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PREFACE 

The Asiatic clam (Corbicula fluminea) has been rapidly invading most 
aquatic systems in the United States, adapting to new conditions, and 
possessing a potential to interact competitively with many of the en
demic molluscan fauna. Besides having ecological significance, Corbicula 
has become a nuisance as a biofouling organism in energy production and 
other industries. Some natural predators upon Corbicula are known, and 
their resistance to conventional biocidal practices has been documented. 

Using field and laboratory techniques, ( 1) rate of invasion, (2) population 
dynamics, and (3) resistance to heavy metals and chlorine residuals were 
investigated. The purpose of this research was to study the clam's popu
lation density in thermally influenced and unheated areas around the 
Glen Lyn Power Plant on the New River, and to determine sensitivity to 
several elemental pollutants using static bioassays and artificial streams. 

We wish to acknowledge Ada B. Simmons for her review, editorial assist
ance, and typing on this project, and Judy Alls for assistance in water 
chemistry analysis. Special acknowledgment is made to the following 
who generously gave their time to a critical review of the manuscript: 
Jack S. Mattice, Oak Ridge National Laboratory, Oak Ridge, Tennessee; 
and James B. Sickel, Department of Biological Sciences, Murray State 
University, Murray, Kentucky.Acknowledgment is made also to Nancy L. 
Chapman for editorial processing and typesetting, and to Pat Nickinson 
for layout composition. 
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-ABSTRACT 

The Asiatic clam, Corbicula fluminea, has invaded the New River at the 
rate of nine miles a year from the Kanawha River, which enters down
stream from the Glen Lyn coal-powered generating plant in Virginia. 
During the period of investigation, October 1976-September 1978, clams 
were more numerous in the vicinity of the thermal discharge of the plant 
than they were in unheated waters, and their population fell sharply 
during the winter months, when the water temperature dropped to ap
proximately 2°C. The temperature (35°C) of the heated discharge water 
in late summer did not adversely affect the clam. High mortality occurred 
at temperatures ~36°C in laboratory thermal tolerance studies. 

The clam proved to be highly resistant to the conventional biocidal prac
tice of intermittent chlorination and to exposure to heavy metals in both 
static and artificial stream bioassays. Copper was more toxic than either 
zinc or a combination of zinc and copper. Potassium was not an effective 
biocidal agent at low concentrations (< 100 mg/I). 

Measurements of 42 elements in water, sediment, clam shell, and visceral 
tissue revealed that Corbicula was an efficient accumulator of many 
elements. Concentrations in all tissue samples were greater than those 
measured in river water. Fifteen elements were more concentrated in 
tissue samples than in river sediment, but the converse was true for 25 
elements. Elements released from discharges at the Glen Lyn Plant did 
not limit the clam's development or ability to propagate. 

Although only minor incidents of Corbicula infestation have been ob
served in the cooling system of the power plant, such infestation could 
become a serious problem if winter water temperatur~s rise. No effective 
means of controlling the clam's population has been developed. 

Key Words: Corbicula, Asiatic Clam, Toxicity, Bioconcentration, Popu
lation Density, Bioassays, New River 





INTRODUCTION 

In certain areas of the country, the Asiatic clam, Corbicula fluminea, 
has become a threat as a biofouling organism to power-generating com
panies and other industries requiring cooling water. The clam was first 
discovered in 1938 in Washington's Columbia Hiver [Sinclair and Isom, 
1963; McMahon 1977]. By the late 1940's, these clams were well estab
lished in most western states (Figure 1), and were becoming nuisance 
problems in the California irrigation systems [Ingram, 1959]. Corbicu/a 
invaded the Mississippi and Ohio River drainage systems by the late 
1950's, subsequently spreading throughout both basins [Bickel, 1966]. 
In 1961, Thomas and Mackenthun [1964] collected Corbicula in the 
Kanawha River at Charleston, West Virginia, with propagules p'robably 
originating from the Ohio River. By 1975 the clam was reported to have 
colonized the New River in the thermal effluent of Appalachian Power 
Company's Glen Lyn plant, located in Southwest Virginia [Rodgers et al., 
1977]. Potential propagulesoriginated downstream in the Kanawha River 
(Figure 2). 

The rapid spread of Corbicula and its ability to invade a variety of aquatic 
habitats have caused numerous economic and biological problems [Goss 
and Cain, 1977; McMahon, 1977]. Once established, they become a major 
component of the ecosystem, threatening the survival of other indigenous 
bivalves [Gardner et al., 1976]. Major economic problems generated by 
Corbicula include the biofouling of agricultural, industrial, gravel indus
tries, and municipal water supplies. Standard biofouling procedures and 
molluscicide applications have been rendered ineffective by the behavioral 
ability of Corbicula to avoid environmental toxicants (i.e., cessation of 
siphoning activity, tight closing of valves) [Rodgers et al., in press (a)]. 

Studies on the rate of invasion, density, population dynamics, and con
trol of the Asiatic clam have been carried out for a 15-month period in 
the vicinity of the Appalachian Power Company's Glen Lyn plant on the 
New River. Work was conducted in the field, in laboratory model (artifi
cial) streams, and in static bioassays. The objectives, for which data will 
be presented in the study, included: ( 1) the rate at which the clams were 
invading the river upstream of the Glen Lyn plant; (2) the density and 
age classes of clams in substrates above, below, and within the thermally 
influenced regions of ~he river; (3) the effects of unusually cold winter 
conditions on population density and age structure of the clams; (4) the 
occurrence of clams relative to water quality and substrate characteris-
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tics; (5) the concentrations of approximately 40 elements in the river's 
water and sediment and the potential uptake of these elements in clam 
valve and visceral tissue; (6) laboratory toxicity testing of clams exposed 
to several elements (copper, zinc, copper and zinc, potassium, chlorine) 
in static and artificial stream systems; and (7) comparisons of toxicant 
bioaccumulation to behavioral activities (filtering, foot immobilization, 
gaping, and closure of valves). 
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ECOLOGICAL CHARACTERISTICS AND METHODOLOGY 

I. Ecology and Life History 

Corbicula fluminea is a bivalve mollusk of the class Pelecypoda, order 
Heterodonta, superfamily Sphaereacea, and family Corbiculidae. The 
species is best identified by morphology of the hinged teeth, exhibiting 
a double pair of serrated lateral teeth on the right valves, with a single 
pair appearing on the left valves (Figure 3) [Sinclair and Isom, 1963]. 
In this country, the species has been found primarily in the more southern 
states, with northern range perhaps limited by a lower temperature toler
ance of "'2°C [Mattice and Dye, 1976]. The distribution includes both 
lentic and lotic environments, with no established preference for either. 
Corbicula reportedly prefer a sandy substrate [Filice, 1958; Sinclair and 
Isom, 1963; Bickel, 1966], although the species also has been found in
habiting silt, gravel, rock rubble, and clay substrates [Parmalee, 1965; 
Aldridge, 1976; Gardner et al., 1976; Sinclair and Isom, 1963; Heinsohn, 
1955; Rinne, 1974]. This mollusk is primarily considered to be a suspen
sion feeder, filtering phytoplankton and detritus from the water column. 
Except for studies analyzing gut contents, little has been reported about 
their feeding behavior. Data concerning predator utilization of Corbicula 
have been reported for fish, ducks, and racoons. Gut analysis of various 
waterfowl and fish species, including channel catfish( lctalurus punctatus), 
redear sunfish (Lepomis microlophus), and the freshwater drum (Aplo
dinotus grunniens), have indicated that they do feed on Corbicula [Sin
clair and Isom, 1973; Thompson and Sparks, 1977], but the extent and 
importance of this utilization has yet to be documented. 

According to Sinclair and Isom [1963], the Asiatic clam is both herma
phroditic and incubatory. Eggs are fertilized within the reproductive 
ducts and passed through the suprabranchial chambers into the inner gills, 
which become greatly distended and function as marsupia. The marsupial 
veligers undergo development in the inner gills, after which they are re
leased as non-swimming planktotrophic veligers. A more detailed account 
of the life history is reported by Sinclair and Isom [1963]. The time spent 
as planktotrophic veligers is relatively short, possibly being influenced 
by the intensity of water movement and currents. Upon settling to the 
sediment for benthic existence, the species attaches to a suitable sub
strate by means of an adhesive patch located at the tip of the foot. At 
,...., .9 mm, shell formation is completed with shell growth continuing un
til death. Sexual maturity is reached within the first year, normally at 
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a shell length averaging between 6.5 and 8.5 mm [Aldridge and McMahon, 
1978; Sinclair and Isom, 1963]. Spawning, which is primarily tempera
ture-dependent, generally occurs twice a year, in late spring and fall, de
pending upon the area. 

11. Biofouling and Control 

The high reproductive capacity, precocious development, and resistance 
to biocidal control by Corbicula ensure high population densities which 
increase its fouling capabilities. Many industries which utilize raw water 
supplies have been adversely affected by Asiatic clam invasion. The first 
incidents of this problem were reported on the West Coast by agricul
tural industries. With in two to three years after colonization of irrigation 
ditches, deposition from sedimentation (by clam biodeposition) and dead 
clam shells amounted to two to three feet on the canal floor of the Delta 
Mendota [Prokopovitch and Herbert, 1965; Prokopovitch, 1969]. In
creased deposition drastically shortened the longevity of agricultural irri
gation canals [Ingram, 1959; Fast, 1971; Prokopovitch and Herbert, 1965]. 
The most effective treatment was the mechanical removal of shells and 
sediments, although chemical treatment has been utilized with limited 
success. Problems encountered by the sand and gravel industry have in
cluded interference with production procedures by a large number of 
clams inhabiting sand and gravel deposits [Sinclair and Isom, 1963]. If 
clams are present in the concrete aggregate during the pouring process, 
clam movement may cause voids, resulting in structural weakness. Me
chanical separation of clams from gravel has been a costly and time
consuming operation. 

Biofouling in condenser and service water systems of steam electric power 
plants has been another major problem associated with Corbicula. Small 
clams, which pass through the water intake screens [McMahon, 1977], 
have been reported to wedge or clog within the condenser tubes (5/8-in. 
diameter). Depending upon the degree of fouling, the unit efficiency of 
the power plant may be reduced [Goss and Cain, 1977]. 

The potentially competitive nature and reproductive and growth poten
tials of Corbicula may also influence or limit the development of native 
bivalve populations. Gardner et al. [1976] found that following five years 
of Corbicula colonization of the Altamaha River (Georgia), indigenous 
bivalve populations had declined drastically. This may have alarming im-
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plications when one examines the bivalve endangered species list for the 
southern United States. 

Problems created by Corbicula are numerous, but successful control 
methods are scarce. No effective control procedure has been found for 
the agricultural and sand-gravel industries. Three weeks of continuous 
chlorination ( 1.0 parts per million [ppm] total residual chlorine) during 
the spawning season has been recommended as an effective control meth
od for condenser biofou ling [Sinclair and Isom, 1963]; however, the 
release of this level of chlorine into the environment is unacceptable 
[Brungs, 1976]. Bayer-73, a common molluscicide used in the tropics, 
also has been demonstrated to be an effective biofouling agent [Sinclair 
and Isom, 1963]. Backflushing of condenser system waters on a weekly 
basis has been a measure which has slowed the rate of biofouling but has 
not eliminated it. At the Brown's Ferry Nuclear Plant on the Tennessee 
River, the severity of biofouling resulted in dismantling and manual clean
ing of the condenser system [Goss and Cain, 1977]. Controlled-release 
biofouling paint also has been suggested for protection against clam col
onization of condenser systems [Goss and Cain, 1977], but it has a num
ber of environmental disadvantages. At this time, more research needs 
to be carried out in order to determine effective control procedures. 

111. Utilization 

The utilization of Corbicula may be a viable alternative if the organism 
becomes a major component of certain drainage basins. Suggestions for 
potential utilization have included use as fish bait, biofilters for organi
cally polluted areas, bioindicators of heavy metal pollution, and aqua
culture for poultry and animal feed and fertilizer [Habel, 1970; Rodgers 
et al., 1977; Mattice and Dye, 1976]. Accumulation of heavy metals and 
radioactive wastes in bivalves has been reported [Nelson, 1962; Merlini, 
1966; Clarke and Clarke, 1974]. The use of bivalves as indicators has 
many inherent problems, particularly in sampling methodology and 
analysis [Merlini, 1966]. Corbicula, however, may alleviate some of these 
problems in its inherent ability to colonize many habitats and because of 
its high population densities, small size, and penchant for accumulating 
metals. 

For years, Corbicula has been cultivated in many Asian countries, being 
considered a delicacy for human consumption. Nutritional analysis has 
shown a high protein and carbohydrate content, superior to that of 
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oysters and other shellfish [Gonzales et al., 1975]. Though large-scale 
cultivation of Corbicula for American consumption does not seem likely, 
the use of its shell and tissue for poultry feed is promising. 

IV. Description of R~search Site and Sampling Procedures 

?i 
Samples were collected from the New River at Glen Lyn, Giles County, 
Virginia (latitude ~0 22'20"; longitude 80°51'45"; 454 m above mean 
sea level) in the vicinity of the Glen Lyn coal-fired generating plant (Fig
ure 4). The Glen Lyn plant normally generates approximately 300 milli
watts (MW) with a maximum of about 340 MW. Water is withdrawn from 
the New River for condenser-cooling, and maximal plant-cooling flow 
rates of 15.15 m3 /sec (535 cubic feet/sec [cfs]) may represent up to 45 
percent of the total river flow in low flow periods. The hot-water dis
charge is released in two areas. About half of the water is returned to 
the river just downstream from the intake and the rest is passed through 
a small canal into the East River. The heated effluent usually is chlori
nated three times daily with in-house free residual chlorine ( F RC) con
centrations ranging from "'0.10 to 0.50 mg/I to control biofouling of 
the condenser pipes. F RC concentrations in the heated effluent have been 
measured as high as 0.62 mg/I [Cherry et al., 1977]. With an average width 
of 500 m, the New River at Glen Lyn (river mile 95) is relatively shallow 
with a mean depth of about 1.2 m and contains a series of pools and 
rapids. River flow ranges from about 1,000 cfs (28.3 m3 /sec) to an an
nual maximum of about 50,000 ( 1,416 m3 /sec) and an average of 5,023 
cfs ( 142.3 m3 /sec). 

Six sampling stations were established above and within the thermal 
effluent of the Glen Lyn plant (Figure 4). Stations 1 and 2 in the New 
River, which were not influenced by heated water, were located 140and 
45 m, respectively, above the water intake facility situated adjacent to 
the power plant. Stations 3 and 4 were thermally influenced. Station 3 
was located approximately 50 m below the discharge pipe in the New 
River, while Station 4 was located at the confluence of a dredged canal 
in the East River. Station 5 was located approximately 260 m above Sta
tion 4 in the East River and received no heated discharge. Station 6 was 
established 2,450 m downstream from the power plant in the New River, 
where elevated temperatures from waste heat were reduced by approxi
mately 50 percent. As river water passed through the plant, it was heated 
by a maximum of 8°C in Station 3 relative to ambient temperature in 
Stations 1 and 2 of the New River, while the6 Twas even higher("' 12°C) 
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Stations 1 and 2 of the New River, whilethe6 Twas even higher ("'12°C) 
between ambient (Station 5) and thermal sampling sites (Station 4) in 
the East River. Sediment composition in all stations was primarily peb
ble, sand, and cobble with small amounts (<4 percent) of clay and silt. 

Five samples were taken at each station using a 0.25 m2 frame with a 
plankton net attachment of 0.05-mm mesh (Figure 5). The substrate was 
shoveled to a depth of at least 15 cm with clams and river sediment car
ried directly into the net by river current. Water depth and flow rate 
during field sampling generally ranged from 0.5 to 1.0 m and 18 to 21 
cm/sec, respectively. Samples were returned within two hours to the lab
oratory for further analyses. Additional information may be found in 
Rodgers et al. [1977]. 

V. Invasion Rate 

Occurrence of the Asiatic clam was evaluated by obtaining grab samples 
in the New River drainage system from Glen Lyn, Virginia, downstream 
to the Kanawha River in Charleston, West Virginia, in order to establish 
the source of propagules. Upstream sampling in the New River also was 
carried out within and above Claytor Lake and in several tributaries above 
the power plant. A thorough literature review was undertaken to deter
mine the time at which Corbicula was observed in the drainage system. 
The invasion rate was obtained by calculating the time and area of occur
rence, which was related to the distance in river miles to Glen Lyn when 
the clams .were found in 1975. 

VI. Thermal Influence Upon Survivorship 
in Field and Laboratory Studies 

Upper and lower lethal temperature limits were determined from field 
sampling evaluations during maximum summer temperatures in the ther
mal effluent ("'36°C) and from minimum winter conditions in unheated 
areas during 1976-1977 (0°C). Laboratory studies of lethal temperature 
limits were carried out to confirm the findings observed in the field. A 
96-hour thermal tolerance test was carried out for clams acclimated at 
25°C. Test organisms were placed in heated aquatic chambers that were 
raised over a 24-hour period to 27, 29, 31, 33, 35, 36, and 37°C, and 
then held at these respective temperatures for 96 hours. Heat was pro
vided from infrared lamps positioned under each chamber. Chambers 
contained 19 clams with the control group maintained at 25° C. 
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VI I. Population Densities and Sediment Analysis 

Shell dimensions and weight were determined as described by Joy and 
McCoy [1975]. Length was measured, to the nearest 0.1 mm, as the great
est linear distance perpendicular to a line at right angles to the hinge site; 
and width was the greatest shell dimension from right to left valve. Ap
proximate size classes were determined from dimensions after Gardner 
et al. [1976]. In the laboratory, clams were sorted from the sediment by 
washing them through a series of five U.S. standard soil sieves (2.00, 4. 75, 
9.50, 12.50, and 19.00-mm openings). 

Sediment from each station was partitioned by using a Rotap Testing 
Sieve Shaker (Tyler Industrial Products, Mentor, Ohio). Samples were 
separated (# 10 sieve) into pebbles (2-64 mm) and cobble (64-256 mm) 
components. The smaller entities, sand (0.02-2.0 mm), silt (0.002-0.02 
mm), and clay (<0.002 mm), were partitioned according to the hydro
meter method [Bouyoucos, 1962]. In this procedure, soil characteristics 
were obtained by mechanical dispersion and hydrometer readout after 
the sedimentation process. 

VI 11. Water Quality 

To provide supportive information, monthly water samples were taken 
for analysis at the six sampling sites for clam density in the New River. 
The physical and chemical parameters and the methods used in their 
determinations are shown in Table 1. Additional ambient New River 
water-quality data from the onset of Corbicula invasion in 1975 also are 
reported. 

Water samples were collected in the recommended manner [American 
Publ ic Health Association (APHA), 1976] and were either fixed in the 
field or stored on ice for return to the water chemistry laboratory at 
Virginia Polytechnic Institute and State University (VPI & SU). Some 
analyses (temperature, pH, dissolved oxygen, etc.) were performed at 
the sample collection sites. Environmental parameters (Table 1) were 
measured according to the standard protocols, and the analyses involved 
have been described in detail in the cited references [APHA, 1976]. 

IX. Static and Continous-Flow Bioassays 

Static and continuous-flow (artificial streams) tests were used to deter-
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mine the toxicity of copper sulfate and zinc sulfate separately, copper
zinc in combination, and separate tests using potassium sulfate and chlo
rine (calcium hypochlorite). Each static-test usually was carried out for 
24 and 96 hours [Sprague, 1973], while stream bioassays were conducted 
for 96 hours. Static tests with chlorine were extended to 10 days in order 
to obtain a lethal response. One week prior to testing, clams were col
lected from the New River, and held in a flow-through holding tank and 
fed daily with a finely ground mixture of trout chow and tropical fish 
food. Clams were tested in groups of 12 and 9 at several concentrations 
in static and continuous-flow tests, respectively, with clam sizes ranging 
from 10 to 21 mm in length (measured by the greatest distance perpen
dicular to a line forming a right angle with the hinge site). 

Fourteen aquaria, each with a 5-1 capacity, were filled with 4 I of river 
water and allowed to settle for two days in the static tests. Test aquaria 
were dosed from a standard solution of copper sulfate or zinc sulfate. 
Six toxicant concentrations for copper ranged from 0.005 to 10.0 mg/I 
and 0.005 to 1.0 mg/I, respectively, for 24 and 96-hour tests. Zinc con
centrations for the same tests ranged from 0.10 to 40.0 mg/I and 0.05 
to 10.0 mg/I. Copper-zinc tests had the same dose ranges as the copper 
trials (for example, at the 10.0 mg/I target dose, copper and zinc con
centrations were each 10.0 mg/I). Potassium concentrations ranged from 
1.6 to 140 mg/I in static and stream bioassays. Static assays for chlorine 
ranged from 0.15 to 10.0 mg/I total residual chlorine (TAC) with the 
free residual component ( F RC) ranging from 0.05 to 4.5 mg/I. Chlorine 
residuals were measured by amperometric titration, and stock chlorine 
solutions were mixed from anhydrous calcium hypochlorite (HTH). 

Temperature, dissolved oxygen, and pH were measured before each bio
assay with copper, zinc, copper-zinc, or potassium concentrations meas
ured by atomic absorption after each observation ( 1, 2, 6, 24, ... 96 
hours). If needed, additional toxicant was added to maintain a consistent 
target dose level. Toxicant samples were collected by pipette midway 
from the water surface where clams were suspended in screen ( 1-mm 
mesh) baskets ( 130 x 90 x 70 mm). Additional water-quality parameters 
recommended for toxicity testing were determined or analyzed [Sprague, 
1973]. 

In the continuous-flow tests, four streams were utilized (Figure 6). Each 
stream was partitioned in half with one side covered with New River 
sediment and the other containing no substrate. Th is allowed for testing 
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clams in a natural versus an artificial situation. Six cages were placed in 
each stream, with lO mm of sediment added to the three cages that were 
held in the substrate-filled side. Tests were carried out for four days with 
observations made at 5, 24, ... 96-hour intervals. 

Tap water was passed through two activated charcoal filtering systems 
prior to entering the streams. Toxicants from stock solution bottles were 
pumped into three streams using peristaltic pumps. Doses of heavy met
als, potassium, and chlorine varied from 0.04 to "'140 mg/I and were 
regulated by stream flow rate, target dose level, and stock solution con
centration. Flow rates varied from 0.50 to 0.80 I/min, while stream water 
depth was"' 50 mm. 

Effects of the toxicants were evaluated by five responses: death, gaping, 
foot immobilization, siphoning activity, and valve closure ("clamming 
up'~). To determine mortality, the probe and gape technique was em
ployed by gently opening clam valves with a micro-spatula. Lack of a 
closing response indicated mortality. Preliminary testing verified this 
testing procedure. Gaping of valves, followed by closing when probed 
with a spatula, and foot immobilization (extended foot and failure to 
retract upon stimulation), were considered to be a weakening response to 
stress. Observations of siphoning or filtering represented normal feeding 
activity. Dead clams were removed from their containers after each period 
of observation and analyzed for heavy metal uptake by atomic absorp
tion. If no mortality occurred at sublethal exposures, elemental uptake 
was measured after the bioassay was completed. 

Data were analyzed by a probit method, based on Finney's approxima
tion [Finney, 1971], in a computerized procedure from the Statistical 
Analysis System [Barr et al., 1976]. Estimates of the LC50, 95-percent 
confidence limits, and the slope of the probit line through the percent 
killed were reported. In instances where no confidence limits were ob
tained, 100 percent mortality was not obtained (i.e., zinc and potassium 
bioassays). 

X. Field Elemental Concentrations in Water, Sediment, and Clams 

Water, sediment, and clams were collected at each station for analysis 
by a neutron activation procedure [Furr et al., 1975]. Using appropriate 
precautions to prevent contamination, samples were transferred to pre
weighed, sterile, flip-top polyethylene vials. For clam samples, the visceral 
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mass (soft body tissue) was removed from the shell. Sediment, shell, and 
visceral samples were dried in a drying oven (70 ± 2°C) for 48 hours. 
Samples were irradiated at the Nuclear Reactor Laboratory at VPI & SU. 
Advantages of this laboratory include simultaneous analysis of approxi
mately 40 elements from each sample with a high degree of sensitivity. 
The technique is non-destructive in nature, and samples may be analyzed 
in any physical state without requiring lengthy laboratory preparation. 
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RESULTS AND DISCUSSION 

I. Temperature and Substrate Influence Upon Population Densities 

Densities of the Asiatic clam have increased rapidly in the New River at 
the Glen Lyn plant forthe past three years (Figure 7). Although Corbicula 
was not found before 1975 [Rodgers et al., 1977], densities increased 
in the East River discharge to approximately 1,020/m2 by September 7 1977 and 11,522/m2 by February 1978 (Table 2). Thereafter, in the 

U
heated discharge that year, densities decreased to a level of 1,859/m 2 

(Station 4), while densities in the unheated area increased from 94/m 2 

n February to 2,286/m2 (Station 1) by November 1978. 

Population densities of Corbicula closely corresponded to water tempera
tures during 1976-1977 (Figure 8). Densities declined drastically during 
the winter to the point that no specimens were detected in extensive 
surveys du ring January-Apri I 1977. In the power plant thermal effluent, 
population levels in Stations 3 and 4 essentially remained constant. Ap
parently, the approximate 8°C increase above ambient temperature was 
sufficient to maintain the populatfon in the effluent and to be a source 
of supply for upstream areas in warmer seasons. The heated wastewater 
maintained river water temperatures 5-6°C above freezing during the 
winter. Restoration of upstream population densities commenced in May 
1977 and by September population densities had recovered to approxi
mately 1,000 clams per m2. A similar fluctuation in Corbicula popula
tion density attributed to cold temperatures of winter was previously 
reported from the Ohio River by Horning and Keup [1964]. These obser
vations are further substantiation of the laboratory-determined lower 
incipient lethal temperature of about 2°C [Mattice and Dye, 1976]. In 
January-February 1978, a similar reduction in population densities oc
curred in unheated areas but was not as evident as in 1977 since ambient 
temperatures were slightly higher than in 1977. In the upper East River 
(Station 5), where ambient temperatures were ~2°C during the winter, 
Corbicula were not found, nor did they re-invade this habitat during the 
summer of 1978 (Table 2). Population densities in the New River gener
ally have increased during the warmer months of 1978 to levels greater 
than those found from 1975 through 1977. By the fall of 1978, densities 
in unheated areas varied from 1,907 to 2,286/m2, with densities in the 
heated stations being approximately twice as great. However, after den
sities peaked in the thermal discharges (Station 4 in February 1978), a 
population "crash'" was noted during the spring (April). 
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The density composition of clams was predominantly in shell-length sizes 
of 7 .5-13.5 mm, followed by <7 .5 mm (Table 3). In the thermally in
fluenced Station 4, clam sizes <7.5 mm comprised 57.6 percent of the 
samples during February 1978, with larger sizes (7.5-13.5 mm) repre
senting 69-74.5 percent of the density in the other heated sites (Table 4). 
Clams in sieve sizes <7 .5 mm represented 63.8 percent of the total sam
ple · in Station 3 during the summer, while no distinct high increase of 
first-year clams (>50 percent) was observed in unheated stations. Sizes 
~ 18.5 mm were low to absent (4.2-0 percent) in unheated stations during 
1978, while heated stations contained amounts ~19.7 percent of the 
total sample (Station 6). 

Size-frequency analysis showed population restructuring after the par
ticularly cold months of 1977 (Figure 9). An expected progression of 
size classes was found in samples from the thermally influenced area. At 
the ambient temperature stations, specimens were found in the first-year 
size class as recruitment restored population numbers. By October-De
cember 1977, the population structure in the thermal discharge stations 
was comprised of I, 11, and I I I-size classes of clams with only first-year 
sizes (approximately ~7.5 mm in shell length) in uninfluenced sites. 
Through the milder winter of 1978, the population structure in thermally 
influenced and unheated stations generally consisted of I, II, Ill, and IV
size classes with a greater percentage of clams ranging from 18.5 to 28.0 
mm in shell length found in thermally influenced areas (Stations 3 and 
6) (Figure 9; Tables 3 and 4). The greatest number of clams sampled in 
the late winter months consisted of those with shell lengths of 7.5-13.5 
mm. By April 1978, the percentage of first-year clams more than tripled 
in Stations 1, 2, 3, and 6, when compared to February 1978. Although 
fluctuations in densities of I and I I-size classes occurred between stations 
during the summer, the I I-size class (7.5-13.5 mm in shell length) was 
more frequently sampled. By September 1978, all stations (except Station 
5 where no clams were found) contained Corbicula from size classes of 
I-IV. General trends for 1978, where the Asiatic clam was sampled, indi
cated that the size class of 7.5-13.5 mm was most abundant (62.1-67.6 
percent and 54.8-60.2 percent, in unheated and heated areas, respective
ly), followed by one-year classes, and then by clams 13.5-28.0 mm in 
length) (Table 3). It should be noted that the selection of size classes 1-V 
in Tables 3 and 4, which were taken from Gardner et al. [1976], may not 
represent the same year classes of Corbicula aged 1-5. Differences in shell 
lengths relative to age classes will vary from the New River ambient and 
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thermally influenced areas when compared to the area of study reported 
by Gardner et al. [1976]. 

Upstream progressi.on of Corbicula has been somewhat slower than would 
be expected. Rodgers et al. [1977] cal cu lated an invasion rate of nine 
miles per year for Corbicula migration from the Kanawha River to the 
Glen Lyn Power Plant at the New River ("'138 river miles). Outside of 
the thermally influenced areas, clam densities fluctuated in response to 
seasonal temperature or reproductive cycles. Low temperatures (0°C) 
caused severe clam die-offs in the winter of 1977, corresponding to simi
lar population fluctuations observed in the Ohio River [Horning and 
Keup, 1964]. The inability of Corbicula to survive low temperatures may 
impede the invasion process in areas subjected to cold winter tempera
tures (<2°C). This hypothesis appears supported in the New River, as 
colonization beyond the thermal effluent at the Glen Lyn plant has been 
limited by the cold winter of 1977. In 3.5 years, Corbicula migrated 
approximately nine river miles upstream from the Glen Lyn colonization 
site (Figure 2), a substantially lower invasion rate than calculated by 
Rodgers et al. [in press]. Failure of this population to achieve substantial 
upstream migration supports the assumption of some physical or bio
logical augmentation for dispersal of this species. 

11. Upper 96-Hour Thermal Tolerance Studies 

The highest temperature at which Corbicula would suffer no thermal 
mortality during a 96-hour observation period, when acclimated and 
tested at 25°C, was 35°C. At 36°C and higher, 100 percent mortality 
was observed in either 96 hours (at 36°C) or 48 hours (at 37°C). Field 
temperature in the thermal discharge canal (Stations 3 and 4) generally 
reached 35°C during late summer 1978, with some brief, partial expo
sures to 36°C for periods less than six hours for less than seven days. It 
is difficult to relate these data to field conditions since Corbicula in the 
field had the advantage of daily to weekly seasonal fluctuations and 
gradual acclimations to 36°C, which were not characteristic of the labora
tory tests. Similar problems were discussed by Cherry et al. [1976], in 
comparing laboratory-controlled elevations in temperature for the mos
quito fish (Gambusia affinis) to in situ conditions in thermally influenced 
sites. 
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111. Sediment Characteristics and Population Densities 

Sediment characteristics of the New River in which the Asiatic clam was 
found included clay, silt, sand, pebble, and cobble, with the predominant 
substrate characteristic being pebble (~ 12.5 to ~ 19.0 mm), followed by 
sand (~9.5 to ~ 12.5 mm) in the six sampling stations (Table 5). Pebble 
was predominantly higher in unheated stations (x = 71.8 percent) than 
in thermally influenced ones (x = 59.0 percent). Sand formed a greater 
percentage in heated stations (x = 32. 7 percent) than in uninfluenced 
ones (x = 23.7 percent). In descending order of occurrence, cobble, clay, 
and silt were found less often. On a seasonal basis, it was difficult to 
determine if specific trends in sediment composition were evident (Table 
6). The incidence of cobble was highest in spring and summer~ Higher 
water levels in the colder seasons influenced sampling efforts consider
ably. Substrate characteristics generally preferred by larval Corbicula in 
substrate preference studies have included fine sand, coarse sand, and 
mud, in decreasing order of preference [Sickel and Burbanck, 1974]. 
Gardner et al. [1976] reported that clams inhabited substrates of various 
composition, mainly sand with mud or detritus. Other studies have re
ported the Asiatic clam to inhabit shifting sand [Fuller and Powell, 1973], 
rock and rubble substrate [Rhinne, 1974], and silt-clay sediment [Diaz, 
1974]. 

The Asiatic clam is apparently an opportunistic organism with character
istics of both r (population characteristic of a rapid rate of intrinsic in
crease) ' and k (populations of established numbers that tend to be regu
lated by environmental influences) selection. Part of their unique com
petitive ability is derived from the unusually high intrinsic rate of natural 
increase. Each sexually mature clam may produce several thousand off
spring each year [Aldridge and McMahon, 1978]. At the latitude of Glen 
Lyn, Virginia, Corbicula would have two spawning periods during the 
warmer months. They probably have few competitors and may success
fully compete with other molluscan fauna in invaded areas. Clam densi
ties of several thousand per square meter have been reported in warmer 
climates of South Carolina and California with little to no diversity of 
other molluscan forms present [Harvey, 1977]. 

IV. New River Water Quali.ty 

The characteristics of New River water during the period of investigation 
are presented in Table 7, with no appreciable differences observed be-
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tween 1975 and 1976 (Figure 10). On a yearly average, alkalinity was 
61 mg/I as CaC03 , while the pH was slightly alkaline (7.8). Dissolved 
oxygen over the entire period was adequate for aerobic organisms and 
apparently was strongly influenced by temperature and physical reaera
tion. Turbidity and suspended solids were relatively low for a large river 
which could be attributed to the influence of the hydroelectric dam at 
Claytor Lake. ~xamination of nutrient concentration showed that the 
river water was not impoverished concerning the abundance of plant
growth nutrients. 

The influence of such environmental factors as water temperature and 
chemical characteristics on the distribution and survival of Corbicula has 
been documented [Thompson and Sparks, 1977; Mattice and Dye, 1976; 
Rodgers et al., 1977]. Monitoring water quality in conjunction with field 
sampling and laboratory experiments was an essential part of this re
search. Changes in chemical and physical properties of aquatic systems 
have profound effects on the solubility and toxicity of a variety of ele
ments [Stumm and Morgan, 1970; Sprague, 1973]. 

V. Static Bioassays 

Copper was toxic to the Asiatic clam at lower concentrations than either 
the combined exposures of copper-zinc or zinc alone in both 24 and 96-
hour tests (Table 9). No LC5024hr determinations were calculated for 
zinc even when exposed to 40 mg/I. Higher concentrations were not at
tempted as the toxicant precipitated out in the stock containers, and 
levels this high in most aquatic systems generally would be hazardous to 
aquatic biota. LC50 determinations for 96 hours were at least 10 times 
less for copper when compared to 24-hour results. Potential synergistic 
effects from the combined exposures of copper and zinc were not as 
toxic to Corbicula in comparison to bioassays of copper alone. Though 
the range of concentrations used was the same for both tests, zinc may 
have inhibited the toxicity of copper in the bioassays utilizing copper 
and zinc in combination. 

The level at which the LC50 was determined by probit analysis for the 
three heavy metal exposure regimes ( LC50 in mg/I for copper, zinc, and 
copper-zinc-0.04, 6.04, and 0.05, respectively) also appeared to be the 
effective concentration (EC50) at which gaping was observed by approxi
mately 50 percent of the test organisms (Figures 11-13). At concentra
tions above the LC50, gaping generally decreased, most likely resulting 
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from the behavioral response of ' 'iclammfng up 0 in the presence of higher 
concentrations. The EC50 determination in this study is not considered 
to be a precise calculation (as is the LC50) from the data generated, but 
rather is an observation approximating 50 percent of the clam test organ
isms that show a behavioral response (siphoning, gaping) to a toxic sub
stance while subjected to a bioassay. Siphoning or feeding activity also 
declined to 10 percent or less at the LC50oohrdetermination. Gaping, 
unlike mortality, may occur at one period of observation for a clam but 
not at the next. Similar trends between gaping and siphoning were ob
served for copper and simultaneous copper-zinc exposures in the 24-
hour tests. 

No LC50 determinations were observed for potassium ( K2 S04 ) exposures 
up to 300 mg/I for 96 hours, since only 20 percent mortality occurred 
(Table 8). For chlorine, mortality was 0 after 96 hours for concentra
tions as high as 20 mg/I TRC. When experiments were lengthened to 10 
days under the same concentrations, however, LC50240hr determinations 
for TRC and F RC within the total residual (which were measured twice 
daily) were 0.69 and 0.54 mg/I, respectively. That the clams were exhib
iting signs bf stress was evident after 96 hours, as approximately half of 
the test organisms were gaping. 

Elemental uptake of copper and zinc was more evident in the visceral 
tissue than in the clam valves (Figures 11-13). Copper concentrations 
in visceral tissue were greatest at sublethal concentrations (0.005-0.01 
ppm) when filtering activity was high, followed by a decline as filtering 
ceased at the 0.05-ppm level (Figure 13). A similar trend was also ob
served for copper in the copper-zinc test (Figure 12). 

Zinc, in the static, 96-hour test, was concentrated in both valves and 
visceral tissue to a greater extent than copper (Figure 13). Accumulations 
of zinc tended to increase with an increase in toxicant exposure. In the 
copper-zinc tests, zinc concentrations tended to follow a similar pattern 
of uptake as observed for copper. Following the highest visceral concen
tration at the calculated LC50oohrt tissue concentrations declined as both 
filtering and gaping response decreased. Gaping and filtering responses 
were only reported for 24, 48, or 72-hour intervals, since in most cases, 
only a few live clams were available after 96 hours. 

19 



VI. Continuous-Flow Bioassays 

Lethal concentrations in the artificial streams were 10 and 20 times 
greater for copper and combined copper-zinc exposures, respectively, 
than in the static tests (Table 8). Both the rate and actual mortality were 
nearly the same for clams in streams with and without river sediment. Ap
parently, the 10 mm of sediment in the streams was not sufficient to allow 
the clams to burrow to depthswheretoxicantexposurewas lessened. Fil
tering activity decreased rapidly, and gaping was maximal after low cop
per exposures of ~0.05 mg/I (Figure 14). The effective concentration 
(EC50) of copper that elicited a stressed response for 50 percent of the 
organisms occurred (0.05 mg/I) well below the LC50 (0.49 mg/I) and 
was more evident after 72 hours of exposure. During this period, clams 
may be more susceptible to predation or vulnerable to biocidal practices 
(e.g., intermittent chlorination). Copper uptake was highest in the visceral 
tissue, with concentrations increasing with an increase in the toxicant 
level. Tissue concentrations surpassed levels of 800-1200 ppm for copper 
and zinc at test concentrations of 10-20 ppm. These laboratory-induced 
levels of uptake greatly surpassed the naturally occurring visceral con
centrations measured in clams and sediments from the New River, which 
are presented later in Tables 14 and 16. 

No mortality was observed in potassium exposures up to 140 mg/I in the 
artificial streams during 96 hours, although a weakening or stressed con
dition was evident by more than 50 percent of the clams exhibiting gaping 
behavior (Table 8). Following cessation of dosing with potassium, but 
maintaining the test organisms in the streams for an additional 96 hours, 
33-89 percent mortality occurred, depending upon the prior exposure. 
As in the static tests, no mortality in 96 hours was evident from chlorine 
exposures up to 10 mg/I TRC, although 40-50 percent of the organisms 
were gaping. 

VI I. Behavioral Responses 

Siphoning activity by Corbicula in static, 24-hour copper bioassays was 
reduced from 95.8 percent in the controls to 33.0 percent at 0.05 mg/I 
after only four hours (Table 9). After 24 hours, siphoning was reduced 
to 50.0 percent at the 0.05 mg/I concentration, and at 0.50 mg/I copper 
and higher, siphoning was reduced to 0. The gaping response after 24 
hours was ~50.0 percent at concentrations from 0.50 to 10.0 mg/I cop
per. For zinc, a reduction in siphoning activity of more than 50 percent 
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after 24 hours occurred at 5.0 mg/I (4.2 percent siphoning) with a cor
responding increase in gaping activity from 0 to 75 percent. The behav
ioral response in the copper-zinc bioassays was similar to the change oc
curring in the copper exposures in that the greatest reduction in siphoning 
activity (to 0 percent) occurred at 0.50 mg/I. However, the first reduc
tion in siphoning activity ( 14.3 percent) after 24 hours occurred at 0.05 
mg/I. Gaping activity was rarely observed. The reduction in siphoning 
activity in the three static bioassays generally occurred at or prior to the 
LC50 determination, while gaping (when evident) was observed near or 
after this concentration (Table 8). 

In the 96-hour static bioassays for copper, siphoning activity after obser
vations of 24, 48, 72, or 96 hours was reduced to approximately 8.3-0 
percent at the 0.05 mg/I exposure (Table 10). At lower concentrations 
(0.01 and 0.005 mg/I), siphoning usually occurred in at least 50 percent 
of the clams. A corresponding increase in gaping was evident in 30-87.5 
percent of the organisms at the 0.05 mg/I level which approximated the 
LC5096hr (0.04 mg/I) for copper. Gaping activity tended to increase at 
the higher exposure levels (0.10-1.0 mg/I), except at observations for 96 
hours, in which most or all clams had already died. 

Although no LC5096hr determinations were obtained for zinc in static 
tests, stress was evident from the behavioral responses observed at 1.0 
mg/I (reduction in siphoning activity to 20.8 percent with gaping increas
ing to 52.5 percent in Table 10). Responses to copper and zinc combined 
generally were the same as those observed for copper alone (Table 10). 
The initial abrupt changes in behavioral responses (reduction in siphoning 
and increased incidence of gaping) occurred at 0.05 mg/I (0.05 mg/I each 
for copper and zinc), which was the 96-hour LC50 in the static tests 
(Table 8). Siphoning and gaping activity were relatively low at higher ex
posures (0.10-1.0 mg/I). 

Siphoning activity was reduced to 0 at all observations (24, 48, 72, and 
96 hours) from copper doses of 0.05 mg/I in the artificial stream bio
assays (Table 11). Almost half (42.4-52.1 percent) of the clams were 
gaping after 48-96 hours of exposure at this same concentration. This 
stressed condition was about 10 times lower than the 96-hour LC50 
(=0.49 mg/I) for copper in the stream bioassays (Table 8). Gaping at 96 
hours was prevalent until exposures of 0.30 mg/I and higher were reached. 
Behavioral responses in the copper-zinc combined tests were difficult to 
assess since siphoning activity was only 42.6 percent after 24 hours and 
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declined to 23.1 percent by 96 hours (Table 11 ). No siphoning occurred 
at any exposure and gaping activity was minimal. 

Gaping, which was the major response evaluated in the potassium expo
sures, was most prevalent at 100 mg/I in the stream and 135 mg/I in the 
static tests (Table 12). After 96 hours in the streams, 98.1 percent of the 
clams were gaping at 100 mg/I with 50 percent of the organisms gaping 
at 120 and 140 mg/I. In the static tests, where gaping was less prevalent 
at all concentrations compared to the stream tests, the incidence of gaping 
was almost non-existent at low exposures (0-8.3 percent at 2, 8, 45, and 
75 mg/I), and declined rapidly in treatments~ 180 mg/I. At 300 mg/I, 
no gaping was evident at any time of observation. Anderson et al. [1976] 
also reported a decline in gaping (85 percent at 458 mg/I) at high potas
sium concentrations beyond the threshold gaping response ( 190 mg/I 
after 96 hours). However, no LC50 determination was possible in either 
stream or static tests in the present study, whereas Anderson et al. [1976] 
reported a 96-hour LC50 = 225 mg/I. The use of potassium as an effec
tive biocidal agent alone is improbable, although the combination with 
other agents may be promising because of the ability of potassium to 
elicit a gaping response. 

Gaping was consistently low (29.6-44.4 percent) in 96-hour chlorine bio
assays (Table 13). Siphoning activity was reduced to 0 at all chlorine ex
posures (1.6-14.3 mg/I TRC consisting of 0.9-9.1 mg/I FRC). In the static 
tests, where 10 days were required to obtain an LC50 (0.69 mg/I TRC), 
siphoning activity was reduced from 87 .5 percent in the control to 12.5 
percent at the first exposure (0.10 mg/I TRC) after 24 hours, and reduced 
to 0 at all other times of observation (>0.10 mg/I). A stressed response 
was evident within 96 hours at 0.40 mg/I TRC when 79.2 percent of the 
clams were gaping. By 192 hours and thereafter at 0.40 mg/I, however, 
gaping diminished (~37 .5 percent) as most clams maintained a tight clo
sure of valves until death. Gaping by more than 70 percent of the clams 
(70.8-95.8) after 96 hours occurred at all chlorine exposures above 0.40 
mg/I TRC. Little activity was evident at~ 1.20 mg/I TRC at 216 and 240 
hours, since most clams were dead. 

Because of its natural resistance and/or behavioral responses, the Asiatic 
clam was unexpectedly tolerant to heavy metal, potassium and chlorine 
exposures. Other mollusks appear to be more susceptible to lower heavy 
metal exposures. Extremely low toxic concentrations of copper (--0.02 
ppm) have been reported for the clam, Mya arenaria [Pringle et al., 1968], 
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with aTLm96hr= 1.9ppmfortheoyster,Crassostreag(qas [Fujiya, 1960]. 
Wurtz (1962] considered copper and zinc to be the most toxic metals 
for mollusks. Corbicula, when tested under normal temperatures ( 15-
240C) in our tests, appeared to be among the most resistant mollusk 
groups. Other mollusks appear to be more sensitive to potassium than 
Corbicula if data from long-term studies are considered. The bivalves, 
Actinonaias carinata, Lampsilis radiata siliquoidea, and Fusconaia flava, 
were reported to suffer 90 percent lethality from 11 mg/I potassium fol
lowing 35-45 days of exposure with 7 mg/I being lethal to the latter two 
species in approximately eight months [Imlay, 1973]. Since data from 
long-term studies of exposure to selected elemental concentrations cur
rently are not available for Corbicula, applicability of their tolerance to 
long-term studies for mollusks is difficult to assess. 

The use of conventional, static bioassay procedures instead of artificial 
stream systems will alter the toxicity response of Corbicula, probably 
by creating a more unnatural, toxic situation than found in the natural 
environment. This was evident in the 96-hour LC50 determinations be
tween static and artificiai stream bioassays using copper and copper-zinc 
combined exposures where the tolerance of the Asiatic clam was one to 
two orders of magnitude greater in the artificial streams (Table 8). In
stead of clams suffering from a combination of toxic substances and an 
unnatural, hostile environmental design in the static test, the artificial 
streams allowed the organisms to respond to the toxic substance in a 
lotic-type of environment similar to the habitat of the New River. Since 
the Asiatic clam is a filter-feeder residing on or with in the river sediment, 
the bioassay utilizing an artificial stream system offers a more realistic 
approach to the vulnerability and subsequent control of the organism. 

VI 11. Field Elemental Concentrations 

Concentrations of 42 elements, as measured by neutron activation, were 
usually lowest in New and East River water, intermediate in clam valves, 
and highest in either clam viscera or sediment, depending upon the ele
ment (Tables 14-16). Twenty-five elements were most highly concen
trated in sediments with about half of the 25 being higher in stations 
upstream from the power plant influence. Some of the elements that 
were highly concentrated in sediment included some heavy and light 
metals and potentially toxic elements (aluminum, arsenic, cobalt, cop
per, mercury, magnesium, manganese, tin, and titanium). The most abun
dant elements in water were aluminum, calcium, chlorine (as chloride), 
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iron, magnesium, potassium, sodium, and zinc, with all concentrations 
being ;;;:i:2 ppm. Fifteen of the 42 elements were most highly concentrated 
in clam viscera, with calcium being highest in the shells. Some of these 
tissue accumulations included the halogens (bromine and chlorine), and 
potentially toxic elements and heavy metals (cadmium, cesium, molyb
denum, nickel, antimony, selenium, uranium, and zinc) that may be haz
ardous to aquatic biota. In comparison to bioaccumulation studies of 
mosquitofish stressed by coal ash and thermal discharge using neutron 
activation analysis [Cherry et al., 1976], Corbicula tended to accumulate 
more elements to a greater extent. 

Zinc concentrations in field visceral tissue samples were similar to those 
measured by atomic absorption in the laboratory bioassays. Discrepan
cies in copper measurements were great between field and laboratory 
concentrations. Although some of the heavy metal con'centrations in river 
water were high, it is doubtful that they were prevalent on a continuous 
basis as indicated by the variability between samples. From these field 
and laboratory data, Corbicula appears to be an efficient bioaccumulator 
of heavy metals and other potentially toxic elements without suffering 
adverse effects. From these data, river concentrations in the vicinity of 
the Glen Lyn plant do not appear to be a limiting factor in the popula
tion dynamics of Corbicula in the New River. 

IX. Summary 

To summarize the Corbicula research-the Asiatic clam has successfully 
invaded and colonized the New River. at the Glen Lyn power plant. Al
though the unusually cold winters of 1975-76 and 1976-77 limited the 
increase in population densities in thermally uninfluenced regions around 
the power plant, t~e heated discharge thermally enriched and maintained 
the clam populations and served as an origin for invading the surrounding 
river habitat during the warmer seasons. These organisms were unexpec
tedly tolerant of heavy metal exposures in laboratory toxicity testing, 
which may be attributed to their natural resistance or to behavioral mech
anisms of filtering cessation ("clamming up") during periods of high toxi
cant exposures. The clams tended to be efficient bioaccumulators or 
bioconcentrators of heavy metals in both field sampling and laboratory 
bioassays. The use of an EC50 (effective concentration to elicit a specific 
behavioral response to 50 percent of the test organisms), that caused a 
gaping response at certain low to intermediate bioassay exposures, may 
become a potential control mechanism within certain concentration 
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ranges for predicting when Corbicula would be more susceptible to treat
ment when utilizing a combination of test variables. The use of exces
sively high or low temperatures combined with heavy metal exposure, 
or the possible application of potassium (which promotes the gaping re
sponse), followed by chlorination, may become a more efficient control 
procedure. At a time when Asiatic clam densities are continuing to in
crease in the river sediments to the level of being lodged and residing in 
the condensers of the power plant (during the summer of 1978), the need 
for an effective control has been predicted to become an important issue 
to plant operation procedures during subsequent years. 

25 



BIBLIOGRAPHY 

Aldridge, D. W., 1976. "Growth, Reproduction and Bioenergetics in a 
Natural Population of the Asiatic Freshwater Clam Corbicula manilensis 
Phillippi.'; Master's Thesis. University of Texas, Austin, Texas. 

American Public Health Association, 1976. Standard Methods for the 
Examination of Water and Wastewater. 14th edition. Washington, D.C. 

Anderson, K. 8. et al., 1976. "Effects of Potassium on Adu It Asiatic 
Clams, Corbicula manilensis." Biological Notes No. 98. State of Illinois. 

Barr, A. J. et al., 1976. A User's Guide to SAS 16. Raleigh, North Caro
lina: Sparks Press. 

Bickel, D., 1966. '•Ecology of Corbicula manilensis Philippi in the Ohio 
River at Louisville, Kentucky." Sterkiana 23:19-24. 

Bouyoucos, G. J., 1962. "Hydrometer Method Improved for Making Par
ticle Size Analysis of Soils.'' Journal of Agronomy 5: 101-15. 

Brungs, W. A., 1976. ' ·'Effects of Wastewater and Cooling Water Chlorina
tion on Aquatic Life.'' Report No. 600/3-76-098. U.S. Environmental 
Protection Agency. Washington, D.C.: U.S. Government Printing Office. 

Cherry, D. S. et al., 1977. "Field-Laboratory Determined Avoidances 
of the Spotfin Shiner and the Bluntnose Minnow to Chlorinated Dis
charges." Water Resources Bulletin 13: 1047-55. 

-----, 1976. ,,.Responses of Mosqu itofish (Gambusia affinis) to Ash 
Effluent and Thermal Stress." Transactions, American Fisheries Society 
105:686-94. 

Clarke, A. N. and J. H. Clarke, 1974. "A Static Monitor for Lead in Nat
ural and Waste Waters.'' Environmental Letters 7(3) :251-60. 

Diaz, R. J., 1974. ' ·'Asiatic Clam Corbicula manilensis (Philippi) in the 
Tidal James River, Virginia.'' Chesapeake Science 15: 118-20. 

26 



Fast, A. W., 1971. "The Invasion and Distribution of the Asiatic Clam 
(Corbicula manilensis) in a Southern California Reservoir." Bulletin of 
the Southern California Academy of Science 70(2) :91-98. 

Fi lice, F. P ., 1958. "Invertebrates from the Estuarine Portion of San Fran
cisco Bay and Some Factors Influencing Their Distribution." The Was
mann Journal of Biology 16(2): 159-211. 

Finney, P. J., 1971. Statistical Methods in Biological Assay. 2nd edition. 
London: Griffin Press. 

Fujiya, M., 1960. "Studies on the Effects of Copper Dissolved in Seawater 
on Oysters.'' Bulletin,Japanese Society of Scientific Fisheries 26:462-68. 

Fuller, S. L. H. and C. E. Powell, 1973. ''Range Extensions of Corbicula 
manilensis (Ph ii ippi) in the Atlantic Drainage of the United States." The 
Nautilus 87:59. 

Furr, A. K. et al., 1975. "Multi-Element Residues in Tissues of Guinea 
Pigs Fed Sweet Clover Grown on Fly Ash." Archives of Environmental 
Health 30:244-48. 

Gardner, J. A. et al., 1976. 0 The Invasion of the Asiatic Clam (Corbicula 
manilensis Philippi) in the Altamaha River, Georgia." The Nautilus 90: 
117-25. 

Gonzales. 0. N., S. V. Bersamin, and J. I. Sulit, 1975. "Tulya (Corbicula 
manilensis (Philippi), Paras (Soletellina bioncata Lamarack) and Oysters 
as Good Sources of Available Calcium." Bureau of Fisheries, Manila, Phil-
1 ip ine Islands. 

Goss, L. B. and C. Cain, Jr., 1977. ''Power Plant Condenser and Service 
Water System Fouling by Corbicula, the Asiatic Clam." In Bio fouling 
Control Procedures, L. D. Jennings, editor, pp. 11-17. New York: Mar
cel Dekker, Inc. 

Habel, M. L., 1970. "Oxygen Consumption, Temperature Tolerance, and 
Filtration Rate of the Introduced Asiatic Clam Corbicula manilensis from 
the Tennessee River." Master's Thesis. Auburn University, Auburn, Ala
bama. 

27 



Harvey, Ray S., 1977. Personal communication. Savannah River Project, 
Environmental Transport Division, Aiken, South Carolina. 

Heinsohn, G. E., 1955. "Life History and Ecology of the Freshwater 
Clam, Corbicula fluminea." Master's Thesis. University of California, 
Santa Barbara, California. 

Horning, W. B. and L. Keup, 1964. "Decline of Asiatic Clam in Ohio 
River.'' The Nautilus 78:29-30. 

Imlay, M. J., 1973. "Effects of Potassium on Survival and Distribution 
of Freshwater Mussels." Malacologia 12:97-113. 

Ingram, W. M., 1959. ''Asiatic Clams as Potential Pests in California Wa
ter Supplies.'' Journal, American Water Works Association 51 :363-67. 

Joy, J. E. and L. E. McCoy, 1975. "Comparisons of Shell Dimensions 
and Viscera Mass Weights in Corbicula manilensis (Philippi, 1844)." The 
Nautilus 89: 51-54. 

Mattice, J. S. and L. L. Dye, 1976. "Thermal Tolerance of the Adult 
Asiatic Clam.'' In Thermal Ecology II, G. W. Esch and R. W. McFarlane, 
editors, pp. 130-35. United States Energy Research and Development 
Association ERDA Symposium Series (CON F-750425). National Techni
cal Information Service, Springfield, Virginia. 

McMahon, R. F., 1977. "Shell Size-Frequency DistributionsofCorbicula 
manilensis Philippi from a Clam-Fouled Steam Condenser." The Nautilus 
91 :54-59. 

Merlini, M., 1966. ''The Freshwater Clam as a Biological Indicator of 
Radiomanganese." In Radioecological Concentration Processes, Proceed
ings, International Symposium, B. Aberg and F. P. Hungate, editors, pp. 
977-82. 

Nelson, D. J., 1962. "Clams as Indicators of Strontium 90." Science 137: 
38-39. 

Parmalee, P. W., 1965. "The Asiatic Clam (Corbicula) in 1 llinois." Trans
actions, Illinois State Academy of Science 58:39-45. 

28 



Pringle, B. H. et al., 1968. "Trace Metal Accumulation by Estuarine Mol
luscs.'" Journal, Sanitary Engineering Division; Proceedings, American 
Society of Civil Engineers. SA3 94:455-75. 

Prokopovitch, N. P., 1969. 11Deposition of Clastic Sediments by Clams." 
Journal of Sedimentary Petrology 39:891-901. 

Prokopovitch, N. P. and D. J. Herbert, 1965. "Sedimentation in the Delta
Mendota Canal.' 7 Journal, American Water Works Association 57: 375-
82. 

Rinne, J. N., 1974. "The Introduced Asiatic Clam Corbicula in Central 
Arizona Reservoirs.'' The Nautilus 88:56-61. 

Rodgers, J. H., Jr. et al, 1977. "The Invasion of Asiatic Clam, Corbicula 
manilensis in the New River, Virginia." The Nautilus 91 :43-46. 

-----,in press (a). ''Comparison of Heavy Metal Interactions in Acute 
and Artificial Stream Bioassay Techniques for the Asiatic Clam (Corbic
ula fluminea)." Third ASTM Symposium of Aquatic Toxicology, Octo
ber 17-18, 1978, New Orleans, Louisiana. American Society for Testing 
and Materials. 

-----, in press (b). ''The Invasion, Bioaccumulation and Population 
Dynamics of the Asiatic Clam (Corbicula fluminea) in the New River, 
Virginia." Proceedings, First International Corbicula Symposium. Oc
tober 12-14, 1977, Dallas, Texas. 

Sickel, J. B., 1973. "A New Record of Corbicula manilensis (Philippi) 
in the Southern Atlantic Slope Region of Georgia." The Nautilus 87( 1): 
11-12. 

Sickel, J. B. and W. B. Burbanck, 1974. "Bottom Substratum Preference 
of Corbicula manilensis (Pelecypoda) in the Altamaha River, Georgia." 
Association of Southeastern Biologists Bulletin 21 :84. 

Sinclair, R: M. and B. G. Isom, 1963. Further Studies on the Introduced 
Asiatic Clam (Corbicula) in Tennessee. Tennessee Stream Pollution Con
trol Board, Tennessee Department of Public Health. 

29 



Sprague, J. B., 1973. "The A, B, C's of Pollutant Bioassay Using Fish." 
In Biological Methods for the Assessment of Water Quality, ASTM STP 
528, J. Cairns, Jr., and K. L. Dickson, editors, pp. 6-30. American Society 
for Testing and Materials, Philadelphia, Pennsylvania. 

Stumm, W. and J. J. Morgan, 1970.Aquatic Chemistry. New York: Wiley-
1 nterscience. 

Thomas, N. A. and K. M. Mackenthun, 1964. "Asiatic Clam Infestation 
at Charleston, West Virginia.'' The Nautilus 78:28-31. 

Thompson, C. M. and R. E. Sparks, 1977. ''The Asiatic Clam, Corbicula 
manilensis, in the 1 llinois River." The Nautilus 91 :34-36. 

Wurtz, C. B., 1962. ''Zinc Effects on Freshwater Molluscs." The Nautilus 
76:53-61. 

30 



FIGURES 



w
 

l\
J
 

F
IG

U
R

E
 1

 
D

is
tr

ib
u

ti
o

n
 o

f 
th

e
 A

si
a

tic
 C

la
m

 (
C

o
rb

ic
u

la
 f

lu
m

in
e

a
) 

in
 t

h
e

 U
n

it
e

d
 S

ta
te

s 
fr

o
m

 I
ts

 I
n

tr
o

d
u

ct
io

n
 o

n
 t

h
e

 W
es

t 
C

oa
st

 i
n

 1
9

3
8

 a
nd

 S
ub

se
qu

en
t 

In
va

si
on

 (
to

 1
9

7
8

) 

C
O

R
B

IC
U

L
A

 

D
IS

T
R

IB
U

T
IO

N
 
~
 



FIGURE 2 
Kanawha and New River Basins and Glen Lyn 

Sampling Location for the Asiatic Clam in Virginia 
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FIGURE 3 
Identification of Corbicula by Serrated Lateral Teeth on Right Valve 
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FIGURE 6 
Artificial Streams Used in Continuous-Flow Bioassays 
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FIGURE 10 
Monthly Changes of 15 Water Quality Parameters in the New River Not 
Influenced by Power Plant Effluent (Station 1) During 1975 and 1976 
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FIGURE 10 (continued) 
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FIGURE 10 (continued) 
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FIGURE 11 
Acute Toxicity of Copper for a 96-Hour Period (LC50g6hr) 
Determined by the Probit Procedure (Heavy Solid Line)* 
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*The percentage of clams gaping and siphoning is plotted with the LC50 to ascertain 
an effective concentration (EC50) to the toxicant along with biological uptake during 
the exposure period. 
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FIGURE 12 
Acute Toxicity of Copper and Zinc for a 96-Hour Period ( LC5096hr) 

Determined by the Probit Procedure (Heavy Solid Line)* 
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*The percentage of clams gaping and siphoning is plotted with the LC50 to ascertain 
an effective concentration (EC50) to the toxicant along with biological uptake during 
the exposure period. 
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FIGURE 13 
Acute Toxicity of Zinc for a 96-Hour Period (LC50gshr) 
Determined by the Probit Procedure (Heavy Solid Line)* 
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an effective concentration (EC50) to the toxicant along with biological uptake during 
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FIGURE 14 
Toxicity of Copper for a 96-Hour Period 

( LC5096hr) in Artificial Streams Determined by 
the Probit Procedure (Heavy Solid Line)* 
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an effective concentration ( EC50) to the toxicant along with biological uptake during 
the exposure period. 
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TABLE 2 
Density (per m2) of Corbicula in Heated (3, 4, and 6) 

and Unheated (1, 2, and 5) Stations During 1978 

Month of Densit~ (eer m2) in Samelin9 Stations 

Sample 3 (max 6T) 4 (max 6T) 6 (min 6T) 1 2 5 

February 37.6 11,521.6 162.4 94.4 38.4 0 
April 44.0 2,060.8 20.0 48.4 35.2 0 
May 27.2 1,149.6 65.6 53.6 27.2 0 
July 41.6 2,208.0 1,358.4 84.8 147.2 0 

September 1,996.8 1,896.0 2, 149.6 2,273.6 1,334.4 0 
November 3,786.4 1,859.2 868.0 2,285.6 1,907.2 0 
X-1978 988.9 3,449.2 770.7 806.8 581.6 0 
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TABLE 5 
Percent Composition by Weight of Sediment Samples 
for 1978 in Thermally Influenced (3, 4, and 6) and 
Unheated (1, 2, and 5) Stations in the New River 

Percent Sediment Comeosition 

Station Clay Silt Sand Pebble Cobble 

3 2.2 1.1 36.7 51.2 8.8 
4 1.8 0.8 37.4 55.0 5.0 
6 1.7 0.6 24.0 70.6 3.1 
-
x 1.9 0.8 32.7 59.0 5.6 

1 1.5 0.9 28.6 63.8 5.2 
2 1.3 0.5 23.3 73.3 1.6 
5 1 .1 0.6 19.2 78.2 0.9 
-x 1.3 0.7 23.7 71.8 2.5 

55 



TABLE 6 
Percent Composition by Weight of Sediment Samples 

for 1978 on a Seasonal Basis in Thermally Influenced (3, 4, and 6) 
and Unheated (1, 2, and 5) Stations in the New River 

Percent Sediment Com~osition 

Season Station Clay Silt Sand Pebble Cobble 

Winter 3 4.3 4.2 27.7 63.7 0 
4 
6 
1 2.5 2.6 78.9 15.9 0 
2 0.8 0.7 26.8 71.7 0 
5 1.8 1.2 22.8 74.1 0 

Spring 3 1.5 0.7 38.7 32.7 26.4 
4 1.6 1.0 34.0 62.0 1.4 
6 1.4 0.7 14.1 81.0 2.8 
1 1.2 0.7 16.4 75.0 6.7 
2 1.2 0.5 14.3 79.0 5.0 
5 1 .1 0.5 17.6 80.8 0 

Summer 3 1.6 0.3 30.7 67.4 0 
4 1.9 0.9 37.6 48.6 11.0 
6 1.5 0.6 25.7 67.4 4.8 
1 1.1 0.4 16.3 73.2 9.0 
2 1.4 0.7 26.1 71.8 0 
5 0.6 0.3 8.8 88.0 2.3 

Fall 3 2.6 0.5 53.6 43.2 0 
4 2.2 0.4 43.9 53.5 0 
6 2.4 0.7 40.2 56.6 0 
1 2.0 0.4 27.3 70.2 0 
2 1.7 0.1 31.5 66.6 0 
5 1.6 1.1 39.6 57.7 0 
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TABLE12 
Percent of Corbicula Gaping in Artificial and 

Static Bioassays with Potassium Concentrations from 
1.6 to 140 and 2.8 to 300 mg/I, Respectively 

Time of (Control) Ex~osures (m9/I) in Artificial Streams 

Observation (hour) 1.6 40 55 80 100 120 

24 0 7.4 11.1 11.1 16.7 31.5 
48 0 13.0 33.3 3.7 50.0 38.9 
72 0 16.7 33.3 14.8 94.3 48.1 
96 0 24.1 40.7 14.8 98.1 50.0 

(Control) Ex~osures (m9/I) in Static Bioassa~s 

2.8 45 75 135 180 200 

24 0 0 8.3 45.8 25.0 4.2 
48 0 0 8.3 47.8 20.8 4.2 
72 0 0 4.8 55.6 21.7 4.2 
96 0 0 5.3 46.7 23.8 0 

64 

140 

35.2 
51.8 
51.8 
51.8 

300 

0 
0 
0 
0 
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The Virginia Water Resources Research Center is a federal-state partnenn, 
agency attempting to find solutio9s to the state's water resources pr ien . ~ 

through careful research and analysis. Established at Virginia Polytechr i ; In

stitute and State University under provisions of the Water Research and e1•p ' 

opment Act of 1978 (P.L. 95467), the Center serves five primary fun ~h . 

• It studies the state's Wpter and related land -use problems, includ
ing t heir ecological, political, economic , institutional, legal, and 
social implications. 

• It sponsors and administers research investigations of these prob
lems. 

• It collects and disseminates information about water resources 
and water resources research. 

• It provides training opportunities in research for _ future water 
scientists enrolled at the state's colleges and universities. 

• It provides other public services to the state in a wide variety of 
forms. 

More information on prog·rams and activities may be obtained by contac 
the Center at the address below. 

· Virginia Water Resources Research Center 
617 North Main Street 

Blacksburg, Virginia 24060 
Phone(703) 961~624 
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