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Preface

The 25th Annual Meeting of the US Army
Corps of Engineers Aquatic Plant Control
Research Program (APCRP) was held in Or-
lando, FL, on 26-30 November 1990. The
meeting is required by Engineer Regulation
1130-2-412, paragraph 4c, and was organized
by personnel of the APCRP, which is man-
aged under the Environmental Resources
Research and Assistance Programs (ERRAP)
of the Environmental Laboratory (EL), US
Army Engineer Waterways Experiment
Station (WES), Vicksburg, MS,

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

WES MP A-91-3, June 1891

Manager, ERRAP, was responsible for plan-
ning the meeting. Dr. John Harrison was
Chief, EL, WES. Mr. James W. Wolcott was
Technical Monitor for the Headquarters, US
Army Corps of Engineers.

Ms, Billie F. Skinner, Program Manage-
ment Office, EL, was responsible for coordi-
nating the necessary activities leading to
publication. The report was edited by
Ms. Jessica S. Ruff of the Information Tech-
nology Laboratory (ITL), WES. Ms. Betty
Watson, ITL, designed and composed the
layout.

Commander and Director of WES was
COL Larry B. Fulton, EN, Technical Director
was Dr. Robert W. Whalin.
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Agenda

Monday, 26 November 1990
1:00 p.m. Reglistration
-5:00 p.m. (Florat Foyer)
3:00 p.m. Federal Aquatic Plant Management Working Group
-5:00 p.m, (Tangerine Room A)
6:30 p.m. Reception
~8:00 p.m. (West Pool Area)

Tuesday, 27 November 1990

8:00 a.m.
-12:00 noon

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

8:30a.m.

8:40 a.m.

8:50 a.m.

9:05 a.m.

9:15 a.m.

Registration
(Floral Foyer)

General Session
(Jasmine & Magnolia Rooms)

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

LTCJ. D. Katin
* USAE District
Jacksonville, Florida

D.E. Lewis

* Chief, Natural Resources Management Branch
Office, Chief of Engineers (HQUSACE)
Washington, DC

R. W. Whalin
* Technical Director, WES

]. Hartison
* Chief, Environmental Laboratory, WES

WES MP A-91-3, June 1981 Agenda



Agenda

9:25 a.m. Technical Monitor 1975-1980
* H. R. Hamilton, WES
Q:40 a.m. Technical Monitor 198(-1982

* D, L. Quarles, USAE District
Fort Worth, Texas

9:55 a.m. Break
10:30 a.m. Technical Monitor 1983-1989
*E. C. Brown, WES
10:45 am. Technical Monitor 1989-7
* J. W. Wolcott, HQUSACE
11:00 a.m. J. L. Decell
* Manager, Environmental Resources Research and Assistance Programs, WES
11:30 am., Aquatic Plant Contro} Operations Support Center (APCOSC) Update

* W. C. Zattau, USAE District
Jacksonville, Florida

11:45 a.m. Lewisville Aquatic Ecosystem Research Facility Update (32733)
* R. M. Smart, WES

12:00 noon Lunch

1:00 p.m. Valuation of Aquatic Plant Economic Benefits (32729)
* J. E. Henderson, WES

1:15 p.m, Video Imaging Project for Aquatic Plant Mapping (32732)
*W. T. Jipsen, USAE District
Jacksonville, Florida

1:30 p.m. Adjourn General Session

8:30 a.m. Poster and Demonstration Session
- 5:00 p.m. (Hibiscus & Azalea Rooms)

2:00 p.m. USAE Division/District Working Session
- 5:00 p.m. (Lemon Room)

Wednesday, 28 November 1990

8:30a.m. General Session
-4:45 p.m, (Jasmine & Magnolia Rooms)
Ecological Technology

J. W. Barko, WES, Presiding

g:30a.m. History and Overview of Major Advances in Aquatic Macrophyte Ecology
* ]J. W. Barko, WES

X Agenda WES MP A-91-3, June 1891




8:45 a.m.

9:00 a.m.

G:15 a.m.

8:30 a.m.

G:45 am.

10:00 a.m.

Agenda

Population Dynamics of Submersed Macrophyies in the Tidal Potomac River (32351)
* V. P. Carter, U. S. Geological Survey (USGS)
Reston, Virginia

Aquatic Macrophyte Competition Studies (32577)
*R. M. Smart, WES

Habitat Value of Aquatic Macrophytes: Fisheries Considerations (32505)
* K. J. Killgore, WES

Habitat Value of Aquatic Macrophytes: Invertebrate Considerations (32505)
* A, C. Milier, WES

Littoral-Pelagic Nutrient Dynamics During Nighttime Convective Circulation (32405)
* W. F. James, WES

Break

Forum on the Future

10:30 a.m. Sediment Interactions with Macrophytes / Growth and Distribution
* ]. W. Barko, WES
10:45 a.m. Invericbrate Interactions with Macrophytes / Growth and Distribution
* A C. Miller, WES
11:00 a.m. Ecological Perspectives in Aquatic Plant Management
* C. 8. Smith, WES
11:15 a.m. Open Discussion
12:00 noon Lunch
Biological Technology
A. F. Cofrancesco, WES, Presiding
1:00 p.m. History and Overview
* A F. Cofrancesco, WES
1:15 p.m, Management of Hydrilla and Eurasian Watermilfoil Using Insects
(31799, 32730, 32734, 32735)
*T. D. Center, U. S. Department of Agriculture (USDA)
Fort Lauderdale, Florida
130 pm. Management of Eurasian Watermilfoil and Hydrilla Using Pathogens (32202, 32200}
* C. 8. Smith, WES
1:45 p.m. Biotechnical Approaches to Aquatic Plant Management (32408, 32388)
*S. L. Kees, WES
2:00 p.m, Management of Pistia Using Insects (32406)

* M. I. Grodowitz, WES

WES MP A-91-3, June 1891 Agenda i



Agenda

2:15 p.m. Management of Hydrilla and Eurasian Watermilfoil Using Insects and Pathogens
in Large Reservoir Systems (32734, 32735)
* A, F. Cofrancesco, WES

2:30 p.m, Management of Aquatic Vegetation Using Triploid Grass Carp in Large Reservoir
Systems (32738)
* L. G. Sanders, WES

2:45 p.m, Break

Forum on the Future

3:15 p.m. Overseas Biocontrol Research
* J. K. Balciunas, USDA
Fort Lauderdale, Florida

3:30 p.m. Quarantine Operations and New Introductions
* G. R. Buckingham, USDA
Gainesville, Florida

3:45 p.m. The Future of Microbial Herbicide
* ], P. Stack, EcoScience, Inc.
Ambherst, Massachusetts

4:00 p.m. Open Discussion

4:45 p.m. Adjourn General Session

8:30 a.m. Poster and Demonstration Session
- 5.00 p.m. (Hibiscus & Azalea Rooms)

Thursday, 29 November 1990

8:30 a.m. General Session
- 5:00 p.m. (Jasmine & Magnolia Rooms)

Chemical Technology
K. D. Getsinger, WES, Presiding

8:30a.m. History and Overview
* K. D. Getsinger, WES

8:50 a.m. Herbicide Concentration/Exposure Time Relationships (32352) and
Herbicide Delivery Systems (32437)
* M. D. Netherland, WES

9:10a.m. Submersed Application Techniques for Flowing Water (32354)
and Field Evaluation of Selected Herbicides (32404)
* K. D. Getsinger, WES

9:30 a.m. Plant Growth Regulators for Aquatic Plant Management (32578)
* L. S. Nelson, WES
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9:50 a.m.

10:00 a.m.

Phenology of Aquatic Plants (32441)
*J. D. Madsen, WES

Break

Forum on the Future

10:30 a.m.

10:45 a.m.

11:00 a.m.

11:15a.m.
12:00 noon

Industry Forecast
* F. T. Lichmer, E. I. Du Pont Discovery Group
Newark, Delaware

Operational Perspective
*J. C. Joyce, Center for Aquatic Plants, University of Florida
Gainesville, Florida

Regulatory Issues
* J. H. Rodgers, University of Mississippi
Oxford, Mississippi

Open Discussion

Lunch

Simulation Technology
R. M. Stewart, WES, Presiding

1:00 p.m.

1:30 p.m.

1:50 p.m.

2:10p.m.

2:30 p.m.

2:45p.m.

Historical Perspective and Overview
* R. M. Stewart, WES

Plant Growth Simulations (32440)
* ]. W. Wooten, University of Southerm Mississippi
Hattiesburg, Mississippi

Biocontrol Simulations (32438)
* W. A. Boyd and R. M. Stewart, WES

Chemicat Control Simulations (32439)
* J. H. Rodgers, Jr., University of Mississippi
Oxford, Mississippi

Aquatic Plant Data Bases: Lake Marion (32506)
*R. A. Welch and M. M. Remillard, University of Georgia
Athens, Georgia

Break

Forum on the Future

3:15 pm.

Simulation Needs for the Future
* R. M. Stewart and H. W. West, WES
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Agenda

3:45 p.m. Open Discussion
4:30 p.m. Report on Tuesday's Division/District Working Session
5:00 p.m. Adjourn 25" Annual Meeting

Friday, 30 November 1990

8:30am. FY92 Civil Works R&D Program Review
- 11:00 a.m. (Corps of Engineers Representatives Only)
(Jasmine Room)

Posters and Demonstrations

Poster Presentations

Tuber Production and Germination Studies (32351)
* D. G. McFarland, WES

Benthic Barrier Environmental Studies (32579)
* H. L. Eakin, WES

Benthic Barrier Invertebrate Studies (32579)
* B. S. Payne, WES

Simulation Modeling and Spatial Data Bases (32506)
* M. R. Kress, WES

New Biocontrol Agents
* W. C. Durden, USDA, Fort Lauderdale, and J. E. Freedman, WES

Computer Demonstrations

Simulation Models

* R. M. Stewart, WES
HYDRILLA & MILFOIL (Tuesday, 27 November, 8:30 a.m. - 12:00 noon)
INSECT & HERBICIDE (Tuesday, 27 November, 1:00 p.m. - 5:00 p.m.)
AMUR/STOCK & HARVEST (Wednesday, 28 November, 8:30 a.m. - 12:00 noon)

Expert System
* M. J. Grodowitz, WES

Aquatic Plant Imaging Project (32732)
* W. T. Jipsen, USAE District
Jacksonville, Florida
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Conversion Factors,
Non-Sl to S| Units of Measurement

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

Multiply By To Obtaln

acres 4,046.873 square meters

cubic feet 0.02831885 cubic meters

cubic yards 0.7645549 cubic meters

feet . 0.3048 meters

gallons (US liquid) per acre 0.00093 cubic decimeters per square meter
inches 2.54 centimeters

miles (US statute) 1.609347 kilometers

pounds {mass) 0.4535924 kilograms

pounds (mass) per acre 0.000112 kilograms per square meter
pounds (mass) per cubic foot 16.01846 kilograms per cubic meter
square miles 2.5895908 square kilometers

tons {mass} per acre 0.22 kilograms per square meter
tons {2,000 pounds, mass) 907.1847 kilograms
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Introduction

25th Annual Meeting
US Army Corps of Engineers

AQUATIC PLANT CONTROL
RESEARCH PROGRAM

Introduction

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

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

The technical findings of each research ef-

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

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

The contents of this report include the pre-

sentations of the 25th Annual Meeting held
in Orlando, FL, on 26-30 November 1990.

Introduction



Waelcoming Remarks

Welcoming Remarks

LTC J. D. Katin'

Let me welcome you all to the Silver Anni-
versary meeting of the Aquatic Plant Control
Research Program. It’s most appropriate that
the Jacksonville District was chosen as the
location for this meeting, as Florida has al-
ways been one of the busiest places for APC
activities.

The foundation for today’s APC Program
was laid during the last century when hei-
nous weeds clogged Florida’s waterways.
Your forbearers grappled with waterhyacinth
in the beautiful and busy St. Johns River in
the 1890’s. Joint efforts by the State’s citi-
zens and legislators, along with the Corps,
brought about language in the 1899 Rivers
and Harbor Act to deal with waterhyacinth
and other nuisance aquatic plants.

The modern Aquatic Plant Control Pro-
gram was authorized in 1965, and today we
work together with local, state, and other na-
tional agencies to combat plants that impede
navigation, interfere with recreation activi-
ties, and adversely affect water quality.

Legislation comes and goes, but it seems
our problems with aquatic plants will always
be with us, at least at some level. The good
news is that, with mechanical, biological,
chemical, and environmental manipulation
techniques, we are winning the battle. Re-
search in herbicide use for aquatic plant con-
trol in flowing-water situations has enjoyed
enormous success, especially in the Withla-
coochee River, which you visited yesterday.

I would like to emphasize the importance
of biclogical methods to fight nuisance
aquatic plants because, as most of you know,

the Corps of Engineers is moving into the
forefront of working to protect and preserve
the environment while we accomplish our
many missions.

The APC Program is a leader in this man-
date. As you forge ahead in researching new
techniques for managing aquatic plants, a
new foundation is laid for environmentally
sound solutions to man's challenges in the
21st century.

Due in part to chemical and biological
methods, waterhyacinth in Florida is at its
lowest level this century. The waterlettuce
weevil is doing a splendid job, as is the al-
ligatorweed flea beetle.

Throughout the years, my District has
funded important research involving mechani-
cal, chemical, and biological control technol-
ogy. We are convinced that these
investments have paid for themselves many
times over. The Aquatic Plant Control Opera-
tions Support Center is now entering its sec-
ond decade of service. The Center responded
to more than 140 contacts last fiscal year,
and expects another busy year.

Along with our partnership with the envi-
ronment, we enjoy a wonderful partnership
with many local, state, and national entities
that work in concert with us in managing nui-
sance aquatic plants. This relationship is cru-
cial to the success of the program, and I'm
confident it will continue to grow and flourish
like untreated hydrilla.

I wish you all a productive and stimulating
meeting.

I Deputy District Engineer, US Army Engineer District, Jacksonville; Jacksonville, FL.
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Significant Events, 1976-80C

A Perspective of Significant Events
in the Aquatic Plant Control Program
1975-1980

H. Roger Hamilton'

The Aquatic Plant Control Program has
been in existence for well over a quarter of a
century. Authority for the program is con-
tained in Section 104 of the River and Harbor
Act, approved 3 July 1958, as amended.

The first recorded annual meeting on this
topic occurred in Athens, Georgia, on

27 October 1965. That was 10 years before I
was appointed as Technical Monitor for the
program.

Since my term as Technical Monitor for
this program is the first one to be addressed
today, permit me to set the stage by telling
you what I know of the first decade of the
program, how I became involved in it, and
some history of what drove some of the early
decisions that charted the course of the
Aquatic Plant Control Program in the Corps
of Engineers and led to work under way
today.

Since the passage of the authorizing legis-
lation in 1958, the efforts of the Corps of En-
gineers in controlling aquatic plant
populations had been rather localized in na-
ture. The thrust of the operational work had
been limited to clearing and maintaining im-
portant navigation channels in the southeast-
ern United States. Research consisted of
arrangements with the US Department of Ag-
riculture and a few universities to identify in-
sect control agents and the development of a
laser-powered device to destroy plants.

Major General John W. Merris was Direc-
tor of Civil Works in the Office of the Chief
of Engineers. He was not satisfied with prog-
ress on three elements of his mission:

(1) Master Plan development and review,

(2) review of Environmental Impact State-
ments for operating projects, and (3) the
Aquatic Plant Control Program. In 1975, he
transferred responsibility for these programs
to the Recreation-Resources Management
Branch (now the Natural Resources Manage-
ment Branch) in the Construction-Operations
Division (now the Operations, Construction,
and Readiness Division) of the Civil Works
Directorate. As Chief of the Natural Re-
sources Management Section, I inherited all
three programs.

These additional duties were added onto
an already full schedule, a typical situation.
My plan was to ease into these new responsi-
bilities as I was able to learn something of
the current status of each and develop my
goals of future expectations. Two weeks
later I found new motivation to accelerate
that process when General Morris summoned
me to his office to present a status report on
my progress in each of the programs.
Clearly, I had been presented with the oppor-
tunity to succeed or fail—another typical situ-
ation. I immediately decided to succeed.

It did not take long to discover that much
work lay ahead to properly define the scope
of the aquatic plant problem and formulate a
strategy to elevate the visibility of the prob-
lem and set in motion a plan of action. The
first obvious item on the agenda was to deter-
mine the status of the program. Contact with
key District representatives was initiated, I
also called for a meeting with representatives
from the Waterways Experiment Station

(WES).

1 US Army Engineer Waterways Experiment Station, Vicksburg, MS.
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Stgniticant Events, 1975-80

After a series of meetings on the subject, I
confirmed several facts about the program.

* Operations had been confined to spe-
cific problem areas in the southeastern
United States. Accordingly, any visi-
bility for the program was regional in
nature.

* Operational efforts were primarily di-
rected toward maintenance spraying of
navigation channels and selected prob-
lem areas. Resources were not ade-
quate to make additional progress and,
in years of good plant growth, mainte-
nance of the high-impact areas was not
complete. Thus, the regional visibility
that we had was not always favorable.

* Research had been modest in scope.
The laser control device had been de-
veloped, but had not proven success-
ful. It was too large and cumbersome
10 maneuver into water areas where
the problem plants thrive. Some work
was under way to register herbicides,
and some limited work had been done
on biological agents. Mechanical har-
vesters of assorted descriptions, with
ranging capabilities and varying price
tags, were in various stages of develop-
ment and testing.

* Annual meetings were held beginning
in 1965, but attendance was limited to
the few operations and research person-
nel who were working on specific
problems in the Southeast. Profes-
sional interaction between the research-
ers and the practitioners was limited.

* Authority for planning and manage-
ment activities of the program was or-
ganizationally diverse among the
Districts and Divisions. One might
find this responsibility vested in an Op-
grations, Planning, or Engineering Di-
vision depending on which District or
Division office one visited. This situa-
tion was both good and bad. Commu-

Hamillon

nications in the “stove-piped” struc-
ture of the Corps of Engineers were
difficult. On the positive side, an ex-
cellent opportunity for cross-fertiliza-
tion of ideas and talents across
organizational lines was presented.

* Authorization authority for appropria-
tions was limited to $5 million annu-
ally. Actual appropriations fell well
below that authorization level, and the
available funds were directed almost
exclusively to maintenance activities,
primarily herbicide spraying in Florida
and Louisiana.

Based on this information and General
Morris’ instructions to “give the program na-
tional recognition without becoming a na-
tional problem,” I set upon a course to
reorder the implementation of the Aquatic
Plant Control Program.

Most of the limited funds were devoted to
maintenance spraying by in-house spray
crews and by contract. Little was spent on re-
search, and the coordination between re-
search efforts and operations needs was not
always obvious.

I made a conscious effort to divert more
funding to the research and development ac-
tivities, This was often at the dismay of Dis-
trict personnel who initially had to suffer
some slight budget cuts. However, funding
levels were quickly elevated to accommodate
maintenance work and enhance the research
level. T was convinced that long-term solu-
tions to a problem of this magnitude could
only come from a well-orchestrated research
and development program designed to pro-
vide a better understanding of the problem sit-
uation and explore all potential solutions.

Conversations with representatives of the
WES revealed that work had been under way,
primarily by the US Fish and Wildlife Ser-
vice, to develop the capability to produce a
monosexual population of a rather controver-
sial fish that was known to feed on aquatic
plants. The white amur or grass carp
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(Ctenopharengodon idella) was believed to
be a viable biological control agent. How-
ever, it had not been tested because many bi-
ologists and sportsmen feared that release of
the fish into American waters would result in
the destruction of habitat for game and for-
age species, in much the same way the re-
lease of German carp had done several years
earlier. Indeed, 22 states had laws forbidding
the possession of this species.

The ability to produce a sterile population
would facilitate such a test. Added safety
precautions were present in the configuration
and natural security of the test site. Lake
Conway, located just outside Orlando, FL,
was selected as the test site for a 5-year
Large-Scale Operations Management Test.

Lake Conway was essentially a closed sys-
temn, with outlets that were easily blocked to
prevent fish escapes. It contained a large
hydrilia population and was geographically
located to optimize the visibility of the field
test. We were gambling that the test would
be successful in terms of producing answers,
either positive or negative, regarding the util-
ity of the grass carp as a biocontrol agent.
The success would lie in the professional and
scientific approach to the field test, more
than in the answers that resulted.

This was the first such large-scale demon-
stration, and it was used effectively to test
the efficacy of this biocontrol agent under
conditions designed to prevent the release of
the fish into American waters, It also served
as an excellent vehicle to elevate and expand
the visibility of the Aquatic Plant Control
Program in positive terms and to build credi-
bility, both inside and outside the agency, for
our administration of the program.

The large-scale test was jointly sponsored
by Jacksonville District and the WES. This
arrangement worked quite satisfactorily and,
although all of the players might not have re-
alized it, set the stage for a similar field test
for control of waterhyacinths in Louisiana,
which was cooperatively managed by WES
and the New Orleans District.

WES MP A-91-3, June 1991
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Other dynamics of organizational evolu-
tion were also at work. The establishment of
the Aquatic Plant Control Operations Support
Center in the Jacksonville District was a di-
rect outgrowth. Planning for the Center
began in my term and was implemented after
my departure. Emphasis was placed on iden-
tification of personnel in field offices who
possessed the educational background and ex-
perience, along with the desire to make the
program successful. Efforts were then made
to get these key people assigned to the pro-
gram. They formed the nucleus of the profes-
sional staff to implement field planning and
operations functions and to advise the re-
search community of problems to be re-
searched and the applicability of research
results to field situations. Organizational
lines are still crossed, but in a very positive
manner with better products as a resuit. To
some extent, I feel the Aquatic Plant Control
Program has been a catalyst for positive
change in this regard.

The annual meetings were formalized and
structured to serve as a forum for interaction
among researchers and practitioners; among
Corps personnel and other Federal and non-
Federal representatives, university personnel,
and the private sector; among planners and
managers; and among representatives of any
sector that has an interest in managing popu-
lations of problem aquatic plants.

Guidance to Corps field offices was pre-
pared and distributed in the form of ER 1130-
2-412, Aquatic Plant Control Program. This
Engineer Regulation described the program
objectives and criteria and procedures for
recommending work in the program. Addi-
tionally, the policy guidance established the
requirement for an annual meeting to “pro-
vide for professional presentation of current
research projects, review of current operation
activities, and review of new research propos-
als.” That is why we are meeting this week.

The attendance of District and Division
personnel at the annual meeting was author-
ized by this policy guidance. This is a very
important point that might go unnoticed by

Hamilton



Significant Events, 1975-80

one not familiar with the operation of govemn-
ment bureaucracies. Interaction among scien-
tists and practitioners is essential to set and
achieve common goals in this program.
Travel funds and time away from the office
for regional or national meetings are often
difficult to obtain. Authorized participation
through the medium of an Engineer Regula-
tion, coupled with supplementary letters re-
questing District reports on the status of
operations and needs from the research com-
munity, is very important to the assurance of
participation and interaction by the right peo-
ple. If we get a “disconnect” between the
practitioner who has the problem and needs a
solution and the scientist who has the skill to
attack the problem and develop a solution,
failure is often the result.

To implement my decision to “drop the
losers and go with the winners” as a means
of gaining credibility and positive visibility
for the program, we examined all ongoing
and potential work. In summary, the follow-
ing major directional changes were made.

¢ The research on laser applications was
terminated. Some important informa-
tion had been gained, but there was no
need to go further. The most import-
ant thing we had learned was that, in
its configuration at that time, the ma-
chine was not effective for aquatic
plant control.

® Several mechanical harvesters were
developed and tested, mostly at the ex-
pense of the developer from the pri-
vate sector. Some showed promise;
several did not. Some major logistical
problems were encountered. For exam-
ple, transport of the harvested plant
material from its growing site to a dis-
posal site was time- and energy-con-
suming. Disposal of the material itself
presented problems. Travel by the har-
vesters to and from and within areas
that needed to be controlled was diffi-
cult or impossible. Harvesters gener-
ally lacked the ability to cover large
areas of plant infestation as efficiently

Hamilton

or as effectively as other control meth-
ods. Some proved successful for im-
plementation in limited areas.

* Efforts were made to discover benefi-
cial uses of harvested plants. If we
could create a market for the plants,
our problems would be solved. A low
grade of paper was made. The plants
were used as a soil supplement. They
were incinerated to provide energy.
Favorable results were minimal.

* Chemical applications were effective,
but primarily as a maintenance measure.
Registration by the Environmental Pro-
tection Agency limits the chemical for-
mulations that can be used.

* Biological controls such as insects and
fish seemed to present the most per-
plexing short-term problems, but also
seemed to hold the most hope for long-
term solutions.

¢ We thought about management strate-
gies, such as water-level manipulation,
that might be employed. Applications
were found in some situations, but
they were limited. We were too early
in the development of the program to
thoroughly think these concepts
through.

* Efforts were started to elevate the fund-
ing appropriations and authorization
levels.

During the review of past and ongoing
work and the attempts at setting direction for
the program, we were able initially to de-
velop the Aquatic Plant Control Program into
the subareas of chemical, mechanical, and bi-
ological. As the program developed, the terms
environmental manipulation and integrated
control evolved.

It was clear that a better understanding

of the ecology and physiology of problem
plants was essential to identification and
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development of control agents. It took a few
years (past my tenure) to begin that type of
research. It was also apparent that total costs
and benefits of the control of aquatic plants
were unknown, and techniques had not yet
been devised to perform such measurements.
We have just recently begun this work.

During the process of getting the program
up and running, much knowledge was gained
about the problem plant populations and their
impacts on water resources projects. How-
ever, it seemed that for each fact leamed,
about five questions emerged. The questions
were increasing geometrically, and the an-
swers were increasing only arithmetically—
in fractions.

This has been a very quick overview of

some of the highlights of the program during
a 5-year period. In summary, even though
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the program had been authorized and in oper-
ation as much as 17 years before I became in-
volved, a new direction was charted and
implementation began during the period 1975
to 1980. National visibility was achieved.
The program did not become a national prob-
lem, but problems of aquatic plant infestation
were discovered in several locations through-
out the Nation. A new direction for the pro-
gram was set in motion toward some realistic
and achievable goals. Those that followed
me have been very successful in steering the
program in 4 manner to improve management
of problem aquatic plant populations in our
Nation’s waterways. To them go any credit
for the success of this program to date.

It has been said that success is a journey,

not a destination. It was my privilege to par-
ticipate in a small portion of that journey.
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Significant Evants, 1980-82

Summary of Involvement as Technical Monitor
of the Aquatic Plant Control Research Program
1980-1982

Dwight L. Quarles'

1 was really thrilled to get the invitation to
come to this meeting. I look forward to see-
ing all the people I got to know when I was
involved with the program. Although excited
about the invitation, I was sort of concerned
as to just what someone who has been out of
the program for eight years could tell a group
such as this. My experience has been that
after being out of the program for a while
what I remember about it is sort of an assort-
ment of somewhat surrealistic recollections
of some events which occurred on my
watch. I'll share some of them with you.

I'm sure you have all heard by now about
the “dyslexic agnostic” who developed in-
somnnia and laid awake at night pondering the
question: “is there really a dog?” I must con-
fess that ] came in to the program as some-
what of a “dyslexic agnostic” (agnostic in
that I wasn’t sure if I believed in it, and dys-
lexic because it toock me a long time to figure
out how to look at it), Ileft a true believer. I
think I learned a lot about the program itself
and more broadly about the Corps and its
overall management of resources to accom-
plish work.

I became involved in fiscal year 1981
after Roger Hamilton rode off to Fort Worth
to work in the environmental planning area.
Roger left me some phone numbers at WES.
One day I finally called one of them, and a
voice on the other end (later identified as
Lewis Decell) said: “Send money.”

When I started as tech monitor, the age of
Aquarius was really in full swing. All you as-
trology buffs know that the zodiac sign

aquarius signifies the water bearer or water
carrier. When I became tech monitor, the age
of water hauling (also known as mechanical
harvesting program) was by far the largest
part of the program. Because of the high
water content of the plants harvested, we re-
ally did move a lot of water around in this
program. We also Jeamned a tremendous
amount about the harvesting and disposal of
problem aquatic plants.

In the mechanical program we had per-
formed somewhat like a “vegamatic” in that
we had:

sliced it throttled it
diced it trashed it
hauled it mashed it
mauled it thrased it
stowed it skewed it
towed it dreaded it
hedged it bred it
dredged it and
modeled it chopped it

but by no means stopped it. And Lewis Decell
said: “Send money.”

So like Lucrecia Borgia and her family,
we decided to resort to poison. This was
known as the chemical contro! work units.
Here we had Roundups and Rodeos, sprays,
emulsions, inverts, and pellets. We applied
by land, sea, and air. We used power boats
and air boats. We used fixed-wing and
rotary-wing aircraft. We treated lanes, areas,
floating species, and submersed species. We
obtained temporary registrations for at
least one herbicide. (All I can say about the

1 US Army Engineer District, Fort Worth; Fort Worth, TX.

10 Quaries
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temporary registration process is, don’t get
into it unless you are interested in self-
flagellation.)

We just drove those little growth hor-
mones crazy, and those little hormones con-
tinued to prompt growth. And Lewis Decell
said: “Send money.”

So we decided to feed the fish and the flea
beetles and other organisms. This effort was
called the biological control work units. We
tried the white amur, moths, beetles, and
fungi. And we probably tried critters I’ve
long since forgotten. We participated in the
US Patent process. We enjoyed our share of
success and failures.

We learned that biological techniques can
be political lightning rods, “Bass fishermen
just love hydrilla and they sure don’t trust
any weed-eating fish or the people proposing
to use such critters.” But the spread went on,
and Lewis Decell said: “Send money.”

At about this point someone asked “what
the heck makes these critters grow anyway”
or, more importantly, just what would limit
their growth? So we looked at physical re-
quirements, biclogical needs, synergistic phe-
nomena, man’s contributions (fisherman
spread, and aquarium industry effects), and
at the effects of controlling one species on
the growth of other species. Some of us won-
dered if allelopathic responses offered
any promise. Somewhere along here, I went
over the wall, escaped from OCE, and fol-
lowed Roger Hamilton’s tracks to Fort
Worth. And Lewis Decell said: “Send
money.”

My most vivid recollections about the pro-
gram are these four things: the most severe
problem, the biggest change to the program
structure, the best reaction to a request for as-
sistance, and what I contributed.

* Most severe problem: the fiscal year
1982 budget, when the Reagan Admin-
istration imposed a $1.5 million cut on
what was then a less than $5 million
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dollar-program. We all learned a great
deal about sharing by the time that
year was over. It was right about here
that Lewis Decell, and every other
manager involved in the program really
yelled: “Send money.”

Biggest change to program structure:
establishment of the Aquatic Plant
Control Support Center in the Jackson-
ville District. This provided an opera-
tionally orientated way of sharing
expertise among Districts with newly
emerging aquatic challenges. It offered
the Corps an additional way of getting
new ways of doing things to the field
offices, which were confronting prob-
lems that were new to them.

Best response to a request for help:

the 1982 Large-Scale Operational Man-
agement Test for waterhyacinth con-
trol in the Sacramento River put on by
the combined efforts of WES, the
Aquatic Plant Control Support Center,
the South Pacific Division and the Sac-
ramento District, and the State of Cali-
fornia. I believe that was one of our
best demonstrations of existing and
emerging technology in support of our
non-Federal partners that has been
done to date. It was done in an ex-
tremely condensed time frame and re-
ally got technology to the field
rapidly, while gaining considerable
support for the program. This was a
great “partmering” effort, although we
didn’t use that catchword at the time,

Best contribution I made: If I made a
contribution to the program it was that
I finally really listened to Lewis Decell,
and to many of our folks in various
Districts, when they all said: “Send
money.” We did some preliminary
work with the staffs of Senator Chiles
of Florida and Senator Stafford of
Vermont to address their considerable
interest in raising the statutory dollar
limit on the overall program from

Quarles
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$S million to $10 million. That
change did occur in July 1983, shortly
after I had departed for Fort Worth.

Now that I'm in Fort Worth I've learmed

to view events more and more from the
field’s perspective (although our folks at our

Quarles

lake projects constantly remind us that the
District Office really isn’t the field). So
now I join Lewis Decell and all our field ele-
ments when they implore the chief’s office
and OMB to recognize their requirements for
mission performance. In closing, I'll

leave you with one thought: “Send money.”

WES MP A-91-3, June 19891
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Significant Events
Aquatic Plant Control Research Program
August 1983-June 1989

E. Carl Brown!

Introduction

As requested by Lewis Decell, I will pro-
vide my perspective of the events and accom-
plishments in the Aquatic Plant Control
Program during my term as Technical Moni-
tor, from August 1983 to June 1989. My gen-
eral topics will be changes in policy and law,
program focus, and accomplishments.

The presentations by the speakers preced-
ing me have shown that the Aquatic Plant
Controi Program, as with any good program,
has continually evolved during the several
years it has been in existence. The period I
will be talking about was no different. It was
a time of growth and changes in the program.
Some of those changes we made happen;
some were thrust upon us.

Policy and Law

In the area of policy and law, there was
“good news and bad news.” First, some of
the good news. Section 104 of the River and
Harbor Act of 1958, as amended, set a $5 mil-
lion limit on annual appropriations for the
Aquatic Plant Control Program. By the early
1980's, the program had grown to the extent
that $5 million failed to cover the needs of
planning, control operations, and research.
Because of this, some friction had developed
between the planning, control operations, and
research proponents in regard to funding
priorities. Fortunately, the Supplemental Ap-
propriations Act of 1983 raised the annual
appropriations limit to $10 million. The

limit was again raised by the Water Resources
Development Act of 1986, to $12 million.

The authority to obtain more than $5 million
annually for the program relieved the funding
competition between the program elements.

The cost-share requirements for the
Aquatic Plant Control Program set out in the
Water Resources Development Act of 1986
(WRDA 86) and the implementation policy
that followed caused some waves that have
not yet calmed. WRDA 86 changed the cost
share for control operations from 70 percent
Federal/30 percent non-Federal to 50 percent
Federal/50 percent non-Federal. Section 104
of the River and Harbor Act of 1962 (PL 87-
874) had provided that costs for planning for
aguatic plant control would be borne fully by
the United States. WRDA 86 requires that
all planning beyond the reconnaissance level
shall be 50 percent Federal/50 percent non-
Federal. WRDA 86 also imposed a require-
ment for a Local Cooperation Agreement to
cover planning, and a different Local Cooper-
ation Agreement to cover control operations.
In addition, the implementation policy re-
quires that the work plan in the Local Cooper-
ation Agreement for control operations must
be renewed each year. As many of you
know, these changes were not received well
by our State aquatic plant control program
sponsors—especially those who have worked
so diligently with us for many years. In spite
of all these rough spots, the dedication and
perseverance of our field people and our
State sponsors held the program together, al-
though we know they carry some scars from
this period in the program evolution,

1 US Army Engineer Waterways Experiment Station, Vicksburg, MS.
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Program Focus

By 1984, two things had happened. First,
we were seeing more and more support voiced
for the positive value of aquatic plants in the
ecosystem. Second, I felt secure enough in my
knowledge of the program to start promoting
my ideas for program focus. So I'made a
strong pitch for moving toward a comprehen-
sive program of aquatic plant management,
rather than just aquatic plant control. We
made good progress with this program focus
between 1983 and 1989.

As a companion item to the comprehen-
sive management philosophy, I pushed hard
for strengthening the biological and ecologi-
cal research work units. There was no ques-
tion that the chermical, mechanical, and
physical research elements were (and are) im-
portant, but I perceived that we were lacking
in knowledge of life requirements of plants
that may help identify new and innovative
pathways to cost-effective control and man-
agement. There was some backlash from this
effort. Apparently, my enthusiastic support
for biological and ecological research made
researchers in the chemical, physical, and me-
chanical areas feel left out.

This “left-out feeling” manifested itself in
a presentation by a researcher from the Wa-
terways Experiment Station at one of our an-
nual program reviews. In that presentation,
the researcher compared the Aquatic Plant
Research Program to the plot in the Wizard
of Oz. I never quite figured out whether my
role in that comparison was the phony wiz-
ard, the wicked witch, or the scarecrow with
no brain. Considering the options, I decided
not to ask.

Researchers, please understand that I do
recognize the importance of all facets of the
Aquatic Plant Contzol Research Program.
Clearly, effective management and control of
aquatic plants is going to require wise use
and integration of all the tools available—bio-
logical, ecological, chemical, physical, and
mechanical.

14 Brown

Accomplishments

From August 1983 to June 1989, we were
able to

a. Strengthen the ties between research
products and operations and planning
needs.

b. Reinforce the concept of aquatic
plant management rather than just
aquatic plant control.

¢. Strengthen and expand the functions
of the Aquatic Plant Control QOpera-
tions Support Center, I commend
Bill Zattau and Pete Milam for their
successful efforts in this regard.

d. BEstablish an Operations/Planning
breakout session at our annual pro-
gram reviews to provide a forum for
information exchange on successes
and problems in planning and control
operations.

e. Sustain cooperation with the chemi-
cal industry in testing and adapting
chemical control agents for use on
aquatic plants.

f. Improve some chemical control for-
mulations,

g. Release personal computer-based
simulation models (expert systems)
for mechanical control operations and
white amur stocking rates.

h. Release four insect control agents.

i. Field test successful combinations of
fungus and bacteria for Eurasian mil-
foil control.

Conclusion

The period between August 1983 and June
1989 was productive. There were some anx-
ious moments, but the program survived. It
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survived because of the tenacity, professional-
ism, and teamwork of our sponsors, our Corps
field people, the Corps and contract research-
ers, and cooperating industry representatives.

My thanks to Lewis Decell for his guid-
ance and help while I was Technical Monitor.
Lewis is a good manager. Working with him
was and is interesting. You always know
where you stand with Lewis. He will tell you
if he doesn’t agree with you, which in my
case seems to be most of the time!

WES MP A-81.-3, June 1901
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My thanks also to Darrell Lewis, Bill
Rushing, and Jess Pfeiffer of HQUSACE for
their help and support. Finally, my thanks to
the Corps District and Division people, the re-
searchers, and sponsors who supported and
administered the program during my watch.

It was a pleasure working with you. Keep up
the good work. You are the best at what you
dol

Brown 16
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Significant Events
Aquatic Plant Control Research Program
1989-Present

J. W. Wolcotr!

Now—for the “new person on the block.”
[ started working with the Aquatic Plant Con-
trol Program in 1989, after Carl Brown left
Headquarters for the Waterways Experiment
Station. Let me say this: Carl Brown is a
tough act to follow.

The 1989 program review in Huntsville was
my first. It was an extremely stimulating
event, especially when the tornado struckl!
What is the current hurricane status here in
Florida?

I am honored to be part of the 25th meeting,
and am especially glad that Darrell Lewis,
Chief of the Natural Resources Management
Branch in Headquarters, is here. Darrell is
a strong supporter of the Aquatic Plant Con-
trol Program and will be here for the entire
meeting.

Lewis Decell asked me to speak on my ex-
periences since joining the program less than
2 years ago. My number one experience has
been the development of an appreciation for
your accomplishments. The Corps is the
recognized leader in aquatic plant control
technology development. You have accom-
plished this through partnerships—with other
Federal agencies, state and local governments,
industry, and other private sector partners.
The ongoing Joint Agency Plan for Aquatic
Plant Management on Guntersville Reservoir,
a Corps-TVA research effort, is a highly visi-
ble testimonial to your partnership successes.

Through research, technology development,
and technology transfer, on-the-ground
control programs have evolved from simple

chemical applications and harvesting efforts
to sophisticated integrated programs. The
integrated management techniques developed
and implemented several years ago are “ahead
of the curve” in comparison to other vegeta-
tion control programs. Your work with fish,
insects, and pathogens is commendable.

Reducing alligatorweed and waterhyacinth
to maintenance levels in the United States,
introducing biological agents for the control
of hydrilla and milfoil, and developing tech-
niques that permit chemicals to be used more
effectively and environmentally are major
success stories. And, we are sure there are
more to come. Incidentally, Darrell and I
witnessed an unprecedented level of hydrilla
control on the nearby Withlacoochee River
yesterday.

What is the “Vision of the Future” for
aquatic plant management? With new and
expanding infestations, there is no shortage
of research needs and opportunities in the fu-
ture. QOur biggest challenge will be funding,
as Congress wrestles with the Federal deficit.
We have about $1.5 million in unfunded
capability in the combined research and cost-
shared operations program in FY 91. In
EFY 92, we can probably expect the gap be-
tween needs and funded levels to remain, or
possibly broaden. In a constrained resource
environment, efficiency and money manage-
ment will become even more important.

Another part of our vision is environmental
management. Secretary of Defense Cheney
said “This administration wants the United
States to be the World leader in addressing

' Headquarters, US Army Corps of Engineers, Washington, DC.
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environmental problems, and I want the De-
partment of Defense to be the Federal leader
in agency environmental compliance and pro-
tection.” Mr. Stone, Secretary of the Army,
and General Hatch, Chief of Engineers, whole-
heartedly endorse this challenge.

This challenge offers the opportunity to in-
tensify the focus on biological controls and
integrated control programs, while helping
the beneficiaries understand and support the
value of past successes. I expect the Deter-
mining Economic Values of Aquatic Plant
Management work unit to help in this regard.
We also need to emphasize aquatic plant man-
agement by supporting wetlands restoration
and development, fish and wildlife restora-
tion, and other environmental initiatives.

Compliance with environmental laws and
regulations should be a top priority in both
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research and control programs in FY 91 and
the following years. We are developing an
Environmental Review Guide for Operations
(ERGO), to be distributed around the first of
the year. This checklist will help operational
managers determine their program strengths
and weaknesses.

In conclusion, aquatic plant management
is definitely a growth business (pun intended).
Y our combined research and operational ef-
forts have produced tremendous benefits for
this nation. Nowadays, 25 years is a long
time for a relationship to survive, but this
partnership of researchers and operators, and
of Federal, state and local governments, col-
leges and universities, and the private sector,
has strengthened as it has progressed through
time, and it is destined to continue. Keep up
the good work, and have a great “25th.”

Wolcont L
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Program Manager’s
Perspective of Significant Events
1975-1990

J. L. Decell!

This is the 25th meeting of the Aquatic
Plant Control Research Program. I have at-
tended 18, and have been responsible for con-
ducting the last 16. This particular meeting
has more meaning for me than just the nature
of the anniversary.

As the time to write my speech drew near, I
began to think *“What could I talk about that
would be appropriate for such a significant
meeting?” I decided that I would convey the
program’s growth over the last 25 years. But
then I thought, what would I use as a true mea-
sure of that growth? Funding is an indicator,
but money doesn’t assure growth—it simply
allows for growth and removes one excuse for
lack of growth. I decided that funding was not
an appropriate measure of our growth.

Next, I considered talking about the vol-
ume of technical information that has been
produced. As I began to consider this, I was
overwhelmed by the volume, and realized
that even at my very best, I could not do jus-
tice to the quality of this technical informa-
tion by using it as a basis for characterizing
the program’s growth.

I then thought of the possibility of discuss-
ing the continuity of our efforts. Although
we have remained continually alert to the
changing focus of interest and the varying na-
ture of the problems addressed, we have
maintained a consistency in our research that
has served us, and others, well.

Not able to cover the entire program, I
was then faced with the decision of which
program element would best represent this

continuity? Each technology area has main-
tained this continuity in its own right. No sin-
gle technology area or research unit has more
than another, because [ have always evalu-
ated them on their own merit, and their abil-
ity to meet their respective objectives.

So, if funding, technology, and continuity
do not serve my purpose for this talk—then
what? As I thought, two things became clear
to me.

First, growth was not what I wanted to
talk about at alll What I wanted to talk about
is success! Funding, continuity, technologi-
cal achievements, and even growth, are either
contributing factors to, or the result of, suc-
cess] The second factor is that the basis for
the success is the people who made it pos-
sible—mainly you!

So I decided that if I talk about the peo-
ple, and their efforts to respond to the often
difficult guidance provided by management,
I will not only convey the sense of the suc-
cess of this program, but I will lay the credit
squarely at the your doorstep where it right-
fully belongs.

So, I decided that I would talk about you
and me. “You” means everyone that [ have
come in contact with during my time as man-
ager of the research program. I'll start by
talking about me first. While that sounds
selfish, it provides me the opportunity to set
the stage for some things I want to say to
you. And, I also don’t have to end my talk
on an apologetic note, if I offend myself]

! 'US Army Engineer Waterways Bxperiment Station, Vicksburg, MS.
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My first involvement with the program
was conducting a research work unit for
Headquarters to develop a CO2 laser to con-
trol waterhyacinths. During this same time
Bill Rushing was in Puerto Rico, and re-
ceived funding to study some problem snails
and their relationship to aquatic plants.

Later, I was assigned responsibility for the
overall program and attended a meeting in
Washington, called by the Chief of Civil
Works of the Corps of Engineers, that was at-
tended by everyone who had—or was going
to have—involvement in management and
oversight of the program. Among other
things, the Chief of Civil Works stated that
he wanted this program to be *Nationally
known, without becoming a National issue,”

At the time 1 did not appreciate what he
meant, because I was too busy trying to deter-
mine the correct spelling for waterhyacinths.

My first commitment was to0 “market the
program.” With the support of Roger Hamil-
ton, who was the new Technical Momnitor, a
reorganization at WES that provided visibil-
ity, and the help of Bill Rushing, I set about
to market the Corp’s Agquatic Plant Control
Research Program to the Nation.

I was successful in obtaining non-research
funds from Headquarters to conduct a public
informatton program, and it remained in the
program for 3 years. This may have been the
only such effort in any research program in
the Corps, before or since. I decided that we
needed a logo to aid our visibility. Bill Rush-
ing produced the first program-level logo in
the Corps. It existed until 1988, when I re-
tired it when Bill went to Washington.

After about a year, [ realized that I was
marketing the program to the wrong audi-
ence. I realized that if we were to obtain the
funding adequate to provide the opportunities
for success, I needed to market the program
to the Corps of Engineers—not the entire
Nation! The market in the Corps is the Dis-
tricts, the users, the people with the problems,
those who pay the bills!
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As part of this marketing, I requested that
Headquarters allow the research program re-
view to be an integral part of this meeting,
and also require the operations personnel to
attend and give presentations on their opera-
tional problems.

It was about this time that I began to real-
ize that in forming a long-range outlook, I
was also, out of necessity, developing a philo-
sophical basis for my actions.

I adopted the notion that a worthy overall
purpose would be to conduct everything we
did as if our objective was to “put ourselves
out of business.” While [ realized it was
{and is) an unattainable goal, it served as an
unaffectable basis for evaluating decisions—
before implementation,

It was also a constant reminder to me that
if we did indeed “go out of business,” it
should be as a result of our own efforts, and
not the result of Headquarters eliminating the
unfit!

I began to instill the philosophy that we
should not be proponents of any particular
type of control method, but could only be pro-
ponents of the way in which we conduct the
research that provides the technology for
those control methods.

In addition, I suggested that in recom-
mending methods, each must stand on its
own merit in the context of site specificity.
Thus, no method should be promoted or ac-
cepted on the basis of promoting the disad-
vantages of a competing method.

I adopted the view that we have two
things to do: we advance the state of the
knowledge, and we advance the state of the
art. For my purpose, I defined the difference
between the two as simply what we know,
and how well we apply what we know, Re-
search certainly advances the state of the
knowledge, and has a stake in the subsequent
advancement of the state of the art. But it is
the operations elements of the Corps that are
the key to advancing the state of the art.
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I soon began to view the criticisms by the
field personnel in this context, and as a re-
sult, took their input in a more positive light.
It provided me with a productive basis for
overcoming existing sensitivities, and more
significantly, focused my thoughts on what it
really takes to develop and direct a true user-
oriented research program.

I realized that, like it or not, part of my job
was to satiate the researchers while satisfying
the operations elements (Purvis, Joe, Bill Z.).

Over time, I have dedicated much of my
effort to maintaining the APCRP to satisfy the
operational needs, the researcher’s visions, and
Headquarters’ views, without compromising
these general philosophies. 1 hope they are
now our philosophies.

And now to talk about you. In doing so, I
am going to run the risk of naming names.
The risk involved is not my fear of retalia-
tion, but the risk of overlooking someone. I
want you each to know that I am privileged
be working with each of you. There are a
representative few, however, that I want to
mention for the record. First, the Technical
Monitors.

Thank you, Roger Hamilton, for the initial
support that allowed some of the early visions
to become realities.

Thank you, Dwight Quarles, for the contin-
uing support at a time of transition, which al-
lowed us to maintain the momentum of our
initial program, and for making the Operations
Center a reality.

Thank you, Carl Brown, for your tireless
honesty and dedication to first understand
what it was all about, and then support it to
proceed even farther.

Thank you, Jim Wolcott, for your patience

and foresight to realize that it isn’t broken,
and your continued support.

Decsll

Thank you, Gerald Purvis, for making me
realize that support can come in many forms,
and for our long association.

Thank you, Bill Zattau, for making the Op-
erations Center the responsive reality that it
was intended to be—advancement of the
state of the art.

Thank you, Joe Joyce, for your contribu-
tions during those early years, when I learned
about the things that I didn’t want to know
about. Thank you for sustaining,

Thank you, John Frizzell, for my continu-
ing education on the complexities of industry
that made me realize that the Government bu-
reaucracy wasn’t so bad. You see, I'm now a
part of the bureaucracy—and I feel okay.

Thank you, Dr. Whalin and Dr. Harrison,
for continuing to provide the rope—without
the rope burns.

Thank you, Bill Rushing, for being the
“great facilitator,” for allowing me the lux-
ury to be creative, and to test and implement
ideas. It is evident that the APCRP would
not be where it is today without your contri-
butions, while you were at WES. Most of
all, thank you for remaining my friend after
14 years of working for me.

Thanks to the Environmental Laboratory
Group Chiefs who have supported the pro-
gram by assuring the successful completion
of the work of their researchers.

Last—and certainly most important—to
the Environmental Laboratory researchers
whose cooperative efforts make the word
teamwork an inadequate descriptor.

I thank you for your dedication, your
integrity, your guidance, your arguments, and
your confidence, which provide me with the
basis to envision and formulate our future
direction.
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Most of all, thank you for your patience.
Increased funding, in itself, puts the pressure
of responsibility to produce on responsible
people. I have been very demanding in re-
quiring results, and you have continually re-
sponded. As aresult of your efforts in
accepting this view, the APCRP has no equal
in the development of nationally applicable
technology for APC.

Periodically, during these last 15 years, in
spite of my best efforts, I was overtaken by
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events. I want you to know that you have
been overtaken by a major event—success—
and I thank each of you for your contribution.

There are two kinds of people that are in-
volved in research: those who manage what
they do not understand (me) and those who
understand what they do not manage (you).

I think this is our team. And I am honored
to be a part of it.

Decsll
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Lewisville Aquatic Ecosystem Research Facility:
Progress Report

R. Michael Smart!

Introduction

The USAE Waterways Experiment Sta-
tion, under an agreement with the US Army
Engineer District, Fort Worth, recently began
operation of the Lewisville Aquatic Ecosys-
tem Research Facility in Lewisville, TX.
The facility consists of 55 earthen ponds and
18 flowing water mesocosms which are sup-
plied with water from Lewisville Lake, a
Corps reservoir immediately adjacent to the
facility. The facility is being developed and
used by the Aquatic Plant Control Research
‘Program (APCRP) as a national center for
conducting aquatic plant research. Research
conducted at the facility will support each of
the technology areas included in the APCRP.
With the addition of this pond facility, the
APCRP now has an intermediate-scale
research environment that will facilitate the
extrapolation of laboratory-derived technol-
ogy to the solution of real-world problems.

Facilities

Renovation of the laboratory building,
which was begun in fiscal year (FY) 1989,
was continued in FY 1990, with the addition
of an office wing containing three offices and
a small meeting room. The two laboratories
are being furnished and equipped based on
immediate needs and availability of funds.
Plans are to have the laboratory equipped for
processing and analyzing of plant, water, sed-
iment, and fish samples by the end of FY 91.

Renovation of the ponds is continuing at a
pace dictated by the demand for ponds, their
condition, and the availability of funds. The

number of fully functioning ponds currently
exceeds our estimates of APCRP demand for
the next several years. Excess ponds will be
made available for aquatic and wetlands
research to WES, other Federal and state
agencies, and colleges and universities on a
space-available, pay-as-you-go basis.

One of the mesocosm facilities has been con-
verted to a greenhouse containing six flowing-
water, concrete raceways measuring 20 by 3 by
2 ft deep. These mesocosms are equipped with
flowing lake water and can be used for con-
ducting flow-through studies or smaller scale
studies to supplement larger scale work in the
ponds. These systems have been used for
maintaining large numbers of waterhyacinth
plants through the winter period.

A meteorological station has been collect-
ing data for over 1 year, and several of the
ponds have been equipped with data loggers
and environmental monitoring equipment for
obtaining continuous records of environmen-
tal conditions in the ponds. Facility person-
nel are also collecting water quality data (pH,
dissolved oxygen, conductivity, and tempera-
ture) weekly. All of these data are available
in digital form to researchers using the ponds.

Personnel

The full-time staff now includes three sci-
entists, three graduate contract students, and
one undergraduate contract student, Dr. Gary
Dick is working with us through an inter-
governmental personnel act agreement with
the University of Southern Mississippi. Gary
is managing the ponds and the physical

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

Lewisville, TX.
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facilities. Dr. John Madsen is working with
us through a delivery contract with ASci Cor-
poration. John is an aquatic plant ecologist
conducting research on the phenology of
aquatic plants, primarily waterhyacinth. The
author has relocated from WES in Vicksburg,
MS, to the Lewisville facility to direct the ex-
panding research activities there and to con-
duct research on competitive interactions
among introduced and native species of sub-
mersed aquatic plants.

Research Activities

The facility is currently supporting re-
search in most of the technology areas of the
APCRP. Biological control is represented by
a field test of a commercial formulation
(mycoherbicide) of a microbial pathogen,
Mycoleptodiscus terrestris, developed by
EcoScience in cooperation with WES re-
searchers. Ecological technology is being de-
veloped in studies of the effects of Hydrilla
populations on fish production and in studies
of competitive interactions among native,
nonweedy species and introduced, weedy spe-
cies of submersed aquatic plants. Applications
technology is being developed in studies of
the efficacy and environmental effects of
benthic barrier application for control of sub-
mersed aquatic plants and in studies of the
phenology of waterhyacinth. Simulation
technology is being developed by a coopera-
tive expansion of the study of waterhyacinth
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phenology to include aspects of production
biology and ecology which are needed for
validation and improvement of an operational
model incorporating a waterhyacinth growth
simulation module. Chemical control tech-
nology will benefit from studies currently
being planned for conduct at the Lewisville
facility. These studies will likely include
field tests of efficacy and environmental ef-
fects of chemical controls as well as methods
for using existing chemical controls to
achieve species-selective control.

Since the available facilities at Lewisville
exceed the current research needs of the
APCRP, unused ponds will be made available
for other aquatic and wetland research efforts.
The ability to completely control the hydrol-
ogy of the ponds makes them ideally suited
for a variety of aguatic ecosystem, water qual-
ity, and wetland studies.

Information Exchange

An information exchange bulletin describ-
ing the facilities and capabilities of the
LAERF was published. A color brochure de-
scribing the facility and its intended use for
aquatic plant and aquatic ecosystem research
related to the mission of the Corps of Engi-
neers was also produced. These items are
available from the author or from the Manager
of the ERRAP, WES.
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Valuation of Aquatic Plant Economic Benefits

Jim E. Henderson'

Aquatic plant control programs produce
economic benefits through increases in the
public goods and services supported by
aquatic plant control. The need to quantify
economic benefits for use in planning and
management decisionmaking is being ad-
dressed by the Economic Values of Aquatic
Piant Control Work Unit, part of the Gunters-
ville Lake Joint Agency Project being con-
ducted by the Tennessee Valley Authority
(TVA), the USAE District, Nashville, and
the Waterways Experiment Station (WES).
The objective of this work unit is to incorpo-
rate economic valuation techniques into
aquatic plant programs.

The total economic value of natural
resource management programs, such as
plant control, is the sum of the value of the
services resulting from operation of the
resource. Goods and services supported by
aquatic plant control include such things as
navigation, flood control, hydropower, and
recreation (Figure 1). The intent of eco-
nomic analysis is to identify and quantify the
benefits and costs for each of these services.
The objective of considering economic costs
and benefits is to provide for better decisions
through consideration of all impacts and ben-
efits and costs. Economic analysis requires
identifying the public’s perceptions of
aquatic plants and aquatic plant problems,
preferences for contro} measures, and valua-
tion of different control alternatives.

The intent of this work is to provide
planning and operations personnel with ways
to quantify costs of aquatic plant problems
and the benefits from aquatic plant manage-
ment, thereby providing a better basis for
decisionmaking.

B NAVIGATION E WATER SUPPLY
El RECREATION [ INTANGIBLE
& IRRIGATION T HYDROPOWER

Figure 1. Total economic value

Literature Review

Early in fiscal year 1990, a literature re-
view was performed by Dr. Eric Thunberg of
the University of Florida. The review exam-
ined reports and documentation from Corps,
state agencies, and academic interests to de-
termine how economic costs and benefits
were addressed. Overall, economics was ad-
dressed in a cursory manner, if at all. Recre-
ation benefits were addressed most often.
However, some of the recreation benefits
were addressed without good information on
recreation use, preferences, or recreation de-
mand. Many studies focused on losses in
benefits from the authorized purposes of the
project. That is, for a navigation project, all
benefits from contro! or losses due to aquatic
plant were considered navigation benefits
and losses, ignoring the recreation and other
services provided or affected by aquatic
plants. In all cases, the benefits estimation
procedures were not well documented.

1 US Army Enginecer Waterways Experiment Station, Vicksburg, MS.
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Lake Guntersville

Lake Guntersville is the study area for
applying economic methods to aquatic plant
management. The lake is a 70,000-acre
impoundment on the Tennessee River in
northeastern Alabama. Guntersville is part
of the Tennessee River navigation system,
supporting movement of grain and other
agricultural products, as well as coal.

The lower end of the reservoir is formed
by a number of inflowing creeks which form
extensive shallow embayments popular for
fishing, waterskiing, and pleasure boating,.
The shallow embayments are also highly suit-
able for growth of aquatic vegetation. Boat-
ing access is supported by about 35 boat
ramps, 20 marinas, and numerous other ac-
cess points. The upper end of the reservoir is
more riverine in character, with fewer devel-
oped facilities and more dispersed or infor-
mal use. There are over 50 subdivisions
along the shoreline, with over 3,000 lots.
Many of these homes have boat houses with
direct access to the lake.

Two studies are under way at Lake
Guntersville—a Recreation Study and a Land
Values Study. Beginning in February, a year-
long survey will be undertaken to determine
the impact of aquatic plants on recreation and
recreation benefits, and to determine percep-
tions of aquatic plants. The Land Values
Study is intended to determine the relation-
ship of aquatic plant infestations to the value
of residential property.

Recreation Study

The recreation survey will interview recre-
ation users at marina, ramp, campground, and
dispersed or informal use areas. A separate
residential survey will be initiated later in the
year. The purpose of the Recreation Study
surveys is to determine (1) perceptions of
aquatic plants, (2) perceptions of aquatic
plant control, and (3) valuation for recreation
under different aquatic plant conditions.
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Surveyors will ask recreators about their
recreation use, including recreation activities
and amount of use (e.g., length of stay, how
recreation is affected by aquatic plants, and
perceptions of aquatic plant problems and
preferred levels of control). Two important
questions are the following:

How would you describe the aquatic plants’
impact on your recreation activity today?

A. Ahelp

B. Doesn’t affect my activity
C. Bothersome only sometimes
D. Bothersome most of the time
E. Don’t know

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

As much as possible
Somewhat more than presently exists

The same as presently exists

oo ® »

Less than presently exists but at least
some

E. No coverage; eliminate the plants

F. Don’t know

Responses to these types of questions give
an indication of perceptions of impacts on
recreation activities and perceptions of desired
levels of plants. Looking at these responses
broken down by the recreation activities
(e.g., fishermen versus pleasure boaters)
helps determine the differences in preferred
amount and location of plant coverage. In
this way, consensus and conflicts between
user groups are identified.

The fishing at Guntersville has received
much publicity in sports fishing circles, with at-
tention to the benefits of aquatic plants for fish
habitat. For this reason, a section of the ques-
tionnaire elicits perceptions from fishermen

Henderson



Vajuation of Economic Benefits

about the perceived relationship of aquatic
plants to the size and abundance of fish, pref-
erences for large or small patches of aquatic
plants, and the need for management of
aquatic plants.

The recreation surveys will be administered
face-to-face at campgrounds, boat ramps, and
other access points. At the conclusion of the
interview, the respondent will be given a sur-
vey form to take home and retumn by mail. The
mailback survey is an Expenditure Survey and
collects information on the trip expenditures,
e.g., camping fees or lodging costs, for the
trip to Guntersville. A second part of the
Expenditure Survey collects information on
yearly expenditures for recreation, such as
equipment, boats and fishing tackle, and in-
surance, Data collected from the Expenditure
Survey will be used to determine the economic
impact of recreation at Guntersville.

The benefits and costs of public programs
are used to evaluate the extent to which pro-
grams are effective in meeting objectives,
and in some cases whether the programs exist
at all. Recreation sometimes has difficulty in
competing with other project purposes because
of the nonmarket nature of recreation experi-
ences and benefits, and lack of experience
with estimating recreation benefits. For rec-
reation, economic benefits arise from people’s
willingness to pay (WTP) for recreation.

The WTP concept is used for nonmarket
valuation of nonmarket goods and services,
that is, for recreation, aesthetics, and for other
public goods and services that exist and are val-
ued by people but are not traded in a market.
This is contrasted with navigation benefits,
where the benefit is taken as the cost savings in
transportation costs of waterborne versus rail
or highway transport. Similarly, for flood con-
trol, benefits represent the amount of annual
flood damages prevented. Flood control and
navigation benefits can be readily determined
because of the market nature of the services
provided by navigation and the goods incorpo-
rated in flood control losses.

Hendearson

In cases such as aquatic plant conirol or
other changes in natural resources, the appro-
priate method of determining benefits is the
Contingent Valuation Method (CVM). The
CVM method is used to elicit values for WTP
from respondents by posing or describing a
scenario of resource conditions and having
the respondent state (1) their recreation use
under those conditions and (2) their WTP for
recreation under the conditions of that sce-
nario. In the case of aquatic plant control,
scenarios may include descriptions of aquatic
plant coverage and distributions, fishing suc-
cess, number or type of fish caught, or fre-
quency of interference with boat operations
caused by aqguatic plants.

In order for respondents to the CVM sur-
vey to give reliable WTP and judgments on
their changes in recreation use, it is critical
that the control alternatives be presented in
realistic terms that respondents could easily
relate to and understand. Three acreage cov-
erages could be included in the CVM scenar-
ios: historical high plant coverage in 1988 of
20,000 acres or 21 percent of the reservoir;
current (1990) conditions of approximately
11,000 acres; and stated goal of the Joint
Agency Project to manage at no more than
7,000 acres or 10 percent of the reservoir,

In anticipation of preparing scenarios for
the CVM survey, it was apparent that infor-
mation was needed not only on potential
acreages of plants, but also on where the
plants would be located in the lake. In terms
of recreation access and recreation use, the
distribution of plants may be of greater im-
portance than absolute number of acres. To
obtain technical guidance on how to portray
the distributions in the CVM questionnaire,
the Technical Advisory Panel (TAP) was
formed. Representatives of those disciplines
or interests that are affected or supported by
aquatic plants or control activities were in-
cluded (water quality; fisheries; recreation;
waterfowl, wetlands, and wildlife; and
aquatic plant control). A TAP meeting was
held in Huntsvilie, AL, on November 6-7.
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TAP members were academic, private sec-
tor, and state agency personnel (not part of the
Joint Agency Project). Their charge was to de-
velop a plant distribution map for the reservoir,
taking into account the multiple disciplines
that are involved. This was accomplished in a
number of steps. Each discipline or group
first developed a set of criteria or rationale
for the distribution of plants in an area. The
Water Quality and Aquatic Plant Control
groups used criteria for not controlling or not
wanting plants, such as near water supply in-
takes and in front of shoreline development,
public use areas, and mosquito control areas.

Ideally, the distributions could have been
digitized on a Geographic Information Sys-
tem (GIS), greatly increasing the ease of the
process. While this capability will be avail-
able later in the project, the GIS capability is
not currently available. (For instance, a GIS
layer on bathymetry, or water depth, would
have assisted the groups in determining how
far into the river the plants would invade be-
fore reaching water too deep for rooted vege-
tation (about 6 meters).) However, the TAP
groups had to use the navigation charts which
delineate the navigation channel (15 feet).
Having the groups mark plants on maps of the
reservoir is clearly a rudimentary way 10 ac-
complish the work, but was required due to the
timing of the CVM surveys.

Using the criteria as a guide, the groups
marked maps of the reservoir to show plant
distributions. The groups used three priority
classes for the plant distributions, indicating
the importance or desirability of having
plants, thus accommodating the need to show
varying acreages of plants. The marked
maps appeared as the large areas of the high-
est priority for plant distributions, encircled
by areas of less priority. These representa-
tions showed that a core amount of plants
would grow in areas, the extent of the core
areas determined by control efforts and natu-
ral fluctuations in water levels and other
growth determinants, .g., nutrient input.

The groups made presentations of the five
distribution maps, explaining the rationales
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for optimal distribution. Using a dot grid
counter to approximate acreage, the optimal
distributions ranged from a 7,000-acre
minimum for the Recreation group to approxi-
mately 15,000 acres (Priority I and II) for the
Fisheries group. There was a great deal of
overlap for the distributions, but also many
points of conflict between groups.

Specific recommendations or criteria of in-
terest include:

a. Aquatic Plant Management-—No
plants near shoreline developments, a
150-foot clear swath to be maintained
in front of priority areas of shoreline
development, public use areas, and
mosquito control areas.

b. Water Quality—One mile clear of
plants on each side of water intakes;
effects of wind-induced waves and
currents during storm events require
this level of control. Plants should
be distributed to improve water qual-
ity (specifically, plants should be left
in areas of high nutrient input, since
algal blooms would occur without the
macrophytes) and to trap sediments
and pesticides from agricultural run-
off; plants should also be left near a
paper mill and steam power plant for
uptake of heavy metal and organic
constituents.

c. Wildlife, Waterfowl, and Wet-
lands—Plants should be maintained
in the wildlife management areas, lo-
cated in the upper end of the reser-
voir, and near caves. Preferred areas
for wildlife and waterfowl are away
from municipal, residential, or indus-
trial areas; the wildlife distribution
map had few plants on the more de-
veloped lower end of the reservoir.

d. Fisheries—Improvement of fishery
by managing smaller contiguous mat
areas; cutting nymerous boat lanes;

Hendarson



Valuation of Economic Benefits

and management for a diversity of
fish species.

e. Recreation—Maintaining access,
preserving aesthetics, and controlling
plants along developed shorelines,
near boat ramps, and along residen-
tial home lots. Waterskiing and plea-
sure boating are primarily on the
embayments of the lower end, but
some vegetation should be left for
edge effect and to benefit wildlife.

At the conclusion of the presentations, the
groups developed a consensus distribution map
by identifying the conflicts between the five
distributions. Trade-offs between groups were
accomplished through discussions about cri-
teria and rationales for controlling or not con-
trolling plants in specific areas. A consensus
distribution map was prepared, representing all
the trade-offs between the groups. Using a dot
grid and manually counting the consensus
plant distribution, there was approximately
14,000 acres of plants. The consensus distribu-
tion map is being digitized at TVA for accurate
determination of acreage, and is being cor-
rected for such things as lake areas that are too
deep for plants or other constraints not repre-
sented on the maps.

The consensus distribution map, with pri-
ority areas marked, will be used in formula-
tion of the CYM scenarios. When draft
scenarios have been prepared, they will be
circulated to TAP members for review and
comment so that the surveys will use plant
distributions and acreages that are relevant
to the lake users’ use and valuation of their
recreation experience.

To summarize the Recreation Study, the
onsite surveys will be used to estimate the
existing recreation use of the lake, and to
gather information on perceptions of aquatic
plants and aquatic plant problems. The
mailback Expenditure Survey, given to the
onsite respondents, will be used to collect
data on the trip expenditures for recreation
users of Guntersville Lake and the annual
expenditures for equipment, such as boats,
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fishing tackle, fishing licenses and hunting
leases, and other recreation expenditures as-
sociated with more trips than just the one
visit to Guntersville. The expenditure data
will assist in determining the economic im-
pact of recreation at the lake.

The CVM surveys will use different man-
agement or control alternatives to elicit how
the recreation use will change and what the
recreator’s WTP will be for the different al-
ternatives. Through collection of WTP infor-
mation, the economic benefits of different
control alternatives are determined.

Land Values Study

The purpose of the Land Values Study is
to determine the effect of aquatic plant infes-
tations on residential land values. At
Guntersville, a Hedonic analysis is being
used to determine the effect of aquatic plants
on residential land values. The Hedonic Ap-
proach is an economic valuation method used
to relate changes in market value to the natu-
ral resource attributes affecting market val-
ues. This is basically a regression analysis
relating changes in market values to changes
in aguatic plant conditions over the years.

This analysis requires several data sets
that are being assembled. A database of the
over 3,000 lots around the reservoir is being
compiled from the tax maps. A sample for
analysis will be drawn from this database.

For development of a model, measures are
needed of total annunal coverage as well as lot-
specific coverage; this information will come
from photo-interpretation.

At this point, the model development for
aquatic plants is being examined. Hedonic
analyses in the past have been used for valua-
tion of natural resource characteristics such
as wetlands preservation and water quality,
where the change in natural resources was
unidirectional, either exclusively increasing
or decreasing. For aquatic plants, the acre-
ages increase and decrease; the change is not
unidirectional, making the modeling process
more complicated.
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Further Work

With the Recreation Study surveys under
way, the next work effort will be to look at
those other economic services that are affected
by aquatic plants. For example, hydropower in-
takes that are clogged by aquatic plants result
in increased costs for power production. These
and other changes in project operations caused
by aquatic plants will be identified to deter-
mine how economic benefits change as a result
of aquatic plants and aquatic plant control.

Summary

The objective of the Economic Values work
is to apply economic analysis methods to
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aquatic plant control programs. This requires
gathering information on public perceptions
and preferences on aquatic plants and control
efforts, as is being accomplished through the
onsite surveys. Determining the total eco-
nomic value of aquatic plant control requires
looking at all economic goods and services af-
fected by aquatic plants. The Land Values
Study and the upcoming work looking at other
affected services, such as hydropower, will
cover the range of impacts of aquatic plants on
economic benefits. The results of these efforts
will be formalized into guidance for valuation
of aquatic plant control, with the overall objec-
tive being that aquatic plant control programs
can be evaluated considering the range of
goods and services, costs, and benefits af-
fected by aquatic plants and control efforts.
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Video Imaging Project for Aquatic Plant Mapping

Wayne T. Jipsenl

introduction

Throughout the history of aquatic plant
control efforts, field-level managers have
been faced with several problems inherent to
the basic ecosystem in which those efforts
were conducted. Major problems included
location of target species, quantification of
plant populations, and evaluation of treat-
ment efforts on those populations. Today’s
manager faces these same problems, in addi-
tion to the added challenge of accomplishing
an increasing workload with decreasing bud-
gets and manpower.

The problems associated with locating
target species take several forms. Floating
plant (waterhyacinth and waterlettuce) popu-
lations are coming under maintenance con-
trol in many areas of the southeastemn United
States. This presents the new problem of
locating smaller populations of the target spe-
cies over a wide area of responsibility. Sub-
mersed species such as Eurasian watermilfoil
and hydrilla are spreading in many areas of
the country. One of the most effective and
cost-efficient control techniques for these
two species is to locate and treat pioneering
populations prior to their rapid expansion
into the water body.

Quantification of floating plant popula-
tions on the water and of submersed species
populations within the water column is much
more difficult than the estimation of terres-
trial populations. The potential for move-
ment of floating plants presents the problem
of redistribution of the population from one
area of a water body to another. Delineating
the limits of a submersed plant population is
an essential first step in planning treatments

as well as predicting budgetary and man-
power requirements.

Once aquatic plant populations have been
treated, managers must evaluate those treat-
ments to determine their effectiveness and to
schedule any follow-up treatments that may
be necessary to control the target species.
This evaluation process faces the same inher-
ent problems as the original location and
quantification phases.

Project Background

A work unit was created and a search was
conducted to evaluate a technological ap-
proach to finding a solution to these prob-
lems. On 29 September 1989, a contract was
awarded to Enviroscan, Inc., to develop an ae-
rial imaging system and train selected field
personnel in its use. Three initial sites were
chosen for the demonstration and evaluation
of the system. Those sites and their primary
intended uses for the system were:

¢ Lake Barkley (Nashville District)}—
locate, identify, and quantify submersed
aquatic plants in late spring to assist in
the formulation of treatment plans for
the summer season.

¢ Lake Okeechobee (Jacksonville Dis-
trict}—locate, identify, and quantify
floating plant populations on a regu-
larly scheduled, year-round basis;
quantify and evaluate ongoing treat-
ment operations.

¢ Lake Seminole (Mobile District)—
locate, identify, and quantify submersed,

! US Army Engineer District, Jacksonville; Jacksonville, FL.
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emergent, and floating plant populations
for planning and evaluation purposes.

Water Watch systems were installed at the
three selected projects during late March
1990. This was followed by a 3-day training
session for all participants at the Natural Re-
sources Office - Clewiston, FL, on 28-30
March 1990.

Materials and Methods

The Water Watch system developed under
this contract utilizes a combination of the fol-
lowing hardware and software items:

* Personal computer with mouse

*  Artist illustrator board

*  Water Watch Software

* Black-and-white VHS video camera
* Lens and filter system

* Four-head video recorder

¢ Power converter 1o allow use from 12-,
24-, and 110-volt power sources

* Sony video monitor

By following a strict series of protocols
(defining the desired report content, planning
and executing the flight, performing the labo-
ratory analysis, and producing the final report),
the operator is able to gather and process the
data in the most efficient manner. During the
planning process the operator takes into ac-
count various details necessary to ensure data

integrity.

During the data collection phase, the Water
Watch flight system is installed in an airplane
and flown over the target areas. Data are col-
lected on VHS video tape using a preselected
camera, lens, and filter combination.
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In the laboratory, the data are processed in
accordance with the predefined protocol for
that flight. Using the software program to
false-color the data ranges corresponding to
the targeted plants, the operator is able to lo-
cate and quantify populations of that target
species.

Results and Discusslon

Several obstacles have prevented full test-
ing and evaluation of the Water Watch system
to date. During the data processing phase of
the earliest flights, several software problems
became evident. A contract with Enviroscan,
Inc., to correct these problems was signed in
the fall of 1990, and the software enhance-
ments are scheduled to be delivered in early
1991.

The first enhancement will integrate a
mouse-driven masking routine into the pro-
gram. This will allow the operator to mask
unwanted data from the screen prior to the
quantification process. Without this routine,
problems were experienced with the overlap
of aquatic and terrestrial vegetation profiles.
This manifested itself in the form of in-
creased acreage counts in areas such as
lakeshores, riverbanks, and islands where
both vegetation types existed on the same
data collection screen.

The second major improvement in the soft-
ware will provide automated digitalization of
set transects. This option should greatly de-
crease the amount of time needed to process
the data from a given transect while increas-
ing the accuracy of those data. In the origi-
nal version of the software, the operator had
to stop the video at each screen frame and
process the data. This process was very time
consuming on long transects and, since frame
alignment was manual, accuracy was greatly
affected by the individual operator.

While these problems have slowed the eval-
uation phase of this demonstration project,
some flights have been undertaken, and base-
line data are being gathered. Utilizing the sys-
tem as a tool to aid in target species location is
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the easiest application of its potential uses.
This allows the operator more freedom in the
use of camera angles to enhance the data-
gathering abilities of the video equipment.

As a tool for quantification of target spe-
cies populations, the upcoming software en-
hancements should greatly improve the
program’s capabilities. Both efficiency (in
the form of speed of data processing) and ef-
fectiveness (in the form of greater accuracy)
will be increased.

Increased operator familiarity brought on
by experience will also improve the system’s
capabilities to be better tested. As operators
at each demonstration site continue to evalu-
ate the system, they will learn and share
shortcuts and improve their own data interpre-
tation techniques.

Summary and Future Work Planned

The Water Waich system as developed by
Enviroscan, Inc., is in the early stages of eval-
uation. Upcoming software enhancements
will greatly increase the system’s efficiency
and effectiveness. Results of early tests are
mixed (as reported by the three test sites), but
all demonstration sites felt that the system has
potential and will require further testing.

Further study is needed to determine the
optimum lens/filter combination for use with
the various target plants. Seasonal variation
in plant physiology, contrasts to adjacent
plant populations, and seasonal water quality
changes are some of the factors that need to
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be considered. As more studies are con-
ducted in these areas, a larger selection of fil-
ters should become available to the Water
Watch system operator. Development of ad-
ditional filters will allow the operator to key
on those plant properties or ecological param-
eters that will provide maximum contrast be-
tween target and nontarget species.

Water Watch equipment and technology
have already been adapted to other natural
resource tasks at several of the demonstration
sites. Shoreline management activities, docu-
mentation of encroachments, timber and land
management, wetlands management, and veg-
etation inventories are some of the fields into
which this system can be adapted at the proj-
ect level in the future. Expansion of system
use into other management areas will in-
crease the cost effectiveness of the equip-
ment and may allow a wider range of
projects to incorporate its use into their over-
all management strategies.
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Ecology of Submersed Species

History and Overview of Corps of Engineers-Sponsored
Advances in Aquatic Macrophyte Ecology

John W. Barko!

Introduction

Research within the ecological technology
area of the Aquatic Plant Control Research
Program (APCRP) over the past 10 years has
been directed primarily toward determining
the response of submersed aquatic
macrophytes to environmental factors. A va-
riety of environmental factors interact in
affecting the productivity, distribution, and
species composition of submersed mac-
rophyte communities. Foremost among these
are light, water temperature, nutrients (includ-
ing inorganic carbon), and sediment compo-
sition.

During the past 5 years, ecological re-
search within the APCRP has been expanded
10 consider complex interactions among envi-
ronmental factors and submersed macrophyte
growth. Most recent studies have focused on
mechanisms whereby submersed macrophyte
communities influence envirgnmental condi-
tions. It is now apparent, based on results of
field as well as laboratory investigations, that
submersed macrophytes play an active role in
affecting environmental conditions.

The purpose of this article is to provide an
overview of major Corps-sponsored advances
in aquatic macrophyte ecology, based on re-
search activities in the APCRP during the
past 10 years. In addition, this article summa-
rizes current research activities and high-
lights results of studies reported in greater
detail elsewhere in this proceedings.

Light and Temperature

Light is important in determining macro-
phyte morphology and distribution (with lati-
tude, season, and depth), thereby influencing
productivity and species composition as well.
Differences in the morphological and/or
physiological adaptability of submersed
macrophyte species to various conditions of
irradiance partially account for the greater
competitive ability of some species com-
pared with others in aquatic systems. In this
connection, species capable of concentrating
photoreceptive biomass at or near the water
surface in low-irradiance environments are
able to competitively displace species pos-
sessing relatively prostrate growth forms.
Among the species examined in this labora-
tory, both Elodea canadensis and Vallisneria
americana appear to be disadvantaged in
aquatic systems characterized by low water
clarity because of their limited elongation po-
tential. Conversely, Egeria densa, Hydrilla
verticillata, Myriophyllum spicatum, and
Potamogeton americanus possess a signifi-
cant ability to form a foliar canopy at the
water surface,

Most submersed macrophyte species
demonstrate increased growth with increas-
ing temperatures up to at least 28° C. By re-
ducing the length of the growing season, low
temperatures effectively diminish the growth
capacity of most (but not all) submersed
macrophytes. Considering the distribution of
submersed macrophytes in North America,

I US Army Engineer Waterways Experiment Station, Vicksburg, MS,
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lower temperature limits in combination with
basic differences in phenology may account
for variations in the latitudinal range of many
species.

The potential for aquatic systems to support
excessive submersed macrophyte growth gen-
erally increases from north to south in the
United States because of the respectively
increasing favorableness of temperature
conditions. Superimposed on this latitudinal
gradient, conditions of both high light and
high temperature at the water surface provide
a maximum-growth environment for species
capable of accessing the water surface. For
this reason, even in northemn localities, macro-
phyte species that effectively concentrate bio-
mass at the water surface are potentially more
productive than other species restricted to
lower positions in the water column.

Nutrition

From research conducted in this labora-
tory and elsewhere, it is now generally ac-
cepted that rooted submersed macrophytes
obtain nitrogen, phosphorus, and micronutri-
ents primarily by direct uptake from sedi-
ments (Table 1). The role of sediment as a
direct source of these elements for submersed
macrophytes is ecologically quite significant
since they are normally very low in concen-
tration in available forms in the open water
of aquatic systems. Considering the usual
abundance and conservative nature of other
major elements in the open water of most

Table 1
Primary Sources of Nutrient Uptake
by Submersed Aquatic Macrophytes

Nutrlent Source
Nitrogen Sediment
Phosphorus Sadiment
Iron Sediment
Manganese Sadiment
Micronutrients Sediment
Calclum QOpen water
Manganese Cpen water
Sodium Opeon water
Potassium Cpen water
Sulfata Open water
Chloride Open water
=8 Barko

aquatic systems, it is unlikely that low con-
centrations of these nutrients directly limit
growth of submersed macrophytes.

Only in recent years has adequate atten-
tion been directed toward the importance of
inorganic carbon supply in relation to the
growth of submersed macrophytes. Signifi-
cantly, the photosynthetic potential of a vari-
ety of submersed freshwater macrophytes
appears to far exceed photosynthesis deter-
mined at ambient levels of available carbon
in water. Studies in this laboratory have dem-
onstrated significant increases in the growth
of both Myriophyllum spicatum and Hydrilla
verticillata under experimental conditions of
increased carbon supply. Thus, considering
the frequently high availability of nutrients
other than carbon to submersed macrophytes,
inorganic carbon supply potentially limits
macrophyte productivity in freshwater systems.

Sediment Composition

Sediment composition (by affecting nutri-
tion) has a pronounced influence on the
growth of submersed macrophytes. In gen-
eral, growth is relatively poor on both highly
organic sediments and sands, as compared
with fine-textured inorganic sediments. Poor
growth on sands is related to high sediment
density and, on organic sediments, to low sed-
iment density. High concentrations of or-
ganic matter in sediments negatively affect
the growth of submersed macrophytes, by re-
ducing sediment density and the associated
availability of essential nutrients (notably, N,
P, and Fe). These elements are likewise low
in available concentrations in sandy sedi-
ments. Thus, mechanisms of growth regul-
ation on sand and organic sediments are
similar; both involve nutrition.

Sedimentation of inorganic materials pro-
vides a nutritionally favorable environment
for the growth of submersed macrophytes.
Inorganic sedimentation is frequently acceler-
ated by human activities in the watershed.
For reasons that remain unclear, such sys-
tems are most susceptible to the invasion and
subsequent explosive growth of introduced
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macrophyte species. Once such an invasion
has been initiated, the strengths and weak-
nesses of the native vegetation relative to
those of the invading species ultimately con-
trol the direction of plant succession. In
view of these findings, it appears that water-
shed disturbances, direct mechantcal distur-
bances of bottom sediments, or autogenic
processes affecting the inorganic/organic
composition of sediments may contribute
fundamentally to vegetational changes in
aquatic systems.

Macrophyte Effects on Sediment
Deposition

Sediment deposition is important to
macrophyte growth. This process can re-
furbish nutrients lost due to root uptake or
diffusional processes, and provides new sub-
stratum potentially available for macrophyte
expansion concoritant with reductions in
water depth. Sediment deposition, by alter-
ing the benthic habitat, may also influence
the distribution and taxa of benthic in-
vertebrates present. We have investigated
the influence of submersed macrophyte com-
munities on patterns of sedimentation both in
a north-temperate system (Eau Galle Reser-
voir, Wisconsin) and in the Potomac River
near Washington, DC.

In Eau Galle Reservoir, submersed
macrophytes play an important role in pro-
moting sedimentation and reducing sediment
erosion, thus enhancing the stability and
growth potential of these plants. In the Poto-
mac River, sedimentation during the growing
season is minimal in macrophyte beds com-
pared with the open water. This is largely
due to restricted movement of water and sedi-
ment into the beds. However, despite re-
duced rates of sediment deposition during
periods of peak macrophyte abundance, depo-
sition occurs uniformly across the bed into
the open water during off-seasonal periods of
high flow and turbulent mixing. With the re-
currence each year of preseasonal sediment
and associated nutrient deposition, conditions
in the Potomac River appear to be ideal for
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the continued vigorous growth of submersed
macrophytes.

Convective Hydraulic Circulation

On a daily basis, shallow nearshore re-
gions of aquatic systems typically heat and
cool more rapidly than deep open-water
regions, due primarily to differences in
mixed volume. The presence of submersed
macrophytes in shallow regions contributes
to the development of thermal gradients in
both the vertical and lateral planes, since fo-
liage near the water surface converts solar ir-
radiance to heat. Thermal gradients give rise
to density gradients that promote hydrautic
circulation.

Implications of hydraulic circulation
driven by convection are potentially far-
reaching, since dissolved constituents can be
moved with water. Dissolved constituents
may include nutrients, contaminants, or herbi-
cides. In the case of nutrients, it is important
to determine the extent to which hydraulic
transport from the littoral zone of aquatic
systems may contribute to pelagic nutrient
budgets, thus potentially influencing phyto-
plankton dynamics. In the case of herbicides,
information on the periodicity of hydraulic
transport would be of value in maximizing
both the efficiency and effectiveness of treat-
ment applications.

In Eau Galle Reservoir, dye studies have
been conducted in combination with close-
interval thermal monitoring in an attempt to
evaluate the seasonal dynamics of convective
circulation. Owing to the eutrophic nature of
this impoundment, the focus has been on
phosphorus transport. However, the results
apply to all dissolved constituents, including
herbicides. During studies conducted in
1988 and 1989, the littoral zone of Eau Galle
Reservoir typically cooled more rapidly at
night than the pelagic zone, creating horizon-
tal temperature gradients resulting in convec-
tive water circulation. Water from the
littoral zone moved inte the pelagic zone as
an interflow, while water from the pelagic
zone moved into the littoral zone as a surface
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flow. These results indicate the potential sig-
nificance of macrophyte beds in affecting
chemical budgets in aquatic systems. Cur-
rently, this line of investigation is being ex-
panded to Guntersville Reservoir, Alabama,
where emphasis will be placed on herbicide
transport.

Future Initiatives

Past investigations have demonstrated that
sediment fertility, influenced by a varety of
factors (see Barko 1991) has an important in-
fluence on submersed macrophyte production
and species composition. Nitrogen is a key
element for the growth of rooted macro-
phytes. Thus, advances in our understanding
of factors regulating sediment nitrogen avail-
ability will be of great value in the future de-
velopment of management approaches based
on reductions in sediment nutrient availability.
Toward this end, the role of submersed
macrophytes in the nitrogen economy of
aquatic systems will be investigated.

In addition, a wide variety of physical and
biological processes potentially contributing
to the nitrogen nutrition of these plants will be
evaluated. Laboratory studies will continue to
focus on effects of sediment fertility on the
growth of submersed macrophytes. In these
studies the rooting depth of a variety of species
is currently being examined. This information
will be of value in assessing the extent to
which species with different rooting depths
may respond to sediment scouring or other
forms of nutrient loss from surficial sediment.

Interactions will be examined among inva-
sive and native macrophyte species in rela-
tion to sediment characteristics influencing
fertility. Results of these studies will facili-
tate the design of more complex studies of
long-term changes in macrophyte community
composition to be conducted at the Lewis-
ville, TX, pond facility and elsewhere. The
feasibility of lessening sediment nutrient

availability to macrophytes by chemical and
biological means, and thus retarding the
growth potential of nuisance species, will be
investigated. As an extension of this effort,
the possibility of perpetuating reductions in
nutrient availability to nuisance species by in-
terplanting preferred native macrophyte spe-
cies will be examined.

Another line of investigation, addressing
factors that contribute to both the invasion
and decline of submersed macrophytes, will
be initiated. The rate and extent of invasions
by these plants are known to vary considerably
among lakes, but specific factors contribut-
ing to invasions remain unknown. Likewise,
naturally occurring declines of established
populations of submersed macrophytes have
been commonly reported, but the causes of
these declines remain uncertain. Studies will
be initiated to (1) identify environmental fac-
tors associated with naturally occurring inva-
sions and declines, and (2) evaluate the
potential for manipulating natural processes
to reduce susceptibility to invasion by nui-
sance species or to encourage their decline.
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Population Dynamics of Submersed Macrophytes
in the Tidal Potomac River

Virginia Carter,) N. B. Rybicki,' and Michael Turtora®

Introduction

Submersed macrophyte populations are
very dynamic in terms of spatial variability
and species composition. Both population
declines and increases have been reported for
the Chesapeake Bay and its tributaries, in-
cluding the Potomac River (Bayley, Robin,
and Southwick 1968; Orth and Moore 1984;
Carter and Rybicki 1986). The historic distri-
bution of submersed macrophytes in the tidal
Potomac River illustrates this point.

Before the late 1930s there was an abun-
dance of plants (Cumming, Purdy, and Ritter
1916; Secretary of the Treasury 1933); be-
tween the late 1930s and 1982, there were
virtually no macrophytes in the tidal river
(Carter, Paschal, and Bartow 1985); and in
1983 there was a resurgence of macrophytes
(Carter and Rybicki 1986), followed by dra-
matic changes in population over the next
7 years.

Light avaiiability has been identified as a
major control on the distribution of submersed
aquatic macrophytes in the Chesapeake Bay
and the tidal Potomac River (Kemp et al.
1983, Carter and Rybicki 1990). Many fac-
tors (including total suspended solids (TSS),
phytoplankton, epiphytes, nutrients, wind,
and available sunshine) influence light avail-
ability, either directly or indirectly.

Light availability at depth is affected
directly by the presence of TSS and phyto-
plankton in the water column and by epiphytes
and sediment accumulations upon the leaf
surface (Sand-Jensen and Sondergaard 1981,
Kemp et al. 1983, Carter and Rybicki 1990).

Increasing nutrient loading increases epiphytic
algae and phytoplankton; the increases in
phytoplankton cause an increase in TSS as
well. Climatic factors such as wind and sun-
shine are also important (Orth and Moore
1986), although often disregarded when con-
sidering light availability.

The monoecious variety of the southeast
Asian exotic Hydrilla verticillata (L.f.) Cas-
pary became well established in the tidal
river in 1983, following its discovery in 1982
(Steward et al. 1984). The changes in abun-
dance of macrophytes in the tidal river from
1983-89 were caused primarily by fluctua-
tions in the H. verticillata population. Al-
though Myriophyllum spicatum L. and
Vallisneria americana Michx. increased in
abundance in the tidal river and spread
downriver in advance of H. verticillata, they
were generally replaced by H. verticillata in
most areas <2 m in depth.

The tolerance of H. verticillata to low
light levels and its ability to outcompete
other species have been documented by nu-
merous investigators (Van, Haller, and
Bowes 1976, Bowes et al. 1977; Langeland
and Sutton 1980; Sutton, Littell, and Lange-
land 1980; Spencer and Rejmanek 1990).

In discussing the resurgence of submersed
macrophytes in the tidal Potomac River during
1983-85, Carter and Rybicki (1986) stated that
several changes in water quality had occurred
during or just prior to 1983. These included
(1) a dramatic increase in Secchi depth to
>0.80 m from <0.55 m, (2) a change in the pri-
mary nitrogen loading from ammonia to nitrate
as a result of nitrification at the Blue Plains

L US Geological Survey, Reston, VA.
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Waste Water Treatment Facility (BPF) in
Washington, DC (Schultz 1989), and (3) a de-
crease in TSS and phosphorus loads from the
BPF.

Because water clarity increased and nutri-
ent loading declined, we did not attribute the
resurgence to either factor alone, but sug-
gested that there might be a synergistic ef-
fect. We did not consider climatic data in
our analysis,

The purpose of this research was to exam-
ine the relations among water quality, cli-
mate, and submersed macrophyte population
fluctuations in order to increase understand-
ing of the mechanisms controlling population
dynamics in the tidal Potomac River. Spe-
cial emphasis was placed on H. verticillata
because large changes in coverage were pri-
marily the result of fluctuations in this species.

Study Site

The tidal Potomac River extends 61 km
from Chain Bridge in Washington, DC, to
Quantico, VA. The water is fresh (<0.5 mg/L
dissolved solids) except during dry years with
low river discharge. The average annual flow
is 323 m°® sec’!. The river consists of a deep
channel bordered by wide shallow margins or
flats with several shallow tidal embayments on
both the Virginia and Maryland sides.

For the purposes of this paper, the tidal
river had been divided into two reaches, the
upper tidal river from Chain Bridge to Mar-
shall Hall, MD, and the lower tidal river
from Marshalt Hall to Quantico, VA.

Species reported from the tidal Potomac
River prior to the late 1930s include Vallis-
neria americana, Ceratophyllum demersum,
Najas flexilis, Elodea canadensis, and Pota-
mogeton crispus. Thirteen species were re-
ported from the tidal river from 1983-89. The
most widespread species are H. verticiliata,

V. americana, M. spicatum, C. demersum, and
Heteranthera dubia; the dominant species in
terms of biomass and cover are H. verticillata,
M. spicatum, and V. americana.

42 Carter, Rybicki, & Turtora

Methods and Materials

Several data sets were analyzed, including
(1) climate data (wind speed, available
sunshine) measured at National Airport (Na-
tional Oceanic and Atmospheric Administra-
tion 1970-89); (2) water quality data (water
temperature, Secchi depth, TSS, and chloro-
phyll-a concentration) collected by the Mary-
land Department of the Environment (MDE)
and the District of Columbia Department of
the Environment (DCE) and acquired through
the Washington Metropolitan Council of Gov-
ernments; and (3) water quality data col-
lected by the US Geological Survey (USGS)
between 1980 and 1989 (Blanchard, Coupe,
and Woodward 1982; Coupe and Webb 1983,
James et al. 1989). Collection methods for
water quality data are summarized in Batiuk
et al. (1991).

Because all the submersed macrophytes
in the tidal Potomac River die back and un-
dergo a period of dormancy, this analysis is
limited to data from the growing season
(April-October).

Because of differences in plant biomass
and cover between the upper and lower tidal
river, the data were analyzed by reach. MDE
data were collected twice a month (once a
month in 1983-84) at two stations in the
upper tidal river and two stations in the lower
tidal river. DCE data were collected once a
month at a station in the upper tidal river.
Data from those stations were combined for
the upper and lower tidal reaches.

Growing-season means were calculated
for Secchi depth, TSS, and chlorophyll-g con-
centration. For TSS, a few measurements
were below the detection limit in 1983, 1984,
and 1986; therefore, means were calculated
for those years using log probability plotting
(Helsel and Cohn 1988).

The USGS monitored the distribution of
submersed macrophytes in the tidal Potomac
River from 1983-89 (Carter et al. 1985;
Rybicki et al. 1985, 1986, 1987; Rybicki,
Anderson, and Carter 1988; Rybicki and
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Schening 1990), supplying information on
distribution and abundance to Dr. Robert
Orth at the Virginia Institute of Marine Sci-
ence (VIMS) for publication as part of the
Chesapeake Bay Program (Orth et al. 1989).
Aerial photographs of the submersed aquatic
macrophytes have been digitized at VIMS,
and distribution and abundance data are avail-
able through a centralized database main-
tained by the Chesapeake Bay Program.

For this report, information on coverage
by submersed macrophytes in the upper and
lower tidal river from 1984-89 (exclusive of
1988) was obtained from the database. Cov-
erage in 1983 was estimated from USGS sur-
veys; coverage in 1988 was estimated from
the aerial photographs.

Meteorological data were in the form of
monthly means for wind speed, percent
available sunshine, and precipitation for the
period 1970-89. A 20-year seasonal (April-
October) mean was calculated for each pa-
rameter, and the seasonal means for the years
of interest were compared with the long-term
means.

The phenology of H. verticillata was
taken into consideration in an analysis of the
1989 germination period climate and water
quality data. Steward and Van (1987)
showed that 70 to 80 percent of monoecious
H. verticillata tubers germinated when the
temperature was held at 15° C for 4 weeks.
Examination of the 1989 temperature record
gave the sampling date when the temperature
became higher than 15° C and remained
higher until the end of the summer.

The germination period was defined as the
6-week period including and immediately fol-
lowing that date, and the mean Secchi depth,
TSS, and chlorophyll-a concentration were
calculated by reach. For the meteorological
data, the 2 months including and following
the date when germination temperature was
exceeded were selected, and the mean wind
speed and percent available sunshine were
calculated,
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Because tuber size could be a factor in de-
termining survival of newly germinated
plants under poor water clanty conditions,
we examined the relation of tuber size to
sprout length in the laboratory. Hydrilia ver-
ticillata and V. americana tubers were col-
lected from the tidal river during the winter
dormant period. Samples of the smallest
available and the largest available tubers
were weighed and then sprouted in the dark
at room temperature. The length of the
sprouted plant was measured after 6 weeks
(H. verticillata) and 9 weeks (V. americana)
in the dark.

Results

Figure 1 shows the area covered by sub-
mersed macrophytes in the upper and lower
tidal rivers from 1983-89. In 1983, the
macrophyte population was a mixture of 13
species; propagules washed into the upper
tidal river during the spring and summer be-
came established in patches throughout the
shallow areas. Hydrilla verticillata grew
densely in the area surrounding Dyke Marsh,
where several small plants had been discov-
ered in 1982 (Steward et al. 1984). The
plants expanded rapidly, reaching a total area
of 1,300 ha in the upper tidal river from
1985-87.

Hydrilla verticillata dominated the upper
tidal river by 1985 and composed more than
70 percent of the area covered by 1987. The
60-percent decrease in coverage in the upper
tidal river in 1989 was primarily the result of
loss of H. verticillata. Meanwhile, only
small patches of submersed macrophytes be-
came established in the upper end of the
lower tidal river in 1985 and 1986; Hydrilla
verticillata did not colonize this reach until
1986.

Submersed macrophytes had a dramatic ex-
pansion (350 percent) in coverage to 807 ha,
dominated by H. verticillata, in 1989, coinci-
dent with the decline in the upper tidal river.

In 1983, when the plants returned, the
upper tidal river had a mean seasonal Secchi
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in the upper tidal river, whereas
mean seasonal TSS and chloro-
phyll-a concentration values
were 23.0 mg/L and 32.8 pg/L,
respectively, in the lower tidal
river (Figures 3 and 4).

The available sunshine was 66
percent of that possible, signifi-
cantly higher than the 20-year av-
erage of 60 percent (standard
error = 0.45) (Figure 5a). Aver-
age wind speed was 11.1 km/hr,
significantly lower than the 20-

year average (mean = 14.2
kmy/hr, standard error = 0.32)

Figure 1. Hectares of submersed agquatic macrophytes in the upper

and lower tidal Potomac River, 1983-89

depth of 0.77 m compared with 0.60 m in the
lower tidal river (Figure 2). Mean seasonal
TSS and chlorophyll-a concentration values
were 18.8 mg/L and 15.2 pug/L, respectively,

(Figure 5b). The summer (June-
August) wind speed was the low-
est summer wind speed for the
period of record (not shown).

From 1983 to 1989, conditions
in the upper and lower tidal river gradually
changed until the lower tidal river had
greater water clarity than the upper tidal river
{Figure 2}. Seasonal mean Secchi depths in

0a L

SECCHI DEPTH, IN METERS

#  UPPER TIDAL AIVER
O LOWER T10AL RIVER

1983 1984 1985

1986 1987 1938 1588

Figure 2, Seasonal mean (April-October) Secchi depth
in the upper and lower tidal Potomac River, 1983-89
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Figure 3. Seasonal mean (April-October) total suspended solids (TSS)
in the upper and lower tidal Potomac River, 1983-89
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Figure 4. Seasonal mean (April-October) chlorophyll-a
in the upper and lower tidal Potomac River, 1983-89
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Figure 5. Meteorological conditions in tidal Potomac River, 1983-89
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the upper tidal river remained above 0.70 m
through 1985 as the plants increased in abun-
dance, and then dropped gradually to0 0.54 m
by 1989 (Figure 2). This decrease in Secchi
depth was associated with an increase in
mean seasonal TSS from <15 mg/L in 1984-
86 to >18 mg/L in 1987-89. Mean seasonal
chlorophyli-a concentration was <15 pg/L in
1984-89.

In the lower tidal river, mean seasonal
Secchi depth remained between 0.49 and
0.66 m through 1986; relatively small num-
bers of plants were established in this reach.
Secchi depth in the lower tidal river in-
creased to 0.7 m during 1987-89, and macro-
phyte coverage increased. These changes in
Secchi depth are associated with a gradual de-
crease in mean seasonal TSS from >20 mg/L
in 1983-85 to <20 ng/L in 1986-89 and a
large decrease in mean seasonal chlorophyll-
a concentration from >25 pg/L in 1983-85 to
<15 ug/L in 1984-1989.

In 1989, when the H. verticiliata cover de-
creased by 60 percent in the upper tidal river

Ecology of Submersed Species

and increased by 350 percent in the lower
tidal river, the upper tidal river had a mean
seasonal Secchi depth of .54 m, TSS of
17.7 mg/L, and chlorophyll-a concentration
of 9.3 pg/L (Figures 2-4). The lower tidal
river had a mean seasonal Secchi depth of
0.76 m, TSS of 13.4 mg/L, and chlerophyll-a
concentration of 6.3 pg/L. The 1989 growing
season was unusually cool and cloudy. The
average wind speed was 15.8 km/hr, higher
than the 20-year mean of 14.2 km/hr; the avail-
able sunshine was 49 percent, significantly
lower than the 20-year mean of 60 percent
(Figures 5a and 5b).

Figure 6 compares the water temperature
for 1986, a year when H. verticiliata was at a
maximum coverage, and 1989, the year of
the decline. In 1989, instead of gradually in-
creasing temperature as in 1986, the mean
water temperature rose from 13.7° C on April
17 to 18.8° C on May 2, and then decreased
to 13.3° C on May 15, finally rising to 24.5° C
on June 12. These biweekly values are in
agreement with daily water temperature
measured by the USGS. This means that

TEMPERATURE, IN DEGREES CELSIUS

0 - 1
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JuL
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Figure 6. Water temperature in the tidal Potomac River, 1986 and 1989
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H. verticillata germination was probably initi-
ated in early May, but growth was slowed by
low temperatures in late May.

Figure 7 shows the results of the germina-
tion period analysis. Mean germination period
Secchi depth in the upper tidal river in 1989
was 0.47 m, lower than the seasonal average,
whereas mean germination period Secchi
depth in the lower tidal river was >0.88 m,
higher than the seasonal mean. The low
Secchi depth in the upper tidal river was asso-
ciated with a germination period TSS of 18.0
mg/L and a chlorophyll-a concentration of
15.9 ug/L.. The high Secchi depth in the lower
tidal river was associated with mean TSS and
chlorophyll-a concentrations of 10.8 mg/L
and 4.6 pg/L, respectively, slightly lower
than mean seasonal TSS and chlorophyll-a
concentrations.

Table 1 shows the average weight of small
and large H. verticillata and V. americana tu-
bers and the average length of the plant at the
end of the growth period. The smaliest V.
americana tubers weighed less than the larg-
est H. verticillata. Leaf lengths from large
tubers of V. americana were more than three
times those from small tubers after 9 weeks;
H. verticilla sprouts from large tubers were
about three times longer than those from the
smallest tubers.

With only 7 years of plant abundance
data, there were too few data to attempt mul-
tiple regressions. Regressions of the change
in plant area with the seasonal means of the
three major parameters (Secchi depth, TSS,
and chlorophyll-a concentration) showed that

82.7 percent of the variability could be ac-
counted for by Secchi depth (p = 0.004) in
the upper tidal river, whereas 55.0 percent of
the variability in the lower tidal river was ex-
plained by TSS (p = 0.056).

Discussion

Our analysis suggests that submersed
macrophytes returned to the upper tidal river
in 1983 because of improved water clarity
(Carter and Rybicki 1986) and a fortuitous
combination of climatic factors affecting
light availability. There was greater than nor-
mal percent available sunshine, and the low
wind speed probably resulted in less sedi-
ment resuspension and turbulence.

A phytoplankton bloom in the lower tidal
river (Metropolitan Washington Council of
Governments 1984, Woodward et al. 1984)
spread into the upper tidal river after the
plants had become well established and
reached the water surface, causing a mean
August-October chlorophyll-a concentration
of 15.2 ng/L in the upper tidal river in 1983,
but not affecting the newly established plants.

The data support the conclusion that the
expansion of macrophyte populations in the
upper tidal river and the spread of macrophytes
into the lower tidal river after 1985 were the re-
sult of good water clarity (mean seasonal
Secchi depths >0.7 m) associated with rela-
tively low mean seasonal TSS (<20 mg/L)
and chlorophyll-a (<15 ug/L) concentrations.
Under these conditions, H. verticillata out-
competed all other species common to the

Table 1
Length of Plants Grown In the Dark from Large and Small Tubers
Tuber Wet Mass, g Plant Length, cm
Speclesi Tuber Size N Megan sSD N Mean SD
H. verticiflata Small 8 0.0085 0.0026 7 2.7 0.7
Large 8 0.1774 0.0400 8 7.8 34
V. americana Small 5 0.1042 0.0181 5 16.0 8.7
Large 5 0.4814 0.0526 & 52.0 10.8

b Period of growth was 6 weeks for H. verticiliata and 9 weeks for V. americana.

Carter, Rybicki, & Turtora
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tidal river and rapidly covered all shallow
areas in the main stem and tidal embayments.

When water clarity was <0.7 m, the balance
between TSS and chlorophyll-a concentration
was probably very important in determining
plant distribution. If one or both of these pa-
rameters are high, there may be no increase
in plant populations, and in fact, as illustrated
by the 1989 upper tidal river data, popula-
tions may decrease dramatically.

Laboratory experiments have demonstrated
that dioecious H. verticillata is well adapted to
low light levels (Bowes et al. 1977; Van, Haller,
and Bowes 1976). It has been shown to out-
compete V. americana by virtue of its forma-
tion of a dense surface canopy that blocks light
penetration (Haller and Sutton 1975). How-
ever, Barko and Smart (1981) reported that the
monoecious H. verticillata elongated apprecia-
bly in light of 100 LE m% sec”, but apparently
did not have sufficient organic reserves to form
a canopy.,

The sensitivity of H. verticillata to poor
water clarity in the upper tidal river in 1989
was unexpected, especially because it appeared
that V. americana and M. spicatum populations
were relatively unaffected (personal observa-
tion, V. Carter and N. B. Rybicki).

The monoecious variety of H. verticillata
adopts a prostrate form of growth, remaining
in the lower half of the water column until
about July, when it forms a dense surface can-
opy similar to that formed by dioecious
H. verticillata (Carter et al. 1987). Based on
the assumption that early growing season con-
ditions were the key to the H. verticillata die-
back in 1989, we looked critically at water
temperature, tuber growth, and germination
period water quality.

Submersed macrophyte populations over-
winter in the form of propagules rich in stored
carbohydrates—tubers, seeds, root masses and,
in the case of M. spicatum, stems with active
nodes. As rising spring water temperatures
cause germination of these propagules,

50 Carter, Rybicki, & Turtora

V. americana and M. spicatum grow rapidly to-
ward the water surface into favorable light con-
ditions. Growth of both H. verticiliata and V.
americana is relatively slow at low water
temperatures (~12° to 16° C) (Barko and Smart
1981; Barko, Hardin, and Matthews 1982),
whereas M. spicatum growth is not substan-
tially slowed at these low temperatures (Barko
and Smart 1981).

Vallisneria americana tubers are generally
larger than those of H. verticillata, and our
laboratory experiment suggests that they
have more potential for elongation in the
dark. Hydrilla verticillata mabers germinating
in deep water (>1 m) may be at a disadvantage
compared with V. americana when germina-
tion is initiated, and then water temperatures
decrease or remain near the germination
temperature for long periods of time. We hy-
pothesize that H. verticillata tubers began to
germinate in early May 1989, but growth was
retarded because of temperatures <15° C.

Respiration exhausted much of the stored
carbohydrate in the H. verticillata tubers by
early June, and the poor light conditions in
the upper tidal river caused the new plants to
die before extending up into the water col-
umn. Light availability in the lower tidal
river was better for growth in spite of the
poor weather.

Bowes et al. (1977) found that tuber size
positively influenced both shoot survival and
shoot length of dicecious H, verticillata
when tubers were germinated and held in com-
plete darkness at 25° C. McFarland (1991)
showed that small monoecious H. verticillata
tubers showed less initial growth than large
tubers when grown under identical green-
house conditions.

Vallisneria americana, which is also toler-
ant of low light (Titus and Adams 1979),
may also have had its growth retarded by the
1989 temperatures; however, with its larger
tubers, it had sufficient energy to grow into
an adequate light climate.

WES MP A-91-3, June 1961



Myriophyllum spicatum, which generally
germinates before all other plants in the river
and reaches the surface within 3 weeks of the
time that new sprouts are seen on the bottom
(personal observation, V. Carter and N. B.
Rybicki), did not appear to be affected.
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Ecology of Submersed Species

Aquatic Plant Competition Studies

R. Michael Smart}

Introduction

Submersed aquatic plants comprise an im-
portant and beneficial component of many
aquatic ecosystems. However, unchecked
growth of weedy species can be detrimental,
both to the aquatic life inhabiting the water
body and to human users of water resources.
The ultimate goal of aguatic plant manage-
ment would be to promote the spread of
aquatic plant communities having desirable
attributes, while controlling the growth and
distribution of weedy species. In pursuit of
this goal, and in order to more effectively
control the aquatic vegetation in Corps reser-
voirs and waterways, there is a need for infor-
mation on the factors promoting or leading to
submersed aquatic weed infestations.

If there are environmental factors that pro-
mote the spread of weedy species to the detri-
ment of native, nonweedy species, these
factors might be controlled or avoided, thus
reducing the extent or magnitude of weed in-
festations. Since the distribution of weedy
species may be limited by their environmen-
tal requirements, we have given considerable
attention to studying the physiological re-
sponses of these species to their environ-
ment. The environmental factors we have
considered include light, temperature, water
chemistry, inorganic carbon supply, sediment
composition, and sediment fertility.

In our studies of common introduced and
native species, we have found that most ex-
hibit roughly similar environmental require-
ments, and respond similarly to different

environmental conditions. Differences in in-
dividual species’ preferences for particular
environmental conditions thus do not, in
themselves, seem sufficient to account for
differences in the species composition of sub-
mersed aquatic plant communities. There-
fore, the occurrence of weedy species in the
aquatic environment cannot be directly as-
cribed to particular physical or chemical
characteristics of the environment.

If there is not a set of environmental condi-
tions that, in itself, leads to the development
of weed infestations, it may be that the species
composition of submersed aquatic plant com-
munities is controlled by biotic (competitive)
interactions among species. In other words,
species composition of the community may
be determined by the relative competitive
abilities of the individual component species.

Since aquatic weed infestations often
occur in areas that formerly supported native,
nonweedy vegetation, it is commonly held
that weedy species must be more competi-
tive, outcompeting and eventually replacing
the slower growing native vegetation. In
spite of this widespread belief that weedy
species are more competitive than nonweedy
species, competitive displacement of native,
nonweedy vegetation by introduced weedy
species has never been unequivocally
demonstrated.

A substantial body of literature on terres-
trial plants indicates that weedy species are
usually less directly competitive than non-
weedy species. Terrestrial weedy species

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

Lewisville, TX.

2 3. W, Barko. 1986. Ecology of submersed macrophytes: A synopsis. Pages 35-38 in Proceedings,
20th Annual Meeting, Aquatic Plant Control Research Program, Miscellaneous Paper A-86-2, US
Army Engineer Waterways Experiment Station, Vicksburg, MS.
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are, however, adapted for rapid colonization
of new or disturbed environments, and it is
this characteristic that contributes to their
widespread distribution. In the absence of
disturbance, more competitive, nonweedy
species eventually outcompete the faster
growing, but less competitive, weedy species
in a fairly repeatable process known as
succession.

In view of the prevalence of the above sce-
nario in the terrestrial environment, it is
likely that similar processes occur in the
aquatic environment. If plant succession in
aquatic environments follows a pattern sim-
ilar to that in terrestrial environments, we
may eventually be able to identify methods
that would accelerate the successional pro-
cess, allowing managers to promote the estab-
lishment and persistence of native, nonweedy
vegetation in order to slow the spread of
weedy species,

To test several hypotheses on competition
and succession in submersed aquatic plant
communities, we have initiated short- and
long-term studies at the Waterways Experi-
ment Station (WES); at WES’ Lewisville
Aquatic Ecosystem Research Facility
(LAERF), in Lewisville, TX; and, in coopera-
tion with the Tennessee Valley Authority
(TVA) at TVA’s Murphy Hill Aquatic Re-
search Facility near Guntersville Reservoir in
northeast Alabama.

LAERF Study

The experimental objective of the pond
study conducted at the LAERF was to deter-
mine the abilities of populations of the native
species Vallisneria americana and Pota-
mogeton pectinatus to resist invasion by
Hydrilla verticiliata. The experiment re-
quired observation of plant responses within
permanent plots over an extended period. The
plots were laid out as a series of hexagonal
cells in a 1-acre pond (Figure 1). The sides of
the cells were each about 2 meters long, and
the area of the cell was 12 m?, roughly approxi-
mating the area of a 4-m-diam circle.

WES MP A-91-3, June 1991
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The experiment included 96 cells, all of
which were located below the 1-m depth con-
tour in the pond. Species were assigned to
cells in a regular pattern so that each species
was surrounded by three cells of each of the
other two species (Figure 1).
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Figure 1. Experimenial plot layout of pond study.
Hexagonal cells are 2 m on each side with
anarea of 12 m?

The sediment in every other cell of each
species was fertilized with nitrogen (ammo-
nium sulfate), which has been shown to
potentially limit growth in these ponds. The
entire pond bottom was rototilled prior to fill-
ing, to facilitate planting and to incorporate
the nitrogen fertilizer. Plants of each of the
species were planted in August 1990, by
hand, on 30-cm centers as the pond was
being filled.

During subsequent weeks we observed
dense growth of two species endemic to the
pond, Najas guadalupensis and Chara vul-
garis. These two species, which grew from
a seed/spore bank in the pond sediment,
interferred with the establishment of Vallis-
neria and Potamogeton, thus complicating
the analysis of experimental results. In Octo-
ber, after a 10-week period of growth, the pond
was drained for observation and sampling.
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Preliminary analysis indicates that Hydrilla
grew very well, attaining full coverage in the
cells where it had been planted, although it did
not appreciably invade adjacent vegetated
cells. These preliminary results indicate that
preemptive establishment of native vegetation
(in this case, through its seed/spore bank) can
slow the spread of Hydrilla.

In the next phase of experimentation, the
extant seed/spore bank will be eliminated
prior to replanting the experiment. In the
absence of preemptive competition from en-
demic annuals, we should be able to establish
vigorous populations of Vallisneria and
Potamogeton in the pond. Once these spe-
cies are well established, we will reintroduce
the weedy species (Hydrilla) and determine
the ability of the natives to resist invasion.

Additional studies will examine the role
of preemptive utilization of sediment nutri-
ents as a factor enabling competitive species
10 resist invasion.

Guntersville Reservolr

One of the primary considerations in plan-
ning the Guntersville Reservoir research in-
volved the release, by TV A, of large numbers
of grass carp into the reservoir. The competi-
tive species that we wished to experimentally
evaluate (Vallisneria americana and Pota-
mogeton pectinatus) are generally considered
to be preferred food choices for the fish;
also, the target species that we wished to re-
place, Eurasian watermilfoil (Myriophyllum
spicatum), is one of the least favored foods.
Thus, the presence of large numbers of grass
carp would potentially interfere with a test
of competition among these species in the
TeServoir.

We evaluated the use of exclosures or
fences to exclude the carp from experimental
plots, but decided against them as they would
be expensive to construct, would require navi-
gation permits that might result in costly de-
lays, and might not be effective at excluding
the grass carp. Since we were unable to con-
duct the research in Guntersville Reservoir,
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we elected to conduct the first year’s trials in
Stewart’s Pond at Murphy Hill, immediately
adjacent to the reservoir.

Prior to the start of the experiment, a
1-acre plot was laid out in the middle of a
large expanse of monotypic Eurasian water-
milfoil. This area was subsequently treated
by TVA with a granular endothall formula-
tion. The treatment produced excellent con-
trol, providing complete kill within the plot
and leaving Eurasian watermilfoil intact all
around the periphery of the plot.

The experimental objective was to deter-
mine the effects of benthic barrier and fertil-
izer application on the establishment and
persistence of Vallisneria and Potamogeton
in a water body dominated by Eurasian
watermilfoil. We wished to test whether ap-
plication of a benthic barrier surrounding the
planting would increase the survival and com-
petitive ability of the native species. We also
felt that addition of fertilizer at planting
might benefit the establishing plants,

The experimental design consisted of a
factorial arrangement with two sediment
treatments (barrier and no barrier), two fer-
tility levels (control and fertilized sediments),
three planting treatments (Vallisneria,
Potamogeton, and unplanted controls), and
included two harvest dates for evaluating re-
sults. The experiment was replicated four
times for a total of 96 experimental units or
subplots.

Each of the subplots consisted of a 1- by
1-m PVC pipe frame, held in place by attach-
ment to the anchored benthic barrier or to a
rope grid laid out on the bottom of the pond.
A planting frame was constructed which di-
vided the subplots into 36 cells approximately
15 by 15 cm. We then planted 36 bundles of
approximately three to five Vallisneria plants
or 36 sets of three Potamogeton tubers using
the frame as a guide.

After a 5-week period we returned to eval-

uate the growth of the plants, and found that
none had survived. Since no dead plants or
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tubers were present, we suspected that the
plants had been eaten. Subsequent observa-
tions and trapping suggested that the plants
had been consumed by a large population of
turtles residing in the pond. Since the turtles
could be rather easily caught in turtle traps
baited with Vallisneria, we elected to con-
struct an exclosure in the pond, remove the
turtles from within, and replant the barrer
portion of the experiment.

Vallisneria was subsequently replanted in
September 1990. Potamogeton tubers were
unavailable at that time and will be replanted
in the spring of 1991. The Vallisneria plots

WES MP A-51-3, June 1891
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were evaluated in October 1990 and appeared
to be successfully established. Eurasian
watermilfoil was also beginning to reinvade
the plots at that time. The plots will be moni-
tored during 1991.

In addition to the pond site, two sites have
been selected for study in Guntersville Reser-
voir. These sites, located in North Sauty Creek
and Chisenhall Embayment, will be enclosed
with a nylon-covered, galvanized fencing
material to exclude grass carp from the plots.
Experimental plots will be planted with Val-
lisneria americana and American pondweed
(Potamogeton nodosus).
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Growth of Black Bass in Different Densities of Hydrilla

James V. Morrow,! K. Jack K:'Hgore,l and Jan Jeffery Hoover

Introduction

The largemouth bass (Micropterus
salmoides) is an important sportfish in south-
ern reservoirs. This species frequents under-
water cover, and is often associated with
submersed aquatic macrophytes (Colle and
Shireman 1980; Killgore, Morgan, and
Rybicki 1989). Submersed aquatic
macrophytes provide cover for young large-
mouth bass (Aggus and Elliott 1975) and are
correlated with the abundance and recruit-
ment of adult largemouth bass in reservoirs
(Durocher, Procine, and Kraai 1984). There-
fore, the relationship between largemouth
bass and aquatic macrophytes should be con-
sidered when formulating an aguatic plant
management plan.

Submersed aquatic macrophytes provide a
substrate for invertebrates (Wiley et al. 1984),
provide cover for other species of sunfishes
such as bluegill (Lepomis macrochirus) and
redear (L. microlophus), and improve water
clarity (Engel 1987).

When submersed aquatic macrophytes be-
come too dense, however, benefits to large-
mouth bass are negated by reduced foraging
efficiency. As the density of aquatic macro-
phytes exceeds 50 stems/m?, the predation
success of largemouth bass declines rapidly,
and is near zero at 250 to 1,000 stems/m”
(Savino and Stein 1982). Wiley et al. (1984)

found that maximum largemouth bass produc-

tion occurred when macrophyte abundance
was 53 g/m (dry weight) and declined rap-
idly as macrophyte abundance increased.

Bluegills (Lepomis macrochirus) were
also found to grow faster in areas of interme-
diate plant densities (111 stems/m> ) than in

areas of low density (2 6 stems/m>) or high
density (177 stems/m”) (Crowder and Cooper
1982). These studies suggest that large-
mouth bass grow best in areas of intermedi-
ate plant density.

The purpose of this study was to compare
the growth of largemouth bass in ponds with
three densities of hydrilla (Hydrilla ver-
ticillata) and to relate these findings to forag-
ing and water quality differences between
ponds. In addition, recommendations were
developed for subsequent pond studies for
the 1991 growing season.

Methods and Materials

This study was conducted at the Water-
ways Experiment Station’s Lewisville Aquatic
Plant Research Facility in Lewisville, TX.

The study was conducted in two runs. The
first run (midsummer, 9-25 August) had the
following cobjectives: to determine the logis-
tical requirements of the study, to determine
the response of bass to the stresses of capture
and stocking, and to examine the rate of de-
pletion of the artificial forage base (i.e., blue-
gill). The second run was conducted in the
early fall (13 September-25 October) and was
terminated at the end of the plant growing
season.

Three ponds, each measuring 42 by 89 m,
were used in each run: no hydrilla (NH), in-
termediate hydrilla density (ID), and high
hydrilla density (HD). Each pond was
drained, tilled, and fertilized with ammonium
sulfate at a rate of 540 kg/ha. Prior to flood-
ing, the HD and ID ponds were planted with
hydrilla sprigs 5 to 10 cm long. The bottoms
of the HD ponds were planted with hydrilla
sprigs spaced approximately 0.3 m apart, and

1 'US Army Engineer Waterways Experiment Station, Vicksburg, MS.

58 Morrow, Killgore, & Hoover

WES MP A-91-3, June 1981




379 m? of each of the ID ponds was planted
in ten 6.2- by 6.2-m blocks (Figure 1).

During the first run, each pond was di-
vided along the long axis with a blocknet in
an attempt to replicate within ponds. How-
ever, during fish harvest it was found that
some fish moved through the net.

Prior to fish stocking, dissolved oxygen
and surface temperature were measured, and
epiphytic invertebrates were sampled with a
sweep net. Six sweep net samples were
taken in each pond (using a D-style dip net,
1-mm mesh), with the sweep made from the
blocknet to the edge, perpendicular to the
long axis of the pond.

Four hundred bluegills, 35 to 120 mm,
were stocked into each pond 1 day prior to
stocking bass. Ten black bass (M. salmoeides
and M. punctulatus) were stocked into each
pond. Total length of each bass was mea-
sured to the nearest millimeter. Each bass
was marked by fin clipping in the summer
run or with anchor tags in the fall run.

At the completion of the runs, water tem-
perature and dissolved oxygen were again
measured, and plant biomass was estimated
for each pond. Plant biomass was estimated
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by collecting twenty 0.5-m? samples and mea-
suring the wet weight of each sample. Five
biomass samples from each pond were dried
in a kiln until all moisture was removed; the
samples were then measured for dry weight.

Dry weight was regressed against wet
weight, and this relationship was used to esti-
mate the dry weight of the remaining samples.
A randomized incomplete block design, with
blocks being hydrilla samples or nonhydrilla
samples, was used to determine difference in
biomass between ponds.

Each pond was drained, and all the fish
were collected. Bluegills were stored in
isopropanol, for counting and measurement
in the laboratory. Bass were again measured
for length. The stomachs and sagittal oto-
liths were taken from each bass to determine
feeding habits and age. Stomach contents
were sorted by taxon, and individual food
items were counted. Otolith sections were
mounted as described by Porak, Coleman,
and Crawford 1986).

Changes in length of each bass were deter-
mined by subtracting the length at the begin-
ning of the runs from that at the end. A
randomized incomplete block design, with
age of the fish in years as the blocks, was

BLOCKNET

DRAN %1

Figure 1. Schematic of experimental pond showing distribution of hydrilla (shaded areas)
in intermediate-density pond
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used to determine differences in growth be- Table 1
tween ponds. All tests of significance are at Dry Weight Biomass of Aquatic
the P=0.05 level. Macrophytes In Experimental Ponds
= Dry Weight ]
esults Summer Run Fall Run
Denalty (g/m?) (g/m%)
During both runs, hydrilla was at or near the No hydrila 182.4 624
surface of the water in the planted areas. The — 2052 2800
nonplanted areas of the ID and NH ponds had Lot il : :
other aquatic plants (e.g., Najas sp. and Chara High 3384 82688
sp.) that contributed to biomass values. During Summer run: _ \
the summer run, the biomass was similar be- Dry :vseight = 0.084 x Wet waight + 8.83, R® = 0.85,
o . n=
tween the NH and the ID ponds, primarily due Fall run:
10 nonhydrilla plants (Table 1). Dry weight = 0.074 x Wet weight + 11.3, R? = 0.96,
n=13
Epiphytic invertebrates were abundant and
qualitatively similar among ponds and
sampling periods (Table 2). Total
Table 2

numbers were highest in the HD ponds.

Numbers of Invertebrates Collected In Six Sweep
Net Samples Per Pond

Baetidae (small minnow mayflies)
were present in all collections and were

always abundant. Dragonfly nymphs
(Libellulidae and Corduliidae) and dam-
selfly nymphs (Coenagriidae) were
abundant in all ponds planted with
hydrilla; Libellulidae and Coenagriidae
were most abundant in the HD ponds.
Notonectidae (backswimmers) and
Hydrophilidae (water scavenger bee-
tles) were present in all collections

but were only occasionally abundant.

Prey numbers in bass stomachs
were low and were dominated by in-
sects (Table 3). Dragonfly nymphs
were the dominant food in all ponds,
and Libellulidae were eaten in the
largest numbers in the ID ponds.
Baetidae and Notonectidae were eaten
in low numbers, but no Hydrophilidae
were found in the stomachs.

Bass grew in length an average of §.3

Summer Fall
Texon NH 1D HD NH |ID HD
Epheameroptera
Baetidae 1,309 207 418 | 684 ) 1,241 | 1,200
Caenidae 0 0 45 1 52 23
Qdonata
Libellulidas 7| 310 1,007 1 800 | 1,097
Corduliidae 23| 345 | 344 1 423 | 663
Coenagriidas a8 103 390 5| 318 680
Hemiptera
Notonectidae 240 i3 84 16 58 39
Bolostomatidae 0 7 8 0 8 6
Coarixidae o] 2 17 19 1 7
Coleoptera
Hydrophilidae Lv' 5 18 4 a 5 3
Hydrophilidae AD? 7 9 0| 14 8 7
Haliplidae LV 3 35 53 0 4 4
Dytiscidae LV 6 4 2 2 0 2
Dytiscidae AD 1 0 +] 0 0 0
Diptera
Chiranomid 25 141 100 11 43 65
Total 1,694 | 1,194 | 2,602 | 767 | 2,759 | 3,786
! Larvae.
2 Adults.

mm during the 17 days of the summer run
(Table 4), The NH pond bass showed signifi-
cantly slower growth than the ID and the HD
pond bass (P < 0.05), however, no difference
could be detected between the ID and HD
pond bass (P > 0.05). During the 45 days of

60 Morrow, Killgere, & Hoover

the fall run, the bass grew in length an aver-
age of 24 mm. The ID pond bass showed
significantly faster growth than bass from the
NH and HD ponds (P < 0.05), with no signifi-
cant difference detected between the NH and
HD pond bass (P > 0.05).
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Table 3
Mean Number of Food Items
In Bass Stomachs In Each Pond

Summer Fall
Taxon NH |ID HD NH |ID HD
Bastidas 0.0 |00 (0.0 02 (00 |01
Aeshnidae 0.0 |0.0 0.0 09 |02 |05
Libellulidae 0.7 28 |0.77 |00 [1.4 (0.0

Zygoptera
unidentified 0.0 |0.0 0.0 0.1 0.0 |00

Notonectidae 0.7 [0.0 0.0 04 |02 [0.0

Corixidae 0.3 [{0.22 | 0.0 0.1 |00 (0.0

Belostomatidae | 0.1 | 0.0 0.0 00 |00 |0.0

Haliplidae tarvae (0.0 0.0 | 0.1 0.0 |0.0 |0.0

Fish 0.3 |0.11 |0.11 |0.2 0.1 0.9
Astacidae Q.0 |00 0.0 0.0 0.0 {01
Unidentified

insect 0.1 |0.33 |00 01 0.1 Q.0
Tabie 4

Mean Change in Length of Black Bass,
by Pond and Age Class

Summer Run Fall Run

Age NH [ID HD [NH |ID HD
0 - - — = 20 | ==
1 100 | 6.0 |17.0 |31.0 [342 [286
2 10 | 60 | 26 |230 | — |80
3 §0 |115 | 83 |[1865 | — [125
4 — |15 | — — 50 |18.0
Pand

Mean 6.1 |420 | 99 |23.1 [28.12 |208

Nota: All measurements are expressed in millimeters.
Significantly less than change in length from
intermadiate- or high-density pond bass.
2 Significanily greater than change in length from ne-
hydrilla or high-density pond bass.

Difference in growth due to age was signifi-
cant in both runs. Using age classes as blocks
decreased variability and helped to detect dif-
ferences in growth between ponds.

Discussion

During the summer run, the bass from the
ID and HD ponds showed significantly greater
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growth than bass from the NH pond. This
difference could be due to several factors.
First, high water temperature was prevalent
in each pond. The surface temperature of all
three ponds was 26° C at the start of the run
and 33° to 34° C at the end. Coutant (1975)
gives 27° C as an optimum temperature for
largemouth bass, with growth nearing zero at
35.5°C.

In both the ID and HD ponds, the densest
growth of hydrilla was in the deepest part of
the pond near the drain (Figure 1). The can-
opy formed by the hydrilla inhibits sunlight,
resulting in cooler temperatures in the ID and
HD ponds. The NH pond had no plant can-
opy, and bass in this pond would not have
had a thermal refuge.

The high temperatures and presence of
aquatic plants had a synergetic effect with
foraging technique. Largemouth bass search
for forage at low plant densities but shift to
ambush strategy as density increases (Savino
and Stein 1982). Therefore, during periods
of high water temperature, bass that actively
search for prey will likely expend more en-
ergy and grow slower than bass that wait and
ambush prey.

Another factor is availability of food.
Libellulidae were more numerous in samples
from the HD and ID ponds than in the NH
ponds, and Libellulidae were the most com-
mon food items in bass stomachs from all
ponds.

During the fall run, bass from the ID pond
again showed the most growth; however,
bass from the HD pond showed the least
growth. In this run, temperatures in all three
ponds varied from a high of 25° t0 26° C at
stocking to a low of 16° to 17° C at harvest,
and should not have been a limiting factor.

The differences in growth may have been
due to a combination of food availability and
foraging efficiency. The HD and ID ponds
again had higher numbers of preferred inver-
tebrate food items, while the NH pond was
again dominated by Bactidae. With lower
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temperatures, the feeding of bass in the NH
pond may have been more energetically effi-
cient than feeding in the HD pond, where
plants inhibit the fishes’ search and capture
efficiencies.

Results of this study indicate that black
bass grow better, depending on water temper-
ature and forage base, in environments char-
acterized by intermediate to high plant
densities and edge areas (sudden decreases in
plant density) than in areas of uninterrupted
high-density plants or areas with no plants.
This is consistent with other studies that have
shown aquatic plants to be important to the
growth of fishes (Aggus and Elliott 1975,
Wiley et al. 1984).

Recommendations
for Future Studies

The following recommendations are made
for future studies based on results of this
study:

*  Young-of-the-year largemouth bass
will be used as the evaluation species
for three reasons. First, variability in
growth between age groups will be
eliminated. Second, counting daily
growth rings in juvenile fish is easier
and more reliable than for adult fishes.
Third, the addition of bluegill as a for-
age fish for largemouth bass will be
eliminated, reducing the number of
confounding variables that may affect
fish growth. Invertebrates will be the
only forage base for juvenile large-
mouth bass,

¢ Experimental treatments will consist
of two to three plant species (e.g.,
hydrilla and pondweed), each planted
at the same density. This will reduce
the problems we experienced with
maintaining desired plant levels in
each pond. In addition, the experimen-
tal design will address an important
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management question of which types
of plant species optimize the growth of
fishes.

* Habitat and biotic variables monitored
during the study will include water
quality and invertebrate abundance.

* Replicates will be made concurrently
in different ponds to eliminate the
need of blocknets and to account for
seasonal variation within treatments.
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Habitat Value of Potamogeton nodosus
in the Saline River

Andrew C. Miller' and Edmond J. Bacon*

Introduction

Background

Submersed macrophytes play a major role
in biological and physical processes in lakes
and rivers. Typically, macrophytes are more
diverse and abundant in lentic habitats (stand-
ing waters) than in lotic systerns (running wa-
ters); consequently, the majority of studies
on submersed macrophytes have been con-
ducted on ponds and lakes. Seddon (1972),
Gregg and Rose (1982, 1985), McDermid
and Naiman (1983), Pandit (1984), Carpenter
and Lodge (1986), and Miller et al. (1989)
have reviewed the potential impacts and
habitat value of submersed macrophytes in a
variety of habitats.

Studies in lakes have consistently shown
that the presence of macrophytes increases in-
vertebrate species diversity, density, and pro-
duction (Watkins, Shireman, and Haller 1983;
Engel 1985, 1988; Miller, Beckett, and Bacon
1989). However, studies in streams and rivers
have shown more varied relationships be-
tween macrophytes and macroinvertebrates
than in lake and reservoirs.

Minckley (1963) observed the highest
invertebrate densities on the moss Fissidens,
intermediate densities on submersed macro-
phytes, and the lowest invertebrate densities
on substrates colonized only by diatoms and
other algae. Harrod (1964) studied the inver-
tebrate faunas associated with four species of
macrophytes in a chalk stream and found that
morphology, periphyton densities, chemical

nature of the plant, and life histories of the
colonizing animals were important variables
in determining densities on macrophytes.

Pennak (1971) reported that invertebrate
densities were 3 to 10 times higher in a stream
with aquatic macrophytes than in a similar
stream without macrophytes. In a study of
an oligohaline section of the Hudson River,
Menzie (1980) concluded that 16 to 35 percent
of the invertebrate fauna inhabiting a cove
area was found on Myriophyllum spicatum
and that chironomids dominated. Rooke
(1984) conducted a study of the Speed River,
Ontario, and found that macroinvertebrates
were higher on rock and cobble substrates
than on any of the four species of macrophytes
present. In a subsequent study of the macro-
faunas in the Eramosa River, Rooke (1986)
reported that the highest densities of inverte-
brates were found on two species of finely
dissected aquatic macrophytes and a plastic
imitation of Elodea.

Research on the habitat value
of macrophytes

As part of the Aquatic Plant Control Re-
search Program at the US Army Engineer
Waterways Experiment Station, studies on
the habitat value of aquatic plants for macro-
invertebrates have been conducted in Arkan-
sas, Mississippi, Louisiana, Florida, South
Carolina, and Wisconsin. Studies have been
designed to investigate the species composi-
tion and density of macroinvertebrates that
depend directly and indirectly on submersed
macrophytes.

1 US Army Engineer Waterways Experiment Station, Vicksburg, MS.
2 Department of Natural Sciences, University of Arkansas at Monticello, Monticello, AR.
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This paper summarizes results of studies con-
ducted 1n the Saline River, Arkansas. Results of
studies in other areas will be summarized in fu-
ture proceedings of the APCRP; results of past
studies have been described by Miller, Beckett,
and Bacon (1989) and Miller, Bacon, and Beck-
ett (1990).

Study Area

The Saline River is formed by the conflu-
ence of four second-order streams in western
Garland County and flows approximately 207
km. The study site was located 5.8 km south-
west of Rye, AR, at latitude 33°42'03" and
longitude 92°01"33” on the Saline River in
Bradley County, AR. This section of the
river is classified as a third-order stream and
is located 114 km below its source and 93 km
above the confluence of the Saline River
with the Ouachita River. Stream widths in
the study area vary from 9.0 m to 23.2 m dur-
ing June to August when discharge levels are
below 150.0 cfs. A US Geological Survey
(USGS) gaging station is located at the study
site, and discharge levels have been recorded
for calendar years 1987 and 1988 (Moore et
al. 1989, 1990).

Two species of submersed aquatic macro-
phytes commonly occur in the lower Saline
River. Small stands of curly pondweed
(Potamogeton nodosus) occur sporadically in
riffle areas, and scattered stands of water wil-
low (Dianthera americana) occur marginally
along all types of habitats except deep pools.

Study sites were randomly selected within
three Potamogeton nodosus beds and adjacent
riffle areas without aquatic vascular plants (no-
plant zones). The sampling stations are desig-
nated as R-1, R-2, R-3, P-1, P-2, and P-3, with
the designation R representing a riffle area
without plants (no-plant zone) and the desig-
nation P representing a plant zone. The di-
mensions of the plant beds were as follows:
P-1 (3.1 by 3.7 m); P-2 (7.3 by 11.0 m), and
P-3 (3.7 by 7.3 m). The distance between P-
| and P-2 was 121.9 m, and the distance be-
tween P-2 and P-3 was 14.6 m.
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The selection of three plant zones and
three no-plant zones and the collection of
five replicate samples from each area were
specifically designed for statistical analysis by
a three-way analysis of variance (ANOVA).

Methods

Samples of macroinvertebrates were col-
lected at each station on 15 June 1988,
22 August 1988, and 2 November 1988. Rif-
fle areas and plant beds were not accessible
during the winter quarter because of high dis-
charges. Physicochemical parameters includ-
ing temperature, pH, dissolved oxygen, and
specific conductance were measured at each
collection site using a Solomat MPM 2000
monitoring system. Total alkalinity and total
hardness were measured titrimetrically. Dis-
solved oxygen measurements were verified
by the azide modification of the Winkler
method. Current velocities were measured
with a model 201 B Marsh McBirmney thermis-
tor velocity meter.

Whole plant samples were collected by
placing 60 to 200 ¢m of plant stems into a
plastic bag. Collections of sediment samples
and infaunal macroinvertebrates were made
with a hand-held 9.8-cm coring device de-
scribed by Miller and Bingham (1987). Five
quantitative samples were collected under
Potamogeton beds and from the nearest riffle
area with similar velocity. Sediment samples
were analyzed for particle size distribution
and total organic content. Infaunal samples
were screened in the laboratory with 2 No. 60
(250-um mesh) US standard sieve and pre-
served with 10-percent formalin, Samples
were stained with a rose bengal solution to
facilitate separation of invertebrates.

Macroinveriebrates were removed by
microscopical examination of all sediments at
15x magnifications. Organisms were stored in
70 percent ethanol. Slides of larval chirono-
mids and oligochaetes were prepared for identi-
fication by the method described by Beckett
and Lewis (1982). All organisms were identi-
fied to the lowest practical taxonomic level.
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Macroinvertebrate densities found coloniz-
ing plant stems and leaves were expressed as
numbers of organisms per gram of plant dry
wet at 105° C. Macroinvertebrate species
richness, species diversity, community com-
position, total density, and density of domi-
nant taxa were calculated in accordance with
the methods described by Brower and Zar
(1984). Statistical analyses included a three-
way ANOVA by the Statistical Analysis Sys-
tem, Duncan’s Multiple Range, and
nonparametric analyses.

Results and Discussion

Physical analysis

Typical current velocities in riffle areas
without submersed aquatic plants were 0.51
m/sec at the surface and 0.33 m/sec near the
substrate. In comparison, velocities within
plant beds ranged from 0.40 to 0.50 m/sec
above submersed plants and were reduced to
0.02 10 0.08 m/sec at the bottom. In most
cases, current velocities were actually higher
at the front edge of plant beds than in nearby
riffles. Increased stream velocities im-
mediately above submersed aquatic vascular
plants have been described previously by
Fonseca et al. (1982). These investigators
reported that seagrass Zostera marina caused
current velocities to be higher over the sur-
face of submersed plants but substantially re-
duced inside the plant beds.

Fonseca et al. (1982) also noted that
changes in current velocities per unit depth
increased with increased plant abundances.
This phenomenon was attributed to shoot
bending, which accounted for a redirection of
current flow and in-canopy reduction of cur-
rent velocity. Gregg and Rose (1982) ob-
served a similar trend in the Portneuf River
in southeastern Idaho.

Discharge levels have been continuously
monitored at the study site by a USGS gaging
station. The data used for this study have been
summarized in Moore et al. (1989, 1990). Dis-
charge during 1987 ranged from a minimum
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of 9.9 cfs to a maximum of 67,000 cfs, with a
mean rate of 2,281 cfs.

During 1988, discharges ranged from 21
cfs to 59,400 cfs, with an average discharge
of 4,593 cfs. Typically during late summer
and early fall, water levels are low with dis-
charge levels usually less than 400 cfs with
monthly mean rates less than 150 ¢fs. From
June through August 1988, mean monthly dis-
charges ranged from 123 to 130 cfs, and dis-
charge levels on the three sampling dates
were 15 June 1988 (112 cfs), 22 August 1988
(99 cfs), and 2 November 1988 (157 cfs).

Sediments were typically sandy gravel or
gravelly sand with 60 to 70 percent of the
particles consisting of pebbles, granules, and
very coarse sand at most collection sites
(Figure 1). Fine sand and very fine sand ac-
counted for 20 percent or more of the total
sediments at stations P-1 and P-3 Jocated in
the plant zones, whereas these finer sediments
accounted for only 8 to 12 percent of ali sedi-
ments at the other stations.

60 H Riffle - No Plaats
B Riffle - With Plants

|

0.5-1.0 l 2.04.0

<0.06 0.1-0.2
0.06-0.1 0.2-0.5 1.0-2.0  4.0-64.0
Size in mm

Figure 1. Grain size analysis of sediments
collected in Saline River, 15 June 1988

The reduction in current velocities within
plant beds increased the amounts of finer
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sediments and organic matter. The percent-
ages of organic matter were usually 3 to 6
times higher in sediments within plant beds.
Gregg and Rose (1982) reported that macro-
phytes affecied substrates by increasing the
amounts of finer sediments and detritus.

Shallow-water areas were subjected to
wide fluctuations in temperature, pH, and dis-
solved oxygen, in part due to the daily and
seasonal variations in climate, photosynthetic
activities, and breakdown of submersed
macrophytes.

The following ranges in parameters were
measured during three sampling dates: tem-
perature (1.8° to 31.7° C); pH (6.1 to 7.2);
dissolved oxygen (5.0 to 14.6 mg/L); discharge
(9.9 0 67,000 cfs); specific conductance (52.5
t0 530.0 uS); total alkalinity (7.0 to 44.0 mg/L);
total hardness (13.0 to 94.0 mg/L); and turbid-
ity (3.5 to 15.0 NTU). Stream discharge varied
from 21 to 59,400 cfs and averaged 4,593 cfs
during 1988. Discharge levels on the three
sampling dates were 112 cfs (15 June 1988),
99 cfs (22 August 1988), and 157 cfs (2 No-
vember 1988).

Macroinvertebrates

Submersed stands of Potamogeton
nodosus and riffle areas without aquatic vas-
cular plants (no-plant zones) in the Saline
River supported a diverse assemblage of
macroinvertebrates, including 117 species
dominated by dipterans (41 species), oligo-
chaetes (14 spectes), clams (13 species), and
trichopterans (10 species). Within the Order
Diptera (two-winged insects), the family
Chironomidae (midges) comprised 36 of the
41 species and accounted for 35 percent of
the number of species and 80 to 90 percent of
the total number of individuals occurring on
Potamogeton nodosus and 30 to 80 percent
of the total numbers of individuals occurring
in areas without aquatic macrophytes.

Many midges occur in riffle areas and col-

onize submersed macrophytes during part of
the year, whereas some species are entirely
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restricted to either riffle substrates or plant
surfaces. These macroinvertebrate communi-
ties are discussed as phytophilous (plant-
loving) species, which occur on the surfaces or
burrow within aquatic vascular plants, and as
benthic (bottom-dwelling) macroinvertebrates,
which occur in no-plant zones.

Phytophilous macroinvertebrates

The number of taxa occurring on submersed
Potamogeton varied from a low of 20 taxa on
15 June 1990 to a maximum of 33 taxa on
2 November 1988. Of the total 117 species
occurring at the study site, only 33 taxa were
collected in the quantitative sampling of
plant stems and leaves. Macroinvertebrate
population estimates on individual plants ex-
hibited high variances. In most cases, the F-
ratio indicated that the variances between
different series of samples were significantly
different (P < 0.05).

Chironomids were the dominant group of
phytophilous macroinvertebrates, both in
numbers of species and numbers of individu-
als per gram of dry mass of plants. Fifteen of
the 33 taxa found on submersed macrophytes
were chironomids, and the group accounted
for 90.6 percent of all macroinvertebrates
sampled.

Menzie (1980) reported that chironomids
were the most abundant organisms on sub-
mersed macrophytes in the lower Hudson
River. He observed that two different assem-
blages occurred, with one group residing pri-
marily in the sediments and another living on
the aquatic plants. Trichopterans (caddisflies)
were the next most abundant group, but repre-
sented only 3.8 percent of the total density.

Average numbers of macroinvertebrates
per gram of dry weight of plant biomass on
15 June 1988 varied from 565.8 individuals/g
at station 2 to a maximum of 723.0 individu-
als/g at station 1. The mean for 15 samples
collected on 15 June 1988 was 627.2, with
dipterans accounting for 93.1 percent of the
total.
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Chironomids were the dominant spe- Table 1
cies at all sampling stations. Individu- Mean Numbers of Macroinvertebrates
als of Rheotanytarsus exiguus numbered Per Gream of Potamogeton nodosus
334.5 per gram and represented 59.1 per- at Station 2, Sallne River
cent of all macroinvertebrates and 64.5 Taxon 15 Jun 88 | 22 Aug 88 | 2 Nov 88
percent of all chironomids occurring on Hydra sp. 0.0 0.3 0.0
Potamogeton nodosus at station 2. The Macrostomum sp. 00 0.0 0.4
next'most abundant macroinvertebrates Tylanchus sp. 3.0 0.0 i1
were Polypedilum convictum, Dero nivea 0.0 0.0 2.8
Thienemanniella xena, and Cricotopus Nais communis 6.7 0.3 183
bicinctus. Mean numbers of macroinverte- | Pristina feidyi 0.0 7.0 5.2
brates per gram dry Welght of Pristinelia osborni 0.0 0.0 0.4
Potamogeton nodosus at station 2 (which Hydracarina S 30 2.4
was similar to stations 1 and 3) are shown Baelis ephippiatus L8 114 as
in Table 1. Caegnis hilaris 1.9 0.0 0.8
Tricorythodes atratus 0.0 16.0 0.6
On 22 August 1988, mean densities Nevparasp. 0.0 i 9.7
of macroinvertebrates varied from 340.3 TaBriopIeryE BURc Ld ui =05
to 579.4 individuals/g with an average Cheumatensyahesp, il 8.8 8.8
of 472.3 individuals/g for all samples at Chingiig obscsa 4t L] 03
the three sites. The highest densities oc- Brachyceniusep. &4 02 .9
: Ceraclea sp. 0.0 0.0 0.4
curred at stations 2 and 3 on 2 Novem-
ber 1988, at which time the average Necwpsjv o6 5p go 00 2]
Hydroptila sp. 10.2 2.7 8.7
numbers per gram ranged from 1,369.8 :
z Oxyethira sp. 0.0 2.1 0.2
to 1,780.7. The standing crop of T T———— 40 50 5.1
macroinvertebrates at station 1 was only Aep — - - :
T ; . centria sp. 1.8 0.4 0.5
262.2 individuals/g; this low density FE———— o e 58
lowered the mean for the 2 November Halipls sp. ' 1:8 i 10
1988 sampling to 1,138.3 individuals/g. Stenalmis humerosa o5 0 o1
. Ablabesmyia parajanta 5.6 2.1 0.0
'1_"he reasons for the lower density at tabrurndlihia picseie o0 T 00
station 1 are not f}llly pndcrstood. Some Nilotanypus fimbriatus 00 14 00
possible explanations L.n'clude fluctuat- Thisnemannimyia sp. 56 00 70
ing water levels, inhtbition by more in- Corynoneura celeripes 8.4 21 0.0
tense solar radiation, increased Cricotopus bicinctus 36.3 0.3 389 .4
predation from fishes, and habitat distur- Thicagmanniclia fisca 56 0.7 17
bance from recreational activities. The Thienamanniola xena 50.2 98 48 6
depth of the Potamogeton bed at station Cryptochironomus fulvus 0.0 0.7 0.0
1 was considerably less than at the other Polypedilum convictum 61.3 11.8 1,048.3
stations, and it is possible that fluctuat- Polypedilum scalaenum 0.0 07 0.0
ing water levels caused the plants to be Tanytarsus coffmani 5.8 0.7 0.0
partially or completely exposed for an Yanytarsus glabrescens 0.0 0.0 87
unknown pcriod. Tanytarsus guerlus 0.0 0.7 0.0
Rheotanytarsus exiguus 334.5 242.7 166.9
Rheotanytarsus exiguus was the domi- | Bezzia sp. 3.7 0.4 9.4
nant chironomid on both the 15 June Simujum sp. 1.9 4.6 7.9
1988 and 22 August 1988 sampling Diptera pupae 00 0.0 2.0
dates; however, on 2 November 1988 Total 566.0 341.3 1,779.6

Polypedilum convictum was dominant,

with 1,048.3 individuals/g. Polypedilum con-
victum accounted for 58.9 percent of macro-

invertebrates on 2 November 1988, and Crico-
topus bicinctum (with 389.4 individuals/g)

68

Miller & Bacon WES MP A-91-3, June 1991



comprised 21.9 percent of the total. The win-
ter stonefly (Taeniopteryx burksi) was the
fourth most abundant organism, with 1.7 per-
cent of the total, The eggs of this species un-
dergo diapause, and early instars typically
appear in early to late fall.

Naidid oligochaetes were not as abundant
in this lotic habitat as has been reported in
some other studies. The most commonly oc-
curring oligochaete was Nais communis, with
18.3 individuals/g and 1.0 percent of the total
population on 2 November 1988.

Macroinvertebrate taxa that were collected
only on Potamogeton nodosus included the
lepidopterans Acentria sp. and Petrophila
sp. and the caddisflies Oxyethira sp. and
Brachycentrus sp. Nectopsyche sp. was
predominantly found on submersed aquatic
macrophytes and was most abundant on
2 November 1988. Berg (1949) reared 32 spe-
cies of insects from Potamogeton and noted
that Potamogeton spp. supported a large, het-
erogeneous fauna that were intimately or
obligatorily related to living plants. McGaha
(1952) expanded Berg’s earlier study to in-
clude the relations of insects to 13 species of
plants.

A one-way ANOVA and the nonpara-
metric Kruskal-Wallis tests of significance
indicated that phytophilous macroinvertebrate
means or populations were significantly dif-
ferent (P < 0.05) for the three dates, but den-
sities between sampling stations were not
significant (P > 0.05) for all samples col-
lected on the three dates.

Although the species richness was moder-
ately high, the Shannon diversity indices were
generally low. These values ranged from 1.9
on 2 November 1988 t0 2.3 on 15 June 1988
because of the dominance of one species of
chironomid, which represented 60 to 90 per-
cent of the total number of individuals.

Benthic macroinvertebrates

The benthic areas in a zone without and
with plants supported a diverse assemblage
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of 117 species of macroinvertebrates domi-
nated by larval chironomids, oligochaetes,
and clams. The mean numbers of organisms
per square meter (individuals/sq m) in a no-
plant and plant zone are summarized in
Tables 2 and 3, respectively. As was the case
in phytophilous samples, standard deviations
were typically 250 percent of the sample
densities.

Despite high sample variances, some defi-
nite seasonal trends and macroinvertebrate-
plant associations were apparent. The mean
density of macroinvertebrates from 45 sam-
ples collected in the plant zones was 49,030
individuals/sq m compared to a mean of
46,726 individuals/sq m in nearby riffle areas
without macrophytes.

A three-way ANOVA indicated that the
two population means were not significantly
different (P > 0.05). A Duncan’s Multiple
Range Test of significance indicated that the
sample means on 2 November 1988 in both
plant and no-plant zones were significantly dif-
ferent (P < 0.05) from sample means collected
on 15 June 1988 and 22 August 1988. Sample
densities in riffle areas ranged from a low of
18,322 individuals/sq m at station R-2 on
22 August 1988 to a high of 87,155 individuals/
$q m at station R-1 on 2 November 1988.

Dipterans accounted for 30 percent or
more of the total numbers of individuals
throughout the sampling duration but gener-
ally constituted more than 50 percent of the
total. On 15 June 1988, dipterans contrib-
uted 70 to 82 percent of the total density in
riffle areas; oligochaetes and pelecypods ac-
counted for less than 10 percent of the total.

On 22 August 1988, dipterans constituted
only 30 to 36 percent, while oligochaetes
represented 10 to 16 percent and pelecypods
comprised 26 to 38 percent of the total in the
riffle samples. The Asiatic clam Corbicula
fluminea represented more than 98 percent of
the pelecypods in all samples. Dipterans
were again dominant on 2 November 1988,
and represented 49 to 59 percent of the total
density.
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Table 2

Mean Numbers of Benthlc Macrolnvertebrates per
Square Meter In Riffle (No-Plant Zone)
at Statlon 2, Sallne River

Taxon 15 Jun 1988 | 22 Aug 1988 | 2 Nov 1988
Hydra sp. 27 0 0
Macrostomum sp. 1] 0 358
Namatoda 158 150 530
Gordius sp. 27 0 0
Dero furcata 39 0 0
Daro nivea 670 201 5,093
Nais communis 0 0 375
Pristina leidy! 158 100 643
Pristina synclites 158 1,003 268
Pristinelia jenkinae 0 0 54
FPristinella osborni 118 0 643
Stylaria lacustris 79 0 0
Branchiura sowerbyi 0 50 429
Tubificidae w/caps' 39 151 483
Tubificidae w/o 03952 197 351 1,823
Efimia sp. 0 0 53
Gyralus sp. 0 0 27
Physella sp. 27 0 0
Corbicula fluminea 2,015 €,867 15,431
Hydracarina 265 0 398
Baatisca lacustris 0 0 27
Baatis sphippiatus 345 106 0
Caanis hitaris 1,061 1,511 265
Leucrocuta hebe 212 106 27
Hexagenia limbata 0 27 0
Tricorythodas atratus 53 239 557
Ophiogomphus westHalli 0 159 27
Progomphus obscurus 27 0 0
Nsoperia sp. 0 0 265
Perlinela drymo 265 0 27
Taeniopteryx burksi 0 0 292
Corydalus cornutus 27 0 0
Ceraclea sp. 424 106 1,140
Cheumatopsyche sp. 981 0 53
Chimarra obscura 1,220 0 0
Hydroplila sp. 106 133 902
Lepiocerus americanus 0 o 27
Dingutus serrulatus 27 ¢ 0
Paltodytes

sgxmanculatus 27 53 0
Stenelmis humerosa 928 1,459 3,420
Ablabesmyia parajanta 712 325 1,075
Labrundinia pilosaifa 596 0 144
Nifotanypus fimbriatus 283 G 71

! Immature and not identifiable, with capilliform chaeta.

2 Immature and not identifiable, without capilliform chaeta.

{Continued)
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Mean population densities in the
riffle samples on 15 June 1988 and
22 August 1988 were 34,161 and
27,259, respectively, compared to
42,258 and 49,841 individuals/sq m
in the plant zones. However, on 2
November 1988, the macroinverte-
brate density was higher in the riffle
areas (no-plant zones) than in the
plant zone. The mean of 15 samples
in riffle areas was 78,758 individu-
als/sq m compared to a mean of
54,992 individuals/sq m under the
Potamogeton bed.

The reasons for this phenomenon
are not fully understood, but it is
likely that the high discharge levels
during the winter, spring, and early
summer, in combination with the
highly unstable sandy gravel sub-
strates, limit macroinvertebrate colo-
nization in the riffle areas where
current velocities are high.

The Potamogeton beds stabilize
the substrate during these times of
stress and provide food and shelter
for macroinvertebrates. By the end
of summer and eartly fall, discharge
levels are typically below 100 cfs
for an extended time period and
allow substrates in riffle areas to sta-
bilize. In addition, dense growths of
diatoms and filamentous green algae
dominated by Spirogyra develop dur-
ing late summer and fall and provide
an abundance of food for
macroinvertebrates.

Sandy substrates are generally re-
garded as poor habitats, with low
population densities and diversities
(Hynes 1970). The sandy-gravel
substrate in the Saline River is
highly unstable during high-discharge
periods, and the substrate composi-
tion and velocity are important con-
trolling factors in the standing crop
of macroinvertebrates.
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Table 2 {Concluded) Mean population qstix_m_ues ranged
Texon 15 Jun 1988 | 22 Aug 1988 | 2 Nov 1988 _|  irom 2 low of 25,720 individuals/sq
Progladius sublottol 0 195 3,010 m at station P-1 on 15 June 1988 to a
Thienemannimyia sp. 2,575 325 108 maximum of 66,659 individuals/sq m
Corynoneura celaripss 2,575 65 0 at station P-1 on 2 November 1988.
Corynoneura taris 0 0 108 Mean densities for the sampling dates
Cricotopus bicinctus 532 85 3,666 were as follows: 42,258 (15 June 1988),
Cricolopus tremuius 0 0 108 49,841 (22 August 1988), and 54,992
Orthocladius sp. 0 0 108 (2 November 1988).
Nanocladius rectingrvis 267 0 0
Synorthocladius Some plant-macroinvertebrate
BRIMIVBIENS 355 0 108 associations were apparent in that the
Ihienempraiia X 889 o 845 densities of nematodes, oligochaetes,
C’}'{’}pf:fl’fs”” Ll 45 450 i6m5 an.d pelecypods were higher in ben-
, . thic zones under Potamogeton
Dicrotendipas .. .
neomodestus 0 0 860 nodosus. The densities of mayflies,
Microtendipes sp. 0 85 215 stoneflies, and caddisflies were
Polypedilum conviclum | 3,998 390 4,823 higher in the riffle areas or no-plant
Polypedilum scalaenum | 7,370 51 1,183 zones. Density of chironomids var-
Robackia demaijerei 799 0 108 ied depending on habitat type, and
Stictochironomus appeared to be unrelated to presence
devincius 712 455 108 of the plaﬂts (Figure 2).
Paratanytarsus sp. 267 1,169 868
FaASIEAS conani 8o D 0 Mean numbers of oligochaetes in
Rheotan:..ffarsus exiguus 346 65 2,150 the riffle and plant zone combined
Stempellinalia sp. 1,154 380 4,300 samples were 6,494 and 13,596 indi-
Tanylarsus glabrescens 977 0 2,803 viduals/sq m, respectjvcly (Pigurc 3)'
Tanyr'arsus guerlus 532 0 968 A one-way ANOVA test of signifi-
B?zz'? SP- i 4 2817 cance indicated that the means were
Sl e, T — s significantly different (P < 0.01),
. : - and a Kruskal-Wallis nonparametric
50,000 30,000
L B Within Plant Bed
: | W Within Plant Bed
e L B Outside Plant Bed = B Ouislde Plaxl Bed
= o
2 £ 20.000
= =
2 25,000 3
= S
= = 10,009
0 0

Jon 88

Aug 88

Nov 88

Nov 88

Jun 88

Aug 88

Figure 2. Distribution of larval chironomids
in Saline River
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Figure 3. Distribution of oligochaetes

in Saline River
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Table 3

Mean Numbers of Benthlc Macrolnvertebrates
per Square Meter under Potamogeton nodosus
(P = Plant Zone) at Statlon 2, Sallne Rlver

Taxon 15 Jun 1988 | 22 Aug 1988 | 2 Nov 1988
Hydra sp. 0 0 0
Macrostomuim 8p. 27 0 108
Nematoda 424 504 689
Gordius 8p. 0 0 0
Dero furcata 0 83 170
Dero nivea 5,837 3,165 3,735
Nais communis 0 D 170
Pristina leidyi 5,906 1,899 1,613
Pristing synclites 278 0 a5
Pristinelia jenkinae 0 0 0
Pristinella osborni 347 O 424
Stylaria lacusiris 0 0 0
Aufodrilus pigueti 0 83 0
Branchiura sowerbyi 0 0 849
ilyodrilus templetoni 0 0 as
Limnodritus hoffmeisteri 0 0 170
Tubificidae w/caps 0 0 509
Tubificidae wfo caps 3,752 2,249 3,565
Ancylus sp. 0 ¢ 53
Elimia sp. 0 27 0
Gyralus sp. 0 0 0
Physelia sp. 0 0 0
Actionais ligamentina 27 0 27
Corbicula fluminea 3,553 17,235 8,591
Elliptio dilatata 80 ¢ 27
Hydracarina 80 158 265
Baslisca lacustris 0 0 0
Baells ephippiatus 0 106 0
Caenis hilarls 133 1,405 345
Leucrocina hebe 27 133 0
Hexagenia limbata 0 80 0
Tricorythades atratus 53 371 265
Argia transiata 0 27 27
Cphlogomphus westialli 53 63 27
Progomphus obscurus 0 0 27
Nsoperla sp. 0 0 0
Perlinelia drymo 27 0 0
Taeniopteryx burksi 0 0 106
Ceraclea sp. 80 504 451
Cheumalopsyche sp. 80 53 27
Chimarra obscura 27 53 0
Hydroptila sp. 186 53 37
Leplocerus americanus 27 0 27
Nectopsyche sp. 0 27 158
Bineutus serrulalus 0 0 0
Peltodytes

sexmanculatus 27 0 0

{Continued)
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test of significance indicated that
the populations were significantly
different (P < 0.001).

Although the sample means of
pelecypods in the riffle samples and
plant zone samples were 7,247 and
10,794, respectively, the means and
populations were not significantly
different (P > 0.05). Sample means
and populations of other macreinver-
tebrates in the two zones were also
not significant (P > 0.035).

Summary

Complex interactions of water
and sediments with submersed
macrophytes in flowing waters may
significantly alter the physical
environment by affecting current
velocity, modifying sedimentation
patterns and substrates, stabilizing
or destabilizing habitat structures,
modifying temperature regimes, and
influencing available light. Macro-
phytes in lotic habitats have been
reported to modify current flow pat-
terns and to physically alter habitats
to the extent that depositional pat-
terns and accumulations of silt, sand,
and particulate organic matter dif-
fered in areas with plants (Fonseca
et al. 1982, Gregg and Rose 1982).

Aquatic plants in lotic systems
have a measurable effect on physi-
cal conditions. In the Saline River
the percentages of organic matter
and fine-grained sediments were
higher in the macrophyte beds than
in the adjacent riffles. However,
biotic differences did not always
follow predictable patterns. Some
macroinvertebrate species were en-
tirely restricted to locations on or
beneath submersed macrophytes,
whereas others occurred only in
riffle areas without macrophytes.
Populations exhibited seasonal peri-
odicity in response to variations in

WES MP A-91-3, June 1951



Table 3 (Concluded)

Taxon 15 Jun 1988 | 22 AugJQBS 2 Nov 1988
Stengimis humerosa 159 2,678 1,830
Ablabasmyia malfochi 0 100 0
Ablabasmyia parajanta 227 100 224
{ abrundinia piloselia 51 316 0
Nilotanypus fimbriatus 25 136 0
Prociadius sublattei 78 201 672
Thienemannimyia sp. 303 954 75
Corynoneura celeripes 531 1,104 0
Corynonsura larls 0 0 0
Cricotopus bicinctus 0 100 1,569
Cricolopus tremufus 0 0 0
Orthocladius sp. 0 0 149
Nanocfadius rectinervis 227 0 0
Parakieffarielia sp. 0 50 c
Synorthocladius

semiverens 0 0 148
Thisnemanniefia fusca Q 0 75
Thienemanniella xena 152 151 822
Cryptochironomus

fulvus 2,122 3,752 448
Dicrotendipas

neomodestus 0 0 672
Microtendipas sp. 0 0 0
Polypediium convictum 3,032 3.210 4,183
Polypedilum scalaenum 4,168 2,908 1,868
Robackia demeijerei i52 251 0
Stictochironomus

devinctus 4,017 552 0
Paratanytarsus sp. 0 802 75
Stempsllinelia sp. 1,440 6,568 747
Tanytarsus coffmani 76 0 0
Rheolanytarsus axiguus 1,213 502 1,842
Tanytarsus glabrescens 76 50 1.643
Tanytarsus gusrlus 834 o) 224
Bezzia sp. 451 822 1,246
Simulium sp. 80 0 0
Diptera pupae 0 0 27
Total 40,443 52,821 41,605

temperature, available light, current veloci-
ties, available food, and biotic factors.

The most clear-cut beneficial effects of the
plants were noted with the aquatic worms, or
Oligochaeta. Densities of these organisms
were always higher in vegetated rather than
nonvegetated areas. Conversely, chironomid
densities were variable and did not appear to
be affected by presence of aquatic plants, The
ability of these organisms to enter the drift

WES MP A-91-3, June 1991

Ecology of Submsrsed Species

and their areal mode of colonizing
new habitats had a stronger influ-
ence on their distribution than did
the substrate-stabilizing effects of
macrophytes.
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Phosphorus Exchange Between Littoral and Pelagic
Zones During Nighttime Convective Circulation
in Eau Galle Reservoir, Wisconsin

William F. James' and John W. Barko'

Introduction

Identification of internal and extemal
phosphorus (P) sources to the epilimnion of
lakes is fundamental to our understanding of
eutrophication. Most investigations of inter-
nal P loading have focused on P release from
anoxic, hypolimnetic sediments (e.g. Mortimer
1971; Theis and McCabe 1978; Niimberg
1984, 1987; Riley and Prepas 1984; Niimberg
et al. 1986). Hypolimnetic P can be trans-
ported to the epilimnion via wind-driven
mixing (e.g. Stauffer and Lee 1973; Kortmann
et al. 1982; Stauffer and Armstrong 1984,
Stauffer 1985, 1987; Effler et al. 1986) and/or
turbulent eddy diffusion (e.g. Jassby and
Powell 1975, Imboden and Emerson 1978,
Robards and Ward 1978, Stefan and Hanson
1981, Wodka et al. 1983).

Horizontal P transport from the littoral
zone to the pelagic epilimnion may be an im-
portant internal P loading mechanism as well
(Prentki et al. 1979, Drake and Heaney 1987).
While the littoral zone may serve as either a
sink (Patterson and Brown 1979, Wetzel
1979) or a source of P (Barko and Smart
1980; Carpenter 1980; Landers 1982; Smith
and Adams 1986), horizontal P transport has
been difficult to quantify, due to inadequate
information on hydraulic exchange between
the littoral and pelagic zones. Two known

mechanisms that potentially mediate horizon-

tal P transport are wind-driven circulation
(Weiler 1978) and convective circulation in-
duced by nighttime cooling (Horsch and Ste-
fan 1988; Stefan, Horsch, and Barko 1989).

Horsch and Stefan (1988) and Stefan,
Horsch, and Barko (1989) showed that during
calm, cold nights, littoral water cools more
rapidly than pelagic water, due to volume dif-
ferences, resulting in horizontal temperature
gradients. Under these conditions, littoral
water can move as an undercurrent below the
warmer pelagic water, inducing a circulation
pattern that transports P. Based on studies
employing use of a fluorescent dye, we
examined on two dates convective circula-
tion patterns and P flux between the littoral
and pelagic zones of Eau Galle Reservoir.

Methods

Eau Galle Reservoir is a small, dimictic,
eutrophic US Army Corps of Engineers im-
poundment located in west-central Wisconsin
(Figure 1). External P loading occurs primar-
ily during spring and autumn, with most of
the inflow (80 percent) occurring from the
Eau Galle River. External P loading is usually
minimal during summer stratification, al-
though freshets do occur with some frequency
(Kennedy 1987). Internal P loading usually
dominates during summer stratification, with
anoxic, profundal sediments accounting for
much of this load (James, Kennedy, and
Gaugush 1990; James, Barko, and Taylor, in
press). Submersed littoral vegetation is ex-
tensive around the penimeter of the reservoir
with dry mass densities reaching 500 g m™
in some areas (Filbin and Barko 1985).
Ceratophyllum demersum L. and Pota-
mogeton spp. dominate the littoral assemblage.

1 US Army Engincer Waterways Experiment Station, Vicksburg, MS.
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Figure 1. Morphometric contours (meters)
of Eau Galle Reservoir and transect
(heavy line} and station locations
(solid circles) in the northwest bay.
(Shaded area represents regions
of macrophyte grawth)

Two studies (25-26 July and 12-13 Sep-
tember 1988) were conducted in the north-
west bay area of the reservoir to estimate
hydraulic and P exchange between the littoral
and pelagic zones during periods of night-
time convective cooling (Figure 1). Air tem-
perature, wind speed, and wind direction
{Omnidata International equipment) were
monitored at hourly intervals at a station lo-
cated 1 km from the study site.

A transect was established in the vege-
tated region of the bay, perpendicular to the
slope of the basin, using posts driven into the
sediment at approximately 25-m intervals.
Buoys were placed in the deeper pelagic re-
gion at 10- to 20-m intervals to extend the
transect into the open water. By attaching
rope to the posts, boats could be pulled into
the vegetated region with minimal distur-
bance to the water column. All stations and
distances along the transect were surveyed
using a transit.

WES MP A-91-3, Juna 1981
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Stations for water sampling in the littoral
zone (st. 1-4, Figure 1) were located 163,
110, 55, and 0 m from the 1-m contour, while
pelagic stations (st. 5 and 6) were located at
the 2- and 4-m depth contours. All stations
were monitored for temperature, dissolved
oxygen, and pH at approximately 2000,
2400, 0400, 1000, and 1400 hr during each
study. Stations 2-6 were sampled for P
analyses at 2400 hr.

Temperature, dissolved oxygen, and pH
were measured at 25-cm intervals at stations
1-4, and at 50-cm intervals at stations 5 and 6
with a Hydrolab Surveyor II. Dissolved oxy-
gen was calibrated against Winkler determi-
nations, and pH was calibrated using known
pH buffer solutions (American Public Health
Association (APHA) 1985). Samples for P
analyses were collected with pneumatically
driven close-interval syringe samplers
(James, Kennedy, and Gaugush 1990). Each
sampler consisted of a copper tubing mani-
fold with syringes attached to ports located at
25-cm intervals. Samples were collected at
these depth intervals from the surface to near
the bottom (approximately 10 cm above the
sediment-water interface) at the stations lo-
cated in the littoral zone (st. 2-4) and at sta-
tion 5. Samples were collected at these depth
intervals at station 6 between the surface and
3-m depth in July, and between the surface
and 4-m depth in September.

Samplers in the littoral zone were de-
ployed on a stake and left undisturbed for 4 hr
before collection to minimize the effects of
any disturbances created during deployment.
Total phosphorus (TP) was analyzed colori-
metrically on a Technicon Autoanalyzer II
after digestion with potassium persulfate
(APHA 1985).

Rhodamine WT (Crompton and Knowles
Corporation, USA), a red fluorescent dye,
was placed in the littoral zone near the edge
of the macrophyte bed (i.e., littoral-pelagic
interface; Figure 1) at 2100 hr during each
study to examine hydraulic exchange during
the nighttime cooling period. The dye was
placed in this location to observe both forward
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(i.e., into the pelagic zone) and reverse (i.e.,
into thc httoral zone) movement. Dye (300 ml)
24gLl” ) was thoroughly mixed with ap-
proximately 100 L of lake water collected
uniformly with a pump and hose from all
depths of the 1-m deep station. The dye mix-
ture was then pumped back into the water col-
umn at all depths by continuously moving the
hose up and down. Initial concentration mea-
surements indicated that the dye was evenly
distributed in the water column at 500 to
1,000 ug L1,

Dye movement from the injection location
was tracked with a Turner Designs Fluorome-
ter (model No. 10-005R) calibrated with
known Rhodamine WT dye standards, ranging
from 0.48 to 480 pg L), ‘Untreated lake water
typically had a background fluorescence of
0.2 pg L'L. The detection limit for dye concen-
tration was arbitrarily set at 0 Spgl’ froma
comparison of a 0.48-ug L dye standard
and untreated lake water measurements.

The forward and reverse leading edges
of the dye cloud were tracked at 2- to 4-hr
intervals for 20 to 24 hr after injection. To
find these leading edges, fluorometric mea-
surements were taken at 0.10- to 0.25-m
depth intervals and 5- to 10-m horizontal
intervals along the rope transect in the litto-
ral zone and at buoyed stations in the pelagic
zone. These edges were located to within
+5 m. In addition, measurements were made
at lateral stations, although less frequently,
to track movement relative to the slope of the
basin.

Forward and reverse flow velocities (m
sec’ ) were calculated as the distance of the
leading edges of the dye cloud from the ini-
tial injection point divided by time. Use of
the edges of the dye cloud in the calculation
reflected maximal velocities. Forward and re-
verse volumetric flow rates (m3 hr'l) through
the littoral-pelagic interface were estimated
for the entire reservoir as the product of flow
velocity, vertical expanse of the dye cloud
leading edges, and horizontal length of the
littoral-pelagic interface divided by time.
The littoral-pelagic interface length was

78 James & Barko

equivalent to the lateral distance of the outer
edge of the macrophyte beds around the reser-
voir (about 1,000 m; see Figure 1). Here, we
assumed that dye movement and, therefore,
flow velocities were similar along the entire
length of the littoral-pelagic interface.

Total phosphorus exchange rates (g hr'l)
into the pelagic zone were calculated as the
product of forward volumetric flow rates and
horizontal and depth-weighted TP concentra-
tions obtained from stations 2-4. The TP ex-
change into the littoral zone was calculated
similarly as the product of reverse volumetric
flow rates and weighted concentrations ob-
tained from stations 5 and 6. TP concentra-
tions were weighted horizontally with respect
to length between stations along the transect.

Areal daily TP exchanges (mg m2 day™)
into and out of the littoral zone were calcu-
lated as the product of TP exchange and the
time period of daily maximal convective cir-
culation d1v1ded by the reservoir’s surface
area (0.6 Kk ). Net areal daily TP flux was
calculated as the difference between littoral
and pelagic areal daily TP exchange.

Results

Temperatures dropped substantially during
the nights of both study periods (Figure 2).
Wind speed decreased to near zero between
2100 hr on 25 July and 0900 hr on 26 July,
then increased during the day of 26 July from
a southerly direction. During the September
study period, wind speed declined to near zero
between 0200 hr and 0900 hr on 13 September,
then increased from a northerly direction dur-
ing that day.

At 2000 hr on 25 July, the littoral zone was
stratified with warmer surface temperatures
than those of the pelagic zone (Figure 3).
During nighttime cooling on this date, littoral
stratification was disrupted, and the entire ep-
ilimnion cooled to about 24° C by 2400 hr.
The littoral zone cooled further by 0400 hr
on 26 July, resulting in marked horizontal
temperature gradients. By 1000 hr on 26 July,
intrusion of cooler water from the littoral
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zone occurred between the 1- and 3-m depths

AR TEMPERATUR
e WIND SPEED

E

A of the pelagic zone (Figure 3). The littoral
zone was again stratified by 1400 hr on 26
July, and exhibited warmer surface tempera-

P tures than those of the pelagic zone.

In contrast, cooler autumnal weather gen-
erated lower water column temperatures in

27

September. During the September study pe-
riod, water temperatures were neatly uniform

40 T T

AR TEMPERATURE, °C

J0F f" -

at 1930 hr on 12 September (Figure 4). How-
ever, nighttime cooling established horizon-
tal temperature gradients between the littoral
and pelagic zones by 0500 hr on 13 Septem-
ber. Daytime warming again generated
nearly uniform water temperatures by 1000 hr
on 13 September. Littoral surface water

Py
WIND SPEED. m s !

T
SEPTEMBER

warmed further than that of the pelagic zone
by 1400 hr on this date.

Figure 2, Hourly variations in air temperature and
wind speed during 25-27 July and 12-14 September
1988. (Arrow represents the time of dye injection)

During both study periods, the dye cloud
moved as a bottom current from the littoral
to the pelagic zone (Figure 5). Although
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Figure 3. Diel variations in water temperature (°C) versus depth
(meters) In the northwest bay during 25-26 July 1988
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Figure 4. Diel variations in water temperature (°C) versus depth
{meters) in the northwest bay during 12-13 September 1988
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Figure 5. Vertical and horizontal variations in dye concentrations (micrograms/liter) in the northwest bay.
(Arrow represents dye injection location)

consistently 25 cm in vertical expanse, the cloud  the two study periods (Figures 3 and 4), the

moved as an interflow current at different interflow occurred at 2.5 m in July and at 4 m
depths in July and September. Due to differ- in September. During both study periods, 1e-
ences in pelagic thermal stratification between verse dye movement occurred in the upper

80
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75 cm of the water column
(Figure 5). Observations of
lateral dye concentrations indi-
cated that forward and reverse
dye movements were centered
on the transect during both
sampling periods.

Movement of both leading
edges occurred linearly with
time during both study peri-
ods until approximately 1000
hr (Figure 6). Thereafter, dye
movemeni slowed, coincident
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with littoral zone heating and

stratification. Volumetric
flow rates were estimated
based on the observations dur-
ing both study periods that the
bottom 0.25 m of the littoral
water column moved in the

forward direction, the top 0.75 m of the pe-
lagic water columnn moved in the reverse di-

rection, and the length of the
littoral-pelagic interface was 1,000 m.

Estimated volumetric flow rates were very
similar in both directions during each study
period, indicating an approximate balance in
the hydrologic budget (Table 1). The com-
bined mean of both forward and reverse volu-
metric flow rates for both studies was 1,100

Figure 6. Forward (into the pelagic zone) and reverse (Into the littoral

zone} movement of dye from Infection point versus time
during 25-26 July and 12-13 September 1988

m3 hr'1

. Estimated turnover time of the listto-
ral zone, assuming a volume of 97,000 m”,

was 3 to 4 days during both study periods.

Elevated TP concentrations occurred in

Table 1

Estimation of Volumetric Flow Rates into the Littoral
and Pelagic Zones Based on Observations of Dye
Movement on 25-26 July and 12-13 September 1988

Flow Vertical | Flow Velocity | Volumetric
Directlon of Vealocll! Expanse | x :I!Exr{?nse p Flgw ~Iilale‘
Movement m* sec m m° m~ sec m° hr x 10

25-26 July 1988
Littoral Zone | 0.00048 | 0.75 0.0004 1.3
Pelagic Zone | 0.00108 |[0.25 0.0003 1.0
12-13 September 1988

Littoral Zone | 0.00033 | 0.75 0.0002 0.9
Petagic Zone |0.00124 (025 0.0003 1.1

! The volumetric flow rate is the product of How velocity {adjusted to
hours), vertical expanse of measurable dys in the water column,
and the langth of the littoral-pelagic intarface (about 1,600 m) at
the outer edge of the macrophyte beds divided by time.

WES MP A-31-3, June 1991

the littoral zone above the sediment-water in-
terface during the night of 26 July (Figure 7).
Concentrations of TP were lower at similar
depths in the pelagic zone on this date, indi-
cating the existence of horizontal as well as
vertical gradients. Not only were TP concen-

trations much lower in September,
but vertical and horizontal gradients
in TP were less apparent (Figure 7).

Total phosphorus from the bot-
tom 0.25 m of the littoral zone was
assumed to move with dye in the
forward direction, while TP in the
top 0.75 m of the pelagic zone was
assumed to move in the reverse di-
rection to estimate TP exchange
rates between the littoral and pelagic
zones. Overall, hourly rates of both
forward and reverse TP exchange
were greater in July than in Septem-
ber (Table 2). Forward and reverse
TP exchange rates were converted
into areal daily TP exchange rates
based on the observation that dye
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Figure 7. Vertical and horizontal variations in TP concentrations (g ) in the northwest bay

movement, and there-
fore maximal flow
velocity, occurred
over approximately 12

Table 2

Estimation of TP Exchange hetween the Llttoral and Pelagic
Zones on 25-26 July and 12-13 September 1988, Using Weighted
TP Concentrations and Volumetric Flow Rates (see Table 1)

hr (Figure 5), spanning

the nighttime and mom- Aras] Nel Aynol

_ & Weighted | Volumetric Dally TP | Daily TP

ing (2200-1000 hr). Direction of | TP Flow TP Exchange | Exchange' | Flux

Movement mgm? |[mhrtx10% | ghe? mgm?d’ |mgm?d?

Areal daily TP ex- 25-26 July 1988

change to the pelagic Littoral Zone | 49 1.3 64 1.3 0

Zane W.as BIeater than Pelagic Zone | 157 1.0 157 an 1.8

to the littoral zone dur-

mg both the ]Uly and 12-13 Seplember 1888

September study peri- Littaral Zone 26 0.9 23 0.5 0

ods (Table 2). Thus, a Pelagic Zone | 31 1.1 34 0.7 0.2

net areal daily TP flux
to the pelagic zone oc-
curred during both
studies. The net TP

exchange.

! Areal daily TP exchange is the product of weighted TP concentration, volumetric flow
rate, and the period of nighttime_convective circulation (12 hr) divided by the
reservoir's surface area (0.6 km?).

2 Net areal daily TP flux is the difference between littoral and pslagic areal daily TP

flux to the pelagic
zone was much greater
in July than in September, due to the existence
of higher TP concentrations above the littoral
sediment-water interface in July (Table 2).

Discussion

The dynamics of water movement during
nighttime cooling periods in July and Septem-
ber provide a mechanism for horizontal P
transport to the pelagic zone of Eau Galle Res-

82 James & Barko

ervoir. The two-layered circulation pattern,
described by Horsch and Stefan (1988) and
Stefan, Horsch, and Barko (1989), occurred
during both study periods. During nighttime
cooling, bottom water from the littoral zone
moved into the pelagic zone as an interflow,
and was replaced by a return flow of pelagic
surface water. Since both forward and re-
verse volumetric flow rates were balanced,
convective circulation appeared to be the
dominant hydraulic exchange process occur-
ring during these two studies.

WES MP A-51-3, June 1981




Wind speeds decreased to and remained
near zero at night for extended periods of time,
and therefore were unimportant in inducing hy-
draulic circulation. In general, the hydraulic
flow rates reported here (Table 11 were much
lower than those (0.00146 m>m sec'l) esti-
mated for this reservoir from the heat budget
model of Stefan, Horsch, and Barko (1989).
These differences can perhaps be attributed to
seasonal variations in nighttime cooling be-
tween the two investigations, or to differences
in the flux of heat versus a dye solute.

The entrance of littoral water into the pe-
lagic zone at different intermediate depths
(i.e., 2.5 m in July and 4.0 m in September)
suggests that weather and stratification pat-
terns were important in the development and
placement of interflow currents. During the
July study period, the interflow was located
at the top of the metalimnion; during the Sep-
tember study period, the iack of a strongly de-
fined metalimnion resulted in a much deeper
interflow. Differences in the depth of inter-
flow may be of seasonal importance when
considering the availability to the phytoplank-
ton community of entrained nutrients.

The existence of higher TP concentrations
in the littoral zone than in the pelagic zone re-
sulted in net areal daily TP fluxes to the pe-
lagic zone. Strong TP gradients occurred
above the sediment-water interface in the lit-
toral zone in July, suggesting that sediment
provided an important TP source during this
study period. Recent evidence indicates that
littoral sediment can release substantial P
at high pH, even under aerobic conditions
(Twinch and Peters 1984, Drake and Heaney
1987).

Although littoral bottom waters of Eau
Galle Reservoir were aerobic to within 10 cm
of the sediment-water interface, the pH at
this depth was 8.5 to 10.0 during both peri-
ods. Littoral sedimentg in this reservoir can
release 5 to 8 mg P m'2 day™! at pH 9 to 10
(James and Barko, unpublished data), sug-
gesting that the sediment probably accounted
for much of the P observed in the littoral
zone in July.

WES MP A-91-3, Jung 1981
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Estimates of net areal daily TP flux to the
pelagic zone via convective circulation are in
general agreeme %wnh the range of values
(0.5 to 5 mg P m™ day™!) reported for other
lakes (Prentki et al. 1979, Stauffer 1987).
Wind-driven circulation patterns (Weiler
1978), not considered here, may result in ad-
ditional littoral P transport. Lakewide inter-
nal P loading, calculated t%y mass balance,
averages about 8 mg P m day in Eau
Galle Reservoir (James, Barko, and Taylor,
in press). Thus, net areal daily TP flux to the
pelagic zone potentially accounted for 22 per-
cent (in July) and 2 percent (in September) of
the average lakewide internal TP loading.

Our results suggest that circulation pat-
terns induced by nighttime convective cool-
ing are of potentially great importance to the
P economy of this reservoir. Although P
transport to the pelagic zone occurs primarily
at intermediate depths near the base of the ep-
ilimnion, this source is available to migrating
algal species, which are abundant in Bau Galle
Reservoir (Barko et al. 1984; Taylor, Barko,
and James 1988; Barko, James, and Taylor
1990). Wind-driven epilimnetic mixing and
thermocline migration may also result in verti-
cal entrainment of this P to the epilimnion.

Littoral P fluxes need to be incorporated
into models of epilimnetic P transfer, as well
as lakewide P mass balance budgets. We are
currently investigating P dynamics in the litto-
ral zone and the seasonal importance of convec-
tive circulation to gain a better understanding
of the importance of this transport mechanism
to the P budget of Eau Galle Reservoir.
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Sediment Interactions with Submersed Macrophytes

John W. Barko

Introduction

Submersed macrophytes are unique among
rooted aquatic vegetation because they link
the sediment with overlying water. This link-
age is responsible for great complexities in
nutrition, and has potentially important im-
plications for nutrient cycling. During the
past two decades, it has become clear that, in
addition to serving as a base for physical at-
tachment, sediment also provides a source of
nutrient supply to submersed macrophytes
(see Barko 1991). It is now recognized that
sediment fertility exerts an important in-
fluence on macrophyte productivity and spe-
cies composition. However, the mechanisms
involved (see below) are complex.

In this paper, effects of sediment fertility
on submersed macrophyte productivity are
addressed, with specific attention to nitrogen
(N) and phosphorus (P) as potentially limit-
ing elements. In addition, evidence is provid-
ed for autogenic reductions in sediment
nutrient availability; consequences to macro-
phyte production rate are considered; and pro-
cesses potentially involved in balancing
sediment nutrient deficiencies are reviewed.
These topics are considered with a view to-
ward the development of novel macrophyte
management approaches.

Etfects of Sediment Fertility

In laboratory investigations, Barko and
Smart (1986) demonstrated relatively poor
growth of Hydrilla verticillata and
Myriophyllum spicatum on highly organic
sediments and on sands compared with
growth on fine-textured inorganic sediments.
The growth of these species decreased almost

linearly with increasing sediment organic
matter up to a concentration of about 20 per-
cent. From fertilization experiments, they
concluded that macrophyte growth limitation
on sands and organic sediments resulted from
nutrient deficiencies.

Since organic matter and sand (i.e., coarse-
textured sediment) have opposing influences
on sediment density, their effects on
macrophyte growth can be generalized as a
function of sediment density (Figure 1).

GROWTH

SEDIMENT DENSITY

Figure 1. Idealized relationship between submersed
macrophyte growth and sediment density (after
Barko and Smart 1986). Density increase up to
about 0.9 giml reflects decreasing sediment
organic matter content. Density Increase be-
yond this value reflects increasing sediment
texture. Macrophyte growth is maximal on
fine-textured sediments with density ranging
between approximately 0.8 and 1.0 giml

Sands possess high bulk density and low nu-
trient availability. However, the actual fertil-
ity of sands may vary considerably in nature
with groundwater nutrient inputs to the root
zone (e.g., Lodge et al. 1988; Lillie and
Barko, in press). Organic sediments possess

I US Army Engineer Waterways Experiment Station, Vicksburg, MS.

WES MP A-91-3, June 1991

Barko 87




Ecology of Submersad Species

low bulk density, and their nutrient content
(commonly considered to be high) is actually
quite low on the basis of sediment volume
(DeLaune, Buresh, and Patrick 1979; Barko
and Smart 1986). Nutrient uptake by rooted
submersed macrophytes growing on low-den-
sity organic sediments is potentially hindered
by the long distances over which nutrients
must diffuse (cf. Barko and Smart 1986).

Owing to the large exchangeable pool of
phosphorus in most lake sediments (e.g., Car-
ignan and Flett 1981), it is unlikely that sub-
mersed macrophytes are often limited in their
growth by P availability. Indeed, attempts to
stimulate submersed macrophyte growth in situ
by P addition to sediment (e.g., Anderson
and Kalff 1986; Moeller, Burkholder, and
Wetzel 1988), or to retard growth by reducing
sediment P availability (Mesner and Narf
1987), have been generally unsuccessful. In
contrast, fertilization of sediment by addition
of N alone or in combination with other ele-
ments has been shown to significantly increase
the growth of submersed macrophytes (Ander-
son and Kalff 1986; Duarte and Kalff 1988;
Moeller, Burkholder, and Wetzel 1988). These
results, in combination with results of labora-
tory studies (Barko, unpublished data), suggest
that the availability of nitrogen in sediments
may under many circumstances limit the
growth of submersed macrophytes.

Autogenic Reductions in Sediment
Nutrient Availability

Given the significance of sediment in sup-
plying N, P, and possibly other nutrients to
submersed macrophytes, it is important to
evaluate the effects of macrophyte growth on
sediment nutrient availability. The capacity
of some submersed macrophyte species to
form chemical precipitates through direct oxi-
dation of sediment has been demonstrated by
Tessenow and Baynes (1975, 1978). By ele-
vating sediment redox potential, submersed

88 Barko

macrophytes under some conditions are capa-
ble of reducing concentrations of soluble P in
the sediment interstitial water (Jaynes and
Carpenter 1986). The clearest evidence and
most dramatic examples of sediment oxidation
(redox increase) by submersed macrophytes
derive from studies conducted in oligotr