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INTRODUCTION

The following document is froin the Proceedings of a I 999
sebra inussel toorkshoP, conducted in Baltimore, Maryktnd. At
the roorkshop, forecasts arm Presented concerning the future of
zebra rnussels, Dreissena polymorpha, in the rriidAglantib
states.

This publication is devoted to predictions of the
probability of invasion by the zebra mussel, ~ena
Polyrnorpha  and the quagga mussel, Dreissend sp.! ' to
specific bodies of water in Virginia, Probability of
invasion is divided into risk and susceptibility, Aish refers
to the chance, relative& other sites, that a body of
water will be inoculated with Dreissena, in sufficient
number to establish a population. Inoculation can
occur by natural dispersal, but in  he rnid-Atlantic
region is most likely to occur through accidental
introduction by humans, especially via boat u afFic.
Susceptibility of a body of water refers to the probability,
based on known physiological requirements, that
Dreissena could survive and reproduce. In this publica-
tioit predictions are made, concerning both risk and
suceptibility, for several bodies of water in Virginia,

. Original Dreissena populations are riative to freshwa-
ter or brackish portions of estuaries, with bidirectional
water flow, iu eastern Europe and central Asia
 Staczykowska, 1977!, and most subsequent invasions
have occurred in lakes and freshwater portions of
estuaries  Shtegman, 1968; Wolff, 1969; Staczykowska,
1977; Griffiths et al, 1991! . Freshwater portions of
estuaries, and natural and artificial resetvoirs in the
mid-Atlantic region of the United States  here defined
as drainages east of the Appalachian hfoun,tains be-
tween New York and South Carolina! are therefore at
risk from invasion by Dreissena, given correct water
quality parameters. Dreissena populations cannot be

~ maintained at high levels in freshwater rivers without an'P
- upstream reservoir or lake, because it has planktonic
larvae and postlarvae stages. This topic is discussed at
greater length in Criteria for Predicting Zebra Mussel
Invasions in the Mid-Atlantic Region, a Virginia Sea Grant
Publication, which can be obtained from the Virginia
'Institute of Marjne Science.

TEMPERATURE-I IMITED

SYSTEMS

None of the systems in the mid-Atlantic region fall
below the minimum temperature requirements for
Diaissena reproduction  refer to Criteria for Predicting

A zebra inussel is a small, striped mollusk capable of
raising havoc.  Although the mollusk can grow up to two
inches, it is usually much smaller � fingernail size:!
Ze:bra mussels have cost millions of dollars in the Great
Lakes region where they rapidly colonized water-intake
pipes, boats, docks, piers, and other structures. Dreissena
polyrnorpha silas inadvertently delivered to U.S. waters
around 1986 through the discharge df European shipping
ballast water. � ed,

Zebra Mussel Invasions in the Mid-AtlantreRegion!, but
most estuaries and lowland reservoirs in South Carolina
and Georgia have sumtsser temperatures that may
exceed Dreissena tolerances, based on reported Euro-
pean limits  Strayer, 1991!, and reported physiological
~ liinits of zygotes and adults  Sprung, 1987; McMahon
and Alexander, 1991!. Reported European tempera-
ture limits for Dreissena inay be based on geography as
much as temperature', however, since the Mediterra-
nean Sea acts as a southern barrier. The movement of
Dreissena down the Mississippi River, tracked recently as
far as Vicksberg, Mississippi  New York Sea Grant,
1995!, should be closely monitored as a natural test of
temperature tolerance of this species in North America.

ESTUARIES

Virtually aff estuaries with permanent freshwater
inputs in the mid-Adantic region have tidal freshwater
portions, and are potentially suceptible to invasion by
Dreissena Examples of iuajor estuaries  more than 1000
ha. of open, permanently fresh water! between New
Yos;k and North Carolina include the Hudson River; the
Delaware River; the Susquehanna, Potomac,
Rapahannock,, Mattaponi, Pamunkey, and James Rivers
in the Chesapeake Bay; Currituck and Albemarle
Sounds, and Pamlico, Pungo and Neuse Rivers in North
Carolina  Coupe and Webb, 1984; U.S. Army Corps of
Engineers, 1984; NOAA,'1985!.

Estuaries can be-invaded by Dreissena in several ways,
all discussed at length in Critena for Prmficting Zebra
hfussel Invasions in, the Mid-Atktntic Region. Briefly, they
can be invaded overbnd, usually with recreational



vessels,'either direct!y to theWeshwater estuarine
portion, or to a !ake, from where, if they become
estab!ished, they wilt subsequently invade a!l down-
stream waters. Alternately, estuaries can be invaded
from the seaward direction, with vessels traveling,fiom
other estuaries, Ballast water containingj!rdsss7aa larvae
is a weH-known vector, but under sotn e circumstances,
Dtvissas may also be introduced as adults on the hulls
of vessels, if the time spent in high-salinity water is not,
long. This is often possible, as discussed below.

Natu' terrestrial and high-salinity barriers between
maj or estuaries and smaller estuaries have been partially
e!iminated by canals of the Intracoastal Waterway, and
may facilitate Dtvissena transfer between basins. For
exasnple, the Chesapeake-Delaware canal, between
o!igohaline portions of those respective est'uaries, is at
times of high freshwater runoff, fresh or nearly fresh at
both ends  U.S: Anny Corps of Engineers, 1985; NOAA,

- 1985; Me!lor, 1986!, and thus represents a route ftsr
natural invasion by Dsvisssvaa of the Delaware estuary
from the Susquehanna drainage, where it is found at
present  Lange and Cap, 1992; New York Sea Graait,
1995!; Two canah, the Disma! swamp Canal and the
Chesapeake and Albemarle Canal, connect the Ehza-
beth River estuary in southern Chesapeake Bay, Vir-'
ginia, to freshwater portions of the Albemarle and
Currituck Sounds in'North Carolina so that freshwater
portions of the two forinerly separate estuaries are now
a single body of water. The A!!igator Rive&md Pungo
River Canal connect tidal fresh waters of Albernar!e and
Pamlico Sounds, respectively, in North Carolina.
Similar examples cg be found elsewhere along the
Intracoastal Waterway. Even iT there are high salituty
regions that act as barriers to natural range expansion
by Dtvissssaa, barge and-other boat traffic carrying
Dtsissma along these cana!s could- pass relatively quickly
through high salinity areas artd Dnissstaa can to!crate at
!east several days of relatively high sa!inity.

Drsissssaa has already invaded the Hudson River
' estuary  Walton, !993!, and appears poised to invade
the SusquEhanna River estuary  Lange and Cap, 1992;
New York Sea Grant, 1998! These estuaries wi!l serve as
models'of the sorts of bio!ogical and economic impacts
to expect in other mid-Atlantic estuaries. In addition,
they wilt serve as reservoirs of Dtnssstia to invade adja-
cent estuaries, particularty on the hulls of vessels
travelling between estuaries, as discussed in Ctitoria for
Pivdicting Zshra Mussef Invasions iia the Mid-Atksratic Rsgioss.

. Some, but not. al!, of Virginia's freshwater estuarine
r'egions are at. risk of, or susceptible to, invasion and
establishment by Davisssna. The risk of inoculation
varies between estuaries, according to the level of boat
traftic and other human factors, Susceptibility of
establishment, on the other hand, varies according to
water chemistry, independently of human use. In the
fo!towing discussion for each estuary, va!ues for pH and
calcium ate the maximum reported monthly averages

for summer  May to September!, based on existing .
water chemistry data.

POCOMOKE RIVER

The Pocotnoke River is at low risk of inoculation, and
is not susceptible to establishment of Dreissena Like
other estuaries on the Deltnarva'Peninsula, it has
relatively low freshwater inflow, and no tnajor upstreatn
reservoirs for Dreissena to invade, There is little com-
mercial vesse}- traffic into the estuary, although the
channel is maintained to Snow Hill, Maryland, and
there is a marina near Snow gilL Opportunities for
inoculation, therefore, are relatively limited, relative to
other Chesapeake Bay estuaries.

Water chemistry'data for February 199!,nekr the
upstream tida! limit at Snow I!it! showed low pH �.! !
and calcium content �.3 ppm! games er aL, 1991!. If
Drsissena were to invade this estuary, they probably
wquld not attain high popu!atioh levels.

POTOMAC RIVER

The Potomac River is at high risk of inoculation, and
highly susceptible.  o establishment of Dreissotaa. The
tidal freshwater portion of the Potomac estuary
stretches from Washington, D.Q., to Quantico, Virginia
in most years, There are few lakes adjoining the
Potomac River estuary; therefore, tbe invasion of the
Potomac Riv'er drainage by Dreisssna carried by recre-
ational vessels transported from an adjoining drainage is
less likely to occur than in some other systetns. The
Virgin!a portion of the Potomac/Shenandoah drainage,I
for example, has only abtstat 40 public 'boat ramps  most
of which are on rivers! compared to more than twice
tha  number for sotne other Virginia draiuages of
similar size- DeLorme Mapping Co., 1989!. Resource
managers have fewer major lakes to monitor in a
program to prevent the introduct!on of Dreissena.
Invasion could occur via intentional, misguided intro-
duction to a farm pond or other small impoundment, .
however. This possibility can be prevented on!y
through education of !andovvners and users.

Inoculation of the Potomac by Dtzissenacou!d also
occur from the seaward direction, via ballast water of
the hu!ts of incoming vessels. Ballast water containing
Dmssstaa !arvae or posdarvae is a disdnct risk to the
Potomac estuary. Bulk cargo ships from Quebec City,
Quebec, arrive in Alexandria, Virginia, 6-7 times annu-
ally  Robtnso'n Terminal Warehouse Corp, Alexandria,
VA, pers, comm,!. Alexandria is the largest portion the
freshwater portion of the Potomac; Quebec City is on a
portion of the St. Lawrence River that has established
populations of ~a  New Yprk Sea Grant, 1995! .
The amount of ballast water e'xchanged and the nattare
of the exchange, are unknown, Commercial and
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RAPPAHANNOCK RIVER

PIANKATANK RIVER

I

recreational traHic into the Potomac estuary from
adjoining estuaries is very high, and the Potomac is the
closest Virginia estuary to the. Susquehanna River, where
Dreissena is already present.

Water chemistry dara indicate that both pH  8.1-8.4,
May to September at Washington, D,C.! and calcium
content �240 ppm!  Prugh el al., 1992! are suitabk for
Dreissena reproduction. If Dreissena becomes established
in the Potomac estuary, all indications are that it would
rapidly attain pest proportions. This region has already
experienced invasion by the asiatic clam, Cmbicula
Jlurrunea, which has attained high abundance  Phelps,
1991!.

Risk of innoculation to, and susceptibility of, the
- Rappahannock River to Dreissena invasion, are nroder-
ate. The tidal I'reshwater portion of the 'kappahannock
estuary extends upstreanr from Fredricksb'urg, Virginia,
to somewhere between Port Royal and Tappahannock,
depending on freshwater inflow levels. Invasion of the
Rappahahnock could occur from upstream, where tlrere
are several reservoirs of moderate size, if they were
invaded. There are I I public boat ramps in the fresh-
water portion of the Rappahannock drarnage
 DeLorrne Mapping Co., 1989!, and there are also
several large, privately maintained reservoirs, such as
Lake of the Wooris, which is surrounded by a housing
development. Inoculation could also occur froze the
sr.award direction, via fouling on the hulls' of vessels
nroved from nearby estuaries already invaderl by
Dreissena, but bott> commercial arrd recreational move-

ment from other estuaries to the Rappahannock is low
to rrloder ate.

The lower Rappahannock River has r<:latively low pH
�.8 in August, at Fredricksburg! arrd very low calcium
�,2 pppl!  Prrrgh el al., 1992!. Based on these data,
even if Drerrsena becomes established here, it is not

predicted to have high reproductive success most years,
. and is unlikely to maintain pest proportions.

The tidal freshwater portion of the Piankatank River
is at reladvely low risk of inocculation, and is not

I suceptible to establishment of Dreissena The
Piankatarrk, and its adjoining freshwater tidal portion,
Dragon Swamp, is the largest of a number of small
estuaries an the west side of Chesapeake Bay for which
the drainage basins arise entirely within the coastal
plain region. There are no large upstream reservoirs,
and no commercial tra6ic into freshwater tidal portions,
so the only likely mechanisms of Driesserra inoculation
would be via private introductions to upstream farm
ponds, or via the hulls of small pleasure vessels from
other estuaries. The Piankatank has low pH �.5 in July

at Mascot! and low calcium �8 ppm!  Prugh et aL,
1992! so Dreissena would be unlikely to survive or
reproduce.

Data for other small Virginia estuaries are limited,
and while some  e,g. the Pocomoke, discussed above!
are known to be acidic, pH and calcium of small- to
medium-sized impoundments upsfream on these varies
dramatically within the same drainage  Virginia Depart-
ment of Garne and Inland Fisheries, unpubl. data!. No
small estuary, therefore, should be considered safe from
Dreissena invasion until water quality has been measured
and determined to be unsuitable for Qn~vta growth
and reproduction.

MA'ITAPONI AND PAMUNKEY RIVERS
I

The Mattaponi and Pamunkcy Rivers, whr'ch unite at
West Point, Virginia, to form the York River estuary, are
both at moderate risk of inoculation by Drer'ssena, and
are moderately susceptible to establishment of, this
species. The York River is rarely fresh or oligohaline,
even at West Point  NOAA, 1985!, so freshwater por-
tions of the Mattaponi and Pamunkey are normally
distincr. from epch other. Small tributaries of the two
subestuaries are very close to each other, though, and
could be host to brief overland transmigration by
animals such as turtles  see Critena for Predicting Zebra
Mussel Invasions in the Mid-Atlantic Region! .

Inoculation of either estuary by Dreissena could occur-
from upstream reservoirs which had been previously
invaded overland. The Mattaponi River has several
upstream reservoirs of moderate size and recreational
use, such as Ni River Reservoir, and Caroline Reservoir,
an/ in the Pamunkey drainage ther' is the relatively
large Lake Anna  discussed separately iri this chapter in
the section on lakes!. There are about 12 and 15 public
boat ramps in the Mattaponi and Pamunkey drainages,
respectively  DeLorme Mapping Co., 1989!. Inocula-
tion of the estuaries could also occur vda Drerssena
attached to hulls of vessels incoming from other, already
invaded estuaries, but probability of invasion by this
method is low, due to the relatively limited traIHc,
compared to other major estuaries. Barges with wood
chips travel between the upper York River and other
estuaries, but the major moorage site, in the lower
Pamunkey, is rarely fresh, and the salinity regime
probably is suboptimal for reproduction of Dreissena.

Both rivers are slighdy acidic aad have low calcium,
and are thus only marginal for Dreissena~owth and
reproduction. Near Beulahville, pH of the Mattaponi in
July is about 6.9, while calcium content is only about 5,7
pprn, Near Hanaver, pH of the Pamunkey in June is
about 6.9-, with a calcium content of about 9 ppm
 Prugh et al�1992!. Even if Dreissena becomes estab-
lished, it is unlikely that they would attain pest propor-
tions in either estuary.

r



JAMES RIVER

The James River is at high risk of inoculation by
Dn,issatsa, and is highly susceptible to subsequent
establishment of large populations, The freshwater
tidal portion of the James River extends downstream
Aom Richmond to Jamestown, and includes large
portioris of the Chickaltominy and Appomattox Rivers,
with over 8000 ha of open freshwater. The James River
drainage has many large reservoirs 3vith heavy recre-
ational use  high risk qf inoculation!, and home of these
reservoirs could support Draissana populations. Ex-
amples Include Briery Creek Reservoir, Lake Chcsdin,
Swift Creek Reservoir, Lake Moomaw, and Litde Creek
Reservoir.  Lake Chesdih, the largest of these, is
discttssed separately under the section on lykes.! The
danger of introduction via vessel hulls or trailers
increases with the amount of recreational use, and the
James 1Uvcr drainage has over 90 public boat ramps,
mostly on lakes  DeLorme Mapping Co�1989!. In
addition, there are annual professional bass fishing
tournaments on the tidal freshwater portions of the
James and Chickahomlny Rivers, with many vessels
trailered in from other stat'cs, where they may have been
in Dtzissarta-Infested waters only a day or two previously.

The Jisk of inoculation from the seaward direction is
also high, via both ballast-water and the hulls of incom-
ing vessels. Large vessels containing varying amounts of
ballast water regularly visit the Port of Richmond from
freshwater European ports  Meehan Overseas Terminal,

g Inc., 1991!, some of which have large Draissarta popula-
tions. Whether freshwater ballast containing Draissatta
larvae is acquired in Europe and released, undiluted by
seawater, in Richmond, is unknown, but it appears
probable. Barge and other vessel traffic between
industrialized areas of the James River and other
estuaries in Chesapeake Bay is heavy, There is also
heavy recreational traffic from other estuaries.

Conditions for Draissarta reproduction are favorable
throughout much of the estuary, and two other non-
native bivalves, CorbicuQ flumirtaa and Rangia aunaata,
have already successfully invaded freshvrtter and
oligohaline portions of this estuary  Diaz, 1977, 1989!.
The native bivalves Mytikpsis Iastcophaaata  a close
ts.'lative to Dn.issana!, Sphaariurtt trarUnarssttst, and Pisidiictts
aasartartum are also common'in oligohaline and freshwa-
ter portions of the Jatnes River  Diaz, 1977!, Near.
Cartersville, pH in August is 8,1, and calcium content is
about 22 ppm  Prugh at aL, 1992!, both within the
minimum requirements for Dszissatta reproliuction.

ELIZABETH RIVER AND ALBEMARLE

SOUND

Tidal freshwaters of southeast Virginia, including the
Elizabeth River and parts of the Albemarle Sound

system, are at risk of inbculation by Draissana, and some
regions within this area are susceptible to establishment
of the species, The Elizabeth, Nansemond, and
Lynnhaven Rivers in southeast Virginia, Currituck
Sountl and the Pasquotank River in North Carolina
 Albemarle Sound!, and many lesser bodies of water,
form an extremely complex estuarine and freshwater
system, because of the Intracoastal Waterway and many
lesser canals. The northernmost portion of Cumtuck
Sound is Back Bay, in Virginia; other connected bodies
of water include Lake Drummond  Dismal Swatnp!,
Lafayette River  Norfolk!, Rudee Inlet  Virginia Beach!,
and various small lakes in the cities of Virginia Beach,
Chesapeake, Norfolk, and Suffolk, The freshwater
portions 'of the Elizabeth, Nansemond, and Lynnhaven
Rivers are relatively small, but the Chesapeake and
Albemarle Canal, the Dismal Swamp Canal, and lesser
waterways are usually fresh, and all of Currituck Sound
and most of Albemarle Sound are oligohaline or fresh
water, depending on freshwater inflow  NOAA, 1985!.'
All of these bodies of water are intimately connected by
a network'of canals or ditches  refer to United States
Geological Survey topographical maps!, so if Draissarta
becomes established in any part of this system it could
eventually spread to all others.

Inoculation of the above region by Draissana is most
likely to occur via the heavy recreational and commer-
cial traffic incottung from other estuaries. There are
few freshwater lakes in Virginia Beach with boat ratIrps,
so the risk of inoculation by Draissatta on the hulls of
recreadonal vessels trailered frotn other systems is low.
Conversely, there are thousands of stnall recreational
vessels which use creeks, canals, and oligohaline por-
tions of the many small subestua'ries in this area, and
there is heavy barge traffic along the Chesapeake and
Albemarle Canal, part of the Intracoastal Waterway,
Draissana need become established only in one of the
other Chesapeake estuaries and, sooner or later it will
appear in Virginia Beach or the City of Chesapeake
waterways, as fouling organisms on small vessel hulls.

The Chesapeake and Albemarle Canal is potentiaffy
im~rtant in aiding dispersal of Draissana. Even if the
canal does not serve as-a reservoir for Draissarta recruits,
it will serve as a temporary relief of osmotic stress to
Draissaaa that are fouling vessels traveling along the
Intracoastal Waterway. This could prolong the survival

. of Drausaaa on vessels otherwise traveling in relatively-
high-salinity areas.

Some regions within southeast Virginia are suscep-
tible to establishment of Draissancr, others are not. Back
Bay, the northernmost extension of Currintck Sound, is
normally fresh, but in some years, salinity can increase
to as high as 10 for extended periods, although small
tributary estuaries remain fresh  Norman and
Southwick, 1991!. The only bivah e which presently
persists in Back Bay is the non-native oligohaline clam,
Regia autsaata  Lme and Dauer, 1991! �Alkalinity and



Table 1 summarizes the information for estuaries
discussed above. The relative. chance of inoculation, or
"Risk," is given as "high," "moderate," or "low," based on
factors discussed above. Using available water chemistry
data and published data on Drsisstvsa physiological
requirements, the relative threat of establishment of
large populations of Drvt'ssrrta following inoculation, or
"susceptibility" is also given as high," "inoderate," or
"low," "High" predicts that if Drsissona becomes estab-
lished; it witt ~idly attain high population levels, and
stay at those levels at least until the ecological commu-
nity adjusts to the invasion. "Moderate" predicts that if
Drsisseaa becomes established, it wilt reproduce success-
fully on!y during certain, favorable periods, and wiII
attain pest proportions only occasionally, "Low"
indicates that Drcissma is unlikely be able to reproduce
successfully,

LAKES AND RESERVOIRS

All major rivers and many small rivers in the mld-
Atlantic region have large arti6ciat impoundments. It is
unlikely that Drnssoita could become established m a
river system by a single inoculation into'the river itself,
but once they become established in a reservoir, they
would then spread to downstream reservoirs and
freshwater portions of estuaries. Only unfavorabte
water quality, such as Iow pH and low calcium concen-
trations, would then limit Drvistena population levels.

Water chemistry data were available for some Virginia
lakes, discussed in alphabetical order hereafter, except

where two or more
I

PREDICTED INVASION SUCCESS IN FRESHWATER
ESTUARIES

TABLE 1.

Estuaries are listed approximately from north to south. Risk refers to the relative
chance that Oreissena will be introduced, and susceptibility refers to the relative
chance that Oreissena will attain high population levels.

Sttsceptlblflty

low-

RiskEstuary

Pocomoke River, MD 8 VA low

Potomac River, MD 5 VA

Rappahannock River, VA

Piankatank River, VA

high

moderate

high

moderate

lowlow

Mattaponi River/
Parnunkey River, VA

/

CLAVrOR LAKE
Iowmoderate

The risk of inoculation
by Drrisscaa to Claytor
eke is high relative to
other lakes, but its suscep-
tibility to the establish-

James River, VA high'high

Elizabeth River, VAl-
Albernarle Sound, VA & AC highhigh

calcium levels for Back Bay are marginal for Deissma
reproduction  mean pH 7.7, calcium content of 10-20
ppm!  Sincock et aI, 1966!, but the presence of Rarigia
infers that other species of bivalves, such as Dreisssrta,
could survive there. Once established, Dreissorta would
survive high~inity periods by persisting in freshwater
tributaries.

The Dismal Swamp and the Dismal Swamp Canal, in
contrast to Back Bay, have very low pH  maximum 6.7 in
July! and calcium �.2'ppm!  Lichtler and Marshall,
1979!, probably inuch too low tor the reproduction or
even extended survival of Drrisserta 'The Dismal Swamp
Canal therefore is unlikely to be invaded by, or serve as,
a route for natural dispersal of Dreisserra, but it remains a
ready passage for dispersal by fouling on the hulls of
vessels passing between the Elizabeth River', in the-
Chesapeake Bay system, and the Pasquotank River, in
the Albemarle/Pamlico.Sound system.

I
Urban development in southeast Virginia has lead to

the creation of many small lakes, most of which are
connected by ditches or pipes to other waterways.
Water quality arid chemistry are unknown for most of
these, but it is probable that at least some will have ideal
condition+or Dreissena. For example, Smith and
Whltehurst Lakes, in the Little Creek drainage adjacent
to. the Norfolk International Airport, are both modaliy
alkaline with sufficient calcium for Dreissena reproduc-
tion  Virginia Department of Game and Inland Fisher-
ies, unpubl. data! ., If Dreissyna is introduced, therefore,
the probability that it could become established income
part of the system is high.

adjacent reservoirs are
discussed together. Water .
chemistry data, especially
catcium levels, are incom-
plete for inost lakes, and
while risks have been
assessed basetj on known
data, it is possible that the
known data are not
representanve of common
conditions. The rale of
water chemistry in
Drsisssria survival and
reproduction are discussed
in Criteria for Predicting
Zebra MusMI Irioasiorts in, the
hfi d-Atiaritic Rtgum.



ment of large populations is only mt>deviate. Claytor
Lake is a multi-purpose reservoir  recreation,
hydropower! on the New River  Kanawha River!, a
tributary of the Ohio River. It receives heavy
recreational use, with eight improved public boat
ramps, as well as eight more on the New River
upstream  DeLorme Mapping Co., I989!. There
are thus many opportunities for accidental inocula-
tion of Deissena via the hulls of small recreational
vessels. Frelds Dam impounds the New River
upstream of Claytor Lake, but the reservoir is
probably too small  flushing rate too big J>l to act as
a reproductive refuge for Dreissena Although
Dreissena is already present in other portions of the
Ohio River basin  New York Sea Grant, 199$!, the-
probability of its dispersing naturally upstream to
Claytor. Lake is low, relative t'o the risk posed by
human-mediated invasion. Surface waters are
normally quite alkaline {7.5-9,3 in June!, but
calcium is generally low  9-10 ppm!. In some years,
however, calcium levels can attain 30 ppm  Virginia
State Water. Control Board, unpubl, data!, so the
question of Dreissena success in Lake Claytor, should
it be inoculated, would depend on the varying water
chemistry.

FLANNAGAN RESERVOIR

John W. Flannagan Reservoir is at high risk of
inoculation by Dreissena, but its susceptibility to
establishment of large populations is only rnoder-
ate, Flannagan Reservoir is on the Pound River, a
tributaty of the Ohio River via the Big Sandy River,
The reservoir has three improved public access boat
ramps; there are two more just upstream an tribu-
taries, and three more are on North Fork Pound
River Lake, also upstream  DeLcNme Mapping Co.,
1989!. There are thus many opportunities for

, inoculatiori via the hulls of small recreational
vessels. Although Dreissena is present in other
portions of the Ohio River basin  New York.Sea
Grant, 1995!, the probability of its dispersing .
naturally upstream to FIannagan Reservoir is low,
relative to the risk posed by human-mediated
invasion. The surface waters are alkaline  pH 7,6-
8.9 in June!, with low to moderate levels of calcium
 9-29 pprn!  Virginia State Water Control Board,
uhpubl. data!, Dreissena would survive, if released
into Flannagan Reservoir, but in some years'repro-
duction may be calcium-limited.

HARWOOD Mu.LS RESERVOIR

headwaters of the Poquoson River, in Newport News,
has a single public boat ramp, limited to craft withoutI
internal-combustion engines. This reduces but does not
ehminate the possibility of Drer'ssena inoculation via the
hulls of recreational vessels, Like the majority of small
municipal reservoirs in southeast Virginia, it is modally
alkaline  pH S, I in June!, with moderate levels of
calcium �5' pprn!  Virginia Dept. Game and Inland
Fisheries, unpubl. data!. These conditions are favorable
for Dreissena reproduction.

Of ten similar small reservoirs in that area surveyed
by Virginia Department of Game and +land Fisheries,
six have water chemistry that would support high
populations of Dreissena, three have chemistry that
would support at least riioderate populations, and only
one  Kilby Reservoir! has water chemistry that would be
unlikely to support Dreisse>ra populations.

KERR RESERVOIR AND LAKE GASTON

Johrr H. Kerr Resewoir, and Lake Gaston; just
downstseam, arr. at high risk of inorulation by Dreissena,
and at least portions of both lakes arc higtily susceptible
to establishment of large populations of this species.
Both reservoirs are targe mtrlti-use {recreation, hydro-
power! impoundments on the Roanoke River, astride
the Virginia/North Carolina Reservoir, Just below Lake
Gaston m North Iwrolina is the Roanoke Rapids dam
and reservoir, arid tire Roarioke ends'in Albemarle
Sound, North Carolina, which has an extensive. freshwa-

1
tcr portion. Kerr Reservoir and Lake Gaston arc heavily
»sed by recreatii>rial boaters and fishermesr, with a total
of about .">0 public boat ramps. Iriaddition, E><>th are
downstream of a variety of public-access reservoirs,
including Philpott Reservoir,.Banister I.ake, Smith
Mountain Imke, and Leesville lake in Virginia, and
Hyco Iwke, Mayo Reservoir, and After Bay Reservoir in
North Carolina, with over 80 public access boat ramps
 Alexandria Drafting Co�19S I; DeLorrne Mapping Co.,
19S9!. Water chemistry in both Kerr Reservoir and
Lake Gaston varies between stations, and on the basis of
this McMahon �992! considered the susceptibility of
Lake Gaston to be relatively iow. Both lakes, however,
have semi-enclosed branches jn which water chemistry
may differ, and in both lakes there are modally alkaline
regions  pH 6.9-9,5!. Calcium levels for Kerr Reservoir
were unavailable, but calcium content of the alkaline
stations in Lake Gaston are about 24-44 ppm  Virginia
State Water Control Board unpubl. data!, and because
of the proximity of rhe two lakes, it is safest to assume
that Kerr Reservoir, more complex even than Lake
Gaston, also has regions of modally high calcium,

Hatwood Mills Reservoir is one of many small
multi-use  Rishing, municipal water storage! reser-
voirs in urbanized southeast Virginia. The risk of
inoculation by Dreissena is low, but the lake is highly
susceptible to estabbshrnent of this species, should
it become introduced. Harwood Mills, on the

LAKE ANNA

Lake Anna is at high risk of inoculation by Drefsse«a,
but irs susceptibility to subsequent establishment of this
species is low. It is on the North Anna River, a tributary



of tbe Pamunkey, and is the largest resetvoir in the
Pamunkey River drainage. Imke Anna is used heavily by
recreational boaters and fishermen, and is the water
source for the North Anna Nuclear Power Plant.
Downstreain is the freshwater tidal portion of the
Pamdnkey River, There are 9 itnproved public access
boat ramps on Lake Anna, Upstrcain of Lake Anna are
Lake Orange, with one public boat ramp, and Lake
I.ouisa, which is surrounded by a housing development
 DeLorme M'apping ~., 1989!, McMahon �992!
considers Lake Anna to be highly susceptible to the
establishment of large Drrissetta populations, but based
on unp'ublished water chemistry data provided by
Virginia Power. Innsbrook Technical Center, Glen
Allen, VA!, this seems unlikely. Although pH often rises
as high as 7.9 in some branches of Iake Anna during
the summer, inost-of the lake is modally acidic, ~d
even where waters are alkaline, the:.calciuttt content '
remains too low  tnaximutn about 6.0 ppm! for
Dreissrrta reproduction,

LAKE CHESDIN,

IMe Chesdin is at relatively high risk of inoculation,
by Dreissetta, but its susceptibility to establishment of this
species is low, Oti the Appomattox River  a tributary of
the James!, it has several public-access boat ramps,.and
receives heavy recreational use frotn the nearby Rich-

' mond area. It has a water chemistry unsuited for
Drdssrrta, however; the pH is variable �,4-8.7!, but
modally acid in summer in shallow water, and calcium
levels are very low  about 5-10 ppm!  Virginia State
Water Control Board, unpubl.'data! ..

LAKE GASTON  SEE KERR RESERVOIR!

LAKE MOOMAW

Lake Moomaw is a.rarity in Virginia; a large reservoir
at relatively low risk of inoculation by Drrissersa.
Drrissetta were introduced, however, IMe Moomaw is
moderately susceptible to cstablishinent of a large
population. It is on the Jackson River, in  he headwa-
ters of the James River, within a state wildlife manage-
tnent area, where recreational use is limited. DeLorme
Mapping Co. �989! shows no public-access boat ramps
on or upstream of Lake Mootnaw. The pH is modally
alkaline �M,4! in shallow water in sumtner, with
calcium levels of about 18-17 ppm  Virgitiia State Water
Control Board, unpubl, data!, -marginal conditions for
Dretssrrta reproduction'.

LEESVILLE RESERVOIR

 SEE SMITH MOUNTAIN LAKE!

PHILPOTT RESERVOIR

Philpott Reservoir is at relatively' high risk of Ltrttissittta
inoculation,' but its susceptibihty to establishment of this
species is low. It is on the Smith River, a tributary of the
Roanoke River via the Dan River, and has 11 improved,
public access boat ramps. The water is modally alkaline
 pH 7.2-8.7!, btlt available calcium data indicates very
low levels �-5 ppm!  Virginia State Water Control '
Board, unpubk data!, whtcb would itihibit Drstsssna
reproduction. If it does become established, however, it
will spread to Kerr Reser'vair and Lake Gaston, down-
stream, which have inore benign water chemistry,

SMITH MOUNTAIN LAKE AND

LEESVIH,E LAKE

Smith Mountain Lake is a large reservoir on the
headwaters of the Roanoke River, and Leesville Lake is
directly below it. Both are at high risk from inoculation
by Dreisserta, although tl!e susceptibility of both lakes to
establishment of large populations is only moderate.
There are only two improved public access boat ramps
into Leesville Lake, but there are more than 17 into
Smith Mountain Lake, upstreattt. Smith Mountain Lake
is also the site of a large, annual professional bass-
fishing tournament. The. pH of both lakes in shallow
water during the summer is normally high �.6-9.I!, and
calcium leveh are about 15-17 ppm  Virginia'State
WateF Control Board, unpubl. data! .- These conditiotis
permit reproduction of Drassersa, although in some
years cakium content tnay limit population- levels.
Downstream of these lakes are John H. Kerr Reservoir
and Lake Gaston.

r

SOUTH HOLSTON LAKE '

South Holston Iwke is at rehtively high risk of
inoculation by Drrissena, and its susceptibility to subse-
quent establishment of large populations of this species
is also high, South Holston Lake is a large mul6-
purpose reservoir  recreation, hydropower! on the
South Fork Holston River, a tributary of the Tennessee
River, It is in southwest Virginia, and the majority of the
lake is within Tennessee. The lake is vnthin a few hours'
drive of other lakes in' the Tennessee River system
containing Dreisserta  New York Sea Grant, 1993!.
There are 16 public access boat ramps on the lake, and
hvo more upstream on the smaller Hungry Mother
Lake,~ The pH of South Holston Lake is relatrvely stable
and modally alkaline �.9-8.6 in June and July!, with
moderately high levels of calcium �8-30 ppm!, based
upon data collected largely in the 1970s  Tennessee
Valley Authority ungubi. data!, These conditions are
Favorable for Dtrtt'ssena growth and reproduction, and
once introduced, it would rapidly attain pest propor-
tions,

9



WESTERN BRANCH RESERVOIR, LAKE
MEADE

DeLorme Mapping G>. 1989. Virgittitt Atitts and Gazetteer.
Freeport, ME.

TABLE 2. PREDICTED INVASION SLQCESS IN VIRGINIA LAKES AND RESERVOIRS

Reservoirs are listed alphabetically. Invasion Risk refers to the relative chance that Dreissena will be intro-
duced, and Susceptibility refers to the relative chance that Dreisserra will attain high population levels. See
also text for explanation of terms.

Recreational
Vessel Use

Other
Uses SusceptibilityDrainage Risk

hydroelectric power - high
high

high
high

Claytor Lake
Flannagan Res.
Harwood Mills Res

Ohio
Ohio

moderate
~ - moderate

low

high
high
high
high

moderate
low
high
high
high
high

moderate

municipal water .
hydroelectric power
nuclear power plant

moderate
high
htgh
high
high
high
low

moderate
high
high
high

moderate

 Newport News! Poquoson
Kerr Reservoir Roanoke
Lake Anna Parnunkey
Lake Chesdin James
Lake Gaston Roanoke
Lake Meade ' Nansemond

Lake Moomaw James
Leesviile Lake Roanoke
Philpott Res. Roanoke
Smith Mtn. Lake Roanoke
S. Holstott Lake Tennesse
W. Branch Res. Nansemond

high
bigh
low
low
high
high

moderate
moderate

low
moderate

high
high

hydroelectric power

wildlife mgrnt. area

hydroelectric power
municipal water
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Western Branch Reservoir, Lake Meade, and some
adj acent reservoirs are at moderate risk of inoculation,
by Dret'rsena, and highly susceptible to establishtnent of
large populations of this species. Western Branch
Reservoir is the largest of seven impoundments in the
Nansemond River drainage, m southeast Virginia, It is
on the Western Branch Nansemond River, while Lake
Meade is the largest of four impoundments on the
Eastern Branch Nansemond River, but the drainages of
these are very close to each other. 'Other lakes include
Lake Prince and Lake Burnt Mills, upstream of Western
Branch Reservoir, and ~e Cohoon, Lake Kilby, and
Spaetes Run Lake, upstreatst of Lake Meade, Western
Branch Reservoir has two public boat ramps on or,
upstream of it, and Lake Meade has four. AII lakes are
trsed heavily for recreational fishing, but the majority of
the users are local  Virginia Dept. Game 8c Inland .
Fisheries, perse comm,!. Water chemistry data shows
moderately alkaline water  pH 8.2 a  2 m depth> Jutte!
with moderate leveh of calcium �0.25 ppm! in all of
these lakes except Lake Cohoon and Lake Kilby  no
data is available for Spaetes Run Lake!. Lakes Cohoon
and Kilby are often acidic, and their leveb of s'usceptibig
ity are thus moderate or low.  Virginia Dept. Game and
Ittlanti Fisheries, unpubl. data!. In the remaining four
lakes, conditions are favorable for Dreissetsa reproduc-
tion. Once invasion occurred in any of those four lakes,

Drrisrerta would reach high population levels. Natural
dispersal, perhaps by adults attached to turtles or other
amphibious organisms, could then spread Dreissettrz to
the other impoundments in the Nansemond drainage.

Table 2 summarizes the information for reservoirs
discussed above: The definitions for "risk" and "suscep-
tibility" are the same as for Table I.
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