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FOREWORD

Funding for the Corps of Engineers' Aquatic Plant Control Program is pro-
vided through the Congressional Appropriation, Construction General. One of
the requirements for use of Construction General funds is the development of
a State Design Memorandum (SDM) and, if deemed necessary, an Environmental
Impact Statement (EIS). An SDM is a detailed planning document that evaluates
the full range of alternatives for managing a particular aquatic plant problem,
and justifies an operational program for its control. Both the SDM and the
EIS, while serving separate but related purposes, require that certain state-
ments be made about known conditions, methodologies expected, results, and
impacts. Such statements must usually be supported with a more than adequate
amount of data and are supplied for information purposes.

When a Corps of Engineers District is in a planning mode to produce the
SDM and EIS for the first time, the amount of data and information pertinent
to their regional aquatic plant problem is almost always less than adequate.
This has been generally true even when the problem plant species is one that
has occurred in other regions. When the problem plant is a different biotype,
which only recently appeared on the scene, the paucity of needed information
and data is even more obvious. Such was the case with the occurrence and
spread of the monoecious biotype of hydrilla in the Potomac River. The
US Army Engineer District, Baltimore (NAB), was faced with the requirement to
develop an SMD and EIS, with a lacking technology base on this type of
hydrilla. 1In addition, data particularly pertinent to this plant as it exists
in the Potomac River environment were also lacking. Without an approved SDM
and EIS, there could be no authorized operational program for managing the
problem.

At the request of NAB, the Corps' Aquatic Plant Control Research Program
(APCRP) of the US Army Engineer Waterways Experiment Station (WES), responded
with the design of research units and field data collection efforts to fill
the technology voids. But, as is the case with natural systems, certain
processes to be studied could not be accelerated. Thus, some of the needed
information could not be obtained in a timely manner to serve the planning
needs of NAB.

As a result of one of the planning meetings between NAB and WES staff
members, it was decided that a document could be produced that would 'summarize
our knowledge'" of the more common dioecious hydrilla, along with the not-so-
common monoecious biotype. At the same time, inferential conclusions about
the responses of the monoecious biotype to various control methods could be
drawn from the larger body of knowledge existing on the dioecious biotype.

This document is the product of that decision. Only 90 days could be allo-
cated for the effort. Under the circumstances, an extremely outstanding
accomplishment was realized.

The APCRP technical experts at WES, their collaborators, and the planning
personnel of NAB produced a valued asset that is often overlooked: state of
the knowledge in a timely manner. Equally valuable to planners and operations
personnel, the document also consolidates a significant amount of information,
usually available from many varied sources, in a meaningful context. No doubt,




given the luxury of more time and resources, this document would be much dif-
ferent. The current document, however, may well prove to have additional value
other than the original intended purpose. Whether or not a precedent has been
established, time will tell. It is a case in point that, provided with the
proper impetus, the transfer of technology, in a timely manner, can always be
readily accomplished. Those responsible for this effort are to be commended.

J. L. DECELL
Manager, Aquatic Plant
Control Research Program
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SUMMARY

HydPiZZa is a submersed perennial herb in the family Hydrocharitaceae.
It has been reported as both dioecious and monoecious, with viable seed pro-
duced in the latter. Based on field observations, HydriZZa has a geographic
range from as far north as 55 deg N latitude in Lithuania and south to North
Island in New Zealand at approximately 40 deg S latitude. Although the abso-
lute center of origin is unknown, both Asia and Australia have been suggested.
Recent evidence indicates that flowering and propagule production are induced
by short days, pointing to origin in temperate regions. However, the majority
of established colonies are within and adjacent to the tropics, which indi-
cates a preference for warmer regions.

The dioecious biotype of HydpiZZa was introduced into Florida, probably
from India, in 1958 or 1959. Since that time it has spread north throughout
peninsula Florida and westward through the sunbelt states into California.
Simultaneously the plant has moved north on the eastern seaboard. The monoe-
cious biotype has been reported to occur in Virginia, Maryland, District of
Columbia, Delaware, and North Carolina, where its presence is apparently the
result of a separate introduction.

During the past three years, the monoecious biotype of Hydrilla has
become established in the Potomac River from just north of the Woodrow Wilson
Memorial Bridge south to Quantico, Virginia. A survey of this region of the
river during the summer of 1984 showed that Hydrilla covered nearly
500 acres.* Based on past experience with the dioecious biotype in the
southern United States, the continued spread of the monoecious biotype in the

Potomac River could present a severe management problem.

Response to Environmental Conditions

Whereas a good deal of information is available on the ecology of sub-
mersed aquatic vegetation in general, most of the reports are based on lacus-
trine (i.e., lake) studies, and only a portion of the lacustrine studies deal

directly with Hydrilla. Vegetation in riverine systems has received far less

* A table of factors for converting non~SI units of measurement to SI
(Metric) units is presented on page xii.
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attention, particularly in rivers influenced by estuarine circulation, as in
the case in the Potomac River. Assessment of short- or long-term responses
of monoecious Hydrilla to environmental conditions in the Potomac River is
further complicated by an inadequate understanding of its specific environ-
mental tolerances and requirements.

The ability of monoecious Hydrilla to become established in the lower
reaches of the Potomac River and in the Chesapeake Bay will depend, in part,
on its tolerance to salinity. Preliminary evidence indicates an upper toler-
ance range of 6 to 13 ppt for Hydrilla, which is within the range of salini-
ties observed at the mouth of the Potomac River.

The Potomac River is a nutritionally rich environment, thus the spread
of monoecious Hydrilla is unlikely to be limited by low levels of nutrients.
Conversely, the excess nutrients may reduce its distribution by promoting the
excessive development of phytoplankton and epiphytic algae, which are highly
competitive with Hydrilla for available light.

Light is likely to be the most important environmental factor limiting
the growth and distribution of monoecious Hydrilla. Competition among sub-
mersed macrophyte species may be affected by differential abilities to cope
with low light conditions. The capacity of monoecious Hydrilla to photo-
synthesize at reduced light is unknown and would be important since this bio-
type seems to be limited in its ability to extend to full irradiance
conditions at the water surface.

Monoecious Hydrilla seems to be more tolerant of low temperatures than
the dioecious biotype. However, specific temperature requirements for growth
and reproduction are unknown. In the southern portions of the United States,
the rapid spread of Hydrilla is augmented both by its positive response to
high water temperatures and by its many efficient modes of vegetative re-
production. The annual regrowth of dioecious HAydrilla from subterranean
tubers allows this biotype to overwinter, as well as to invade new areas.
Equivalent information is not available presently for the monoecious biotype.

The distribution of a variety of aquatic vegetation, including Hydrilla,
depends on an ability to utilize sediments of widely varying composition.
Therefore, to determine the potential distribution of monoecious Hydrilla in
the Potomac River will probably be dependent on sediment composition: tex-
ture and concentrations of reduced substances, nutrients, salinity, and

organic constituents.
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Management Strategies

In determining management strategies for control of Hydrilla, considera-
tion must be given to the beneficial as well as the negative effects of
aquatic vegetation on the environment. By providing direct and indirect
sources of food for fish and waterfowl and by giving refuge to a variety of
aquatic organisms, moderate densities of submersed vegetation can contribute
substantially to habitat enhancement. Aquatic macrophytes are important also
as a sink for nutrients, a source of particulate matter, and a factor affect-
ing sedimentation rates, water flow, and water clarity.

A variety of methods are available for control of Hydrilla; these can be
classified as biological, mechanical/physical, and chemical (Table 1). These
methods were reviewed with consideration for their specific applicability,
including advantages and disadvantages, in the Potomac River.

Biological control

The Biological Control Section of the report describes a number of
insects that have been identified as potential control agents. Of these, the
most promising is a pyralid moth (Parapoynx diminutalis). Before the use of
this moth as a biocontrol agent for Hydrilla control in the Potomac River can
be authorized, temperature-tolerance and host-specificity studies will be
required.

The grass carp (Ctenopharyngodon idella) has been used successfully in a
number of areas in the US for control of Hydrilla. When carp are introduced
in quantities commensurate with the plant problem, native fish, waterfowl,
reptiles, and amphibian populations appear to be unaffected. In the Potomac
River, released grass carp should remain in the river and not migrate to the
Chesapeake Bay, due to their salinity intolerance. A significant disadvantage
associated with the use of the grass carp is that they feed indiscriminately
and will utilize any submersed vegetation, including desirable species, as a
food source.

Mechanical/physical control

In the Mechanical/Physical Control Section, a number of operational and
experimental techniques are described. Among these techniques, the most
widely used is mechanical cutting and harvesting. A harvesting test conducted
in the Potomac River during the summer of 1984 demonstrated no unique problems

associated with harvesting monoecious Hydrilla. However, long-term control



Table 1

Comparative Evaluation of Control Techniques for Management of Monoeclious

Hydrilla In the Potomac River
T Sub- Main-
Time to Time of sequent Disposal tenance
Control Areal Access Duration Achieve Initial Treat- Effect on Require~ Require- Fnvironmental
Technique Treatment Lanes  of Control Control Treatment ment other SAV ments ments Impacts Comments
Grass carp Yes No 2 growing 1-2 growing Early Early For succu- None None No direct May induce blue-grecn
seasons season June June lent vegeta- impacts algae growth due to the
tion same as release of nutricnts
Hydrilla

Parapoynx Yes No 1 growing 2 months Early Junec None May be non- None None None Will require addltlonal
diminutalis season host specific laboratory & field studies

before use is aurhorized

Cutting & Yes Yes Information Immediate July* None Same as Yes None Minimal Proven effective for
harvesting not avallable Hydrilla short-term control--

produces stem fragments

Dottom No Yes Variable~ Immediate April None Same as None Annual Information Should provide at least
covering depends on Hydrilla removal not available seasonal control
materials sedimentation of

rate sediments

Hydraulic No Yes Depends on Immediate Early None Same as Yes None Turbidity Will result in major mod-
dredging depth of growing Hydrilla removal of ification to river bottom

dredging season bottom org.

Diver- No Yes Unknown Immediate June/July  Unknown Same as Minimal None Slight Restricted to small areas
assisted Hydrilla turbidity & individual plants
dredge

Mechanical No Yes Unknown Immediate May/June Unknown Same as Yes None Severe Effectiveness onkydrilla
agitation Hydrilla unknown

Diquat Yes Yes 6-8 wk 3-4 wk Early June August Same as None None None Only herbicide registered

or August Hydrilla for use in flowing water

Chelated Yes Yes 6~8 wk 2-3 wk Early June August Same as None None Long~term May result in the long-
copper or August Hydrilla impacts term presence of copper

unknown in the environment

*

Subsequent

treatment in September.



of Hydrilla by harvesting is unlikely since regrowth of the plant seems to
occur rapidly and at about the same density. Considering the cost of inten-
sive long-term harvesting operations, this technique is recommended only for
localized areas (e.g., marinas, piers, etc.).

Bottom covering can control the growth of rooted aquatic plants by physi-
cally altering the environment. Bottom-covering materials include sand and
gravel, sand and gravel laid on an impermeable membrane, impermeable mem-
branes, and various types of permeable fabrics. Among these bottom-covering
materials, permeable fabrics and impermeable membranes are generally most
effective, Based on recent preliminary studies in the Potomac River, indica-
tions' are that a bottom-covering technique may provide localized control of
Hydrilla with limited environmental impacts.

Through dredging, aquatic plants can be removed, and the habitat made
unsuitable for further development of aquatic vegetation. However, there are
a number of direct short-term environmental impacts associated with dredging.
These include turbidity, siltation, and reduced dissolved oxygen levels. For
these and other reasons, dredging is recommended as a control technique for
localized areas only.

A small-scale hydraulic dredge that is diver operated has been used to
control Eurasian watermilfoil in British Columbia. This technique is very
slow and labor intensive, but it may be appropriate for limited use in remov-
ing small pioneer colonies of spreading plants.

Mechanical agitation of plant-infested sediments has been used experi-
mentally to achieve some control of Eurasian watermilfoil. However, this
technique does have adverse water-quality and environmental consequences as
well as the probability that it will not be effective in removing the nega-
tively buoyant tubers from the sediment. For these reasons, mechanical agi-
tation is not recommended for control of Hydrilla.

Chemical control

Chemical control is the most widely used method in the United States for
the control of Hydrilla. In the Chemical Control Section, the report provides
detailed information on herbicides currently in use; however, for the Potomac
River, only copper complexes and diquat are available for use in flowing
water.

Copper has been used for many years to control algae and more recently

to control Hydrilla. Copper concentrations in surficial sediments and in
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biological components of aquatic systems can measurably increase following
repeated use, possibly resulting in adverse effects; therefore, the use of
copper complexes is not recommended as a method for controlling Hydrilla.
Among the organic herbicides available, only diquat is registered for use
in flowing water. Of the numerous diquat formulations marketed, only '"Diquat
Water Weed Killer" is registered for control of Hydrilla, and it is recom-
mended for use in quiescent or slowly moving water bodies. Under normal use,
diquat is unlikely to bioconcentrate significantly or to persist in the tis-
sues of aquatic organisms. Based on past use of diquat for control of
Hydrilla and on the limited environmental impacts from its use, it is the only

herbicide presently recommended for use in the Potomac River.
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PREFACE

This report was prepared for the US Army Engineer District, Balti-
more (NAB), for use in the development of a State Design Memorandum and an
Environmental Impact Statement regarding the management of monoecious Hydrilla
verticillata (L.f.) Royle in the Potomac River and its tributaries. Funds
were provided by the NAB under appropriation number 96X4902, Revolving Fund,
through the Aquatic Plant Control Research Program (APCRP) at the US Army
Engineer Waterways Experiment Station (WES), Vicksburg, Miss. Mr. E. Carl
Brown of the Office, Chief of Engineers, was APCRP Technical Monitor.

The principal contributors and the individuals primarily responsible for
preparation of each chapters are listed at the end of each chapter.

Dr. Thomas L. Hart, Chief, Aquatic Processes and Effects Group, Environmental
Research and Simulation Division (ERSD), coordinated the preparation of this
report. Portions of the report are speculative and were derived from experi-
ence gained elsewhere with dioecious Hydrilla or other submersed aquatic
vegetation.

The work was conducted under the general supervision of Dr. John
Harrison, Chief, EL; Mr. Donald L. Robey, Chief, ERSD; Dr. Conrad J. Kirby,
Jr., Chief, Environmental Resources Division; and Dr. Lewis E. Link, Jr.,
Chief, Environmental Systems Division. Mr. J. Lewis Decell was Program Man-
ager of the APCRP at WES.

COL Robert C. Lee was Commander and Director of the WES during the pre-
paration of this report. COL Allen F. Grum, USA, was Director of WES during
the publication of this report. Mr. Fred R. Brown and Dr. Robert W. Whalin

were Technical Directors.

This report should be cited as follows:

Environmental Laboratory. 1985. ''Monoecious Hydrilla in the Potomac
River," Miscellaneous Paper MP A-85-5, US Army Engineer Waterways Experi-
ment Station, Vicksburg, Miss.
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CHAPTER I: HYDRILLA IN THE POTOMAC ENVIRONMENT

Overview

The Potomac River estuary is located in the western shore coastal plain
of the Chesapeake Bay (Fig. l). The watershed of this estuary is the second
largest of the tributaries of the mid-Atlantic United States (3,799,595 ha),
and the river is the second largest tributary of the Chesapeake Bay (646 km
long). The average depth of the Potomac River estuary is 5.8 m with a deep
channel and adjacent wide, shallow shelf. River flow fluctuates seasonally
with the greatest flow recorded during March 1936 (13,707 m3/sec) and the
lowest flow during September 1966 (3.4 m3/sec); the average freshwater inflow
is 323 m3/sec (51-year average according to the US Geological Survey (USGS)
in 1981). The immediate vicinity of the watershed (Washington, D. C., and the
surrounding metropolitan area) has a population of about 3 million, which
results in huge discharges of sewage with nutrient loads of nitrogen and phos-
phorus at about 5.4 and 0.45 metric tons per day, respectively (Callender
et al. 1984).

Distribution of Hydrilla Biomass

The monoecious biotype of Hydrilla verticillata was positively identified
in Dyke Marsh, Virginia, in 1982. By 1983, a shoreline survey showed that it
was most abundant within 2 to 4 km north and south of Dyke Marsh on the
Virginia side of the river about 162 km from the mouth of the Potomac River.
A survey of the Potomac River during the summer of 1984 indicated that sub-
mersed beds of Hydrilla exist from the Woodrow Wilson Bridge (166 km) to
Mallows Bay (125 km) (Fig. 2). This area from Quantico, Va. (near Mallows
Bay), to Alexandria, Va. (near Woodrow Wilson Bridge), is in the tidal river
zone of the Potomac River (Fig. 1) (Callander et al. 1984). A majority of
Hydrilla surveyed in 1984 occurred 5 km north and south of Dyke Marsh along
both the Virginia and Maryland shorelines. The beds varied considerably in
density from sparse patches to 100-percent cover (Fig. 2).

The Hydrilla biomass, based on dry mass in 0.093—m2 grabs using oyster
tongs (Paschal et al. 1982), peaks in early September with substantial mass
remaining in October and November (Rybicki et al. 1985). This pattern of
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standing crop for Hydrilla exhibits peak values later in the summer compared
to an earlier peak biomass of species more native to the Chesapeake Bay area,
such as potamogeton perfoliatus, P. pectinatus, and Ruppia maritima (Kemp

et al. 1984). Based on 20 samples within Hydrilla beds in the Potomac River
from 3 July to 8 November 1984, the pydrillq biomass ranged from 20 to

360 g (dry wt)/m2 with a mean (* standard error) of 134.6 (+ 18.9) g (dry
wt)/m2 (Fig. 3).

An experiment was performed by Rybicki et al. (1985) to determine the
recolonization potential of Hydrilla removed from l—m2 plots. At the initia-
tion of the experiment on 3 July 1984, mean biomass was 87 g (dry wt)/m2
(Fig. 4). This mass was removed, and regrowth checked about one month later.
The recolonized area reached a peak biomass in early September at nearly twice
the original biomass in July. Based on the number of days between sampling,
the Aydrillq biomass net production varied from 1 to 4 g (dry wt)/mz/day
(Fig. 4). No information is available on changes in biomass of other sub-

mersed aquatic plants in the Potomac River.

Sediment Characteristics

The physical (Table 1) and chemical (Table 2) data for sediments in the
tidal Potomac River are for areas that are near locations presently inhabited
by Hydrillas and although their consistent values along the axis of the river
(except for site 4 sampled on 4/81) indicate a homogeneous benthos, they may
not be representative of shallow flats colonized by submersed vegetation. A
key characteristic among the data for particle size of sediments is that, for
most of the stations, sand comprised more than 80 percent of the particles.
An exception was at Goose Island where more than 50 percent of the particles
were silt sized when sampled in 198! (Table 1). Only one of these sites,
MN-10R (124 km from mouth of the river), was vegetated at the time of sediment
sampling; the particle-size distribution at this site was 93:2:5 percent sand:
silt:clay.

High sand content is not surprising in the tidal river zone of the Poto-
mac River since tidal currents and low salinity keep materials suspended in
the water column. Downstream from this tidal freshwater zone is the transi-

tion zone where high sedimentation rates occur. In the downstream zone of the
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estuary, the silt and clay particles generally dominate the sediment char-
acteristics. However, environmental conditions in small tributaries and coves
adjacent to the tidal freshwater zone where Hydrilla presently occurs may also
promote the formation of high silt and clay sediments demonstrated at the
Goose Island station in 1981 (Table 1).

Nitrogen and phosphorus concentrations of sediment in the tidal Potomac
River are summarized in Table 2. Total organic carbon concentrations, listed

for three sampling dates, ranged from l.4 to 16 g/kg (<2 percent dry wt).

Hydrology and Water Quality

Water—quality and hydrology data were collected by the US Geological Sur-
vey (USGS) on the tidal Potomac River at stations designated in Fig. 5
(Blanchard and Coupe 1982). Intervening stations between the two major loca-
tions at Alexandria and Quantico were located in areas presently inhabited by
Hydrilla (see Fig. 2). The water volumes and surface areas of reaches between
the sampling stations (Tables 3 and 4) indicate that higher density and areal
coverage of Hydrilla occurs in the more restricted and lower volumetric areas
of the river. The average water depth in this region ranges from 2.2 m near
Alexandria to 5.2 m near Hallowing Point.

Tides occur along the entire Hydrilla zone of the tidal Potomac River
from Quantico to Alexandria (Fig. 6). Tides are semi-diurnal with nearly
equal amplitude. Mean tidal amplitude in this Hydrilla zone ranges from 0.43
to 0.85 m, and spring tides range from 0.48 to 0.98 m (Blanchard and
Coupe 1982). The mean tide levels range from 0.21 to 0.43 m, which may
represent about 10 percent of the mean depth of certain areas of the tidal
river zone.

Maximum tidal currents in the Hydrilla zone of the tidal Potomac River
vary from 0.257 to 0.566 m/sec for both flood and ebb tides (Table 5). Mini-
mum current for both tidal periods is 0.0 m/sec. There is no information in
various USGS documents that describes the lateral variation in tidal currents,
so no estimate of current velocities associated with the shallow littoral zone
can be made. Also, current velocities may be influenced by the presence of
rooted submersed vegetation in these shallow flat areas of the Potomac River.

Besides the water—quality data collected by USGS at standard sampling
stations on the tidal Potomac River (Blanchard and Coupe 1982, Fig. 5),
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Paschal et al. (1982) monitored selected water—quality variables in 1978-1980
in the areas surveyed for submersed aquatic plants in 1984 (Fig. 2 and

Table 6). From Paschal's survey, water—-quality variables were summarized for
areas near locations presently inhabited by Hydrilla (Table 6). There was
generally no salinity recorded for stations more than 150 km from the mouth
of the Potomac River during 1979 and 1980, but values from 0.0 to 0.6 parts
per thousand (ppt) were measured in 1978 (Table 6). At approximately 123 km
from the mouth of the river, salinity ranged from 0.0 to 2.0 ppt in 1980; for
other stations, from 1978-1980 most salinity values were equal to or less than
0.5 ppt. The pH, which was only measured in 1978, varied from 6.8 to 9.1
(Table 6).

Data from Blanchard and Coupe (1982) for water year 1981 at the Alexan-
dria and Quantico stations were used to determine the seasonal nature of cer-
tain water—quality variables (Fig. 7). Conductivities increased during late
fall and early winter, with peak concentrations of salts occurring during
January and February. February was also the month with the greatest range of
conductivity since this period was the beginning of the freshet that decreased
conductivities to less than 200 pumhos. Minimum values of conductivity
occurred throughout the spring and summer (Fig. 7), which corresponds to the
growing season of Hydrilla. Conductivity values at Quantico were about an
order of magnitude greater than at Alexandria. The maximum conductivity dur-
ing this survey was 11,490 umhos at Quantico during January, which cor-
responded to a salinity of about 7 ppt.

The pH ranged from 6.4 to 8.9 for both stations during water year 1981,
and no distinct seasonal pattern was observed at either station. Values were
generally higher at the Quantico station compared to Alexandria apparently
because of the greater buffer capacity of estuarine waters at the downstream
station.

Total suspended solid (TSS) concentrations (comprised of organic and
inorganic particles) were generally higher in later winter and early spring
at both stations; this pattern was obviously related to increased freshwater
discharge during these months. From February to April, peak TSS concentra-
tions were 100 to 180 mg/f% at Alexandria compared to 80 to 90 mg/f at Quantico
(Fig. 7).

Limited information on the size distribution of TSS at Alexandria and

Quantico during April 1981 (Blanchard and Coupe 1982) suggests that 51 to
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77 percent of the particles suspended in the water were clay (<0.004 mm) and
that the remaining particles were silt with 3 percent or less sand (Table 7).
The distribution in particle sizes was similar between the two stations and
no relationship was observed between distribution and TSS concentration. The
TSS concentrations at both stations were 50 mg/% or less during the growing
season of Hydrilla from May to October 1981. The dominant particle fraction
at this time of year 1s expected to be of organic origin since river flow is
also near its minimum.

The amount of light in the water column at stations in the channel was

based on Secchi disk depths, which represent the depth of 1 percent light pen-
etration (Blanchard and Coupe 1982). At Alexandria, Secchi disk depths ranged
from 0.25 to 0.91 m during the growing season (May thru September). Secchi
disk depths were slightly lower at Quantico with a range of 0.25 to 0.63 m.
Water transparency was greater at both stations during the winter with Secchi
disk depths of 1.82 and 1.67 m at Alexandria and Quantico, respectively.
Based on data from Paschal et al. (1982) for stations nearer areas vegetated
by submersed grasses (but near the river channel), Secchi disk depths in the
shallow littoral zone were similar to values for the main stem channel with
most Secchi depths less than 0.5 m during the summer.

Dissolved oxygen concentrations ranged from 4.4 to 14.2 mg/% for both
Alexandria and Quantico, and concentrations were generally higher in the win-
ter months (Fig. 7). This zone of Potomac River is apparently not affected
by anoxia that is a common water quality problem in other areas of the Chesa-
peake Bay (Officer et al. 1984).

There are very few Potomac River measurements of dissolved organic carbon
and alkalinity reported in the literature, but most of these numbers are for
months during the growing season of Hydrilla. Dissolved organic carbon ranged
from 0.8 to 6.0 mg/% in the river channel at Alexandria compared to lower
values from 0.3 to 4.0 at Quantico. These measurements were made during July
and August. Alkalinity values ranged from 48 to 84 mg/% at both stations from

July to September. Values were slightly less at Quantico.
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Table 1
Particle—size Distribution of Sediments in the Tidal Potomac River

Near Areas Inhabited by Hydrilla in July 1984%*

River Sam-
Site Distance pling Particle Type - Z*%

Site Description Number km Date Vegetated Gravel Sand Silt Clay

Goose Island (Gl-1R) 4 172 5/80 No - 42.2 57.8 -
4/81 No 0 14.7 66.8 18.5
Rosier Bluff (PY-IR) 5 166 4/81 No 0 939 3.8 2.3

Elodea Cove (PY-8R) 6 154 5/80 No - 96.2 3.8 =
4/81 No 0 80.8 14.3 5.0
MN-10R 9 124 8/78 Yes 0 92.6 1.86 5.54

* From Paschal et al. 1982
*% Size of particle types as follows:
Gravel = > 2 mm
Sand < 2 and > 0.062 mm
Silt < 0.062 and > 0.004 mm
Clay < 0.004 mm



Table 2

Nutrient Concentration of Bottom Sediments in the Tidal Potomac River

Near Areas Inhabited by Hydrilla in July 1984%*

Site Stes  Dispance zi?ng e L PRoE
Description Number (km) Date Vegetated TN 4 DIP TP TC
Goose Island 4 172 5/79 No - - - - 16

(G1-1R) 7/80 No 2,400 - - 440

4/81 No 3,300 34 470 -~
4/81 No 802 31 260 -
4/81 No 2,300 45 380 -
Rosier Bluff 5 166 5/79 No -~ = - - 1.4
(PY-1R) 4/81 No 734 11 130 -
4/81 No 443 4 110 -
4/81 No 602 6 140 -
Elodea Cove 6 154 5/80 No - - - - 4.3
(PY-8R) 7/80 No 11,100 - - 260
8/80 No 760 - - 220
4/81 No 1,100 22 290 -
4/81 No 1,400 26 340 -
4/81 No 662 25 180 =
* From Paschal et al. 1982
** TN = total nitrogen; NH4 = ammonium; DIP = inorganic phosphorus as Pj;
TP = Total phosphorus; TC = total carbon.

Total carbon is given in grams per kilogram of sediment; all other data

are given in milligrams per kilogram of sediment.
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Table 3

Volumes and Surface Areas for Selected Reaches of Tidal Potomac River and Tributaries

Mean
Mean Low
Low- + 1/2
Water Inter-
Loeatlon ¥ kn (nml) from Average Surface tidal Accumulated Accumulated
: , Area Volume Volume Surface
Mid-reach Mouth of Potomac River Depth 6 2 6 3 6 3 6 2
Name From To m 10" m 10" m 10" m Area, 10" m
Memorial Bridge 181.6 (98) 176.0 (95) 3.0 3.08 9.1 9.1 351
Giesboro Point 176.0 (95) 172.3 (93) 4.6 7.18 33.1 42.2 10.3
Marbury Point 172.3 (93) 169.6 (91.5) 2.9 3.76 11.1 53.3 14.1
Alexandria 169.6 (91.5) 166.8 (90) 2.2 3.98 8.8% 62.1 18.1
Rosier Bluff 166.8 (90) 163.1 (88) 2.8 7.74 21.3 83.4 25.8
Hatton Point 163.1 (88) 155.7 (84) 3.6 10.33 37.0 120.4 36.1
Marshall Hall 155.7 (84) 148.3 (80) 2.8 18.94 53.5 173.9 55.0
Hallowing Point 148.3 (80) 140.8 (76) 5.2 12.89 67.0 240.9 67.9
Indian Head 140.8 (76) 132.6 (71) 3.5 48.13 167.4 408.3 116.0
Quantico 132.6 (71) 124.2 (67) 3.4 49.18 168.8 577.1 165.2

* 1.9 for Maryland channel

6.9 for Virginia channel
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Volumes and Surface Areas for Selected Reaches of Tidal

Table

%

Potomac River with Tributaries Excluded

Location km (nmi) from

Mid-reach Mouth of Potomac River
Name From To
Memorial Bridge 181.6 (98) 176.0 (95)
Giesboro Point 176.0 (95) 172.3 (93)

Marbury Point 172.3 (93) 169.6 (91.5)

Alexandria 169.6 (91.5) 166.8 (90)
Rosier Bluff 166.8 (90) 163.1 (88)
Hatton Point 163.1 (88) 155.7 (84)
Marshall Hall 155.7 (84) 148.3 (80)
Hallowing Point 148.3 (80) 140.8 (76)
Indian Head 140.8 (76) 132.6 (71)
Quantico 132.6 (71) 124.2 (67)

Mean
Mean Low
Low- + 1/2
Water Inter-
Avera Surface tidal Accumulated Accumulated
erage Area Volume Volume Surface
Bepth 6 2 6 3 6 3 6 2
m 10" m 10" m 10" m Area, 10 m
3.0 3.1 9.1 9.1 3.1
4.4 2.6 11.3 20.4 5.7
2.9 3.8 11.1 31.5 9.5
2.2 3.3 7.2% 38.7 12.8
3.3 5.5 18.3 57.0 18.3
3.9 8.8 34.8 91.8 27.1
2.8 15.9 45.3 137.1 43.0
5.6 11.7 65.1 202.2 54,7
4.9 25.9 126.6 328.8 80.6
5.7 23.1 132.4 461.2 103.7

* 1.5 for Maryland channel

5.7 for Virginia channel
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Table 5

Current Differences and Other Constants

Average Speeds and Directions *

Position Time Differences Minimum Minimum
Min. Min. Before Maximum Before Maximum
Meter before Before Speed Flood Flood Ebb Ebb
Depth - Lat. Long. Flood Flood Ebb Ebb Ratios Knots Knots Knots Knots
No. Place ft o N W ey h.m. h.m. h.m. h.m. Flood Ebb (deg.) (deg.) (deg.) (deg.)
POTOMAC RIVER
Cornfield Point
4020 1 mile south of===—=—eeeeav 38 02 76 21 Current irregular 0.0 - - 0.5 (310) 0.0 - - 0.5 (130)
4025 midchannel-===———=~-meemmem 38 0l.1 76 213 +4 00 +4 00 +4 00 +4 00 0.5 0.4 0.0 -~ - 0.5 (280) 0.0 - - 0.6 (110)
4030 3.8 miles south of-—=—=———- 37 59.4 76 215 +3 45 +3 45 43 45 +3 45 0.7 0.4 0.0 - - 0.7 (315) 0.0 - - 0.6 (100)
4035 Fort Point, St. Marys River-—-— 38 07.8 76 26.9 Current weak and variable
4040  Yeocomico River entrance------ 38 02.1 76 31.2 Current weak and variable
Piney Point
4045 0.2 mile south of==~—==~=== 38 07.8 76 32.0 +3 00 +3 00 +3 00 +3 00 1.3 0,7 0.0 o= = 1.3 (280) 0.0 - - 0.6 (146)
4050 midchannel-==~—-—~ 38 06.9 76 32.5 +3 48 +3 40 +3 43 43 51 0.4 0.4 0.0 - - 0.4 (290) 0.0 - - 0.6 (160)
4055 2.2 miles south of 38 05.9 76 33.1 +3 00 +3 0C +3 00 +3 00 0.5 0.3 0.0 - ~ 0.5 (280) 0.0 - - 0.5 (130)
4060 Lower Machodoc Creek entrance- 38 08.7 76 39.3 Current weak and variable
4065 White Point, Nomini Creek
entrance~—-=—-—==———-—===-—=- 38 08.1 76 43.3 43: 35 +3 35 +3 35 %3 35 .2 0.8 0.0 - - 1.2 (155) 0.0 - - 1.2 (335)
4070 Breton Bay entrance 38 14.5 76 41.7 +2 20 +2 20 +2 20 +2 20 0.6 0.3 0.0 - - 0.6 (030) 0.0 - - 0.4 (200)
4075 St. Clements Bay entrance----- 38 14.5 76 43.7 Current weak and variable
4080 St. Clements 1., 1.8 miles
southeast of-———-—==o--——— 38 1l.7 76 42.5 +4 45 +4 45 +4 45 +4 45 0.4 0.6 0.0 - - 0.4 (250) 0.0 - - 0.9 (085)
4085 St. Clements 1., 1.1 miles
southwest of~———=—=me—eee— 38 11.57 76 45.67  +4 31 +4 54 +4 44 +4 346 0.6 0.5 0.0 - - 0.6 (281) 0.0 -~ - 0.8 (099)
4090 Rock Point, Wicomico River
entrance 38 16.4 76 49.3 +3.09 +3 41 +3 53 43 22 0.5 0.4 0.0 - - 0.5 (019) 0.0 - - 0.6 (174)
4095  Swan Point 38 16.4 76 56.7 +6 25 +6 25 +6 25 +6 25 0.3 0.5 0.0 - - 0.3 (350) 0.0 - - 0.8 (140)
4100 Dahlgren Harbor Channel------- 38 18.90 77 01.93 Current weak and variable
4105  Upper Machodoc Creek entrance- 38 19 77 02 Current irregular 0.0 - - 0.3 (270) 0.0 - - 0.3 (090)
4110 Persimmon Point—~==-=-mecec———- 38 22.1 76 59.4 +7 10 +7 10 +7 10 +7 10 1.2 0.9 0.0 - - L2 (335) 0.0 - - 1.4 (175)
4115 Potomac River Bridge, 0.4 mile
south of 38 21.38 76 59.20 +6 54 +7 01 +7 19 +7 17 0.9 0.9 0.0 - - 0.9 (000) 0.0 - - 1.4 (165)
4120 Chapel Point, Port Tobacco
River--- 38 27.9 77 02.2 Current weak and variable
4125 Maryland Point--—--~———semeam—— 38 20.8 72 11.8 +7 15 +7 15 #+7 15 +7 15 1.l 0.9 0.0 - - 1.1 (270) 0.0 - - 1.4 (080)
4130  Quantico - 38 31.3 77 16.6 +7 .25 +7 25 47 25 471 25 0,71 0.6 0.0 - - 0.7 (020) 0.0 -~ = 0.9 (200)
4135 Quantico Creek entrance-------— 38 31.7 774 113 +7 00 +7 00 +7 00 +7 00 0.5 0.3 0.0 - - 0.5 (305) 0.0 - - 0.5 (115)
4140 Freestone Point, 2.3 miles
east of 38 35.78 77 11.88 +8 16 +8 28 +8 29 +8 28 0.7 0.5 0.0 - - 0.7 (030) 0.0 - - 0.7 (229)
4145 Hallowing Polnt=---——--==—mm=-m 38 38.70 77 07.65 +8 31 +8 24 +8 33 +8 19 1.1 0.7 0.0 -~ - 1.1 (345) 0.0 - - 1.1 (149)
4150  Jones Point, Alexandria~----~- 38 47.62 77 02.23 +8 55 +8 30 +9 06 +8 41 1.0 0.6 0.0 - - 1.0 (352) 0.0 - - 0.9 (171)
4155 Hains Point 38 51,08 77 01.32 +8 39 +9 00 +9 01 +8 16 0.6 0.2 0.0 - - 0.6 (359) 0.0 -~ - 0.3 (176)
4160 Anacostia River entrance—----- 38 51.8 77 00.6 Current weak and variable
4165  South Capitol Street Bridge--- 38 52.07 77 00.38 Current weak and variable
4170 Washington Channel,
Washington, D.C-——=—mmmmmmum 38 51.8 77 01.:2 Current weak and variable
4175 Virginia Channel, Washington,
D.C. <13>=mm—mmmmmmmmm e 38 52 77 02 - = = = = == - - - -~ - - - - - - - - - - - - - === 0.6 (145)

*  (Knots x 0.5148) = M/S current velocity
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Table 6

Water—quality Data for the Tidal Potomac River at Stations in the Area Inhabited by Hydrilla* in July 1984

River 1978%% 1979%* 1980**
Distance SAL COND TEMP OSAL COND TEMP oSAL COND TEMP
Transect km Date pH O/oo umhos *C Date pii /oo umhos %6 Date pH /oo umhos °C
PY-01R 166 5/25 6.8 200 215 5/30 - 0.5 700 18.5 6/06 - 0.0 180 230
8/01 7.3 0.6 900 27.9 6/26 - 0.0 145 25.0
7/10 - 0.0 305 -
8/09 - 0.0 340 32:0
8/13 - 0.0 350 -
9/12 - 0.0 340 26.0
PY-03R 162 8/01 - 0.6 800 26.9
PY-05R 158.7 5/25 6.9 - 180 21.9 9/11 = 0.0 115 23.0
8/01 7.6 0.0 325 -
PY-06R 157.9 5/26 7:5 - 170 20.6 6/06 - 0.0 205 23.0
8/01 - 0.5 900 27.4
PY-08R 154.2 8/01 - 0:5 900 277 7/07 - 0.0 220 20.0
7/28 - 0.0 450 26.5
10/14 - 0.0 320 15.0
PY-0OT 5/25 8.6 - 150 21.8 9/11 - 0.0 162 23.0 5/22 - 0.0 210 24.0
8/01 6.8 0.0 170 22.5 6/06 - 0.0 187 23.10
6/26 - 0.0 120 26.0
8/09 - 0.0 300 31.5
9/12 = 0.0 240 26.0
MN-10R 124.2 5/31 | - 160 22,3 5/31 - 0.5 700 21.4 6/30 - 0.0 185 2540
8/02 9.1 0.0 280 28.0 9/24 - 0.0 122 19.8
10/12 8.7 0.3 900 20.0
MP-01R 122.6 6/30 - 0.0 185 23:5
8/23 - 2.0 3200 -

* From Paschal et al. (1982).
** Column headings are defined as follows:

pH = acidity measurement
SAL = salinity

COND = conductivity

TEMP = water temperature.
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Table 7

Concentration and Size Distribution of Total Suspended Sediment in the

Potomac River in 1981%*

Concen-
tration
TSS Particle Size, mm - Percent Passing*%*
Date Time (mg/2) <.500 <.250 <.125 <.062 <,031 <.016 <.008 <.004 <.002
Alexandria, Va. (168 km)
April 15 1200 135 - 100 100 100 93 84 69 51 32
1210 125 - 100 99 99 97 88 80 57 41
1300 51 _ 100 100 99 95 88 75 61 45
April 16 1140 105 - 100 100 100 99 97 92 77 58
1335 149 - 100 100 100 98 93 87 63 43
April 17 1130 110 - - 100 100 97 91 76 60 37
1145 86 100 99 99 99 98 94 80 59 36
1200 48 - - - 100 97 95 90 75 52
1215 58 100 99 99 98 97 94 89 76 60
Quantico, Va. (126 km)
April 16 0920 62 100 99 99 99 99 95 90 72 48
April 17 0920 59 99 99 99 97 95 89 80 59 36
0930 67 96 82 63 40

* From Blanchard and Coupe (1982)

**% Sand, silt, and clay particle sizes as follows:
Sand < 2 and > 0.062 mm
Silt < 0.062 and > 0.004 mm
Clay < 0.004 mm
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CHAPTER II: ECOLOGY

Overview

Hydrilla is a submersed perennial herb in the family Hydrocharitaceae.
It has a wide geographic range, having been reported as far as 55 deg N lati-
tude in Lithuania and as far south as North Island in New Zealand, approxi-
mately 40 deg S latitude. While the absolute center of origin is unknown,
both Asia and Australia have been suggested (Cook and Luond 1982). Recent
evidence indicates that flowering and propagule production are induced by
short days, pointing to origin in temperate reglons. However, the majority
of established colonies are within and adjacent to the tropics, indicating a
preference for warmer regions.

Hydrilla has been reported as both dioecious and monoecious with viable
seed produced in the monoecious biotype. The biology, world distribution, and
taxonomy of Hydrilla have been comprehensively reviewed by Cook and Luond
(1982), Pieterse (1981), and Swarbrick et al. (1982). The morphology of
Hydrilla has been thoroughly examined by Yeo et al. (1984). These works
should be consulted for more comprehensive treatment of the above subject
matters.

The dioecious biotype of Hydrilla was introduced into Florida, probably
from India, in 1958 or 1959 (Blackburn et al. 1969). Since that time it has
spread throughout Florida and westward through the sunbelt states into Cali-
fornia. Simultaneously the plant has moved up the eastern seaboard (Steward
et al. 1984),

The monoecious biotype has been reported in Virginia, Maryland, District
of Columbia, Delaware, and North Carolina; its presence is apparently the
result of a separate introduction to this country, although the foreign source
has not been identified (Steward et al. 1984). The monoecious biotype may
also occur in Pennsylvania, since it has been reported in the Susquehanna
Flats of the upper Chesapeake Bay.

When considering the costs of control and the additional economic losses
due to decreased utilization of water resources, Hydrilla is a multimillion
dollar problem. Because it is rooted to the bottom, Hydrilla is able to
obtain its nutrition from bottom sediments as well as from the overlying water

(Barko and Smart 1980, Barko 1982, Steward 1984; see also the section herein
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on nutrition). The dioecious biotype of Hydrilla is able to dominate an
entire body of water rapidly through its very efficient methods of vegetative
reproduction. Fragments that break loose from established colonies sink to
the bottom, become rooted, and form new colonies. Additionally, dioecious
Hydrilla produces tuberlike propagules deep within sediments, which enable it
to survive adverse environmental conditions including low temperatures,
desiccation, and even herbicide applications (Mitra 1964, Steward 1969).

Dioecious Hydrilla has unique physiological characteristics that provide
it with a competitive advantage over native species. It is able to utilize
both dissolved carbon dioxide (COZ) and bicarbonate (HCO;) as carbon sources
in photosynthesis (Van et al. 1976). It has a low light requirement, enabling
it to grow in great depths of water (Bowes et al. 1977). Furthermore,
Hydrilla is able to start utilizing carbon early in the day, thus potentially
reducing the supply of carbon available to other species (Van et al. 1976).

The foremost characteristic enabling Hydrilla to be so successful in col-
onizing new areas is its ability to regrow from tubers. Tuber formation in
the dioecious biotype has been observed to occur within 19 days after the
planting of apical fragments (Steward, unpublished*). Tubers are produced in
this biotype in response to short days (Van et al. 1978); recent studies

indicate this is also true for the monoecious biotype (Steward and Van 1984).

Influence of Vegetation on Aquatic Habitat

Aquatic macrophytes comprise an integral part of freshwater and estuarine
systems and influence physical, chemical, and biological conditions. They are
a dynamic component of the environment, with biomass and areal cover changing
seasonally and in response to climatological events. The physical presence
of stems, leaves, and roots influences currents, water depths, and deposition
and erosion of sediments. Aquatic macrophytes create structural complexity
within habitats by providing refuge and a substratum for a variety of
organisms. Aquatic macrophytes can be direct and indirect sources of food for
fish, ducks, and wading birds. Through normal processes of growth, senes-

cence, and decomposition, aquatic macrophytes influence dissolved oxygen

* Dr. Kerry Steward, US Department of Agriculture, Ft. Lauderdale, Fla.,
1984.



levels, bicarbonate equilibria, and quantities of particulate and dissolved
organic matter.

Biological considerations

In aquatic systems, vegetation can be a source of organic matter directly
or as detritus (dead vegetation) approximately equal to that from terrestrial
plants (Westlake 1975 and references cited therein). Particulate organic mat-
ter forms a food base that is available throughout the year for a variety of
invertebrate organisms, including filter feeders (Malmquist et al. 1978,
Minshall 1967, Wallace et al. 1977) and deposit collectors (Cummins 1973,
Cummins and Klug 1979, Lamberti and Moore 1984). These organisms in turn pro-
vide food for fish and other large animals.

Aquatic macrophyte communities composed of plants with different growth
rates, stem and leaf configurations, etc., are structurally diverse and pro-
vide valuable habitat for many aquatic organisms throughout the year. In gen-
eral, invertebrate diversity correlates positively with the density of aquatic
vegetation (Gerking 1962, Nichols 1974). Killgore (1979) determined that in
a stand of Hydrilla, the greatest invertebrate diversity occurred in the upper
one meter of water where vegetation was thickest. Similarly, Morin and
Kimball (1983) reported that periphyton were more abundant on the upper stems
of watermilfoil (Myriophyllum heterophyllum) than on the lower portions of the
plant.

A major contribution of plant communities to aquatic systems is the pro-
vision of colonization sites for other organisms such as snails, aquatic
insects, protozoans, periphyton, bacteria, and fungi. In addition, amphipods,
cladocerans, copepods, and other microcrustaceans are commonly collected on
aquatic plants (Pennak 1953). Without the presence of structure (i.e., macro-
phytes), many invertebrates could not search for prey without escaping
predation.

Pennak (1971) reported that a stream with thick growth of rooted aquatic
plants had a standing crop of invertebrate biomass 3 to 10 times greater than
a similar stream lacking aquatic vegetation. Minshall (1984) suggested that
the major factor responsible for the high densities of attached invertebrates
in vegetated areas is the increased surface area afforded by plants. Surface
area varies among macrophyte species. Keast (1984) reported that invertebrate
density (mainly Chironomidae) was least on wild celery (Vallisneria americana)

and greatest on pondweed (Potomogeton robbinsii) and Eurasian watermilfoil
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(Myriophyllum spicatwm). Ball and Hayne (1952) reported that differences in
invertebrate densities can result also from variations in water depth and
macrophyte density.

The presence of submersed aquatic vegetation can produce a dramatic
increase in invertebrate standing crop over that found in nonvegetated areas.
In an oligohaline area of the Lower Hudson River, Menzie (1980) found that,
from May to August, the invertebrates living on plants comprised 16 to 35 per-
cent of the total number of invertebrates living in the sampling area (the
remainder of the invertebrates lived in the bottom sediments). During the
same time period, he also assessed larval chironomid (one of the most impor-
tant invertebrate groups in tidal areas) biomass and found that the chironomid
biomass on the plants made up 50 percent of the total chironomid biomass in
the sampling area. Balciunas (1982) found a wide array of invertebrate taxa,
including 64 insect taxa, on Eurasian watermilfoil within the United States.
He found gastropods and chironomids to be the most common macroinvertebrates
on these plants. Similarly, Martin and Shireman (1976) sampled the inverte-
brate epifauna present on Hydrilla in Florida and found chironomids and
gastropods to be the most common macroinvertebrates present.

In addition to providing substrate for invertebrates, the presence of
submersed aquatic vegetation results in enhanced invertebrate densities in the
bottom substrates of plant beds as well. Menzie (1980) found the biomass of
chironomids in the sediments of a plant-filled cove to be about eight times
that of neighboring nonvegetated areas. Watkins et al. (1983) reported that
the infaunal invertebrate numbers in the sediment of a HydPiZZa bed were
approximately four times the numbers present in the sediments of nearby non-
vegetated areas. In rivers, a macrophyte bed acts like a filter, removing
fine and coarse particulate matter that subsequently becomes incorporated into
sediments (Greg and Rose 1982 and references cited therein). The diversity
of benthic invertebrates is usually greater at vegetated sites because of
sediment stability and the presence of organic matter as a source of food
(Brouha and von Geldern 1979). Egglishaw (1964, 1969) found a positive cor-~
relation between amount of detritus (1.e., dead vegetation) and number of
bottom-dwelling organisms.

The best available data concerning the benthic macroinvertebrate fauna
of the freshwater tidal portion of the Potomac were obtained in a sampling

program carried out by the USGS. This sampling was conducted from the autumn
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of 1977 through the summer of 1979. One of the Potomac River sampling sta-
tions was located at river mile 89 in the Hunting Creek area, near what is now
the center of the Hydrilla infestation. The most common infaunal macroinver-
tebrates collected by the USGS at river mile 89 included the tubificid oligo-
chaetes Limodrilua hoffmeisteri, L. cervix, L. udekemianus, L. claparedianus,
Branchiura sowerbyi, and Ilyodrilus templetoni; the Asiatic clam Corbicula
fluminea; a sphaeriid clam Musculium transversum; and chironomid larvae
belonging to the genus Chironomus. Corbicula first appeared in the Potomac
River in 1975 (Dresler 1980) and is especially common in the area of the
Hydrilla infestation. The bulk of the invertebrate taxa present in this area
consisted of oligochaetes (both tubificid and naidid species), sphaeriid
clams, and chironomids. Four gastropod (snail) species were also collected,
along with six species of unionid clams (4nodonta cataracta, A. implicata,
Elliptio complanata, Lampsilis ochracea, L. cariosa, and L. ventricosa cohon-
goronta) .

The tidal freshwater benthic infauna of the Potomac is similar to that
of other large tidal rivers flowing into Chesapeake Bay. Diaz and Boesch
(1977) reported that the benthic community of the freshwater tidal area of the
James River was numerically dominated by C. fluminea, Limmodrilus spp., I.
templetoni, and Coelotanypus (Diptera:Chironomidae). Corbicula fluminea,
Limmodrilus spp., and I. templetoni were among the most abundant benthic
animals in the Potomac, and Coelotanypus, while not quite as common as the
other taxa, was nevertheless present.

The increased density and diversity of aquatic organisms associated with
aquatic plant communities has beneficial effects on fish. Killgore (1979)
reported that largemouth bass and other game species were usually concentrated
in Hydrilla beds located in shallow water. Holland and Lester (1984) found
that average catches of northern pike from areas with submersed vegetation
were more than 10 times greater than from sites with no vegetation. Davis and
Hughes (1971) noted that angling success was greatest in sites with brush and
standing timber, and, as a result, resource managers endeavor to increase fish
production by encouraging plant growth and placing brush, trees, etc., in
bodies of water.

Mittelbach (1981) and Hall and Werner (1977) demonstrated that open-water
habitat can be risky for small bluegills due to predation by larger fish.

Small fish generally avoid areas if there is danger of predation by larger
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fish, even where invertebrate food sources are abundant. Juvenile bluegills
consume invertebrate prey within vegetative cover, but ignore the same in open
water. Laughlin and Werner (1980) reported that numbers of smaller sized
longear sunfish and bluegill were positively correlated with height of vegeta-
tion and that few adults of either species used areas devoid of aquatic
plants.

While the physical presence of plants may enhance aquatic habitats, an
overabundance of plants can have negative effects. If vegetation or other
structure is too dense, predatory organisms cannot easily find and capture
their prey. If fish are unable to capture food or else expend large amounts
of energy while searching for prey, their growth rates and physical condition
are adversely affected. Relatively high densities of simulated aquatic vege-
tation (674 shoots/mz) negatively influenced the feeding efficiency of killi-
fish (Fundulus heteroclitys) (Heck and Thoman 1981). In a similar study,
Savino and Stein (1982) determined that a density of 250 shoots/m2 was
required to diminish the ability of largemouth bass to capture prey. Colle
and Shireman (1980) reported that the condition of harvestable sized large-
mouth bass was affected when Hydrilla density exceeded 30-percent coverage.
These workers found that juvenile largemouth bass were better able to capture
small food items; condition factors of this size class were only affected when
plant densities exceeded 50-percent coverage. Wiley et al. (1984) reported
that optimal macrophyte standing crop was no more than 52 grams dry weight/m2
in central Tllinois ponds dominated by pondweed (Potomogeton crispus) and
bushy pondweed (Najas flexis).

The presence of aquatic vegetation can also directly influence fish
reproduction. Fish that broadcast their eggs over aquatic vegetation or tree
roots include northern pike, carp, goldfish, and goldenshiner. While nest
builders (sunfishes, largemouth bass, crappies, rock bass, warmouth, bowfin,
and most bullheads) lay eggs on mud, sand, or silt, they usually choose sites
with vegetation (Lagler et al. 1962). 1In addition to providing a substrate
for eggs, submersed vegetation provides cover for immature fish (considered
above).

The use of Hydrilla as a food source has also been observed. Grass carp
(white amur) and Tilapia are exotic species of freshwater fish that feed
exclusively on Hydrilla and other aquatic plants, although many native fresh-

water fish also ingest aquatic vegetation. Hardin (1982) found Hydrilla in
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stomachs of bluegill, green sunfish, and small largemouth bass. While some

of this vegetation was probably consumed inadvertently during forage for
invertebrates, the plant consumption still contributed to overall nutrition.
Channel catfish (Ictularis punctatus) less than 12 in. long have been reported
to feed on Hydrilla; additional consumers of this and other plants include
other species of catfish and largemouth bass.

Waterfowl such as mallards, teal, and black ducks feed extensively on
succulent plants at the water surface or in shallow areas. In a study con-
ducted by Anderson and Low (1976), it was determined that mallards, canvas-
backs, and coots removed ll.4 to 75.8 percent of sago pondweed (Potamogeton
pectinatus) foliage and 30.8 to 67.1 percent of its tubers in experimental
plots. Equivalent information is not available specifically for Hydrilla;
however, its tubers are likely to provide a palatable food source for water-
fowl. Diving ducks and shorebirds such as herons and sandpipers feed on
small fish, amphibians, and invertebrates that are associated with emergent
or submersed plants. Plant-associated invertebrates are an important dietary
constituent for many waterfowl, especially during the breeding season and
periods of molting (Krapu and Swanson 1975, Serie and Swanson 1976).

Physical/chemical considerations

The presence of macrophytes has an important influence on hydraulic con-
ditions and sedimentation in aquatic systems. A thick mat of vegetation may
block circulation of warm water to lower depths. Dale and Gillespie (1977)
demonstrated a correlation between macrophyte biomass and steepness of the
temperature gradient from water surface to substrate. Hillebrand (cited in
Edwards 1968) reported water level increases of 2 to 3 times ambient in shal-
low reaches of small rivers due to impeded flow by dense stands of aquatic
plants. Submersed aquatic vegetation can reduce current velocities and turbu-
lence, resulting in an increase in sedimentation and a decrease in erosion of
bottom sediments (Sculthorpe 1967, Brown 1975, Greg and Rose 1982). 1In the
study of Harlin and Thorne-Miller (1982), vegetated plots accreted 2.5 cm of
sediments, while plots devoid of vegetation eroded 1.0 cm. The effects of
increased sedimentation may include a reduction in suspended solids (turbid-
ity) as well as changes in both riverine and tidally driven circulation pat-
terns. A decrease in turbidity in the Potomac coupled with the stabilization
of bottom sediments may favor the spread of Hydrilla or perhaps the reestab-

lishment of native vegetation.

2-7



Aquatic vascular plants may increase dissolved oxygen levels during the
day because of photosynthetic activity (Edwards 1968). The contribution of
vascular plants to oxygenation is greater in medium-sized rivers that are
characterized by less turbulence (resulting in areal oxygenation) than in
smaller streams (Wetzel 1975). Periphyton (attached algae) on plant stems
and leaves is another important source of dissolved oxygen in aquatic systems.
In contrast, respiration in dense plant beds may occasionally exceed photosyn-
thesis because of self-shading, resulting in the removal of dissolved oxygen
from the water. Macrophyte respiration at night can also consume large
quantities of dissolved oxygen.

Water samples taken from aquatic plant beds frequently display elevated
pH, reduced alkalinity, and absence of free dissolved bicarbonate because of
photosynthetic activity (Patten 1956, Swindale and Curtis 1957, Kimball and
Kimball 1977). The increase in pH and decrease in free CO2 due to HCO; uptake
may unfavorably impact vegetation, depending on the availability of free C02.
These changes may result in the further spread of species able to utilize HCO3
or species capable of forming dense canopies at the water surface (Adams
et al. 1974), where exchange of atmospheric CO2 can result in the attainment
of nuisance levels of plant growth.

Sites with vegetation exhibit high levels of dissolved and particulate
organic matter resulting from senescence and degradation of stems and leaves,
In addition, aquatic plants play a significant role in the cycling of
minerals. Calcium, phosphorus, magnesium, iron, and other minerals present
in the earth's crust enter rivers by way of overland flow and groundwater
seepage. Plants incorporate these elements, which can then be passed through-

out the food web from herbivores to carnivores before reentering the soil or

water.

Environmental Factors Affecting Growth

Salinity tolerance

The successful colonization of the upper Potomac by the monoecious bio-
type of Hydrilla (Steward et al. 1984) poses a threat to the resources of
Chesapeake Bay, since floating stem fragments carried downstream are capable
of entering the bay. The ability of Hydrilla to become established in the bay

will depend on the plants' tolerance to salinities of the bay waters. Paschal
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et al. (1982) reported salinities during 1978-1981 at the mouth of the river
(in the vicinity of Lookout Point) to range from 7 to 15 ppt in the spring and
13.5 to 23 ppt in the fall.

Most studies dealing with salinity tolerance of submersed aquatic plants
have been conducted with marine species and usually have been concerned with
effects of salinity on species distribution (Brock 1982a, 1982b; Brock and
Lane 1983; Howard-Williams and Liptrot 1980; Mayer and Low 1970; Phillips
et al. 1983; Verhoeven 1975). Very few investigations have been conducted
with freshwater plants, since this group appears to be generally intolerant
to high salinity.

The environmental effects of salt from highway runoff on Potamogeton
alpinus have been investigated by Rabe et al. (1982). Other studies have
investigated the effects on submersed freshwater vegetation of salinity from
alkaline soils (Kollman and Wali 1976). McGahee and Davis (1971), using sea-
water or mixtures with artificial seawater, found photosynthesis and respira-
tion of Myriophyllum spicatum to be unaffected at 16 ppt salinity. Kadono
(1982) observed Hydrilla growing in waters of 6.5 ppt salinity in Japan.
Howard-Williams and Liptrot (1980) studied the distribution of submersed spe-
cles in a brackish lake system in South Africa and found that Potamogeton
pectinatus and Chara did not grow where salinities exceeded 20 ppt; however,
these plants survived several months exposure to 16 ppt. Verhoeven and
Vierssen (1978) reported an upper tolerance of 15 ppt for Potamogeton. Davis
et al. (1974) observed a relationship between salt toxicity and calcium con-
centrations in treatment solutions. Forney and Davis (1971) observed no sig-
nificant effect on growth of Vallisneria americana up to 6 ppt salinity from
artificial seawater.

There appear to be only two studies dealing specifically with salinity
tolerance of Hydrilla. 1In a laboratory study, Haller et al. (1974) bioassayed
dioecious Hydrilla against several treatments of diluted seawater. They
observed no growth beyond 6.7 ppt salinity, while the growth of Najas guad-
ulepensis and Vallisneria americana was inhibited beyond 10 ppt and Myrio-
phyllum spicatum beyond 13.3 ppt. Steward and Van (1984), in preliminary
laboratory studies of monoecious and dioecious biotypes, reported a threshold
level of 13 ppt for both biotypes in trials with diluted seawater. After
6 weeks, biomass in 14 ppt seawater was reduced 29 percent of controls. There

is a clear discrepancy in results reported in these two studies, necessitating
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a more rigorous examination of salinity tolerance in Hydrilla. At present,
based on field observations, it is assumed that Hydrilla will not survive in
the Potomac at salinities greater than 5 ppt.

Nutrition

It was once widely held that nutrients were absorbed almost exclusively
from the surrounding water by the shoots of submersed aquatic macrophytes, and
that roots in sediments functioned only as anchoring devices (refer to his-
torical review in Sculthorpe 1967). The role of water versus sediment in the
nutrition of these plants remains a subject of continuing debate (cf. Waisel
et al. 1982). However, it is now generally agreed that under many circum-
stances two very important elements, nitrogen and phosphorus, are mobilized
primarily from sediments via root uptake (refer to literature reviews in Barko
and Smart 198la, Denny 1980, Huebert and Gorham 1983, Smart and Barko 1985a).
The role of sediment as a direct source of nitrogen and phosphorus is ecologi-
cally quite significant, since these two elements, due in part to their rapid
removal from solution by microorganisms, are normally very low in concentra-
tion in available forms in the open water of many aquatic systems. The avail-
ability of micronutrients to submersed macrophytes in the water is usually
quite low, due not only to removal from solution by microorganisms but also
to their precipitation with oxyhydroxide complexes (Wetzel 1983). Nitrogen,
phosphorus, and micronutrients are relatively abundant in available forms
within most sediments, from which they can be mobilized effectively by sub-
mersed macrophytes (Huebert and Gorham 1983, Smart and Barko 1985a). Other
biologically important elements (calcium, magnesium, potassium, sodium, and
sulfur) can be obtained from either sediment or overlying water (cf. Denny
1980, Smart and Barko 1985b); considering the normally high concentrations
and conservative nature of these elements in the open water of most aquatic
systems, it is unlikely that their availability ever directly limits the
growth of submersed macrophytes. Clearly, the dual source (i.e., sediment
and water) of nutrients to rooted submersed macrophytes provides a nutritional
advantage over nonrooted vegetation.

The literature related to submersed macrophyte nutrition certainly
stresses the importance of sediments, but it is biased somewhat toward lacus-
trine (nonflowing water) environments. In riverine systems, greater hydraulic
exchange, generally coarser sediments, and perhaps lesser competition with

phytoplankton for nutrients may favor proportionately greater nutrient uptake

2-10



from water than from sediments. Low Secchi disk transparencies and frequently
high aqueous chlorophyll concentrations in the Potomac (Paschal et al. 1982)
indicate a nutrient rich environment. These observations, in combination with
the paucity of evidence in the literature indicating specific nutrient limita-
tion in submersed macrophytes, suggest that nutrients in the Potomac may
generally exceed the physiological requirements for growth of all submersed
macrophytes including Hydrilla-.

Sediment tolerances and requirements

Much of the recent research on the nutrition of submersed macrophytes was
stimulated by earlier experimental accounts and observations of sediment-
related variations in macrophyte growth and distribution (Pond 1905, Pearsall
1920, Misra 1938, Moyle 1945). Whereas variations in macrophyte growth on
different sediments may in some cases involve nutrition, this has not been
unequivocally demonstrated (cf. Barko and Smart 1983). Alternatively, it has
been suggested that the principal influence of sediments on submersed macro-
phytes is due to physical texture rather than chemical composition
(Sculthorpe 1967). Texture is important in relation to the rooting depth of
species with different abilities to penetrate sediment (Denny 1980), and it
may influence rooting success in particular conditions of water flow (Haslam
1978).

Among the numerous properties of sediments potentially affecting macro-
phyte growth and distribution, organic and inorganic constituents formed
anaerobically have received the greatest attention. With the addition of
organic matter, an aquatic environment may experience a high demand for dis-
solved oxygen and th