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ABSTRACT 

Asiatic clams (Corbicula rr.anilensis Philippi) were 

sampled at twelve stations randorr~y located along a 16-krn 

stretch of the Wekiva River, Florida, eve~y three months from 

August 1976 to June 1977. Clarr.s were fo~~d at most stations. 

2 Their abundance ranged from 4 to 1210 per m • il:ean numbers 

of Corb:c~l~ were highest at stations where the bottom sedi-

ments were primarily sand and lowest at stations where the 

bottom sediments were silt and decomposing organic matter. A 

linear relationship between water temperature, water depth, 

current velocity, total alkalinityt and pH, and the abundance 

and distribution of Corbicula was not eviden~. Seasonally, 

the abundance of Corbicula was highest in August 1976 ~nd 

lowest in December 1976. 

The small size of the specimens suggest a recent in-

vasion of Corbicula into the ·wekiva River. The mean shell 

length of Corbicula in the river was 1J.5 rom. The shell 

lengths of the largest clams ranged from 25.3 ~~to 27.2 ~~. 

Large cla~s were collected in December 1976 (mean shell 

length = 1J. 7 mm) t wr.ereas s;r.all cla.LT.s were collected in 

March 1977 (mea~ shell length= 13.1 nn). Shell width and 

shell length were linearly correlated (r = 0.98 to 0.99), as 

were shell breadth and shell length (r = 0.96 to 0.99). The 

correlation between shell length and the number of rings on 



the shell was lower (r = 0.68 to 0.88). Clams with smaller 

rings (more rings per unit length) were found at downstream 

stations, where abundance was hing, whereas clams with larger 

rings (fewer rings per unit length) were found at upstream 

stations, where abundance was low. The data suggest that 

relationships between age and size depend on the habitat in 

which the organisms live. 
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INTRODUCTION 

The Asian clam (Corbicula rnanilensis Philippi) was 

introduced into the United States in 1938 on the Columbia 

River near Knappton, Washington (Clench, 1970; Sinclair, 

1964). Recently, this exotic bi'lalve has been found in 

nearly every major river system in the country. Corbicula 

have been observed in the Sacremento and San Jacquin Rivers 

of central California (Dundee and D"J.ndee, 19.58), the Ohio 

River borderir.g Kentucky (Sinclair and Is~m, 1961), the 

Delaware River near Philadelphia (Fuller and Po\vell, 197J), 

the Ja:nes River in Virginia (Diaz, 1974), the Savannah and 

Al tar.1aha Rivers ln Georgia (Gardner et al., 1976), the 1/lis-

sissippi River ~ordering northern Iowa (Eckblad, 1975), the 

Mobil River in Alabama (Hubricht, 1963), the Tennesse9 River 

in Tennessee (Sinclair and Ingram, 1961), and the Caloosa

hatchee River in Florida (Clench, 1970). The clam has re

stricted flow in irrigation canals, clogged industrial in

take screens, blocked water pipes, and displaced native bi

valve species. Despite being called the "most costly lia

bility of all exotic mulluscs in North America" (Sinclair, 

1971), very little is presently known about the ecology of 

Corbicula. Studies on the Altarnaha River in Georgia and 

the Ohio River ·at Louisville, Kentucky provide information 

1 



2 

on the distribution, density, and substrate preferences of 

the clam in natural river systems (Gardner et. al., 1976; 

Bickel, 1966). The relationship of Corbicula to the physi-

cal and chernical environment, however, is not fully under-

stood even though its distribution has been documented. 

The purpose of this study was to describe the dis-

tribution and abundance of Corbicula in a relatively un-

disturbed Central Florida stream and to relate its abun-

dance to the physical and chemical f~atures of the river. 

The Wekiva River was probably invaded within the last decade 

by Corbicula. It is a spring-fed tributary of the St. John's 

River and has a diversity of natural habitats into which 

Corbicula can become established. 

Historx 

The spread of Corbicula throughout the United States 

has been dramatic. After its introduction in 1938 into the 
~ 

Columbia River estuary, Washington, it has shown a pheno-

menal capacity for dispersal (Dundee and Harmon, 196J). The 

species was found throughout the west coast states during 

the 1940's and 1950's. Corbicula were recorded in the Sa

cremento and San Jacquin River systems during the 1940's 

and in irrigation canals in southern California during the 

early 1950's (Dundee and Dundee, 1958). Corbicula were 

first noted east of the Mississippi River in 1957 in the 

Ohio River at Paducah, Kentucky. In 1962, the clam was 
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observed in the Ohio River near Cincinnati (Keup, Horning, 

and Ingram, 1963) .. Corbicula were taken from the Tennessee 

River in 1959 (Sinclair and Ingram, 1961). By 1963, the 

clam had become established in the upper reaches of the 

Green and Cumberland Rivers (Sinclair, 1964). It was re

ported in 1960 in several Louisiana Gulf coast streams 

(Dundee and Harmon, 1963) and in the Mobil River, Alabama 

(Hubricht, 196J). 

Corbicula was first reported in the Southern At

lantic Slope drainage in 1970 when specimens were found in 

the Ocumulgee River (Altamaha River system, Georgia) (Sickel, 

197J). In 1972, collections were ~ade in the Savannah River, 

Georgia, the Pee Dee R::.ver, South Caroline.., and the Dela

ware River between Philadelphiar Pennsylvania ~J.d Trenton, 

New Jersey (Fuller and Powell, 197)). The clam was found 

in the James River, Virginia in 1973 (Diaz, 1974). Most re

cently Corbicula have been found in northeast Iowa. Specimens 

were collected from an effluent of a power plant on the Mis

sissippi River about 600 miles above Cairo, Illinois (Eck

blad, 1975). This was the first record of Corbicula in the 

northern section of the Mississippi River. 

Corbicula have spread rapidly throughout the state 

of Florida. They were first observed in 1960 in the Es

cambia River in the northwest part of the state (Schneider, 

1967). Due to the small size of specimens collected, are- . 

cent introduction was suspected. By 1967 the clam had 



become established in the Withlacoochee River in Levey 

County (Schneid8r, 196?). Two years later the species 

4 

was discovered in the Caloosahatchee-Lake Okeechobee System, 

thus completing its spread down the Florida peninsula 

(Cle~ch, 1970). 

The clam was initially identified as Corbicula 

fluminea (Muller) (Bickel, 1966). Based on major differences 

in reproduction and development between Corbicula fluminea 

and Corbicula manilensis as described by Sinclair and Isom 

(1963)," Bickel (1966) suggested the misuse of c. fluminea. 

c. fluminea are dioicious and nonincubatory, while c. mani-

lensis are monecious and incubate there eggs in marsupia, 

a modification of the iriller gill lamellae. c. manilensis 

are found in freshwater and have nonswimming pelagic larvae. 

Recent taxonomic and histologic data, however, indicates that 

c. fluminea may be the only representative of the genus Cor

bicula in the United States (Morton, 1977; Kraemer, 1977; 

Smith, 1977). Further histological and taxomonic comparisons 

between populations native to southeast Asia and the Philip

pines and those found in the United States will be necessary 

in order to clearly identify the species. 

The unique reproduction of Corbicula has lead to its 

rapid spread across the United States. The veliger {approxi

mately 200 microns in length) is discharged through the es

halent siphon into the surro~nding water (Sinclair and Isom, 

1963). Daily average reproduction has been observed as high 
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as 387 veligers per adult clrun (Aldridge a11d McMahon, 1976). 

Sinclair and Isom (1963) described these fre~-living velig

ers as benthic in function with a velum highly specialized 

for feeding and useless as a swimming organ. The plank

tonic veligers are the mode of entry into irrigation systems, 

condensers, and pipes. They settle and become attached by 

means of several byssal threads. The clams become sexually 

mature during their first year when they are about 6.5 mm in 

length (Sinclair and Isom, 196J). 

Corbicula have been known to replace native species 

of bivalves. A decline in the populations of other bivalves 

was noted by Gardner et al. (1976) in the Altamaha River 

after Corbicula numbers reached 200 per m2 . In the Flint 

River, Georgia, other bivalves were not found where Cor

bicula were dense (Sickel, 197J). Sickel suggested that com

petition other than for space occurred since the size of in

dividuals and their density dl.d not appear to exclude larger 

bivalves. 

Sedi~ent composition is probably the most important 

factor affecting the distribution of Corbicula A direct 

relationship between mean particle size and clam densisty is 

possible (Fast, 1972). Corbicula may inhabit course and fine 

gravel, black clay, shifting sand bars, rock and rubble, and 

firm sand, but is commonly found on sandy substrates, which 

they prefer (Filice, 1958; Villadolid and Del Rosario, 1930; 

Cahn, 1951; Sickel, 1973; Fuller and Powell, 1973; and 
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Gardner et al., 1976). 

Corbicula tolerate low dissolved oxygen concentra

tions although prolonged exposure to 0 ppm dissolved oxygen 

can be fatal (Sinclair and Isom, 1963). Low dissolved 

oxygen concentrations may restrict the presence of the clam 

in streams and reservoirs. Fast (1971) studied the effect 

of hypolimnetic stagnation of the El Capitan Reservoir, 

California on the clam and noted that thermal and chemical 

stratification limited the clams' presence to shallow habi

tats. He noted that Corbicula were not affected by prolonged 

artificial destratification. Aldridge ru1d IV1ci~ahon (1976) 

found that Corbicula was unable to maintain adequate oxygen 

uptake at low oxygen tensions. McMahon (personal communica

tion) suggested that Corbicula prefer a sandy bottom because 

of the associated high oxygen content. Usually,few clams 

are found in silty or muddy bottoms because of the reduced 

oxygen concentrations. 

Description of the Study Area 

The Wekiva River is a spring-fed stream with its 

primary source (Wekiva Springs) located about 5 km east and 

4 km ·north of Apopka, Florida in northwest Orange County, 

28° 42' Nand 81° 27'·w. The river flows north~northeast 

along a 26 km course and enters the St. Johns River 10 km 

northwest of Sanford, Florida. The Little Wekiva River, 

Rock Springs Run, and Black Water Creek are its major 
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tributaries (Fig. 1). 

The climate in the area is mild with mean daily 

temperatures rangins tetween 16 a~d 26 °C. The annual rain-

fall in the area is 116 em with rr.ost occurring during the 

summer. 

The \'/ekiva Swamp and Semir1ole Swa.rep comprise most 

of the river's 490 km2 watershed. The elevation of the 

river channel drops approximately 1 m per 5 km in length. 

The average discharge of the river is 8.16 mJ/sec at its 

mouth. · The mean daily discharge has ranged from 2. 97 mJ /sec 

to 58.) mJ/sec since 1939 (U.s. Geological Survey, 1976). 

During the study period, the mean monthly discharge of the 

river r~~ged from 9.9 mJ/sec in August, 1976 to 5.1 m3/sec 

in May, 1977 (U. S. Geological Survey, 1976 and 1977). 

The average width of the Wekiva River is 77 m and 

varies between 32 and 200 m. Numerous small islands divert 

the flow as the river passes through the Wekiva Swamp, 

creating extensive eddies and quiet areas along the banks. 

The deposition of silts and organic debris is enhanced by 

low current velocities and submergent ~quatic reacrophytes. 

Vallisneria ~· (eel grass) and Egeria densa (Brazilean 

Elodea) grow prolifically along the river bottom. Eichhorn-

ia crassipes (water hyacinth), a floating aquatic macrophyte, 

is an important source of bottom organic matter. 

The Wekiva River widens and becomes shallow about 

10 km downstream from the We}._i va Springs.. The flood plain 



~-

: . .;. .. 

becomes considerably narrowed as'the elevation of the sur-

rounding topography becomes 5 to 10 m higher. The river 

bottc~ cha~ges fron organic silt to sand and Egeria densa 

becomes the domin~~t aquatic macrophyte, replacing Val

lisneria. Eichhornia crassipes is more aband~~t in this 

area. 

8 
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rt.ATERIALS AND ~ffiTHODS 

Twelve perm~~ent stations were selected at rru1dom 

along a 16 km stretch of the Wekiva River (Fig. 1). Sampl

ing was conducted trimonthly from August, 1976 to June, 1977. 

Samples were collected at three sites per station. The sites 

were located near each bank and in the center of the channel. 

Physicochemical measurements were taken concurrent

ly at each site, trimonthly·. Surface and bottom tempera

tures were measured with a YSI telethermometer. Current 

velocities were measured with a subsurface float (Welch, 

1948). Turbidity was determined spectrophotometrically ith 

the methods outlined in Standard Methods (APHA, 1971). Bi

carbonate, carbonate, and total alkalinity and hydrogen ion 

concentrations (pH) were determined using Standard Methods 

(APHA, 1971) . 

Sediment was collected at each site with a plexi

glass tube (dia. = 5 em). An 8 em core sample was oven 

dried at 105 °C for 48 hours and weighed to the nearest 

0.001 g. The dried sediment was ignited in rui ash furnace 

at 600 °C for a period of 5 hours to determine the per

cent orgm1ic content by .weight. 

In June, 1977 sediment samples were collected at 

each sampling site to determine particle size. Samples 

10 
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were wet seivad through six U. S. standard screens (0.11-

2.5 mm openings). The sediment that remained in each screen 

was dried at 105 °C for 48 hours. Particle size was deter-

mined and expressed ~s a percent of the dry weight of the 

sediment. The sediment not collected in the smallest 

screen (0.11 mm) was considered insignificant. 

Corbicula were collected with a Surber Sampler 
2 (0.093 m ) (Surber, 1937) by removing 8 em of sediment. 

Three collections were taken from each site for a total of 

nine samples per station. The clams were washed in a# JO 

mesh seive and preserved in.20% formalin. The clams were 

enumerated and measured for length, width, and breadth to 

the nearest 0.1 mm 'Ni th vernier calipers. The number of 

rings per clam was determined with the aid of a stereo-

microscope. 

Statistical procedures were conducted with an IBM 

360 computer. A frequency di~:tribution program (S.A.S., 

1976) was used to place the individual clams into six 

s1ze classes based on the length of the shell. Univariate 
. . 

and rnul tivariate linear regression analyses using the prin.ci- . ·. 

ple of least squares (S.A.S., 1976) were used to determine 

linear relationships between physicochemical parameters 

and the abundance of Corbicula. These analyses were used 

to determine linear relationships between the length of the 

shell of the clams and their width, breadth, and the number 

of shell rings. 



RESULTS AND DISCUSSION 

Physicochemical Characteristics of the 
Wekiva River 

The physicochemical measurements for the Wekiva 

River are presented in Tables 1, 2, J, and 4. The mean 

water temperature at the stations ranged from 20 °C in 

December, 1976 to 26 °C in June, 1977. The lowest water 

temperature was 17 °C in December, 1976. Water temperature 

reached JO °C at station 12 in June, 1977. The water was 

homothermal at each station on all sampling dates. Season-

al variation in the water temperatures near the Wekiva 

Springs was less than downstream. Water temperatures at 

station 1, 2, and 3 only varied between 22 and 25 °C. At 

station 12, sixteen km do~nstream from Wekiva Springs, the 

water temperature ranged seasonally from 20 to JO °C. In 

general, downstreru~ temperatures were cooler than mean water 

temperatures ·in winter and warmer than mean water tempera-

tures in summer. 

The mean depth of water at the stations ranged 

from t.OJ min August, 1976 to 0.85 min June, 1977· Up-

stream stations. where the river was narrower, were deeper 

than downstream stations. Station 7 was the deepest station, 

ranging in depth from 1.40 min August, 1976 to 1.26 min 

12 



Table 1. Physicoche~ical measure~ents at each station in 

the Wekiva River for August, 1976. 

Station T0rr:p. 
c 

1 24.0 

2 25.0 

3 25.0 

4 26.0 

5 25.0 

6 25.0 

7 25.0 

8 26.0 

9 24.0 

10 25.0 

11 25.0 

12 26.0 

Depth 
m 

1.)6 

1.04 

1.15 

1.02 

1.00 

1.17 

1.40 

1.26 

0.81 

0.66 

0.64 

0.80 

Flow _
2 

rate Co.~ 
em/sec ppm 

17.0 0 

8.0 0 

12.0 0 

17.0 0 

17-9 0 

7-0 0 

20.0 0 

15.0 0 

22.0 0 

22.0 0 

11.0 0 

12.0 0 

13 

HCO-l 
ppmJ 

99 

97 

96 

96 

97 

98 

99 

93 

94 

98 

96 

96 

Total 
alk. 
ppm 

99 

97 

96 

96 

97 

98 

99 

93 

94 

98 

96 

96 

pH % Org. 

7.2 26.2 

7.2 5·7 

?.J 7.6 

7·3 10.5 

7.2 11.7 

?.1 15.9 

7.2 16.7 

7.2 18.1 

7-2 5.0 

7.4 7.0 

7-2 4.4 

7·3 5-1 



Table 2. Physicochemical measurements at each station in 

the Wekiva River for December, 1976. 

Station Temp. oc 

1 22.0 

2 22.0 

J 2).0 

4 23.0 

5 22.0 

6 21.0 

7 1'?. 0 

8 17.0 

9 17.0 

10 18.0 

11 18.0 

12 20.0 

Flow _
2 Depth rate CO 

m cm/sec·pp~ 

0.89 22.0 0 

0.94 14.0 0 

0.?7 14.0 0 

1.02 16.0 0 

0.88 14.0 0 

1.02 10.0 0 

1.JJ 18.0 0 

1-33 12.0 0 

0.7 5 22.0 0 

0.62 0.21 0 

0.55 21.0 \• 0 

0.62 0.2) 0 

14 

HCO-l 
ppmJ 

99 

97 

9.5 

96 

94 

9.5 

95 

96 

97 

99 

98 

101 

Total 
alk. 
ppm 

99 

97 

9.5 

96 

94 

95 

95 

96 

97 

99 

98 

101 

pH % Org. 

7·3 29.1 

7.2 22.) 

7.2 6.4 

7·3 1).2 

7-2 14.2 

7.1 1.5.5 

7.1 19.1 

7-1 9·7 

7.2 6.1 

7·5 ).6 

7·7 7-7 

7·7 ).8 



Table J. Physicochemical measurements at each station in 

Station 

1 

2 

J 

4 

5 

6 

7 

8 

9 

10 

11 

12 

the Wekiva River ·for ~:arch, 1977. 

Flow 
T8mp. Depth rate Co-2 HCO-l 

C m em/sec ppcl ppm) 

. . . 1.22 19.0 0 100 

• • • 1.00 14.0 0 98 
• • • 0.97 1J.O 0 98 

24.0 1.12 19.0 0 92 

24.0 0.99 16.0 0 95 

. 24.0 1.10 10.0 0 96 

19.0 1.26 19.0 0 97 

20.0 1.10 11.0 0 102 

20.0 0.79 19.0 0 101 

20.0 0.67 J.5.0 0 103 

22.0 0-59 25.0 6 95 

2) 0.56 20.0 21 82 

15 

Total 
alk. 
ppn 

100 

98 

98 

92 

95 

96 

97 

102 

101 

10J 

101 

104 

pH % Org. 

7·5 19.J 

7·5 18.1 

7·9 6.6 

7-3 10.9 

7·3 6.6 

7-4 26.] 

7·3 24.6 

7-8 )6.1 

7.6 6.) 

8.0 4.J 

8.4 J.l 

8.9 J.1 



Table 4. Physicochemical measure~ents at each station in 

the Wekiva River for June, 1977. 

Station T~mp. 
c 

1 24.0 

2 24.0 

J 25.0 

4 26.0 

5 25.0 

6 25.0 

7 25.0 

8 26.0 

9 27.0 

10 28.0 

11 27.0 

12 JO.O 

Flow 
Depth rate 

rn em/sec 

1.12 24.0 

0.87 13.0 

0.75 19.0 

0.95 12.0 

0.91 17.0 

1.02 7.0 

1.J5 22.0 

1.03 11.0 

0.70 16.0 

0.56 24.0 

0.5) 19.0 

0.45 18.0 

. . . . . . 
0 100 

0 101 

0 106 

0 10) 

0 106 

0 107 

0 100 

0 100 

0 100 

0 101 

0 100 

16 

Total 
alk. 
ppm 

. . . 
100" 

101 

106 

103 

106 

107 

100 

100 

100. 

101 

100 

pH % Org. 

7·7 Jl.J 

7.6 24.4 

8.0 7.0 

8.4 24,0 

7·5 14.9 

7.7 40.5 

7.8 22.9 

?.J JJ.J 

?.5 )4.5 

·7. 9 4.J 

?.6 4.9 

8.0 J.J 



17 

March, 1977. Water was shallowest at station 11, where the 

water depth ranged from 0.64 m in August, 1976 to 0.53 m 

in June, 1977. 

The mean current velocity of the river varied from 

19 em/sec in August, 1976 to 17 em/sec in December, 1976 

and June, 1977. Current velocities were highly variable 

at each station, although velocities at station 9 through 

12 were generally above the mean river velocity throughout 

the study. Velocity was highest at station 10 and varied 

from 21 em/sec in December, 1976 to 35 em/sec in Iv!arch, 1977. 

Slowest velocities were recorded at station 6; they varied 

from 7 em/sec in August, 1976 to 10 em/sec in December, 1976 

and rJiarch, 1977. . Currer1t was slow at station 8 ~ but varied 

from 11 em/sec in March and June, 1977 to 15 em/sec in 

August, 1976. 

The total alkalinity for the stations ranged from 

97 ppm in August and December,· 1976 to 102 ppm in June, 1977. 

Total alkalinity was lowest at station 8 (August,1976 - 93 

ppm) and highest at station 7 (June, 1977- 107 ppm). 

Total alkalinity was highest at stations near the Wekiva 

Springs and at stations 10, 11, and 12, near the sources of 

smaller springs. Carbonate alkalinity was not detected 

except at stations 11 and 12 in March, 1977. 

The mean pH (calculated from the antilog of the 

hydrogen ion concentration) ranged from 7.2 in August, 1976 

to 7.7 in June, 1977· Lowest values were recorded at station 
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6 in August, 1976 and at stations 6, 7, a~d 8 in Deceober, 

1976 (pH= 7.1) The pH was highest at station 12 in March, 

1977 (pH= 8.9). The higher pH values at downstream 

stations can be attributed to the discharge from the small 

calcarious springs and to increased photosynthesis of Egeria 

den sa. 

No turbidity was detected at the stations except 

when the bottom was disturbed by an occasional motor boat. 

Sediment organic matter varied from 3.1 to 40.5 per

cent. Organic matter was highest at stations 1, 6, 7, and 8. 

At these stations the sediments were soft and often exceed

ed a meter in depth. In contrast, organic matter at stations 

10, 11, and 12 was low and seldom exceeded 7 percent. 

Generally, organic matter occurred where current velocities 

were low. Variations in the organic matter are shov.n in 

Figures 2 and 3· Organic content was highest in March and 

June, 1977 (Fig. 2). This may have been caused by the winter 

decline in Eichhornia crassipes and other macrophytes. 

Sediment particle size per station is presented in 

Table 5. Sediment was mainly composed of particles between 

0.21 and 0.41 mm. These particles were largely fine quartz

type sand. Thirty-eight point eight to 75.1 percent of the 

sediment was composed of particles of this size. Particles 

between 0.42 and 0.77 mrn were mainly sand. These sand parti-

cles were infrequent in the sediment and ranged from 4.J 

percent at station 7 to 25.6 percent at station 1. Most of 
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Error bars are standard errors of the mean. 
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Table S. Particle size of bottom sediments at twelve stations in the 

lt!ekiva River for June 1977, expressed as a percent by 

weight of sample. 

Particle Size (mm) 

Station fine medium course 

0.11-0.21 0.21-0.42 0.42-0.77 0.77-1.43 1.43-2.5 2.5 

1 13.0 38.8 25.6 10.4 3.4 9.9 

2 11.8 53.7 6.0 5.6 3.0 19.9 

3 4.0 56.2 19.9 9.2 1.5 3.0 

4 19.4 48.8 14.1 7.4 0.8 7.1 

5 13.9 . 55.8 12.0 5.5 1.4 5.2 

6 21.4 40.5 5.5 7.2 3.6 21.8 

7 12.7 47.7 4.3 13.8 5.2 16.3 

8 18.4 42.6 11.6 11.9 15.6 12.2 

9 12.6 70.7 ·,· 6. 4 2.3 1.5 6.6 

10 11.3 68.8 14.1 3.4 0.3 2.3 

11 12.6 75.1 11.1 1.2 0.4 3.6 

12 9.3 73.4 11.7 1.2 0.4 3.9 

X 13.4 56.0 11.9 6.6 3.1 9.2 

21 
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the organic matter was represented by particles greater than 

0.77 mm. Particles greater than 2.5 mm were mainly leaves, 

bark, and branches. Rocks, stones, and pebbles were rare 

in the sediments. Much of the 0.11 - 0.21 mm particles were 

also organic in nature and possibly came from decomposing 

leaf litter and aquatic plants. This size of particles 

ranged from 4.0 to 21.4 percent of the sediment taken at all 

stations. 

Distribution and Abundance of Corbicula 

Individuals of Corbicula were found at nearly all 

stations in the Wekiva River. They were never found at 

station 4, 5, or 6, or at station 7 in August ill1d December, 

1976 (Table 6). Individuals were usually found within the 

first 6 em of the sediment. Corbicula were unevenly distri

buted at srunple stations and this resulted in high variances 

for estimated population means. 

Corbicula were most abundant at downstream stations 

where the bottom sediments were sandy. At station 11, four

teen km downstream from the Wekiva Springs, the abundance of 

Corbicula was 897 per m2 in December, 1976 and 1210 per m2 

in June, 1977. The abundance of Corbicula at station 10, 

1).8 km downstream from the Wekiva Springs, was 560 per m2 

in August, 1976 and 248 per m2 in June, 1977· Their abun

dance was usually less than 100 per m2 at other stations 

(Table 6). 
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Few clams were found along the banks of the river 

or around stands of Egeria densa, where low current velo

cities resulted in the deposition of silts and organic debris. 

Corbicula were not found at stations where the sediments con

sisted of loosely packed silts and very fine organic matter 

(stations 4, 5, and 6). Corbicula were most abundant in 

areas where the sediment was primarily composed of 0.21-0.42 

mrn sand particles with an organic content of less than 8 per

cent. The effect of other physicochemical factors on the 

distribution of Corbicula is less evident. Linear correla

tion between the other factors (water temperature, water 

depth, current velocity, total alkalinity, and pH) and the 

abundance or the distribution of the clam was not significant. 

The morphological and physiological characteristics 

of Corbicula may have limited their distribution in highly 

silted and organic sediments in the Wekiva River. The dis

tribution of all bivalves may b~ limited by their inability 

to ingest fine grained sediments without clogging their 

gills (Steele-Petrovic, 1975). McMahon {personal communica

tion) believes that Corbicula are unable to withstand low 

dissolved oxygen concentrations common to highly organic 

sediments. 

The mean abundance and the mean individual shell 

lengths of Corbicula in the Wekiva River are presented in 

Table 7. Significant differences (p < 0.05) in the mean 

number of clams collected each s~~pling period were observed. 



Table 7· Mean numbers per m2 and mean shell lengths of 

Corbicula in the Wekiva River. The 95 percent 

confidence limits are included. 

Date 

August, 1976 

DeceMber, 1976 

March'· 1977 

June, 1977 

2 Numbers per m 

231 + 156 -
189 + 96 -
207 + 136 -
219 + 146 -

25 

~lean length ( mm) 

1)·.4 + 0.1 -
1).7 + - 0.2 

1).1 + 0.2 -
1).6 + 0.2 -
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The abundance of Corbicula was highest in August, 1976 

and lowest in Decemper, 1976. Gardner et al. (1976) ob

served highest densities of Corbicula in the Altamaha River 

during late summer and early fall. He attributed this 

phenomenon to low stre~~ discharge. Greater numbers of 

Corbicula in the Wekiva River in August, 1976 ca~~ot, how

ever, be attributed to low strea~ discharge since the dis

charge of the river was high during this month. I suspect 

that the occurrance of greater numbers of Corbicula during 

the summer was, in part, a result of the recruitment of im

mature larvae from the preceding spring into the adult popu

lation. 

The mean shell length of Corbicula in the Wekiva 

River was 13.5 mm. Seasonally, the mean shell length was 

greatest in December, 1976 (13.7 mm) and least in March, 

1977 (1J.l mm). The shell lengths of the largest clams rang

ed from 25.3 mm in August, 1976· to 27.2 mm in June, 1977. 

The shell lengths of the smallest clams ranged from 1.4 mm 

in December, -1976 to J.? mm in August, 1976. The mean shell 

lengths of Corbicula collected from the Wekiva River are 

presented in Figures 4 and 5. Clams collected at stations 

1, 2, and 3 tended to be larger than 18 mm. The largest 

clams were collected from station J. Larger clruns at up

stream stations may be indicative of an upstream introduction 

since larger clams are presumably older. The smallest clams 

were collected from stations 7, 8, 9, and 12 (Figs. 4 and 5). 
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The variability in the mean shell length for individuals 

collected from stations 1 and 7 was probably due to the small 

sample size at those stations. 

Age and Size Classes 

Corbicula were arbitrarily divided into six size 

classes according to the shell length. The number of clams 

in each size class from the pooled samples is illustrated 

in Figures 6 and 7. The distribution of clam shell lengths 

was positively skewed. The greatest number of individuals 

was in th~ 10.0-14.9 mm size class, although changes in the 

percentage of individuals in this group and other size class

es occurred seasonally. The percentage of clams in the 10.0-

14.9 mm class was highest in August, 1976 and lowest in 

December, 1976. The 15.0-19.9 mm size cla.ss accounted for 

over half of the remaining individuals. The percentage of 

clams in this group was lowest in August. 1976 and highest in 

December, 1976. Individuals in the 0.0-4.9 mm size class were 

rare in August and December. 1976 and were in greater numbers 

in March and June, 1977· Seasonal changes in the percentage 

of individuals in each size class were probably due to the 

growth of the clams and to increased reproduction and re

cruitment of immature clams during the spring and su~~er 

months. 

The shell lengths o~ Corbicula have been an important 

indicator of the age of individuals in the population (Sin

clair and Isom, 196J; Keup et al .• 1963; Fast, 1971; Gardner 
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Figure 6. Number of Corbicula in each of six size classes 

in the Wekiva River in August and December, 1976. 

Numbers expressed as a relative frequency. 
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et al., 1976). Individ).lals are believed to be sexually ma-

ture after reaching a length of 6.5 mm. Individuals over 

29 rr~ in length, collected in the Tennessee River, were as

sumed to be at least four years old (Sinclair and Isom, 196J). 

A comparison of size and year classes is presented in Table 

8, which was first published by Gardner et al. (1976). Ac

cording to this data, most of the clams in the Wekiva River 

would be approximately one to t\vo years old since most of the 

population was in the 10.0-14.9 mm size class. The age o~ 

the clams at the upstream stations 1, 2, and 3 would be 

three to four years,since most of the clams collected there 

were over 18 Tn in shell length. The largest clam collected 

in the Wekiva River during the study (27.2 ~) could have been 

three to four years old. Therefore, I conclude that the pop

ulation in the Wekiva River is young and most likely newly 

established. N.ore conclusive data are necessary to confirm 

this suposition since much larger two year old clams have 

been observed. 

A simple linear regression program was used to deter

mine the strength of the relationship between the shell width, 

shell breadth, number of rings on the shell ~~d the shell 

length. The correlation coefficient, a measure of the linear 

association between these variables, was highest for whell 

width and shell length(~= 0.98). This relationship 

was observed by Joy and ~cCoy (1975) and Gardner et al. 

(1976) to permit a rapid method for determining size and 



Table 8. Shell lengths retained by sieves and approximate 

age classes (after Gardner et al., 1976). 

Sieve Size (rnm) 

2.00 

4. 75 

9-50 

12.50 

19.00 

Shell length 
retained_{_ rom) 

7-5 

7-5-13.5 

13·5-18.5 

18.5-28.0 

28.0 

JJ 

Approximate 
Age 

~ yr. 
(sexually 
immature) 

1 yr. 
(sexually 
mature) 

2 yrs. 

J yrs. 

4 yrs. 



age classes. Linear association was also observed between 

shell length and shell breadth (r = 0.96) of clams collected 

in the Wekiva River. 

Linear association between shell length and the num

ber of rings on the shell was less (r ranged from 0.68 to 

0.88) although significant (p- 0.05). Clams with larger 

rings (fewer rings per unit length) were typically found 

at upstream stations where abundance was low, while clams 

with smaller rings (more rings per unit length) were found 

at downstream stations where abundance was high. I suspect 

that the number of rings on the shell is not totally depend

ent on shell length, but is also dependent upon such factors 

as population density and the availability of resources. 

Competition for food, space, and oxygen may act to limit 

growth and, inturn; ring development in densely populated 

regions of the river. This would reduce the correlation bet

ween shell length and the numbe~ of rings. The length of the 

shell probably does not reflect the age of the clam. The age

size relatiortship is probably dependent upon the habitat type 

and, therefore, is different between rivers. 

Regression analysis generated coefficients of deter

mination (R 2 ) and prediction equations for shell length at 

each sampling period (Figs. 8, 9, and 10). The analysis 

indicated that shell width was a better measure of prediction 

of shell length (R 2 ranged between 0.95 and 0.99) than shell 

breadth (R 2 = 0.92 to 0.97) or the number of shell rings 



(R 2 = 0.68 to 0.88). 
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