
Mississippi.
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will contain milfeil populations and the potential bicmass of milfoil

in any of the habitats will depend upon the environmental conditions in
those habitats. If the potential habitats and potential biomass can be
predicted, then the costs of an immediate management program to control
an existing milfoil population can be compared to the costs of con-
treolling wilfoil in the future potential habitats, and the benefits to
water body users of controlling the existing milfoil population can be
compared to the adverse affects the future potential milfoil biomass
will have on water body users. 1If a water body has few potential habi-
tats or the potential habitats will not support a maximum milfoil biomass
that will dimpact users, then milfoil control need not be considered. An
additional benefit of the capability to identify potential habitat is
that costly field surveys for newly established milfoil populations can
be limited to the potential habitat areas.

In 1979, the EAG compiled a list of environmental parameters that
were postulated to be important to milfoil establishment and growth,
reviewed available literature, and abstracted quantitative data on the
parameters. Maximum and minimum values for parameters that were field
sampled in or near milfoll populations in a variety of geographic loca-
tions were recorded. No literature-reported data werc found for several
of the parameters that EAG had listed. Consequently, in order to evalu-
ate the importance of the parameters to milfoil establishment and growth,
additicnal field data collection was necessary. A field data collection
plan was developed and implemented in conjunction with EAG's studies on
preventing the spread of milfoil in the State of Washington (Lazor and
Dardeau 1980).* These studies were conducted in Lake Osoyoos, a 5729-
acre natural lake ‘u the Okanogan River on the United States-Canadian
border in Okanogan County, Washington.

This paper presents a general description of the equipment and
techniques used to locate milfoil populations and sample water quality,
hydrologic, and sediment parameters for the APCRP work. A unique adapta-
tion of existing instrumentation technology, the AGNAV guidance system,
is discussed in detail. A WES technical report is scheduled for publica~
tion in September 1981 on all component equipment and techniques used.

Floating Aquatic Characterization System (FACS)

The basic equipment necessary for the APCRP studies has been
assembled into a single system, FACS, for characterizing aquatic plant
habitats. The components of the system and their applications are

* Lazor, R. L., and Dardeau, E. A., Jr. 1980. "Large-Scale Operations
Management Test to Evaluate Prevention Methodology; Prevention as an
Aquatic Plant Management Method," Proceedings, 14th Annual Meeting,
Aquatic Plant Control Research Planning and Operations Review, 26-29
November 1979, Lake Eufaula, Okla., Miscellaneous Paper A-80-3, U. S.
Army Engineer Waterways Experiment Station, CE, Vicksburg, Miss.
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presented in Table 1. The basic FACS system consists of a pontoon boat
equipped with a hydraulically operated submerged aquatic plant biomass
sampling head (the biomass sampler), a radio frequency transmitter/
receiver (the AGNAV guidance system), a TI-59 programmable calculator
with a TI PC-100 thermal printer and direct current (DC) to alternating
current (AC) inverter, a Raytheon DE-719B fathometer, and several inde-
pendent hydrologic sampling systems for water quality, sediment, and
meteorclogical sampling. In addition, computer hardware and software
have been assembled for data transformation, analysis, and display. The
meteorological station is normally placed on the shoreline of the water
body; the individual water quality, hydrologic, and sediment sampling
systems are operated from the biomass sampler and the AGNAV, TI-59, and
fathometer systems are operated from an auxiliary small boat. Data
recorded on cassette tape or on field records are returned to the labora-
tory for computer analysis.

AGNAV Guidance System

Basic system

A major problem confronting any researcher working in aquatic sys-
tems is how to locate and relocate sampling positions within a water
body. Several laser, radio frequency, and microwave systems have been
developed for military and civilian navigational and positioning use, but
their suitability for APCRP use was judged to be too expensive, too bulky,
unsafe, or not accurate enough for use in the small boats required for
aquatic sampling in the shallow waters of lakes and rivers where aquatic
plants are found. 1In 1979, EAG personnel discussed this problem with
British Columbian aquatic plant management personnel who suggested the
use of an AGNAV guidance system that they had successfully used to posi-
tion aquatic herbicide application boats on a transect line for milfoil
control.

The AGNAV guidance system is designed for terrestrial agricultural
users who want to apply pesticides or fertilizers in straight, parallel,
and evenly spaced paths on a field using conventional tractor- or truck-
mounted application equipment. As conventionally marketed, the system
was suitable for aquatic herbicide applications but could not be used to
position a boat at a single sampling point. In an attempt to remedy the
problem, EAG personnel discussed it with the AGNAV design engineer. 1In
their discussion it was learned that field service personnel were
equipped with a range reader that displayed the distance in machine units
(one machine unit = 9.584 in.) from each of the repeaters to the computer/
transmitter/receiver (cmptr/xzmtr/rcvr) and the distance between the re-
peaters. This range reader is used by the field persconnel to check the
calibration of the AGNAV system after repairs.

In conventional use, the AGNAV's internal computer calculates the
position of the crmatr/xmtr/revr (the tractor-mounted unit) with respect
to the two repeaters {(placed at opposite ends of the field) based on the
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geometric principle that states "In any triangle, if the locations of
two vertices and the lengths of all three sides are known, the location
of the third vertex is uniquely determined.’ The AGNAV system is de-
signed to store the distance between the two repeaters (side 1 of the
triangle) and the locations of the two repeaters (vertices 1 and 2); to
continuously monitor the distance from the transmitter/receiver to the
A repeater (side 2 of the triangle) and to the B repeater (side 3 of the
triangle); and to calculate the position of the cmptr/xmtr/rcvr (ver-
tex 3). This position is compared to the users desired position in the
field (on a path perpendicular to the baseline, a user-specified distance
from repeater B). The calculated distance off the path (in feet) and
direction to the desired path is indicated on a direction indicator dis-
play unit. The user drives the tractor toward the desired path until
the display unit indicates the tractor is on the desired path. The ac-
tual distances between the cmptr/xmtr/rcvr and repeaters are not dis-
played to the user of the conventional system.

It was decided that, with a few modifications, the AGNAV system
with the range reader and a TI programmable calculator mounted in a small
boat could be used to calculate the position of a sampling point based
upon the same geometric principle.

Modified system

The modified AGNAV system (Figure 1) consists of a mobile unit and

i MOBILE UNIT

Figure 1. Modified AGNAV guidance system
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the two repeaters used with a calculator unit. The mobile unit (Fig-

ure 2) is a plywood box with a hinged cover that contains a small 12-v
motorcycle battery (auxiliary power), the cmptr/xmtr/revr, the control
unit, the display unit, and the range reader mounted on an aluminum

plate (for grounding); an antenna is mounted outside the box (which is
grounded to the plate). The box is 2 ft x 2 ft x 18 in. high, weighs

35 1b, and is one man portable. The calculator unit (Figure 3) is a
plywood box (2 ft x 18 in. x 12 in. high, weighs 10 1b) with a hinged
cover that contains the TI-59 programmable calculator mounted on the TI
PC-100 thermal printer and the 12-v DC to 120-v AC inverter. Power for
both the mobile and calculator units is supplied by separate 12-v re-
chargeable marine storage batteries when the units are in the boat. The
power cables to the mobile unit are fitted with a diode that allows both
the motorcycle battery and the marine battery to be connected at the same
time with 12-v power being drawn from only the storage battery. If the
mobile unit must be operated cutside the boat, the storage battery can be
disconnected and the auxiliary battery will supply the power without loss
of power during the switch. Power must be continuously supplied to the
mobile unit or it will not give accurate distance readings.

Delineation of sample sites

Aerial photographic and onsite surveys were conducted in 1979 in
Lake Osoyocos to identify existing milfoil populations. An onsite survey

MOTORCYCLE BATTERY J
{AUXILIARY POWER) /

DIRECTION INDICATOR /
DISPLAY UNIT

CONTROL UNIT

\

" |MOBILE UNIT
ANTENNA

Figure 2. Mobile unit of modified AGNAV guidance system
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Figure 3. Calculator unit used with AGNAV guidance system

in May 1980 was conducted to verify wmilfoil distribution and select mil-
foil populations for the FY 80 studies. The field procedures used to
delineate the sample points within the populations are presented in the
following paragraphs. These procedures were used for all sites in the

FY 80 studies, including herbicide efficacy and drift studies sponsored
by the Seattle District (NPS) and the parameter/milfoil biomass relation-
ship studies sponsored by the APCRP.

Establishing the baseline and sheoreline position. At each site,
shoreline locations for the AGNAV repeaters were selected (Figure 4).
Desirable locations had the following characteristics:

a. No trees, high brush, or terrain that would interfere with
radio-waves from the repeaters to the mobile unit when the
mobile unit was located over the milfoil population.

b. Open water at least 1 ft deep between the points of land where
the repeaters were placed.

¢. A dry, high shoreline so that, even if the water level changed
between sample dates, the repeaters could be replaced on the
original shoreline positions without inundation or wave splash,

d. The entire milfoil population or a major portion of it between

the two lines projected toward the lake perpendicular to the
shoreline from the repeater locations (maximum of 1/2 mile
between repeaters).
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Figure 4. Shoreline locations for the AGNAV repeaters. (A = Dis-

tance from repeater A to mobile positioning unit; B = distance

from repeater B to mobile positioning unit; P = distance between
repeaters. )

Each repeater location was permanently marked with a 12-in. length of
1/2-in, rebar driven flush with the ground and a temporary wooden stake
(15 in. long, 1 x 2 in.). The small boat containing the mobile unit was
positioned 30 ft from repeater A on the line of sight between the an-
tennas of the repeaters and the "Set A" switch was activated. (The com-
puter calculations used by the AGNAV required a 30-ft offset from the
repeater A location and the same offset from the repeater B location.)
The boat was then driven along the line of sight to a position 30 ft past
repeater B the "Set B" switch was activated. This procedure establishes
the baseline. At that point, the range reader (Figure 2) light emitting
diodes displays the baseline distance P between the two repeaters

and the distance A from repeater A to the mobile unit and the distance
B from repeater B to the mobile unit in machine units. The mobile unit
can be hand carried between repeaters if no open water 1s present or

can be carried on shore to the required 30-ft offset positions if
necessary.

The mobile unit can then be moved anywhere in the lake to a maximum
distance of 1 mile from the repeaters. The distance from the mobile
unit to repeaters A and B is automatically monitored and updated (100
times/second) and shown on the LED displays labeled "A"™ and "B,"
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respectively. The fixed baseline distance is shown on the LED displays
labeled "P."" To establish the shoreline position with respect to the re~
peaters, the boat is driven along the shore and the displayed A and B
distances are manually recorded in a field notebook. Repeater locations
are also recorded.

Delineation of the boundary of the milfoil population. If the
milfoil has "topped-out" (reached the surface), the beat is driven along
the boundary of the milfoil and the displayed A and B distances
are manually recorded in a field notebook (Figure 5). If the miifoill dis
below the surface and cannot be seen due to turbidity or depth, tran-
sects across the milfoil population are made with a fathometer (Figure 6).
The boundariles of the population are marked with tethered floats (lead
anchor with nylon rope to surface and styrofecam float); the boat is
driven around the floats; and the displayed A and B distances are
recorded in a fileld notebook. Changes in the areal extent of either the
topped out or submerged milfoil population suspected on subsequent sam-
ple dates are documented using the same procedures based on reposition-
ing of the repeaters on the original repeater locatioms.

Establishing l-acre treatment plots. A TI-59 calculator program
was developed to calculate the area of a rectangle (in square feet) and
the location (in AGNAV machine units) of the four corners if the loca-
tions (in AGNAV machine units) of two diagonal corners are known (Fig-
ure 7).*% This capability was used to establish l-acre (the program is
limited to a maximum of 320 acres) treatment plots for the FY 80 herbi-
cide efficacy and drift studies in Lake Osoyoos (Figure 4). The rectangle
must be within an area bounded by the baseline, the two lines projected
toward the lake perpendicular to the baseline from the repeater locations,
and a line parallel and within 1 mile of the baseline.

To initially establish the corners of a treatment plot, the base-
line, shoreline, and boundary of the milfoil population are established
as discussed earlier. A beginning cornmer P. of the rectangle is
selected (within the milfoil population and near repeater B), marked
with a flcat, and the A and B distances ¢ A1 and B, , respectively)
from the corner to the repeaters are manually recorded. A location P
for the diagonally opposite corner is selected, marked with a float, and
the A and B distances ( A, and B, , respectively) from that corner to
the repeaters are manually recorded. The TI-59 calculator, PC-100 thermal
printer, and inverter are turned on and the magnetic cards containing the
program are read into the calculator. The Ay, By, A, , and B
distances are keyed into the calculator and the operator Selects the de-
sired output, the area of the enclosed rectangle, which is printed on
the thermal paper. If the enclosed area is less than an acre, the float
is retrieved, the boat is moved lakeward to a new position, a float is
dropped, the new A2 B2 distances are keyed inte the calculator, and

* Magnetic cards, readable on a TI-59 programmable calculator, with all
programs discussed in this paper and instructions for their use are
available from the coauthor of this paper, Bailey,
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Figure 7. Establishing l-acre treatment plots

the enlarged area is calculated. If the enlarged area is the desired

1 acre in size, the operator selects the second optional output, the
locaticns of the other two corners (which are printed on the thermal
paper), drives the boat toward the third corner by monitoring the range
reader displays until the actual A and B distances match the calcu-
lated A and B distances, and drops a float; the same Is done for the
fourth corner.

With experience, ten l-acre plots, 0.5 mile apart can be estab-
lished in 5 hr. Relocation of the ten plets, on subsequent sampling
dates (which requires only the establishment of the baseline and dropping
floats at the previously recorded A and B distances for each corner),
can be accomplished in 2 hr.

Establishing sample points for a randem sampling approach. The
EAG has developed both a random sampling and a systematic sampling ap-
proach to selection of sampling points within a l-acre treatment plot
for the APCRP and NPS studies. If the milfedl population within the
plot appears to be uniformly distributed (which would suggest uniform
sediment and water quality conditions), a random sampling apprecach could
be used. TIf the milfoil population appears to be nonuniformly distri-
buted (i.e. clumped), then a systematic sampling approach could be used.
The flexibility to select either approach can be severely limited by
manpower and fiscal constraints for the study., No milfoil populaticn
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surveyed in Lake Osoyoos appeared to be uniformly distributed; however,
verification of the procedures developed for a randeom sampling approach
was one objective of the FY 80 field studies.

The procedures developed for a random sampling approach involve
the use of TI~59 calculator programs that superimpose a 30- x 30-ft grid
over the l-acre plot, number the grid squares beginning at rectangle
corner location P, , randomly select (via a random number generator)
five grids (by number) for sampling, and print the grid number with cal-
culated A and B distances from the center of the grid to the repeaters
on thermal paper (Figure 8). The size of the grid square {in feet) can
be varied by the operator. Additional grid center sample points in
groups of five can be generated by the program. The A and B dis-
tances for a specified grid center can be requested.

Establishing sample points for systematic sampling approach. The
selection of a systematic sampling approach for the NPS/APCRP studies
depended upon the objectives of the study and the variation in topography,
soils, plant populations, and hydrologic conditions in the sample plots.
For the water quality, herbicide residue, and biomass/parameter studies,
evenly spaced sample points along a transect were used. The transects
(Figure 9) were run parallel to the shoreline for the water quality and
herbicide residue studies because the water currents were predominantly
parallel te the shoreline (wind driven) and objectives of the studies
were to monitor changes in water quality and herbicide residues entering,
within, and leaving the treatment control plots. Transects for the
biomass/parameter studies were run perpendicular to the shoreline to
monitor changes in biomass and sediment nutrients from shallow to deeper
water in the lake. The AGNAV positioning system was used to establish
the transect routes and sampling points along the transect. Sample loca-
tions were recorded ({ A and B distances) in field notebooks so the
same points could be relocated on subsequent sampling dates.

For the herbicide efficacy studies, five sample points in the plots
in topped-out milfoil populations were selected (Figure 10). Since the
milfoil was in a clumped (nonrandom) distribution and the objectives
were to monitor biomass reduction using conventional herbicides at
reduced rates, it was not necessary or possible (due to manpower and
fiscal constraints) to determine plot average biomass (which would have
required considerably more samples/plot).

Data entry, retrxieval, analysis, and display. Raw water quality
and meterological data from the field {(stored on cassette tapes) were
automatically transcripted to computer compatible cassette tapes using
the Martek data reader, computer interface, and TI-700 ASR terminal
(Figure 11). The field-recorded data and results of laboratory analyses
of sediment nutrients, biomass, and herbicide residues were manually
entered onto computer magnetic tapes. The TI-700 ASR terminal was then
used to edit and transfer all data to the Roneywell GE-635 computer mag-
netic tapes. Analysis of these data has not been completed.

The Tektronix 4014-1 terminal and 4662 and 4663 Interactive
digital plotters were used to provide display and hard copy graphics of
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the study areas (Figure 12)., The AGNAV A and B distances for zali
sample points, plots, shoreline, and milfoil population locations are
entered into a computer file. A program was developed to retrieve the
data and display the locations of the sample points with respect to the
ghoreline, plot, and milfodll population (Figure 13). Hard copy graphics
of the study are drawn to varlous scales depending upon the use of the

graphics.
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Table 1

Component Equipment of the Floating Aquatic

Characterization System

Component

Application

Aquatics International biomass

sampler mounted on pontoon boat

AGNAV guidance system

Texas Instruments TI-59
programmable calculator

Raytheon DE-719B fathometer

Martek Mark V digital water
quality analyzer with data
logger, data reader, and
computer interface

Masterflex sampling pump
with teflen tubing

Marsh-McBirney Model 201
portable water current meter

WILDCO K B core sampler

Turner Designs flourometer

LiCor quantum radiometer
photometex

Meterological station with
Martek data logger

Texas Instruments Silent 700
ASR terminal with data
cassettes

Tektronix 4014-1 terminal, Tek-
tronix 4662 interactive digi-
tal plotter, and Tektronix
4663 dinteractive digital
plotter

Honeywell GE-635 computer

Sample submerged aquatic plant
biomass

Determine peosition of plant
populations and sample points
with respect to shoreline

Calculate area of sample plots,
Jocation of plot cormers, loca-
tion of random sampling points,
and location of grid centers

Determine water depth and height
of submerged aquatic populations

Sample dissolved oxygen, pH, con-

ductivity, and water temperature;

record data; read data; convert
data to computer-readable form

Collect water samples for herbicide

residue analyses

Determine water velocity

Collect sediment samples for herbi-

cide residue, soil type, and
nutrient analyses

Determine horizontal and vertical
dispersion of dye in water

Determine level of photosyntheti-
cally active solar radiation
underwater

Collect data on wind speed and

direction; record data on cassette

tape

Transmit data from Martek computer

Interface to GE-635 computer; edit

raw field data; store data on
cassette tape

Data manipulation, entry and retrie-
val, graphics display and editing,

hard copy graphics

Data analysis and storage




GENERAL STUDIES

Recording Fathometer for Hydrilla Surveys

by

Jerome V. Shireman®* and Michael J. Maceina*

Introduction

Aquatic macrophytes are an integral component of freshwater eco-
systems; however, excessive amounts of vegetation can alter fish popu-
lations, limit recreational use, create health hazards, and block navi-
gational and dirrigation routes (Blackburn 1975). The introduced
submersed macrophyte, hydrilla (Hydrilla vertieillata), exists throughout
250,000 ha of Florida's water and is reported in nine other states iIn-
cluding California {Shireman and Haller 1979). 1In order to evaluate
various hydrilla control methods, quantitative data pertaining to the
distribution and biomass of the plant must be obtained.

The purpose of this research project was to continue to monitor
hydrilla abundance-white amur interactions in Lake Baldwin and refine
previocusly tested fathometer techniques for determining distribution and
biomass of hydrilla in two additional Florida lakes (Lake Pearl and
Orange Lake}.

Materials and Methods

A DE-719 Precision Survey Fathometer (Raytheon Marine Co., Manches-
tor, N. H.) was utilized for all vegetation surveys. Procedures for con-
ducting transects and determining quantcitative vegetation parameters were
followed according to the methods of Maceina and Shireman (1980). 1In
Lake Baldwin, 14 transects totaling 11.32 km in distance were conducted
quarterly starting in June 1979. Thirteen transects covering 12.96 km
in distance were conducted on Orange Lake in January and June 1980. Due
to extensive surface matting, transects on Orange Lake were successfully
conducted in an airboat. A bracket was mounted to the transom of the
airboat to house the transducer. In Lake Pearl, 12 transects, 3.55 km
in distance, were completed in March, May, and June 1980.

Attempts were made in Lake Pearl and Orange Lake to correlate and
develop regression models predicting hydrilla biomass by fathometer
tracing characteristics. While transects were being conducted on
10 March 1980 in Lake Pearl, numbered buoys were dropped to mark hydrilla

* Center for Aquatic Weeds, University of Florida, Gainesville, Florida.
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biomass sampling stations. Simultaneously, corresponding fix marks were
placed on the chart paper and the buoy number was recorded on the paper.
The following day, a circular core biomass vegetation sampler was used

to take replicate 0.257-ml samples at each buoy. Sawples collected with
the biomass sampler were washed and shaken in a2 nylon net to remove ex-
cess sand, muck, and water and weighed to the nearest 5 g. Wet weights
were later converted to kilograms per square metre for analysis. A total
of 50 samples were taken from 25 stations and collected from water depths
ranging from 1.5 to 2.6 m,

Utilizing sampling methods similar to those conducted on Lake Pearl,
32 hydrilla stations were established on two transects in Orange Lake on
19 May 1980. Single biomass samples were taken at each station in water
depths ranging from 1.7 to 2.7 m.

White amur were captured utilizing direct current pulse electro-
shock fishing gear, monofilament gill nets, rotenone, and a modified
glll net-seine in Lake Baldwin. Fish were measured, in millimetres, for
total length (TL) and were weighed to the nearest 0.05 kg.

Individvual white amur growth data from Lake Baldwin were not avail-
able. Mean weight and TL of white amur stocked during 1978 were calcu-
lated to be 0.79 kg and 408 mm, respectively. Of the 2123 white amur
estimated to be in Lake Baldwin by November 1978, 13 percent of the popu-
lation was left from stockings make in 1975. Growth data were generated
by regression techniques based on the mean stocking size and time. Thir-
teen percent of the largest fish were eliminated from the analysis.

Growth of the white amur was rapid during the first 2 years of stocking,
with fish obraining a mean weight of 9.17 kg by July 1980 (Table 1).
Growth apparently was not as rapid during the second year of introduction.

Calculated Hydrilla Consumption by Large White Amur

Information pertaining to the consumption rates of large white amur
(>1 kg) on hydrilla is nonexistent. Small white amur (<300 mm TL) are
knowm to consume their own body weight in vegetation per day. Utilizing
standing crop estimates from fathometer calculations and white amur cap-
ture data, consumption rates were determined for Lake Baldwin large white
amur {(Table 2). The following assumptions were made: (1) hydrilla did
not grow during the period from September 1979 to March 1980, although
some winter dieback could have occurred; (2) nearly 100 percent white
amur survival occurred following stocking; (3) white amur recovered dur-
ing the sample periods reflected the true mean weight of all fish in the
lake, including pre-1978 fish; and (4) standing crop estimates taken with
the fathometer were accurate. Calculations showed that large white amur
(>6 kg) consume 26 to 28 percent of their body weight in hydrilla. Gut
contents of white amur taken from Lake Baldwin during September and
December 1979 contained hydrilla that accounted for 8 to 10 percent of
the total body weight. Exact 24-hr digestive rates, however, are not
knowvm for large white amur. Large white amur (>6 kg) probably exhibit
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consumption rates between 10 and 20 percent of the bedy weight per day
during optimal feeding counditions.

Hydrilla Control by White Amur in Lake Baldwin

Hydrilla control was evident by April 1979 when large areas were
devold of vegetation. Following the 1978-197% winter dieback, hydrilla
standing crop increased slightly during the summer of 1979. White amur
standing crop was estimated to be 10,000 kg in April 1979 when hydrilla
control was evident (Figure 1). Therefore, effective control was
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Figure 1. White amur and hydrilla standing crop in Lake Baldwin,
Florida, October 1979 through October 1980

obtained with 185 kg of fish per hectare of hydrilla in Lake Baldwin.
A decrease in light penetration due to a phytoplankton bloom probably
alded by shading hydrilla in water depths greater than 4 m during the
summer of 1979. Hydrilla could not be found in the lake after March 1980.

Volume of Hydrilla

The volume of hydrilla infesting a water body was derived utilizing
a hypsographic curve, which is a plot of mean hydrilla height and area
infestation by depth intervals. Mean hydrilla height values were plotted
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on hypsographic volume curves at the mean depth calculated for each
depth interval. The percentage of depth interval areas infested with
hydrilla was considered and incorporated in each hypsographic figure.

A line was drawn connecting the points designating the top of the hy-
drilla plants along the depth iuntervals. The enclosed area from the

top of the plants to the lake bottom represented the wvolume of hydrilla
in the lake. This volume was calculated by planimetry, and the percent-
age of the lake volume infested with hydrilla was derived by dividing
hydrilla veolume by lake volume.

The total water volume of Lake Baldwin was calculated to be
344.5 ha-m. The hydrilla volume in the lake declined from 106.9 ha-m to
69.8 ha-m or from 31 to 21 percent of the total lake volume between
June 1978 and June 1979. Total percent cover or the area of the lake
infested with hydrilla did not decline, but increased from 62 to 69 per-
cent during the same period. The discrepancy between the two measure-
ments was caused by a decrease in hydrilla height, especially in water
depths greater than 4 m. Therefore, decreased plant height caused a
decrease In hydrilla volume. The total volume of hydrilla in a lake is
a better descriptive quantitative parameter than percent cover because
area coverage (hectares) as well as vertical coverage is considered.
The percentage of the total water volume in Lake Baldwin infested with
hyvdrilla increased from 31 percent in June to 41 percent by November
1978, then declined during 1979 (Table 3). Winter dieback and white
amur censumption of hydrilla caused the decline in 1979,

Interrelaticonship Between Total Percent Cover,
Hydrilla Volume, and Standing Crop

Transect percent cover and total percent cover data indicated that
peak biomass occurred in November 1978 and January 1979. Total hydrilla
standing crop, hydrilla height, and hydrilla-surface data also indicated
that peak biomass occurred in November 1978 and January 1979. Total
hydrilla standing crop, hydrilla height, and hydrilla-surface data indi-
cated that peak abundance occurred in November 1978.

The increase in total percent cover during November 1978 and Jan-
vary 1979 was due to the expansion of "sparse hydrilla" into the 6.0- to
6.9-m depth strata after August 1978. However, hydrilla growing at this
depth interval contributed less than 5 percent to the total standing crop
for November 1978 and January 1979. Although total percent cover was
less in August than in November 1978, the maximum standing crop value
was obtained in August, which was due to extensive surface matting and
peak hydrilla bheight values. Hydrilla volume calculations were gener-
ated from both area infestation and hydrilla height data. The increase
in total percent cover from August to November 1978 from 67 to 78 percent
caused a slight increase in percent hydrilla volume, from 39 to 41 per-
cent, even though hydrilla height declined in water depths less than
5 m during this time.

Hydrilla volume estimates remained constant (21 percent) in March

104




and June 1979, but standing crop estimates indicated an increase of 0.2
million kilograms during this time. The fact that hydrilla growth
characteristics differ in shallow and deep water might explain these
differences. As the plant approaches the water surface, the following
occurs: (1) the amount of sunlight reaching hydrilla increases and more
nodes are produced on the stem, and (2) the stem tends to grow and ex-—
tend itself in a horizontal position to capture a greater proportion of
the sunlight and thick, entangled, intertwined mats result. These two
factors cause an increase in welight per unit volume when hydrilla is
growing in shallow water or c¢lose to the surface,

Utilizing biomass data collected with a 0.257—m2 core vegetation
sampler, kilograms of hydrilla per cubic metre was calculated by divid-
ing actual biomass by hydrilla height obtained from chart tracings. For
example, if actual biomass equaled 2 kg/mZ and chart tracings indicated
that hydrilla height was 2 m, the hydrilla weight per unit volume would
equal 1.00 kg/m3. Hydrilla weight per unit volume of water decreased
with increasing water depth from 4.51 kg hydrilla/m3 in the 1.0- to 1.9-m
water depth to 0.06 kg hydrilla/m3 in the 6.0- to 6.9-m water depth
(Table 4). From March to June 1979, a dramatic decrease in hydrilla
height occurred in water depths greater than 4 m. Thus, the major por-
tion of hydrilla volume was located in shallow water. Actual hydrilla
weight volume data indicated a greater standing crop of hydrilla existed
in shallow water than deep water on a volume basis. Therefore, standing
crop estimates were different from volume estimates due to greater in-
festations in shallow water.

In analyzing results and changes in hydrilla abundance, the cal-
culation of a variety of quantitative vegetation parameters is
recommended.

Hydrilla Biomass-Fathometer Tracing Coxrelations

Biomass—-fathometer data collected from Lake Pearl and Orange Lake
in March and May 1980 were analyzed to correlate actual hydrilla bio-
mass with fathometer tracing characteristics. Regression equations were
constructed in a similar fashion to those utilized in Lake Baldwin
{(Maceina and Shireman 1980). Two separate models were employed to pre-
dict biomass: (1) "“thick hydrilla," indicated by sampling stations
where dense hydrilla did not permit a reading of the lake bottom, and
(2) "sparse hydrilla," which permitted a clear reading to the bottom.

Of the 25 stations, 22 sampled for hydrilla biomass in Lake Pearl were
characterized by thick hydrilla. TFor this reason, sparse hydrilla models
were not calculated in Lake Pearl. In Orange Lake, sampling stations
were characterized by both sparse and thick hydrilla. Criteria estab-
lished for selecting best fitting regression equations were maximiza-
tions of coefficients of determinations (rz).

Regression equations predicting hydrilla biomass with tracing
characteristics for Lake Pearl and Orange Lake were all significant
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(P < 0.05) (Table 5). However, Orange Lake models displayed much higher
correlation coefficients (r) than Pearl models. Correlation coefficients
were lower than those calculated from Lake Baldwin. Two factors probably
account for this: (1) a greater number of biomass samples were taken in
Lake Baldwin, and (2) the difference between the minimum and maximum
water depth sampled in Lake Baldwin; therefore, tracing characteristics
showing hydrilla abundance were much more homogeneous in these two

lakes.

A difference in best fitting regression lines was observed anong
the three lakes (Table 5). These differences may have been due to the
shallower biomass samples taken in Lake Pearl and Orange Lake which
altered the statistical relationships that fitr the Lake Baldwin mode.
Hydrilla densities might be different in these lakes and the tracings
obtained with the fathometer are not reflecting these densitites.

Best fitting regression equation formulated for Lake Baldwin did
not appear applicable to Lake Pearl and Orange Lake. A negative rela-
tionship between hydrilla height (HYDHT) and biomass (by = -2.797)
existed for the Lake Pearl thick hydrilla model. As hydrilla height in-
creases, biomass also should increase creating a positive slope (Maceina
and Shireman 1980). A positive relationship between the distance from
the top of the hydrilla plant to the water surface (HYDSUR) and biomass
(b2 = +1.085) was noted for the Orange Lake sparsc hydrilla model. This
also contradicts earlier findings from Lake Baldwin, where a negative
relationship existed. As hydrilla declines in height from the water
surface, biomass should decrease,

The independent variables that best predicted hydrilla biomass
in Lake Baldwin were used to calculate Orange Lake sparse and thick
hydrilia wmodels (Table 6). Correlation coefficients were slightly less
than those observed for the best fitting models calculated for Orange
Lake. However, regressions calculating the model sums of squares de-
¢lined when Lake Baldwin variables were used for QOrange Lake data,
causing respective F-values to decline and predictions to be less re-
liable. Intercepts and independent slope coefficients were different
from those found in Lake Baldwin. Slope coefficients for hydrilla
height and cover were positive in Orange Lake models. A negative re-
lationship for the hydrilla-surface distance was observed in the thick
hydrilla similar to the relationship found in Lake Baldwin. A positive
slope between hydrilla-surface distance and biomass existed in the
Orange Lake sparse model, dissimilar to the Lake Baldwin model.

The best fitting Lake Pearl thick hydrilla model demonstrated that
the same independent variables as used in Lake Baldwin were the best
variables to predict thick hydrilla biomass in Lake Pearl. The slope
coefficients predicting biomass from the log (hydrilla-surface) were
similar, 1.320 and -1.301, but the equation intercepts and hydrilla
height slope values were different.

In order to analyze model response differences among lakes Baldwin,
Orange, and Pearl, the compartments of the thick and sparse hydrilla
models were used to form wultiple linear regressions. Equations were
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calculated by regressing independent variables (HYDHT, COVER, and HYDSUR)
agalnst biomass.

For Orange Lake and Lake Baldwin thick hydrilla, hydrilla height
slopes were found to be similar (P > 0.05; Figure 2); however, intercepts
were significantly (P < 0,01) different. Similar slopes indicated that
a change in hydrilla height produced an equal change in bilomass for
both lakes. The higher produced an equal change in biomass for both
lakes. The higher intercept calculated for Orange Lake indicated hy-
drilla biomass per unit length of hydrilla height was greater in Orange
Lake. The Lake Pearl hydrilla height biomass relationship was not ana-
lyzed because a negative and highly insignificant regression slope was
calculated. The hydrilla-surface distance predicting biomass in Baldwin,
Orange, and Pearl thick hydrilla models demonstrated significant
(P < 0.05) differences in slope (Figure 3). As shown by the regressions,
the hydrilla-surface biomass relationship produced different wagnitudes
of biomass change in the three lakes, with Orange Lake data producing
the steepest slope and Lake Pearl the flattest.

When comparing sparse hydrilla independent variables from Lake
Baldwin and Orange Lake, water depths greater than 2.7 m in Baldwin were
eliminated from the regression equations. This eliminated the variation
caused by deep water hydrilla. Hydrilla-height and hydrilla-surface
equations demonstrated equal (P > 0.05) positive and negative slopes,
respectively, in lakes Baldwin and Orange (Figures 4 and 5). Corre-
sponding intercepts in Lake Baldwin were significantly higher (P < 0.01)
for both equations than Orange Lake, which indicated greater biocmass
values in Lake Baldwin. Regressing biomass against percent vertical
cover produced slopes where the cover values between the two lakes did
not overlap {(Figure 6). Cover values for shallow water sparse hydrilla
were above 50 percent in Lake Baldwin, while cover values were generally
below 50 percent in Orange Lake. Slope analysis, however, revealed a
significant (P < 0.05) difference in cover slopes between the two lakes.

Data from lakes Baldwin, Orange, and Pearl indicate that inde-
pendent predictive values of biomass taken with the fathometer did not
form similar relationships in each lake. Differences in subsurface
light intensity, water chemistry, and substrate types may cause differ-
ences in hydrilla growth patterns that are not detectable with the
recording fathometer used. Differences in the number of stems per unit
area and mean internodal lengths can alter biomass estimates among lakes.
Two independent variables predicting hydrilla biomass in these three
lakes, hydrilla height and bhydrilla-surface distance, do not consider
hydrilla density {(i.e., hydrilla weightlm3, number of stems/m3, X inter-
nodal length/mB). These two variables are used in the sparse and thick
hydrilla models and these wvariables do not explain the biomass varijation
in different hydrilla densities. For the sparse hydrilla wodel, verti-
cal percent cover may be sensitive to a change in hydrilla density,
hence biomass. Orange Lake hydrilla demonstrated lower vertical percent
cover values than Lake Baldwin hydrilla; therefore, the corresponding
biomass values were lower (Figure 6). The influence of hydrilla height
and hydrilla~surface variables, however, might be partially negating
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the predictive capability of the cover variable in the Orange Lake multi-
ple regression.

Thick hydrilla models utilized only hydrilla height and hydrilla-
surface distance to predict biomass in lakes Baldwin, Orange, and Pearl;
therefore, plant density was not considered in this model type. One
variable not entered into the current thick models, hydrilla thickness,
was analyzed in the three lakes as a measure of hydrilla density. Hy-
drilla thickness was defined as the distance from the top of the hydrilla
plant to the bottom of the visible tracing pattern. Hydrilia was cer-
tainly growing below this point down to the hydrosoil, but plant density
prevented soundwave transmission. We hoped to find a negative relation-
ship between hydrilla thickness and biomass. As the hydrilla thickness
decreased, plant density and biomass should increase. Analysis proved
this factor to be insignificant; hence, it was not included in the model.

Utilizing actual biomass data, we have evidence that hydrilia den-
sity differences occur between lakes (Table 7). Thick hydrilla growing
in 2 to 3 m of water in Lake Baldwin had higher weight:volume values
than similar hydrilla in Orange Lake, and was significantly (P < 0.05)
higher than values obtained from Lake Pearl. The biomass:hydrilla-
surface distance relationship between the three lakes clearly shows,
for the ranges of samples collected, that Lake Baldwin had the highest
equation response followed by Orange Lake and Lake Pearl. This coincides
with the weight-volume values calculated.

Sparse hydrilla weight-volume values for the 2- to 3-m depth inter-
val showed Lake Baldwin values (Table 7) to be higher than those for
Orange Lake. Again, equations plotting hydrilla height, hydrilla-surface,
and cover against biomass, show Lake Baldwin to have a higher response
(intercepts and slope), and hence biomass, than those found in Orange
Lake (Figures 4-6).

Plant density appears to be a major variable in determining plant
biomass utilizing fathometer tracing characteristics. In Lake Baldwin,
percent vertical cover, which may be sensitive to hydrilla density, was
found to be the strongest of the three variables predicting sparse hy-
drilla (Maceina and Shireman 1980). Further investigations to determine
the relationship of plant density (hydrilla weight/m3, number of
stemsfm3, and X internodal length/m3) at various depth intervals and
different bodies of water need to be incorporated into the current model
for refinement,
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Table 1
White Amur Growth Rates from Lake Baldwin Calculated by

Regression Analysis

Years Fellowing Stocking

0 1/2 1 1-1/2 2
X weight, kg 0.79 3.00 5.24 7.27 9,17
Growth, kg 2.21 2.24 2.03 1.90
X length, mm TL 408 592 720 807 876
Growth, mm TL 184 128 87 69
Table 2

Data and Calculations Utilized to Determine Hydrilla Counsumption

by Large White Awmur in Lake Baldwin

Date
9/12/79 12/22/79 3/11/80
Number of white amur 2,123 2,123 2,050
X weight white amur, kg 6.60 7.18 7.85
White amur standing crop, kg 14,000 15,250 16,100
Hydrilla standing crop, kg 781,320 362,450 32,370

Time Interval
9/12/7% vo 12/22/79 12/22/79 to 3/11/80

White amur standing crop, kg 14,625 15,675

Interval, days 101 8¢

Hydrilla standing crop 418,870 330,080
decline, kg

Consumption 28% 26%

(wet wt. hydrilla consumed/
day/fish wt./interval
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Table 3

Total Bydrilla Volume and Percent of Lake Volume Infested with

Hydrilla in Lake Baldwin

Percent of Total Lake

Date Hydrilla Volume, ha-m Volume* Infested with Hydrilla
6~-14-78 106.9 31.0
8§-2-78 133.8 38.8
11-11-78 135.0 41.1%%
1-6-79 125.0 36.3
3-5-79 71.5 20.8
6-21~-79 69.8 20.6t

* Lake volume = 344.5 ha-m.
*%k  Water level dropped 0.2 m below mean level; lake volume = 328.6 ha-m.
+ Water level dropped 0.1 m below mean level; lake volume 336.6 ha-m.

Table 4
Mean Weight Volume Values of Hydrilla at Each Depth Interval

from Lake Baldwin

i-Weight
Depth Interval, m Number of Samples kg Hydrilla/m Standard Error
1.0-1.9 4 4.51% 0.53
2.0-2.9 55 1.85° 0.16
3.0-3.9 48 1.62°¢ 0.11
4.0~4.9 39 1.45° 0.11
5.0-5.9 50 0.874 0.10
6.0-6.9 6 0.06° 0.01

Note: Values with the same letters are not significantly different
(P < 0.05).
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Table 5

Best Fitting Regression Equations Predicting Hydrilla Biomass from Fathometer

Tracing Characteristics in Three Lakes

Water
Depth
Hydrilla Sampled Total
Lake Type m Regression Equation¥* D.F. Prob. > F r
Pearl Thick 1,8-2.9 Biomass = 7.489 - 2.797 HYDHT 43 0.036 0.387
-1.328 1n(HYDSUR)
Orange Thick 1.7-2.5 ln(Biomass) = 2.361 - 3.431 HYDSUR 12 0.006 0.731
Sparse 2.0-2.7 In(Biomass) = -3.717 + 0.066 COVER 18 0.006 0.688
+1.085 HYDSUR
Baldwin¥# Thick 2.6-5.7 Biomass = 1.977 + 1.029 HYDHT 50 >0.001 0.796
~1.341 1n(BYDSUR)
Sparse 1.6~6.2 ln(Biomass) = -5.099 + 0.982 1n(HYDRT) 150 >0.001 0.807
+1.301 In(COVER) - 0.281
1n (HYDSUR)

* Blomass = wet weight of hydrilla, kg/m2

]

HYDHT height of hydrilla from the hydrosoil to the top of the plant, m
COVER = percent vertical cover of hydrilla on the tracing
HYDSUR = distance from the top of the hydrilla plant to the surface of the water, m

*% Shireman and Maceina (1980)



Table 6

Regression Equations Predicting Hydrilla Biomass from Fathometer

Tracing Characteristics in Orange Lake

Hydrilla
Type Regression Equation Prob. » F I
Thick Biomass = -0.075 + 0.423 HYDHT 0.066 0.648
-2.845 Ln{HYDSUR)
Sparse In(Biomass) = -8.151 + 1.641 1n(HYDHT) 0,036 0.652

+1.970 1n(COVER)
+2.129 1n(HYDSUR)

Note: TIundependent variables utillized for equations are from those
calculated from Lake Baldwin (Shireman and Maceina 197%a).

Table 7
Mean Weight Volume Values of Hydrilla (kg/mB)

In Thick and Sparse Hydrilla at Various

Depth Intervals

Depth
Hydrilla Strata
Type m Lake Baldwin Orange Lake Lake Pearl
Thick 1.0-1.9 NC* 2.88%(0.52) 3.03%(0.34)
2.0-2.4 2.982(0.03) 2.452(0.37) 1.77°¢0.16)
Sparse 1.0-1.9 4.51(0.53) NC
2.0-2.9 1.80%(0.16) 0.54°(0.21)

Note: Values in parentheses represent standard error of the mean.

Values with the same letters are not significantly different
(P < 0.05).
* NC = Not collected.
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GENERAL STUDIES

Influence of Sediment on the Growth and Nutrition

of Submersed Freshwater Macrophytes

by
John W. Barko*

Introduction

Despite the reduced structure and extent of the root system of
most submersed macrophytes in comparison to terrestrial plants, roots
of the former may possess many (if not all) of the functional characteris-
tics of the latter (Tomlinson 1869; Bristow 1975). Experiments with
submersed macrophytes have demonstrated the uptake of a variety of nu-
trients by roots and the subsequent translocation of these nutrients to
shoots. 1In this regard, phosphorus has been examined most extensively,
leading to the generally accepted consensus that submersed macrophytes
can obtain their phosphorus largely from the sediment (Bole and Allen
1978; Barko and Smart 1979, 1980, 1981; Carignan and Kalff 1979, 1980).
Much of the recent information available on specific processes of uptake,
rranslocation, and excretion of phosphorus by submersed macrophytes is
critically examined in Welsh and Denny (197%9). Our understanding of the
mobilization (i.e. uptake by roots and transport to shoots) of other
nutrients by submersed macrophytes is far less complete. A relatively
smaller number of studies have indicated that nitrogen (Toetz 1974;
Nichols and Keeney 1976a,b; Best and Mantai 1978), iron {(DeMarte and
Havtmann 1974; Gentner 1977; Basiouny, Haller, and Garrard 1977), and
calcium (DeMarte and Hartmann 1974) can be mobilized to a variable ex-
tent by submersed macrophytes. Additionally, carbon uptake from sedi-
ments by roots of submersed species possessing an extensive lacunar sys-
tem has been demonstrated to be significant in comparison with its
uptake by shoots (Sand-Jensen and Séndergaard 1979; Séndergaard and
Sand-Jensen 1979).

The extent to which nutrients mobilized from sediments replace,
complement, or represent an addition to nutrients obtained from the water
by submersed macrophytes is unclear. Our ability to better understand
the influence of submersed wmacrophytes on lacustrine nutrient cycles
will continue to depend in large part on the resolution of this quandary.
Moreover, the importance of nutrients compared to other factors affect-
ing the growth of submersed macrophytes cannot be adequately assessed

* U, §. Army Ingineer Waterways LExperiment Station, CE, Vicksburg,
Mississippi.
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without better information on specifiec nutrient source-sink relations in-
volving sediment, plant, and water.

Summary of Research

The capabilities of four species of submersed freshwater macro-
phytes in mobilizing nitrogen, phosphorus, and potassium from three dif-
ferent sediments were comparatively examined in relation to their re-
quirements for these nutrients during a 10-week period of growth under
controlled environmental conditions. With all species, nitrogen and
phosphorus were readily mobilized from each of the sediments and con-
centrated in plant shoots at levels well above those required for growth.
However, the mobilization of potassium from all sediments was much less
effective and may have limited the growth of the species considered here.
Sediments represent a large and important source of nitrogen and phos-
phorus for reooted aquatic macrophytes, but potassium is probably supplied
to these plants primarily from the water.

Only small quantities, or none at all, of nitrogen and phosphorus
were excreted from the species considered here during active growth.
However, considerablc quantities of these nutrients can be released to
the water due to plant senescence and associated decay processes. Since
a large fraction of the total nutrients, and in particular nitrogen and
phosphorus, released during decay may derive from the sediment, this
mechanism represents an important mode of sediment-nutrient recycling in
aquatic systems.

In a subsequent related investigation, potassium uptake by Hydrilla
verticillata Royle from sediment versus overlying water was evaluated
in relation to the potassium demands incurred by this species during an
8~week peried of growth. The investigation was conducted on a hetero-
geneous assemblage of secimnents and in two solutions differing funda-
mentally in the presence (2.3 =2 Q“l) and absence of potassium.

Both biomass production and shoot morphology in :drilla varied
significantly between solutions and among sediments. In contrast to
nitrogen and phosphorus, which were readily mobilized from most sediments,
potassium was mobilized from all sediments to only a minor extent by
this species. Mobilization of potassium was proportional to inter-
stitial water potassium concentration; yet on at least four of the six
sediments examined, potassium supplied from sediments was insufficient
to support the maximum growtn of Hydrilla. The open water rather than
the sediment appears to be the primary source of potassium supply to
this species and perhaps to most other submersed freshwater macrophytes.

Where potassium was supplied in solution, sediment-related dif-
ferences in the growth of Hydrilla negatively correlated with sediment
organic matter content over the range of 1.6 to 56.2 percent dry sedi-
ment mass. It is tentatively suggested that the organic composition of
sediments may influence the species composition of aquatic macrophyte
communities.
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A detailed account of these investigations is provided in Barko and
Smart (1981), Barko (submitted), and Barko et al. (in preparation),

Ongeing and Future Research

During 1981, we plan to continue investigating the role of sediment
in relation to the growth of submersed macrophytes. Recent pilot studies
have indicated that the correlatively inverse relationship noted above
between sediment organic content and the growth of Hydrilla may func-
tionally dictate disjunctions in the distribution of this and other
submersed species. We will attempt to define this relationship in more
discriminate detail and to suggest causal mechanisms.

The early studies of Pearsall (1920) and Misra (1938) indicate
that the growth of floating-leaved and emergent macrophytes, which are
structurally more complex than deep water submersed forms, may be less
sensitive to differences in sediment than the latter. Accordingly, we
plan to examine the relationship between sediment composition and the
growth of different submersed macrophytes with consideration given to
the peossible importance of sediment organic matter in affecting species
succession.
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