Technical Report A-96-6
April 1996

US Army Corps

of Engineers
Waterways Experiment
Station

Aquatic Plant Control Research Program

Evaluation of a Myriophyllum spicatum
Decline in Reservoirs of the Tennessee
and Cumberland Rivers

by Craig S. Smith, John W. Barko

Approved For Public Release; Distribution Is Unlimited

19960502 110 mmeeonem s,

i Prepared for Headquarters, U.S. Army Corps of Engineers




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



The contents of this report are not to be used for advertising,
publication, or promotional purposes. Citation of trade names
does not constitute an official endorsement or approval of the use
of such commercial products.

"~
% PRINTED ON RECYCLED PAPER




Aquatic Plant Control Technical Report {\-96-6
Research Program April 1996

Evaluation of a Myriophyllum spicatum
Decline in Reservoirs of the Tennessee
and Cumberland Rivers

by Craig S. Smith, John W. Barko

U.S. Army Corps of Engineers
Waterways Experiment Station
3909 Halls Ferry Road
Vicksburg, MS 39180-6199

Final report
Approved for public release; distribution is unlimited

Prepared for U.S. Army Corps of Engineers
Washington, DC  20314-1000




US Army Corps

of Engineers _ .
Waterways Experiment = Rt b
Station ~ !
- INFORMATION
TECHNOLOGY
4 LABORATORY

PUBLIC AFFAIRS OFFICE

U. S. ARMY ENGINEER

WATERWAYS EXPERIMENT STATION
3909 HALLS FERRY ROAD
VICKSBURG, MISSISSIPPI 39180-6199
PHONE : (601)634-2502

SCALE
¢ 500 m

AREA OF RESERVATION = 2.7 sq m

4

Waterways Experiment Station Cataloging-in-Publication Data

Smith, Craig S.

Evaluation of a Myriophyllum spicatum decline in reservoirs of the Tennessee and
Cumberland Rivers / by Craig S. Smith, John W. Barko ; prepared for U.S. Army Corps of
Engineers.

18 p. :ill. ; 28 cm. -- (Technical report ; A-96-6)

Includes bibliographic references.

1. Tennessee River. 2. Cumberland River (Ky. and Tenn.) 3. Eurasian watermilfoil
--'Tennessee River. 4. Eurasian watermilfoil - Cumberland River. I. Barko, John W. 1L
United States. Army. Corps of Engineers. 1I. U.S. Army Engineer Waterways Experiment
Station. III. Aquatic Plant Control Research Program (U.S. Army Engineer Waterways
Experiment Station) IV. Title. V. Series: Technical report (U.S. Army Engineer Waterways
Experiment Station) ; A-96-6.

TA7 W34 no.A-96-6




Contents

5 (3 1o/ iv
I—Introduction .. ......conii it s 1
2—MethodS . ... s 3
B—RESUNS . ...t e e e 5
4—DIiSCUSSION . . .t vt it i e e 9
REfEIeNCES . ...\ttt 11
SF 298

List of Figures

Figure 1.  Submersed macrophyte coverage in mainstream TVA
TESEIVOIIS . .ttt i ittt iie it e e 1

Figure 2.  Locations where environmental data and sediment cores
for bioassays were collected ....... e 3

Figure 3.  Growth of Myriophyllum spicatum plants on sediments from
Tennessee and Cumberland river reservoirs . . ............. 6

Figure 4.  Growth of Myriophyllum spicatum plants on sediments
from sites with differing M. spicatum cover histories . ....... 7

Figure 5. Light index for sites with differing M. spicatum cover
DStOTiES . ...t e 8




Preface

The work reported herein was conducted as part of the Aquatic Plant Con-
trol Research Program (APCRP), Work Unit 32805. The APCRP is sponsored
by the Headquarters, U.S. Army Corps of Engineers (HQUSACE), and is
assigned to the U.S. Army Engineer Waterways Experiment Station (WES)
under the purview of the Environmental Laboratory (EL). Funding was pro-
vided under Department of the Army Appropriation No. 96X3122, Construc-
tion General. The APCRP is managed under the Environmental Resources
Research and Assistance Programs (ERRAP), Mr. J. L. Decell, Manager.

Mr. Robert C. Gunkel, Jr., was Assistant Manager, ERRAP, for the APCRP.
Program Monitor during this study was Ms. Denise White, HQUSACE.

Principal Investigators for the work reported herein and the authors of this
report were Dr. Craig S. Smith, WES Eau Galle Aquatic Ecology Laboratory,
Spring Valley, WI, and Dr. John W. Barko, Ecosystems Processes and Effects
Branch (EPEB), Environmental Processes and Effects Division (EPED), EL,
WES, Vicksburg, MS. Messrs. Doug Murphy, Buff Crosby, David Webb,
Larry Mangum, Lee Hill, John Upton, and Richard Starkey, Tennessee Valley
Authority; Messrs. Carl Crews, Terry Martin, Steven Shaw, Marice Simpson,
and Mark Vaughn, U.S. Army Engineer District, Nashville; and Mses. Dwilette
McFarland, Wanda Dee, and Susan Fox and Messrs. David Reed, Kevin
Pigott, and Ashley Boyd, EPEB, provided valuable assistance in completing
the field and laboratory portions of this work.

This investigation was conducted under the general supervision of
Dr. John W. Keeley, Director, EL, and Mr. Donald L. Robey, Chief, EPED,
and under the direct supervision of Dr. Richard E. Price, Acting Chief, EPEB.

At the time of publication of this report, Director of WES was
Dr. Robert W. Whalin. Commander was COL Bruce K. Howard, EN.



This report should be cited as follows:

Smith, C. S., and Barko, J. W. (1996). “Evaluation of a
Myriophyllum spicatum decline in reservoirs of the Tennessee and
Cumberland rivers,” Technical Report A-96-6, U.S. Army Engi-
neer Waterways Experiment Station, Vicksburg, MS.

The contents of this report are not to be used for advertising, publication,
or promotional purposes. Citation of trade names does not constitute an
official endorsement or approval of the use of such commercial products.




1 Introduction

After invading a new location, populations of exotic submersed macro-
phytes often exhibit a pattern of explosive growth, followed after 10 to
15 years by a noticeable decline (Carpenter 1980; Smith and Barko 1990).
Many factors have been proposed as possible causes of declines (see Carpenter
1980), but little evidence supports the importance of any of these in causing
specific declines (see Smith and Barko 1990).

A substantial decline in submersed vegetation occurred throughout main-
stream Tennessee Valley Authority (TVA) reservoirs in 1989 through 1991
(Figure 1), coinciding with declines of submersed species in the upper Missis-
sippi River (Rogers 1994) and the tidal Potomac River (Carter et al. 1993).
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Figure 1. Submersed macrophyte coverage in mainstream TVA reservoirs
(Bates and Smith 1994) ‘
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During the summer of 1988, the eastern United States experienced a severe
drought, and macrophyte coverage in the TVA reservoirs reached record levels.
In the years 1989 through 1991, spring rainfall was above normal, resulting in
high water flows and increased turbidity. Depending on the TVA reservoir,
submersed macrophyte coverage declined over a 2- or 3-year period.

Improved growing conditions led to a partial recovery of aquatic vegetation by
1992 or 1993 in most of these reservoirs. One exception is Watts Bar Reser-
voir, the TVA reservoir into which Eurasian watermilfoil was first introduced,
where recovery is not evident.

This report describes results of studies of environmental factors associated
with declines. Sites were examined where populations of Myriophyllum spica-
tum (Eurasian watermilfoil) had been stable, declined and then recovered, or
never existed. At each site, selected environmental conditions and plant cover
were evaluated. Sediments were collected and returned to the laboratory,
where they were bioassayed for their ability to support plant growth and their
physical properties were analyzed.
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2 Methods

Sites where M. spicatum populations had (a) remained constant,
(b) declined, (c) declined and recovered, or (d) never invaded were examined
to determine conditions that may have contributed to differences in the ability
to support submersed macrophyte growth. Sites were located primarily in
TVA reservoirs, where long-term records of plant cover are available from
aerial photography, and in reservoirs on the adjacent Cumberland River
(Barkley and Old Hickory), where M. spicatum has invaded more recently and
where populations are generally expanding (Figure 2).

Barkley /

Old Hickory

Kentucky

50 rmiles

Figure 2. Locations where environmental data and sediment cores for bio-
assays were collected
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The vegetation cover history of sites was determined from aerial photo-
graphs taken in 1987 or 1988, 1990, and 1992. Sites were selected to repre-
sent a range of environments (e.g., overbank and embayment). Sites were
taken from locations where M. spicatum beds had been sufficiently large or
were close enough to distinct landmarks so that it was possible to be reason-
ably sure of being within the former bed limits when collecting samples in the
field. Compass bearings to two to four recognizable landmarks were recorded
at sample locations.

Basic environmental data were recorded for each sample site. These
included a Secchi disk measurement, observations of plant cover, and informa-
tion concerning any recent aquatic plant management. Myriophyllum spicatum
cover was recorded in semiquantitative categories ranging from absent to very
dense. Presence and species composition of any other submersed vegetation
was noted.

Sediments from the sample sites were collected and bioassayed for their
ability to support M. spicatum growth. Sediment cores were collected in
10-cm diam polyvinyl chloride (PVC) tubes 28 cm long. Core tubes were
filled with intact cores of sediment by inserting the core tube vertically into the
sediments except where dense or rocky sediments made it impossible to insert
the corer completely. In these cases, additional surficial sediments were added
to the top of the core to fill the tube. Cores were stored underwater in a cold
room (approximately 5 °C) until they could be bioassayed. Three experimental
runs were required to bioassay all of the core samples.

Coarse sand was added to the top of the cores to minimize sediment resus-
pension and nutrient loss, and each core was planted with four 15-cm sprigs of
M. spicatum from greenhouse stock cultures. For each experimental run, four
additional core tubes were filled with sediments from Browns Lake,

U.S. Amy Engineer Waterways Experiment Station, Vicksburg, MS, and
planted to provide a measure of growth on a known reference sediment. After
planting, each core was inserted into the base of an individual acrylic column
that was then filled with growth medium (Smart and Barko 1985). Columns
were placed in a growth room, where they were maintained at 25 + 1 °C and
illuminated to approximately 400 umol quanta m™ sec”’ of photosynthetically
active radiation for 14 hr/day. After 6 weeks of growth, aboveground parts of
plants were harvested, dried to a constant weight at 80 °C, and weighed to
determine the final biomass.

Sediments from the bioassays were analyzed to determine bulk density,
organic content, and particle size distribution. Sediment moisture content and
bulk density were determined by weighing a known volume of wet sediment,
drying the sample to a constant weight at 105 °C, (Hékanson 1977) and
reweighing it. Organic content was determined by loss on ignition at 550 °C
(American Public Health Association 1985). Particle size distribution was
determined by first sieving the sediments through 6.3- and 2.0-mm mesh
sieves and then determining the size distribution of finer particles by the
hydrometer method of Patrick (1958).
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3 Resulis

Results of the bioassays are shown in Figure 3. Sediments differed by
approximately a factor of 5 in their ability to grow M. spicatum. Plants on
86 percent of the sediments produced biomass that was within the expected
range (i.e., 95-percent confidence interval) for growth on the reference sedi-
ment, while the remaining sediments supported significantly less growth than
the reference sediment. About one-half of the sediments supporting signifi-
cantly less growth than the reference sediment were from continuously vege-
tated sites; the remainder were from sites where vegetation had declined or had
never been present.

None of the sediment parameters measured provided a particularly good
predictor of biomass production. Biomass production was significantly corre-
lated with the clay content of sediments, but this correlation only accounted for
22 percent of the variance (r = 0.22).

Analysis of variance (ANOVA) detected no significant differences in bio-
mass production on the sediments from areas having different Myriophyllum
spicatum histories (Figure 4). Similar analyses for the other parameters mea-
sured in this study revealed that only light availability (expressed as Secchi
disk depth divided by water depth) varied significantly between areas of differ-
ing M. spicatum histories. Light availability was highest in continuously vege-
tated sites and was significantly lower in sites where vegetation had declined
or was never present (Figure 5). Sites where vegetation had declined and
recovered had an average light availability that was intermediate between that
of continuously vegetated sites and decline sites.
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Figure 3.

Growth of Myriophyllum spicatum plants on sediments from Ten-
nessee and Cumberland river reservoirs (Each bar represents dry
weight biomass produced on an individual sediment sample from
indicated reservoir (MH = Melton Hill, WB = Watts Bar, CH =
Chickamauga, NJ = Nickajack, GV = Guntersville, WR = Wheeler,
Wi = Wilson, PW = Pickwick, KL = Kentucky Lake, LB = Lake
Barkley, OH = Old Hickory). Shaded region indicates 95-percent
confidence interval for growth of plants on reference sediment from
Browns Lake)
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Growth of Myriophyllum spicatum plants on sediments from sites

with differing M. spicatum cover histories (Cover history categories

refer to sites where M. spicatum coverage from 1988 to 1993 was
continuous (Continuous), had declined and recovered (Recovered),
declined and not recovered (Declined), or where M. spicatum had
never occurred (Never)
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Figure 5.  Light index for sites with differing M. spicatum cover histories (See
Figure 4 for key to cover histories)
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4 Discussion

The results of plant growth bioassays indicate that sediment-related mecha-
nisms, such as nutrient depletion or organic accumulation, probably did not
contribute to the 1988-91 decline in submersed vegetation in TVA reservoirs.
The absence of systematic sediment differences between decline and non-
decline sites, coupled with the observed differences in light regime between
these areas, corroborate assertions that the decline probably resulted from
effects of climatic factors that reduced light availability in 1989 through 1991
(Scott 1993). By using Secchi depth divided by water depth as measure of
light regime, the effects of differences in water clarity and depth were inte-
grated. The integrated measure worked well to separate sites because sites
where M. spicatum populations had recovered typically had higher water clar-
ity but were deeper than continuously vegetated sites.

Other causes are possible, but most are not likely. The role of insects and
pathogens was evaluated in separate studies coordinated with this one. None
of the insect herbivores reported to impact M. spicatum were found in plant
samples collected simultaneously with the samples used in this study.! The
potential role of a pathogen or pathogen(s) in the decline is unclear. Myco-
leptodiscus terrestris, a fungus that has been shown to impact M. spicatum in
laboratory and greenhouse tests, was found in moderate numbers in plant sam-
ples from all reservoirs sampled.?

One reason there has been so little success in attributing specific causal
mechanisms to particular macrophyte declines is that many different phenom-
ena, presumably having different causes, are lumped together as declines.
Submersed macrophyte populations typically exhibit substantial fluctuations
from year to year, and it is very difficult to separate short-term fluctuations
from long-lasting reductions in coverage and biomass. These authors suggest
categorizing declines based on their duration, scope, and geographical extent
(Table 1) in order that different mechanisms can be identified for various
classes of declines. The decline reported here was relatively short-lived

1 Personal Communication, 1995, Michael Grodowitz, U.S. Army Engineer Waterways Experi-
ment Station, Vicksburg, MS.

2 Personal Communication, 1995, Judy Shearer, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS.
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Table 1
Characteristics Used to Classify Macrophyte Declines

Duration Scope Extent ]
Intra-annual One species One lake

Interannuat Several species Several

Several years Entire type Lakes

Permanent Several types Regional

(i.e., about 3 years in duration) and coincided with declines in submersed veg-
etation over broad areas of the eastern United States. These characteristics
suggest a climatic cause.

These authors suggest that declines of exotic submersed macrophytes are
more likely to involve sediment-related mechanisms in natural lakes than in
reservoirs. Reservoirs represent a dynamic sedimentation environment, with
substantial potential for erosion and deposition. None of the samples evaluated
in this study were the very fine, flocculent sediments that often accumulate
under M. spicatum populations in lakes. In reservoirs, such sediments would
likely be removed by erosion or altered by inorganic sedimentation. In lakes,
such sediments often accumulate, leading to a poor substrate for plant growth
(Barko and Smart 1986).

Declines caused by alterations of the sediment beneath exotic macrophyte
populations would be expected to be local and relatively long-lasting. The
decline of M. spicatum in Lake Wingra from 1977 to 1978 (Carpenter 1980)
had characteristics consistent with sediment-related causes, i.e., it was confined
to several lakes that had supported M. spicatum populations for similar lengths
of time, and M. spicatum has not ever regained its former dominance in them.
Future investigations of the contribution of sediment-related mechanisms to
macrophyte declines should target such local, long-lasting declines.

Chapter 4 Discussion




References

American Public Health Association. (1985). “Standard methods for the
examination of water and wastewater,” 16th ed., Washington, DC.

Barko, J. W., and Smart, R. M. (1986). “Sediment-related mechanisms of
growth limitation in submersed macrophyte,” Ecology 67, 1328-1340.

Bates, A. L., and Smith, C. S. (1994). “Submersed plant invasions and
declines in the southeastern United States,” Lake and Reservoir Manage-
ment 10, 53-55.

Carpenter, S. R. (1980). “The decline of Myriophyllum spicatum in a eutro-
phic Wisconsin lake,” Can. J. Bot. 58, 527-535.

Carter, V., Rybicki, N. B., Landwehr, J. R., and Turtora, M. (1993). “Role of
weather and water quality in population dynamics of submersed macro-
phytes in the tidal Potomac River,” Estuaries, in press.

Hakanson, L. (1977). “The influence of wind, fetch, and water depth on the
distribution of sediment in Lake Vanem, Sweden,” Can. J. Earth Sci. 14,
397-412. '

Patrick, W. H., Ir. (1958). “Modification of the method of particle size analy-
sis,” Soil Sci. Soc. Amer. Proc. 22, 366-367.

Rogers, S. J. (1994). “Preliminary evaluation of submersed macrophyte

changes in the upper Mississippi River,” Lake Reservoir Manage. 10,
35-38.

Scott, E. M. (1993). “The effects of aquatic macrophytes on fish populations
of Chickamauga Reservoir coves, 1970-90,” Tennessee Valley Authority,
Water Management Services Report 93/24.

Smart, R. M., and Barko, J. W. (1985). “Laboratory culture of submersed
freshwater macrophytes on natural sediments,” Aquat. Bor. 21, 251-26.

Smith, C. S., and Barko, J. W. (1990). “Ecology of Eurasian watermilfoil,”
J. Aquat. Plant Manage. 28, 55-64.

References

11




REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

ot anti

Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC20503.

Pubiic reporting burden for this coliection of information is estimated to average 1 hour per response, including the time for reviewing : r
the data needed, and pleting and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions
for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arington, VA22202-4302, and to the

hing existing data sources, gathering and maintaining

April 1996 Final report

1.AGENCY USE ONLY (Leave blank) 2.REPORT DATE 3.REPORT TYPE AND DATES COVERED

4.TITLE AND SUBTITLE
Evaluation of a Myriophyllum spicatum Decline in Reservoirs of the
Tennessee and Cumberland Rivers

6.AUTHOR(S)
Craig S. Smith, John W. Barko

5.FUNDING NUMBERS

Washington, DC  20314-1000

7.PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8.PERFORMING ORGANIZATION
U.S. Army Engineer Waterways Experiment Station REPORT NUMBER
3909 Halls Ferry Road Technical Report
Vicksburg, MS 39180-6199 A-96-6
9.SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10.SPONSORING/MONITORING
U.S. Army Corps of Engineers AGENCY REPORT NUMBER

11.SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161.

12a.DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.

12b.DISTRIBUTION CODE

13.ABSTRACT (Maximum 200 words)

From 1989 through 1991, Myriophyllum spicatum (Eurasian watermilfoil) and other submersed macrophyte species
declined markedly in many locations within reservoirs of the Tennessee and Cumberland rivers. Environmental
characteristics and vegetation cover histories were compared for locations in which plants declined, declined and then
recovered, or remained stable. Sediment samples from these locations were planted with M. spicatum, and plants were grown
under standard conditions. Sediments from decline and nondecline areas did not differ significantly in their ability to support
M. spicatum growth. Of the environmental and sediment characteristics measured, only light availability (calculated as
Secchi depth/water depth) differed significantly between decline and nondecline sites. Recovery of M. spicatum populations
by 1993 in many decline sites suggests that these declines were short-term phenomena, probably resulting from climatic
conditions during 1989-1991. If declines resulting from sediment-related mechanisms occur, they are likely to be long

lasting and localized.
14.SUBJECT TERMS 15.NUMBER OF PAGES

Aquatic systems Macrophyte decline 18

Climatic change Sediment chemistry

. . . 16.PRICE CODE

Environment Tennessee River

Eurasian watermilfoil Underwater light
17.SECURITY CLASSIFICATION |18.SECURITY CLASSIFICATION |19.SECURITY CLASSIFICATION [20.LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prascribed by ANSI Std. Z39-18
298-102




