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EXECUTIVE SUMMARY 

A Regional Lakes Study in South Carolina was performed to characterize and compare selected 
reservoirs with regard to water quality, trophic status, and community structure. Synoptic 
samples were collected at L Lake, Par Pond, and Pond B, Savannah River Site, and at Lakes 
Greenwood, Marion, Monticello, Moultrie, Murray, Robinson, and Russell during 14-day peri­
ods of September 1988 and 1989, a period of maximum thermal stratification. 

Fifty-station transect samples fol' water quality indicated that horizontal variation within any 
basin was relatively small compared to between lake differences. Multivariate correlation and 
cluster analysis indicated several affinities between lakes. Pond B and Lake Robinson were very 
similar with respect to water quality, while Lake Marion, L Lake, Lake Greenwood, Lake 
Moultrie, and Lake Russell were similar in nutrient status. Lake Marion was unique having very 
high nitrogen concentrations. Discrete depth sampling for water chemistry resulted in profiles 
from alllO lakes that were characteristic of eutrophic systems having pronounced anoxic hy­
polimnia and a consequent reduced cheinical environment. 

Trophic indices, developed by the USEPA, gave mixed results depending on the chosen index. 
Lakes Marion, Greenwood, and L Lake were more eutrophic in status with Lakes Murray and 
Robinson being classified as oligo/mesotrophic. None of the sampled basins could be considered 
as an oligotrophic lake. 

Phytoplankton populations were similar in all lakes having high cell densities. With the excep­
tion of Lakes Robinson and Murray all lakes had significant blue-green algal populations. The 
absence of large-sized zooplankton species was indicative of intense planktivorous fish predation 
and regional species ranges. Benthic populations were the most variable between lakes. High 
concentrations of pelagic protozoans and Rotifera indicated the productive nature of all of the 
lakes' offshore communities. L Lake and Lake Greenwood had high percentages of chironomids 
with oligochaete worms dominating the benthos of Lakes Monticello and Moultrie. Par Pond 
and Pond B contained large populations of ChaobonJS. There were no significant differences in 
numbers of species for phytoplankton, zooplankton, and benthic macroinvertebrates between all 
of the basins. 
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SYNOPTIC SURVEYS OF MAJOR RESERVOIRS 
IN SOUTH CAROLINA, 1988-1989 (U) 

By James A. Bowers 

Westinghouse Savannah River Company 
Savannah River Site 

Aiken, sc 29808 

ABSTRACT 

Comprehensive synoptic surveys of ten South Carolina reservoirs (L Lake, Savannah River Site (SRS), Par Pond, 
SRS, Pond B, SRS, Lake Moullrie, Lake Marion, Lake Murray, Lake Monticello, Lake Robinson, Lake Richard 
B. R_ussell, ~ Lake Greenwood) ":ere performed to characterize and compare these basins with regard to water 
quahty, trophtc status, and commumty structure during September 1988 and September 1989. All of the reservoirs 
were mesoeutrophic to eutrophic having significantly greater productivity rates than oligotrophic ecosystems. 

INTRODUCTION 

Synoptic limnological surveys of lakes and reservoirs 
were initiated at the beginnings of the discipline by 
Birge and Juday in Wisconsin (Mortimer 1974). Since 
these beginnings these surveys addressed lake classifica­
tion (Hutchinson 1957}, trophic status (Beeton 1965), 
the biogeography of aquatic biota (Hutchinson 1967). 
and most recently regional impacts by such large scale 
anthropogenic stresses such as phosphorus and nitrogen 
loading (EPA 1975). Environmental legislation, 
requiring compliance to specified physical, chemical, 
and biotic standards, has also been the impetus for lake 
surveys, including the Clean Water Act (Public Law 
92-500). 

Section 316a of this legislation, which governs thermal 
impacts on limnetic communities, has often required that 
Biological Balanced (Indigenous) Communities (BBCs) 
populate the impacted lakes. The United States 
Environmental Protection Agency's (USEP A) guide­
lines (EPA 1977) that specify four generally accepted 
criteria for compliance. Communities satisfying the law 
are: I) not dominated by pollution (thermally) tolerant 
species, 2) have biotic diversity and productivity 
characteristic of that found in other lakes and streams of 
the region, 3) have populations that are reproducing and 
are not maintained by repeated stocking and reseeding, 
and 4) have all trophic groups that would be expected in 
an ecosystem of that type. However, the above defmi­
tions and other more specific portions of the USEP A 
gnidelines are difficult to defme and interpret for 
reservoir communities in the southeastern United States. 
These reservoirs are very different from the natural lakes 
that historically served for the USEPA's guidelines, 
especially Pliestocene glacial lakes from the Midwest 
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and northeastern U.S. (Baxter 1977; Thornton et al. 
1981; Kennedy et al. 1985; Kimmel and Groeger 1986). 
Additionally, limnological and ecological thought 
current in 1977, still defme these USEPA guidelines. 
Significant advances have been accomplished in the past 
15 years concerning physical modelling (Steele 1989), 
trophic dynamics and community ecology (Carpenter 
and Kitchel11984; Carpenter et al. 1987), and the study 
of stressed ecosystems (Odum 1985; Schindler 1989). 
Furthermore, the USEPA guidelines do not specifically 
address the significant regional differences due to 
latitude. For example, northern lakes and impound· 
ments experience summer maximum temperatures in the 
range of 18° to 25° C, while reservoirs in southeastern 
United States often have surface temperatures exceeding 
32.5° C, the regulatory lethal limit for fish. Further­
more, most published studies have characterized the 
limnology of southeastern reservoirs in terms of water 
quality and trophic status without comprehensive biotic 
comparisOns relating to BBC criteria (Kimsey et al. 
1982; Ellers et al. 1988; Reckhow 1988; Beaver and 
Crisman 1990, 1991). 

The purpose of this study was to survey 10 South 
Carolina reservoirs in the Atlantic Coastal Plain and 
Southern Piedmont area with regard to trophic status, 
community structure, and BBC criteria The study made 
every effort to provide continuity with regard to field 
and laboratory personnel, sampling protocols, laboratory 
methods, and processing of biological samples. 
The results of two 14-day synoptic surveys performed 
during September 1988 and 1989 are reported here. 



METHODS AND MATERIALS 

General characteristics of reservoirs 

The study sampled I 0 South Carolina reservoirs, 
L Lake, Savannah River Site (SRS), Par Pond, SRS, 
Pond B, SRS, Lake Moultrie, Lake Marion, Lake 
Murray, Lake· Monticello, Lake Robinson, Lake Richard 
B. Russell, and Lake Greenwood (Figure 1). Nuclear 
power oc production reactors or fossil electric generating 
plants are present on all of the lakes. Physical descrip­
tions of the reservoirs and their drainage areas are listed 
in Tables I and 2. 

Par Pond, Pond B, and L Lake, located at the Depart­
ment of Energy's Savannah River Site, have different 
histories than the other South Carolina basins. Most 
importantly, no public access is permitted on these lakes 
that significantly reduces two common types of environ­
mental impacts on public waters, point·source loadings 
from large-scale industrial facilities and intense fishing. 
Pollutants from public drainage basins only enter SRS 
reservoirs from the pumping of Savannah River water. 
Furthermore, the lack of any commercial or sport fishery 
significantly reduces fish mortalily. Yet, like all 
reservoirs in the United States, they were constructed for 
a specific use, in this case cooling for nuclear production 
reactors. L Lake was built in 1985 as a once-through 
cooling reservoir for the L-Reactor. During reactor 
operations, surface water was pumped from the Savan­
nah River to L Reactor where it passed through heat 
exchangers before being discharged into the upper 
reaches of L Lake. At times, water temperatures within 
the reactor's effluent discharge canal exceeded 70° C. L 
Lake has experienced the classic trophic upsurge during 
the ftrst year of the lake's existence, and is now experi­
encing trophic decline. Thermal and nutrient loadings 
and succession changes cypical of new reservoirs have 
shaped the basins history. Significant phosphorus 
loading often created nitrogen limitation of algal 
production. 

Pond B, built in 1958 with Par Pond, served as a 
precooler impoundment for R Reactor from 1958 to 
1964. The reservoir has not been used as a cooling 
basin since then, and has experienced an isolated 
trophic succession. 

Par Pond was construCted in 1958 along Lower Three 
Runs Creek, SRS to serve as a recycling cooling 
reservoir for P Reactor. This large (1012 ha) and well 
studied (Wilde 1985) basin has experienced moderate 
loadings of nutrients from the Savannah River as 
makeup water and thermal inputs from P-Reactor 
operations. 

Lake Greenwood and its 2000 km2 watershed (up to 
Saluda Lake Reservoir) are located wilhin the Southern 
Piedmont Land Resources Area. The dam, built as part 
of a hydroelectric project by Duke Power Company, was 
completed in 1940. Forests and croplands/pasturclands 
(44.1% and 32.4%, respectively) dominate land use 
within the lake's drainage area. Lake Greenwood is 
currently silting in at an approximate rate of 222 x 103 
m3 per year. Contributing to this siltation problem is 
the periodic opening of silt gates at upstream Boyd Mill 
Pond. Point and nonpoint pollutants from the urbanized 
areas of Greenville and Greenwood are thought to 
significantly impact this lake (Kimsey et al. 1982). The 
South Carolina Clean Lakes Survey classified Lake 
Greenwood as eutrophic and nitrogen limited. Upstream 
po_int-source discharges have signiflC811tly impacted the 
hypereutrophic Reedy River arm of Lake Greenwood 
(Kimsey et al., 1982). 

Monticello Reservoir is also situated within the Soulhem 
Piedmont Land Resources Area. The South Carolina 
Electric & Gas Company constructed this waterbody in 
1978 to serve as a cooling lake for the Virgil C. Summer 
Nuclear Station and also as the upper reservoir for the 
Fairfield Pumped Storage Facilily. Pumping water from 
the Broad River maintains operating levels within the 
reservoir (Dames & Moore 1985). 
The reservoir's watershed is extremely small (44 km2) 
and contributes little drainage to the lake. The basin 
occupies approximately 90% of its own watershed. 
Seventy percent (70%) of the land within the drainage 
area is forested. The South Carolina Clean Lakes 
Survey classified Monticello Reservoir as eutrophic and 
generally phosphorus limited (Kimsey et al. 1982). 

Lakes Marion and Moultrie, collectively known as the 
Santee-Cooper Lake System, are large, shallow, 
interconnected reservoirs located in the Atlantic Coastal 
Plilin Land Resources Area. The lakes are situated in 
the southeastern terminus of the Santee-Cooper River 
Basin, the second largest river basin on the eastern 
seaboard (Kimsey et al. 1982). The Santee Cooper lakes, 
owned by the Soulh Carolina Public Service Aulhority, 
were formed in 1941 by impoundment of the Santee 
River and are operated as multi-purpose reservoirs 
(hydroelectric generation, recreation, and flood control). 
These lakes possess a combined drainage area of 38,215 
km2. Included in this drainage area are the urban areas 
of Charlotte, N.C.-Rock Hill, S C.; Greenville­
Spartanburg, S.C.; and Columif.'a, S.C. The Congaree 
and Wateree rivers contribute 96.4% to the total flow 
into these reservoirs. The remaining 3.6% is derived 
from minor tributaries and immediate surface drainage. 
Major land uses within this lake system's drainage area 
include agriculrure and foreStry (58%), water and 
wetlands (33%), and urban uses (9%) (SCDHEC-208 
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Figure I. Location of ten reservoirs in South Camlina. 



Table I. Physical Characteristics of Regional Reservoirs Used in Comparative Study. 
Maximum Mean Surface Residence Shoreline Drainage 

Shoreline 
Physiographic Depth Depth Area Volume Time Length Area 

Development 
Reservoir Province (m) (m) (sqkm) (x 10**8 cum) (days) (km) (x 10**3 sq km) 

Ratio 

Greenwood (1) Piedmont 21 7 46.1 3.2 82 341 2 

Marion (2} Coastal Plain 23.4 3.9 447.6 15.48 31 -51 529.6 25.43 
7.06 

Monticello (3) Piedmont 38.4 17.9 39.6 4.93 0.044 

Moultrie (2) Coastal Plain 23 5.7 263 13.13 34-62 160.9 38.21 
2.9 

Murray (4) Piedmont 57.8 12.6 205.6 26.08 357 844 5.86 
17.7 

Robinson (5) Coastal P1sin 9.4. 4.2 9.11 0.38 37- 131 0.45 

Russell (6) Piedmont 47 12 107.9 12 71 102 885 2.1 
24.5 

L-Lake (7) Coastal Plain 19.8 8 4.2 0.31 14-33 2.1 
0.3 

Par Pond (8) Coastal Plain 18 6.2 10.12 0.62 108.8 53 0.093 
4.7 

PondB (8) Coastal Plain 12 4.2 0.81 0.034 6.4 
2 

(1) Rodriguez (1986); Wilda (1986); Kimsey eta! (1982). (5) Kemsey eta! (1982) 
(2) Inabinet (1985); Pickett & Harvey (1987). (6) James eta! (1985) 
(3) Kemsey eta! (1982) (7) Personal conununication with Jim Bowers, SRL. 
(4) Dartiel (1984); Environmental Research Center (1972) (8) Paller & Saul (1985) 



Table 2. Land Use in Drainage Areas of Off site Reservoirs 

Area Agriculture Forest Wetlands Water Urban Other*• 
Reservoir* (sq. km) (%) (%) (%) (%) (%) (%) 

Greenwood 1999.50 32.4 44.1 4.1 2.3 15.2 1.5 

Marion 14540.30 24.7 56 3.8 2.8 11.2 15 

Monticello 44.00 20 70 0 2 8 0 

Moultrie 306.90 4.6 8.9 13.8 70.7 2 0 

Murray 3059.60 34.6 44.9 7.4 5.2 7.9 0 

Robinson 448.10 42.5 54.1 1.4 1.5 0.5 0 

Russell 2100.00 40 60 0 0 0 0 

*Land use data for Greenwood, Marion, Monticello, Moultrie, Murray, and Robinson taken 
from Kimsey et al (1982); data for Richatd B. Russell taken from James et al (1985). 

**Other includes mining, federal lands and non-designated areas. 



1980). 

Lake Marion, occupies the relatively level floodplain of 
the Santee River,birgest reservoir in the Santee-Cooper 
River Basin, just below the confluence of the Congaree 
and Wateree rivers. Hydraulic retention-time estimates 
range from 31 to 51 days. Intensive agricultural land 
use along local tributaries contributes approximately 
722,000 tons of sediment load to Lake Marion each year 
(Patterson and Cooney 1986). This sediment load 
reduces storage capacity and sustains extensive macro­
phyte beds (approximately 30,000 acres) within Lake 
Marion's sheltered areas (SCDI-IEC 1981). The urban 
areas of Columbia and Camden contribute significant 
point and nonpoint source pollution through the 
Congaree and Wateree rivers. Water is discharged from 
Lake Marion, through a diversion canal, into Lake 
Moultrie. Lake Marion serves as a significant sediment 
and nutrient trap for downstream Lake Moultrie; 

Lake Moultrie receives approximately 99% of its inflow 
from upstream Lake Marion. Surface drainage from 
contiguous land areas is restricted due to the presence of 
earthen dams that form approximately two-thirds of 
Moultrie's perimeter. This waterbody is semicircular in 
shape having estimated hydraulic retention-times from 
34 to 62 days. 

Previous surveys of this lake system have found it to be 
phosphorus limited (EPA 1976; Inabinet 1978). The 
South Carolina Clean Lakes Survey classified Lakes 
Marion and Moultrie as eutrophic. The lakes were 
generally phosphorus limited during the fall, winter, and 
summer seasons, while nitrogen limited algal production 
during the spring (Kimsey et al. 1982). Both lakes have 
extremely brief, weak periods of thermal stratification 
due to strong flow patterns and short hydraulic 
retention- times. 

Lake Murray and it's 3050 km2 watershed (up to the 
Lake Greenwood dam) are located within the Southern 
Piedmont Land Resources Area. Major tributaries to 
dendritic Lake Murray include the Saluda River 
(71.34% of inflow), Bush River (4.94%), Linle Saluda 
River (4.65%), and Clouds Creek (3.91%). The South 
Carolina Electric and Gas Company (SCE&G) operates 
Lake Murray as the site for its Saluda Hydro and 
McMeekins coal-powered steam generating plants. 
Cooling waters from the McMeeldns plant are dis­
charged alternately into Lake Murray (63% of time) and 
the Saluda River (37% of time) with insignificant 
thermal impact The lake also serves as a major 
recreational facility and drinking water source for the 
Columbia metropolitan area. Forests and croplands 
dominate the lake's drainage area (44.9% and 34.6%, 
respectively). Intense shoreline development and 
urbanization within the immediate drainage area have 
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adversely affected lake water quality, particularly in 
shallow cove areas. 

Lake Murray is estimated to be trapping approximately 
469,000 m3 of sediment each year (0.02% of its total 
storage capacity). This siltation problem is primarily 
attributable to urban development and agricultural 
activity within the lake's watershed. Nume~us dairy 
and poultry operations within the watershed may also 
contribute nutrient and bacterial pollution to the lake 
system. High nutrient loads entering Lake Murray 
through the Bush River are attributable to upstream 
wastewater treatment plants (Kimsey et al. 1982). The 
South Carolina Clean Lakes Survey classified Lake 
Murray as eutrophic. The lake was phosphorus limited 
in its forebay (near the dam) but varied seasonally 
between phosphorus and nitrogen limited conditions in 
the shallower cove areas. 

Robinson Impoundment is a cooling~water reservoir 
located in the Atlantic Coasllll Plain Land Resources 
Area. The reservoir, construCted in 1959, supplies 
cooling water for Carolina Power and Light Company's 
H. B. Robinson Steam Electric Plant. This facility 
consists of a coal-frred unit which was placed into 
service in 1960 and a nuclear-powered plant which 
became operational in 1971. Under normal operating 
conditions, impoundment waters circulate through the 
plant's cooling system every 16 days. During the wet 
and dry seasons, average hydraulic residence times are 
37 and 131 days, respectively. Much of the 
impoundment's 448 km2 watershed is located within the 
Sandhills National Wildlife Refuge and therefore 
protected from development The South C~U"olina Clean 
Lakes Survey classified Robinson Impoundment as 
eutrophic. The reservoir was determined to be phospho­
rus limited during the summer and fall seasons and 
nitrogen limited during the winter and spring seasons 
(Kimsey et al. 1982). The Robinson Impoundment is 
unique compared to the other reservoirs considered in 
this study because it is a blackwater system. Its darkly 
stained waters are extremely soft, low in pH, and 
possess low nutrient and productivity values (CP&L 
1980). 

Richard B. Russell Lake was built in 1984 by the 
impoundment of the Savannah River at the Russell Dam. 
Russell Dam is the third multipurpose Army Corps of 
Engineers project built on the Savannah River and is 
located at river km 442 between Clarks Hill Dam (river 
km 379) and Hartwell Dam (river km 490). Richard 
B. Russell is a multipurpose basin, including power 
generation, incidental flood control, recreation, 
streamflow regulation, and water supply. Hydraulic 
retention time within the reservoir is approximately 102 
days. The reservoir inuudates all but approximately 
I km of the Savannah River between Clarks Hill and 
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Hartwell Lakes. Russell Lake's drninage area (2.1 x I o3 
km2) is located within the Southern Piedmont Land 
Resources Area and consists of 60% woodlands and 
40% pasture/croplands. Only a small portion of the 
watershed is used for urban and recreational purposes. 
There are numerous small municipal and industrial 
wastewater discharges located within the lake's drainage 
area. 

Russell Lake is unique among the chosen reservoirs 
because the Corps operates a continuous oxygen 
injection system within the hypolimnion of the lake's 
forebay. The purpose of this system is to inject pure 
oxygen into the penstock withdrawal zone to ensure 
adequate levels of dissolved oxygen (target concentra­
tion of 6.0 mg/L) in the water discharged to downstream 
Clarks Hill Lake (COE 1985; COE 1986). 

Synoptic Sampling Plan 

When comparing lakes for water quality and community 
structure, the sampling should be performed as quickly 
as possible. This "synoptic" type of study is performed 
in the least amount of time that is logistically feasible. 
Its objective is to estimate all of the chosen variables 
within a predetermined timespan (Hutchinson 1957; 
Mortimer 1974). This strategy minimizes spatial and 
temporal changes that the researcher seeks to keep 
constant during the study. In this case, our goal was 10 

sample the ten reservoirs within a period representing 
maximal thermal stratification and typical summer 
conditions in the southeastern United States. We chose 
a time frame of 14 days, during the month of September 
1988 and 1989, giving the field crews approximately 
two days to sample each reservoir offsite from SRS and 
several hours drive from the laboratory in Aiken, SC 
where sample processing would occur each day. 
Sampling of the three SRS lakes, L Lake, Pond B, and 
Par Pond required two days for each year's sampling. 
At each reservoir three types of sampling plans were 
performed to answer specific questions about the basins' 
characteristics which are described below. 

Longitudinal Basin Gradients 

Transect sampling at a one meter depth was performed 
to detect and quantify longitudinal gradients in each of 
the 10 reservoirs with respect to the readily estimated 
water quality parameters, temperature, pH, dissolved 
oxygen (00), conductivity, and chlorophyll a. 
Thornton et al. (1981) has defined three often observed 
longitudinal zones in a reservoir: riverine, transitional, 
and lacustrine. The riverine zone is a region of low 
primary productivity, high nitrogen (N) and phosphorus 
(P) concentrations, and high light extinction coefficients. 
High sediment deposition and maximum algal produc-
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tivity rates characterize the transitional zone. Reduced 
primary production, N and P concentrations, and 
suspended solids describe the lacustrine region. 
Semicontinuous samples were collected at closely 
spaced intervals along a transect (Figure 1, Appendix). 
This transect was divided into approximately 50 equally 
spaced intervals with the exception of Pond B, SRP 
which, due 10 its smaller size, was partitioned into 25 
segments. Beginning at station #I the sampling boat 
continued to next station at a slow fiXed speed. At each 
sampling point the boat glided to a stop. Immediately a 
submersible electric pump was lowered into the water to 
a depth of 1 meter and pumping initiated (ca. 60 U 
minute). The water was pumped into a plastic tank, 
approximately 50 L, for sampling (Figure 2, Appendix). 
Chlorophyll a was sampled by tapping into the 
inflowing hose from the submerged pump and passing 
some of the water through a flow-through cell in a 
flowmeter to estimate in situ algal fluorescence requir­
ing less than three minutes. After sampling, the boat 
proceeded to the next sampling station to repeat the 
same sampling sequence. Figures 5 through 12 in the 

Appendix illustrate the sampling stations. 

Discrete Offshore Sampling arl meter 

Offshore sampling was ~rformed at 1 meter stations 
#I, #2, #3, #4, and #5 in all lakes (to station #10 in 
L Lake) consisting of collecting water with a Niskin 
boule for total phosphorus, alkalinity, total inorganic 
nitrogen, turbidity, and dissolved organic carbon (DOC), 
and estimating Secchi depth (Figure 3, Appendix). The 
purpose of this sampling plan was to estimate indicators 
of water quality and trophic conditions along the 
longiwdinal transect line that cannot be easily detected 
in an automated fashion. Figures 5 through 12 in the 
Appendix illustrate sampling stations. 

Discrete Offshore Sampling Over Depth 

Sampling was performed at 8 discrete depths at stations 
#I and #5 (station #10 for L Lake) withoutreplication 
depended on the vertical distribution of temperature in 
each lake (Figure 3, Appendix). The chosen depths 
were I) just beneath the surface, 2) at one meter, 3) the 
boltom of the mixed layer or epilimnion, 4) in the 
middle of the thermocline or equidistant between the 
bottom of the epilimnion and the top of the hypolim­
nion, 5) at the bonom of the thermocline or the top of 
the hypolimnion, 6) one meter below the depth of the 
ftfth sample, 7) a depth equidistant between samples 6 
and 8, and 8) one meter (1) above the sediment-water 
interface. At each depth a Nisken sample collected 
water for temperature, pH, DO, total phosphorus (TP), 
soluble reactive phosphorus (SRP), total inorganic 
nitrOgen (TIN), nitrate-N, ammonia-N, total inorganic 



carbon (TIC), and total dissolved solids (fSS). Photo­
synthetically active radiation (PAR 400-700nm) was 
estimated at every meter from the surface to the I% 
level o( incident radiation or 10 meters, whichever was 
detected frrst Figures 5 through 12 in the Appendix 
illustrate the sampling stations. 

Discrete Offshore Sampling Integrated Over Depth 

Samples were collected to assemble phytoplankton and 
zooplankton taxa lists and estimates of density (indi­
viduals per unit volume/area). Samples were collected 
at stations Ill and 115 (station 1110 for L Lake, Figure 3, 
Appendix). Pooled samples for phytoplankton were 
collected from the same water bottle samples from the 
discrete depth sample set above. Enumerations were 
performed to the species level. Crustacean zooplankton 
were collected from two triplicate sets of vertical net 
tows (20 em diameter bridle opening) performed with 
both 1110 mesh and #20 mesh nets (for copepod nauplii 
only). For each vertical tow the net was lowered to a 
depth of 30 meters or until the weight attached to the net 
as ballast hits the bottom. Then the net was pulled to the 
surface at a speed :i 1 rn/s. Copepods were taxonomi­
cally segregated to the adult (CVI) instar for both 
Calanoida and Cyclopoida, total Copepoda copepodites, 
total Cladocera, and total nauplii. Figures 5 through 12 
in the Appendix illustrate sampling stations. 

Inshore Benthic Sampling 

Benthic macroinvertebrate samples were gathered to 
estimate species richness and densities. Sampling 
(Figure 4, Appendix) was composed of inshore bottom 
grabs for invertebrates at 2m (#2M) and 4 m stations 
(114M). Triplicate PONAR grabs (petite model 0.023 
m2, 0.6 mm aperture. US Standard No. 30) were 
collected at each of the inshore stations. Qualitative dip 
net samples were also collected to supplement the 
PONAR collections using 3 replicate sweeps with the 
net for ten (10) man-minutes covering a minimum of 
15 m of shoreline. Figures 5 through 12 in the 
Appendix illustrate sampling stations. 

RESULTS AND DISCUSSION 

Longitudinal Basin Gradients 

Thornton et al. (1981) defmed three longitudinal zones 
in reservoirs, a riverine section where a stream or river 
enters the upstream portion of the basin, a transitional 
zone, and a lacustrine region tangent to the reservoir 
dam. Low primary productivity, high nutrient concen­
trations, and turbid waters characterize the riverine zone. 

High sediment deposition and maximum primary 
productivity most commonly describe the transitional 
region, while the lacustrine zone is known for its 
moderately productive algal community,lower nutrient 
concentrations, and relatively reduced suspended solid 
concentrations. Most often these features are observed 
as significant gradients along the longitudinal axis of a 
reservoir. These gradients introduce significant horizon­
tal. discontinuities into sampling variation that must be 
quantified for accurate and precise estimates of 
basinwide features. Our automated transect sampling 
was designed to detect gradients in the main limnetic 
region of each reservoir, quantify their featureS in terms 
of sampling variation, estimate basin means, and 
categorize detected gradients in terms of linear or 
nonlinear spatial trends. With the exception of conduc­
tivity, a conservative property regardless of weather 
influences, the estimated variables could be expected to 
significantly vary at all time and space scales due to 
mixing processes (Mortimer 1974). 

Immediately apparent (Figures 2 through 6) is the 
greater between-basin and interannual-basin variation 
compared to the within-basin variation for all five 
variables and two sampling years. Temperature ranges 
of24° to 32° Cat !-meter reflected summer surface 
values normally observed in surface waters of South 
Carolina (SCWRC 1974). Greater mean temperatures 
during 1989 were detected in Pond B, Lake Marion, 
Moultrie, Murray, Robinson, and Russell than in 1988. 
These differences reflect ephemeral weather patterns 
immediately prior to that day's sampling. 

Values for pH and dissolved oxygen (DO) are very 
dependent on photosynthetic rates over die! time scales 
(Wetze11983). Early afternoon results exhibit photo­
synthetic output that elevates both pH and DO and the 
ambient heterotrophic consumption of oxygen. Note the 
general similarity of pattern to Figures 3 and 4. Again 
station to station variation is relatively small. Lake 
Robinson and Pond B had pH values significantly lower 
than the other lakes. These very softwater sysiems have 
very low bicarbonate ion concentrations with little 
buffering capacity. 

DO values, as is pH, is dependent on die! photosynthetic 
rates. There were no large differences between the lakes 
with values generally indicating a well aerated epilim­
nion. However, values less than 6 mg/1, as seen in Pond 
B in 1988 and Lakes Greenwood and Monticello during 
1989 reflect probable low photosynthetic rates and 
heterotrophic oxygen consumption. 
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Conductivity, a conservative property indicative of the 
reservoir's drainage basin and the dissolved sailS 
enlering that basin, varied from less than 40 uS/em 10 
approximalely 130 uS/em. Three lake groups were 
apparent in 1988. Low conductivity basins included 
Pond B, Lake Robinson, and Lake Russell. A second 
group was comprised of L Lake and Par Pond, supplied 
wilh Savannah River waler, and Lake Murray. The third 
group, having higher values, was Lakes Marion, 
Greenwood, Monticello, and Moultrie. During the 1989 
survey a similar pattern was observed wilh a single 
exception, Lake Greenwood which had relatively grealer 
values. 

Chlorophyll a is a useful indicator of algal biomass and 
spanned a threefold range for the lakes in 1988 and a 
fourfold range in 1989. Two groups are seen in Figure 
6. Pond B, Par Pond, Lake Monticello, and Lake 
Murray had concentmtions approximalely less than 7 
mg/1 which is lhe lower limit for being classified as an 
oligottophic lake (EPA·NES 1974). Only Lake Marion 
had values exceeding 12 mg/1 which calegorizes it as a 
euttophic basin. During 1989, Par Pond, Lake Marion, 
Lake Greenwood, and Lake Moultrie had concentmtions 
grea1er than 12 mg/1. L Lake would be classified as 
mesottophic wilh the remaining basins being classified 
as oligottophic. Again sampling variation along each 
ttansect was minimal. 
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chlorophyll a in September 1988 and 1989. 

Although no large scale variation or gradients were 
observed from the transect sampling, small gradients 
and patterns of variation were detected. Tbe tr<msect 
sampling began near the reservoirs' dam or outfall area 
and proceeded continually upstream. Tbe results 
indicated horizontal uniformity along the longitudinal 
axis of each lake. Tbe type of gradient was categorized 
and quantified by regressing each variable against 
distance along the transect thus defining the nature of 
the gradient Both linear and nonlinear trends or "fits" 
were statistically significant. Because of the large 
matrix created by these analyses Figures 7 and 8 
collapse the results into a more manageable picture. 
If linear "fits" were not statistically significant, 
nonlinear polynomial equations were fitted. Sometimes 
within these small ranges of variation no polynomial 
could be fit to the data because of variation. 

There were no consistent or obvious interannual trends 
and only some significant correlations between water 
quality parameters within any particular lake. The 
driving forces behind these correlations are photosynthe­
sis that requires a hydrogen donor and nutrients. 
Significant algal biomass and production, which is often 
proportional to temperature, removes hydrogen ions 
from the water column. In poorly buffered waters with a 
paucity of bicarbonate ion pH values increase signifi­
cantly during an afternoon's primary production along 
with concurrent increases in DO. Therefore, the large 
number of significant positive correlations between pH 
and DO are not surprising. The lack of significant 
correlations in these results stems from secondary 
effects of nutrient limitation, heterotrophic oxygen 
consumption. zooplankton grazing, and sampling 
variation . 

These observations have been extensively documented 
for all types of ponds, natural lakes, impoundments, and 
open oceanic waters (see Steele 1989 for review) . 
Weather conditions profoundly affect the detected 
gradients. Wind mixing within 24 hours of the sampling 
period will largely determine the nature of these 
stochastically determined gradients (Mortimer 1974 ). 
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Discrete Offshore Sampling at 1 meter 

In addition to the 50-station transect sampling at I 
meter, discrete samples were also collecred at 1 meter 
for alkalinity, Secchi depth, total phosphorus (TP), 
dissolved organic carbon (DOC) turbidity, nitrite/nitrate 
nitrogen (N), and ammonia <Nfi4> at five stations along 
the transect sampling line. The purpose of these 
measurements was to estimate these commonly used 
indicators of water quality which cannot easily be part of 
an automated sampling program. 

Secchi depth estimates in 1988 indicared that Pond B 
and Lake Murray possess the clearest water columns 
with depths near 3 meters (Figure 9). Lakes Marion, 
Greenwood, and L Lake had the shallowest depths 
primarily due to algal densities and inorganic suspended 
matter. During 1989 Pond Band Lake Murray had 
again the clearest water columns. Other differences 
were minor and could easily represent the natural 
variation due to mixing episodes immediately prior to 
sampling. 

Alkalinity (Figure 10) was relatively low in all reser­
voirs when compared to most lakes in North America 
(HutchinSon 1967). All of the mean values for both 
1988 and 1989 were less than 30 mg/1 which is substan­
tially lower from hardwater lakes having values typi­
cally exceeding 100 mg/1. Lake Robinson and Pond B 
are very softwater basins with Iiule buffering capacity. 

Total phosphorus (TP), perhaps the most widely used 
indicator of trophic status in lakes, is one of the best 
single indicators of potential primary production in 
community because it is that algal growth element least 
abundant in freshwater (Rigler 1964, 1966, 1968, 1973). 
During 1988 L Lake and Lake Marion had the highest 
concentrations (Figures 11). Pond B, Lake Murray, 
Lake Robinson, and Lake Russell had the lowest 
concentrations which still was approximately 10 ug/1. 
These magnitudes were signifiCantly greater than most 
oligolrophic systems. Concentrations during 1989 did 
not alter this general pattern. 

Nitrogen most often limits algal growth in freshwater 
systems when phosphorus concentrations are at satura­
tion for algae in eutrophic basins. Ammonia is the 
preferred form nitrogen followed by nitrate and nitrite. 
During the 1988 and 1989 L Lake, Lake Greenwood, 
and Lake Monticello survey had significantly higher 
concentrations of nitrite/nitrate compared to the other 
lakes (Figure 12). Ammonia, the preferred pathway of 
uptake bY phytoplankton, was again greatest in L Lake 
and Lake Monticello. 

14 

DOC, which includes a significant colloidal fraction, 
represents most of the carbon in lakewater with the 
exception of dissolved inorganic carbon (Wetzel and 
Rich 1973). Resistant to microbial degredation, its 
sources and chemical composition are largely unknown. 
However, DOC estimates are a reasonable measure of 
nonliving organic matter in aquatic environments. 
Concentrations during the 1988 and 1989 surveys 
ranged from approximately 3 to 11 mg/1. Lake Marion, 
Par Pond, and Lake Moultrie had the lowest concentra­
tions while L Lake and Lake Greenwood had the greater 
concentrations (Figure 14). 

Turbidity, another more quantitative measure of water 
clarity and indirect indicator of suspended solids, was 
highest in Lakes Marion, Greenwood, and Monticello 
with Pond B and Lake Murray being the least turbid 
(Figure 15). The pattern was repealed in 1989. 
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Multivariate Analyses of Transect and ]-Meter Discrete 
Sampling 

The magnitudes and variations associated with the above 
water quality variables naturally suggest attempts to 
group the ten reservoirs in some objective quantitative 
fashion. Cluster analysis is one exploratory technique, 
which seeks to classify treatment variables, in this case 
the ten lakes, into meaningful categories for further 
study (Wetzel 1975). This method was performed for 
all of the above variables (Figures 16 and 17). In the 
I 988 and 1989 analyses Pond B, Lake Russell, and Lake 
Robinson cluster together fJrSt due mainly to low 
alkalinity and pH, all very poorly buffered systems. 
Relative to the other basins these reservoirs also possess 
low nitrogen levels. Par Pond and Lake Murray 
consistently grouped together with lesser affinities with 
Lakes Moultrie, Greenwood, and Marion. L Lake and 
Lake Monticello consistently grouped together due to 
their high nitrogen concentrations. Note also that these 
basins were separated out last and showed the least 
affinities for the other eight basins. Three main group­
ings resulted, L Lake and Lake Monticello, due to their 
high levels of nitrogen, Lakes and Robinson and 
Russell, and Pond B, for their low pH, alkalinities, and 
nitrogen concentrations, and the remaining Lakes 
Marion, Moultrie, Greenwood, Par Pond, and Murray 
loosely associated for their near median characteristics. 

Indicators of Eutrophication 

The United. States Environmental Protection Agency 
(USEPA, EPA-NES 1974) has used three major indica­
tors of trophic status based on chlorophyll a, Secchi disk 
depth, and TP. Local, county, state, and federal govern­
ment agencies have then ranked lacustrine surface 
waters with these easily used techniques. Figures 18 
and 19 illustrate those rankings for the studied basins 
during the 1988 and 1989 surveys. In 1988 Lake 
Marion, L Lake, and Lake Greenwood were consistently 
ranked highest in trophic status at the meso/eutrophic 
classification. Only Lake Murray was always classified 
as oligotrophic reservoir. Pond B shared this distinction 
in 1989 with Lake Murray immediately following in 
rank. Successional effects are seen with the L-Lake 
results with regards to water clarity and algal biomass. 

Because of the uniqueness of these synoptic surveys, 
two classic relationships invite assessment Intuitively 
as phytoplankton densities decrease, chlorophyll a 
concentrations will concurrently decline resulting in an 
increased Secchi depth. Figure 20 illustrates this inverse 
relationship. Linear correlations collaborate both figures 
(1988, r = -0.91/Pgl.OI; 1989, r = -0.77/P$.0.01). 
The second relationship plots the log10 of chlorophyll a 
vt;rsus the Iog10 of TP. 



This linear proportionality (Figure 21), more than any 
other, has provided the founding principles of nutrient 
limitation (Droop 1973, 1974; Dugdale 1976; Schindler 
1977). 
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Ranked Ordering of Regional Lakes 1988 
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Figure 18. Ranking of the ten South Carolina reservoirs according to three EPA trophic indicators during 1988. 
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Vertical Structure during Thermally Stratified Condi· 
tions 

Hutchinson (1957,1976) and Wetzel (1975) have 
extensively discussed the vertical distribution of water 
quality variables during thermally stratified conditions. 
These distributions are good indicators of trophic 
conditions in lakes and reservoirs. Hutchinson (1957) 
stated that if only two variables could be measured, it 
would be the vertical distribution of temperature and DO 
during midsummer. More than any other combination 
of variables these two indicate the viable habitat for 
aquatic life. Figures 22 through 25 illustrate in each 
case oxygen depletion in the hypolimnion resulting in 
two major consequences, inhabitability for most animals 
and the release of dissolved phosphorus from the lakes' 
sediments which is then available for algal consumption . 
None of the basins possessed an orthograde oxygen 
curve, indicative of oligotrophic conditions. 

The penetration of photosynthetically active radiation 
(PAR) and the approximate depth of the 1% incidence 
light level, the "compensation depth" (Wetzell975) are 
good indicators of the maximum depth of net primary 
production. In 1988 and 1989 %PAR profiles indicated 
that strata below 10 meters cannot support significant 
photosynthetic activity (Figures 26 and 27). The third 
sampling depth in each figure was collected 31 the 
bottom of the epilimnion or mixed layer. Note that in all 
basins no significant light penetrates into the thermo­
cline, so common in more pristine basins . 

The effects of an anoxic hypolimnion and the release of 
dissolved orthophosphorus were observed in most lakes 
with the exceptions of Lake Marion, Lake Moultrie in 
1988 and 1989 with the addition of Lake Robinson and 
Pond Bin 1989 (Figures 28 through 31). These increas­
ing concentrations of available phosphorus are brought 
to the surface by localized upwelling events or Poincare' 
waves further stimulating algal production (Dugdale 
1967). In summary these vertical distributions indicate 
the general character of mesotrophic and eutrophic 
conditions in South Carolina reservoirs . 



"'1 -· ()Q 

~ 
N 
!'-' 
;l 
<> 
< <> a. 
(") 

e. 
0. -· Cl"' .., s. 

<> CT <> c: 
~ g· 
8.~ . ...., 
:::g 
~. '0 
0 ~ 
? ~ 

~~ 
g:~ 
~ 0. 
0 0 
? >< 
.,'< 
=()Q 
o.g 
::tlo. 

~ g. 
;=O'Q -\0 

00 
00 

s· 
t"' 

~ 
<> 
§ 
0. 
t"' .. 

N :><;" 
<> 
"' 

1988 

L LAKE GREENWOOD 

Oligotrophic 
Orthograde 

MARION 

Eutrophic 
Clinograde 

TEMPERATURE (C) 

Temperature 

00 

ROBINSON RUSSELL 

16 18 20 22 24 26 28 16 18 20 22 24 26 24.0 24.5 25.0 25.5 26.0 24 25 26 27 28 14 16 18 20 22 24 
0 0 0 0 0 .., ............. ~ .... -rto-.!il 

:I: 10 
1-a.. 
w 
0 

Temperature 

5 

10 ,~ 

I 

DO/ 
I 

I 

--~· .. 

i 
I 

l 
I 

•f> 
I 

Temperature 

' + 
DO! 

2 t 

'I 
I 

4 t 
,.; 

6 

Temperature 

20 15>~~~~~~ 8~~~~~~ 
0 2 4 6 8 10 0 2 4 6 8 7.0 7.2 7.4 7.6 7.8 8.0 

DO (mg/1) 

2 

4 

6 

8 

I 

i- 10 
I 

/ 

" { 20 Temperature 
I DO 

f, 
I 

I 30 
I 

/ 

40 
3 4 5 6 7 8 9 0 2 4 6 8 10 



MONTICELLO 

1989 
Oligotrophic 
Orthograde 

MOULTRIE MURRAY 

TEMPERATURE (C) 

25.0 25.5 26.0 26.5 25.0 25.5 26.0 26.5 27 .o 
o r···· .- o 

23 24 25 26 27 
0 .,.....,.....:;.;_,....,:..........;.:-.-e~ 

T emp~ature . 

I 

~ 
\ 

10· 10 
:r 

10 00 

00 

Temperature Temperature 

2 

4 

6 

8 

10 

20 ' 20~~~~~~~ 
5.8 6.0 6.2 6.4 6.6 2 3 4 5 6 7 8 

20-'-.....J:....O....J...~L........J 

0 2 4 6 
12 

8 

DO (mg/1) 

0 

Eutrophic 
Cllnograde 

PAR POND 

00 

Temperature 

2 4 6 8 

2 

4 

/ 

6 / 
/ 

8 

10 

12 
0 

Temperature 

00 

POND B 

/ 
/ 

/ 

00 
,. 

? 
/ ,. 

" / 

Temperature 

2 4 6 8 



1988 

:::r: 
b: 
LU 
Cl 

-~ 

10 

12 

10 

.._., 20 

:::r: 
b: 30 
LU 
Cl 

40 

so 

Photosynthetic Active Radiation (PAR) at Depth 

GREENWOOD 
%PAR 

20 40 60 80100 

MURRAY 
%PAR 

20 40 60 80 100 

L LAKE 
%PAR 

0 20 40 60 80 100 0 

MARION 
%PAR 

20 40 60 80 100 
0 O+-~~~~~~ 

2 

10 4 

6 

20 8 

PAR POND POND B 
'16PAR %PAR 

20 

30 

0 20 40 60 80 1 00 0 20 40 60 80 1 00 0 
0 0 0 

2 
2 

5 
4 

4 

6 
10 

6 
8 

15 10 8 

MONTICELLO 
%PAR 

20 40 60 80100 

ROBINSON 
%PAR 

20 40 60 80 100 

10 

20 

10 

20 

30 

40 

MOULTRIE 
'16PAR 

20 40 60 80 100 

RUSSELL 
'16PAR 

20 40 60 80 10( 



N 1989 Photosynthetic Active Rl~iation (PAR) at Depth 0\ 

GREENWOOD L LAKE MARION MONTICELLO MOULTRIE 
::!1 %PAR %PAR %PAR %PAR %PAR 

(IQ 
0 20 40 60 80100 0 20 40 60 80 100 0 20 40 60 80100 20 40 60 80 100 20 40 60 80 100 c:: a 0 0 0 

~ 
;l 

2 0 

~ 
...-
::a 5 g. .......... 

e. :c 10 4 10 10 e: b: 0 "' ..... 5. UJ 10 g. a- Cl o a. 6 a o 
r.l = 
:! g, 
o"' 15 20 8 20 ~- =- 20 sa 
p.O 

!3. ~ MURRAY PAR POND POND B ROBINSON RUSSELL = s- %PAR %PAR %PAR %PAR %PAR (IQ 0 
::0 a. 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 10( oon 

0 0 0 0 0 ~~ 
~-

2 2 2 j;l 
10 e: ...-

I» ~ 4 4 4 §· .......... = ,...._ :::r: 10 6 6 6 
., 

20 > b: Cl 
~· 

UJ 8 8 8 = Cl 
e. 30 - 10 10 10 

20 12 12 12 40 



'T1 -· 
~ 

0~ ..... 
~ ;l 
:Ia " 

§. ~-
t"'e?.. 

1988 
Oligotrophic Eutrophic 

Distribution of Distribution of 
Total P/Ortho-P Total P/Ortho-P 

Total P 

~~ 
·" s. 

Ortho - P 

~ [ 
Q. "'· 

~~ "' ...., "' s 
~[ 
~- '"0 
0 5 
.? "' 
s::]. 
g ~ 
"'· "' a~ -., .0....-

TP (ug/1) 

GREENWOOD L LAKE MARION MONTICELLO MOULTRIE 
0 100 200 0 200 400 600 30 32 34 36 0 20 40 60 020 30 40 0 0 0 

~ ~ 
Q.Q. .-. 
~~ ~ 
c 0 

......., 
-'"0 :::t: s. ::r 
" 0 1-
o."' a.. c:'g. w 
:::1 ... Q 
~ s ,.... .... ., 
"'O "".~>-?"....--· = 

TP TP TP 
10 

; 
2 I 

5 \ 
I 
I 

10 4 20 \ 10 I 
\ 

10- ~ ... 
0( 

P04""-
6 30 

·-"" P04 TP 

15 20 8 40 20 
0 so 1 00 150 zoo 0 zoo 400 600 0 10 20 30 0 20 40 60 0 2 4 6 

N ~ -..1 "' P04 (ug/1) 



~: 
Eutrophic N ll Oligotrophic 

00 

~ 
Distribution of Distribution of 

1988 Total P/Ortho-P Total P/Ortho·P 

~ 

~~ 
:::! " 
~ < 
;, ~. 

Total P l!l g_ 
d'e 

Ortho • P ::s "' p. s. 
d'g" 
::s ~'~'· 
r;~..g 
tllo . .... 
E:o 
" E. :;a't:l 

TP (ug/1) g.6 
~·~ 
~ ::r 
jj ~ MURRAY PAR POND POND B ROBINSON RUSSELL 
~ "' 9 1 1 13 0 0 100 200 10 20 30 40 50 0 s, 10 15 20 0 10 20 3040 50 60 70 r:>.~ 0 0 

ii ' ' TP 
2 ::or:>. 10 

2 TP 
~ ~ .-.. 10 

~ 
4 ~.g - 20 

r:>.6 ::I: 10 /> 4 20 

g·~ 1- / ... 
a.. 30 6 TP ' ... 

' ' (JQ l!l UJ P04 ~ ' c ' ........ 
~ 6 30 ' ~-;a 40 8 P04 '+ .... P"O ' ~ ' '-' 50 20 10 40 -· ::s 2 3 4 0 100 200 0 3 6 9 12 2 4 6 8 10 0 10 20 3040 so 6070 

E: 
P04 (ug/1) " 



::n Oligotrophic Eutrophic 
OQ 

1989 
Distribution of Distribution of a Total P/Ortho-P Total P/Ortho-P 

~p 
t:l ;i 
:E " 

§. ~-
Total P 

. (") 

t"'e. 
~~ 
$' s. Ortho- P 

~ g-
(:1. 1'!'. 

~g e, 
" -"' 0 s=e. 
~- '"0 g 5 

TP (ug/1) . "' 
s::'g. 
g ~ g. fn 

GREENWOOD L LAKE MARION MONTICELLO MOULTRIE 
~~ 0 100 200 0 100 200 300 026 28 30 32 20 40 15 20 25 30 . ~ 0 0 0 0 && TP TP 

~~ - 2 TP :E: TP ., 
=-~ - I s. :;r :I: • " 0 10 10 g-og_ ..... 4 10 I 10 c.. ... TP ;:1 • .., w "' ' ~(; 0 I ... , 
.--;:;; 6 t I -oo I P04 • 
""""'" .. P04 ~~ 

~· 20 20 8 20 20 t:l 0 100 200 0 100 200 300 0 2 4 6 2 4 6 8 10121416 0 2 4 6 
~ ~ P04 (ug/1) n 



"' ::!! ~· Oligotrophic Eutrophic 
0 

~ 1989 
Distribution of Distribution of 

Total P/Ortho-P Total P/Ortho-P 

"' .... 
~~ 
;;.! <> 
'< <ii 

~a. 
Total P ~ §_ 

d'e: 
Ortho- P :> "' p. s. 

'tlg" 
g "'· o.g 
I:Xlo - ..... 
E:S 
<> e. 
:Al"' TP (ug/1) g.s 
,....~ 
:> ::r 
l3 0 
?.2 MURRAY PAR POND POND B ROBINSON RUSSELL 
§ "' 

0 0 5 10 15 20 25 10 20 30 40 00 10 20 30 40 50 8 10 12 14 
00 10 20 30 40 Po~ 0 0 

I:"'~ 't w ~§ t 2 I 2 2 
:Alp. ' 

t TP 
10 - I ' ~ ~ :::[ + ' 4 t 4 4 )> 

~~ - ! I / 

:I: ~ ; ~ 

0-::r 1- 10 I 6 I 6 6 20 
c ~ Cl.. ~ " P04 ::1. '0 

UJ ' '· :> ::r 

"' 
8 ' 8 8 (Jq ~ 0 ... , ...... - 30 

-.o~ .. 10 P04 10 10 OO'tl 
P04 ~0 P04 P04 

-!>' 
20 12 12 40 ~ 12 -· 0 2 4 6 8 0 5 10 15 0 2 4 6 2 3 4 5 6 0 2 4 6 8 10 "' 

E: 
P04 (ug/1) <> 



Lake Biota: Species Richness and Relative Abundance 

All of the above Regional Lakes assessments have 
focused exclusively on physical and chemical magni­
tudes, their variances, and their distributions. 
The reasons for this approach are twofold. Synoptic 
lake surveys, ate by nalllre, not designed for sampling 
biota, which requires extenSive field and laboratory time 
and effort. Additionally, space and time scales mandate 
a completely different sampling design tailored to 
reproductive and life-table feaiUreS of each group of 
plants and animals. For example, adequate studies of 
protozoan or rotifer dynamics require extended sampling 
frequencies at two to three-day intervals at several 
discrete depths at several in/offshore locations. 
Regional surveys over broad geographical areas cannot 
possibly encompass these stringent sampling needs 
(Steele 1989). Therefore, the biotic sampling performed 
during the Regional Lakes Study was designed only to 
minimally estimate species numbers which are increas­
ingly becoming recognized for their ecosystem-stress 
predictive value (Schindler 1990) and estimate during a 
very brief time period the absolute and relative abun­
dance of those species. Their value in this study in 
significantly increased by having absolute continuity in 
the sampling, sorting, and enumeration/taxonomic 
process, uncommon to studies of this type. 

Phytoplankton taxa richness (Figure 32) indicated a 
range typical to reservoirs of the southeastern United 
States. In particular L Lake numbers were comparative 
to Lakes Marion, Murray, Pond B, Robinson, and 
Russell. Density estimates (Figure 33) indicate very 
high cell concentrations in Lakes Marion and Murray. 
Figures 34 and 35 indicate blue-green densities that are 
not the preferred prey for herbivorous zooplankton and 
fish. The data here represent only total numbers. 
High relative concentrations in most lakes are due to 
cyanobacteria picoplankters whose role in pelagic food 
webs in now only being discovered (Stockner 1988). 
High proportions (>SO%) of bluegreen algae occurred in 
L Lake, Par Pond, and Pond B in 1988, and all but Lakes 
Robinson and Russell in 1989. High densities of known 
nuisance species occurred in L Lake. 
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Figure 32. Phytoplankton species richness (number of 
species} in the ten reservoirs auring 1988 and 1989. 
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in the ten reservoirs during 1988 and 1989. 
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Microzooplankton. until the work on microbial looping 
in pelagic communities (Porter et al. 1979; Geertz­
Hansen et al. 1987), has traditional! y been a neglected 
group. In freshwater systems they are represented 
principally by protozoans and the Rotifera (Hutchinson 
1967). There are few studies on the occurrence of 
microzooplnnkton in the southeastern United States with 
historical population data on the Region Lakes reser­
voirs nonexistent. During the 1988 field year, depth 
integrated samples were collected for these groups . 
Taxa richness (Figure 36) was greater for the protozoans 
in Lakes Marion and Murray and lowest in Lake 
Robinson. The remaining basins had similar numbers. 
Rotifer taxa richness values were greatest in Lnke 
Marion and similar in the remaining lakes. No single 
basin had unusually large or few species. 

Protozoan abundances (Figure 37) were greatest in Lake 
Marion and Greenwood and lowest in Lakes Robinson 
and Russell Variations within basins were again less 
than the observed between lake variations. All lakes had 
abundances of Uronema and Strombidium greater than 
1000 individuals/mi. Total densities of offshore 
protozoans were significantly greater than other regional 
lakes (Hutchinson 1967; Chimney 1988). 

Lake Marion also contained the highest densities of 
rotifers (Figure 37). Only Lake Moultrie and Pond B 
had comparable concentrations. The three dominant 
genera of rotifers in all reservoirs were Polyarthra, 
Keritella. and Trichocerca, allloricate species known 
for their resistance to cyclopoid and diaptomid predators 
(Sternberger 1979, 1985). All three species are herbivo­
rous, respectively selecting diatoms and chysomonads 
(Pourriotl977) and desmids (Pourriotl970). 
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Figure 36. Protozoan and Rotifer species richness 
(number of species) in the ten reservoirs during 1988. 
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Figure 37. Total Protozoan and Rotifer densities in the 
ten reservoirs during 1988. 

The number of species of crustacean macrozooplankton 
was variable between the two years' samplings (Figure 
38). In 1988 Lakes Greenwood, Monticello, Moultrie, 
and Russell contained the greatest number of species, 
and in 1989 L Lake, Par Pond, and Lake Russell 
contained the greaternumber. Values ranging from 8 to 
24 species are typical of smaller limnetic communities. 
but significantly lower than very large lakes (Hutchinson 
1967). Abundances (Figure 39) during 1988 and 1989 
were distinctly greater in Pond B, Lake Robinson, and 
Par Pond. These greater densities primarily result from 
higher phytoplankton densities suitable for food and the 
lack of effective planktivorous predation from shad 
populations (see Kerfoot and Sib 1987). Cladocera were 
plotted separately with the tolals because they are the 
principle herbivores in lakes and their presence is a good 
barometer of planktivory. Cladoceran abundances were 
partially correlated to tolal zooplankton concentrations. 
Several field studies have documented the inverse 
correlation between cladoceran abundances and the 
percentage of blue-green species (Giiwicz 1969). 
Figures 40 and 41 illustrate the relationship between 
these two groups. During 1988 the inverse correlation 
was significant (r = -O.Sl,P$0.05), while during 1989 
the relationship did not exist (r = -0.012, P>O.iO). 
It is noteworthy that this relationship was detectable for 
even a single year's survey having only a single days 
sampling at each lake. 

Samples for taxa richness were collected at a larger 
number of stations during 1989 which is reflected in the 
greater species richness (Figure 42). Par Pond, Pond B, 
and Lake Robinson had the greatest number of species, 
while Lakes Greenwood and Russell had the fewest 
numbers. Macroinvertebrate densities (Figures 43 and 
44) varied threefold during 1988 with Par Pond, Pond B, 
and Lake Robinson having the greater abundances and 
Lake Monticello, Murray, and Moultrie the lowest 
densities. Three groups dominated the benthic fauna in 
1988, oligochaete worms, the Dipteran midge 
Chaoborus, and the tribe Chironomini. Lakes Marion, 
Moultrie, and Russell had the greatest densities of 
Oligochaeta. Chaoborus were very abundant in Par 
Pond and Pond B. This genus is a voracious ambush 
predator on cladocerans that may account for low 
cladoceran abundances in those basins having signifi­
cant populations (Federenko 1973; Federenko 1975; 
Lewis 1977). In 1989 abundances were significantly 
lower in all the lakes except L Lake and Par Pond which 
had significant densities of oligochaetes. Problem 
species were present in a few lakes. Lakes Greenwood 
and Marion contained moderate numbers in 1989 (Lake 
Greenwood-409/m2; Lake Marion-1091/m2) of the clam 
Corbicula which is Imown for fouling water and power 
plant intake structures. 
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L Lake was different from all other lakes in having very 
high densities of Chironomus (19262/m2). All other 
lakes had concentrations an order of magnitude lower 
than in L Lake. Chironomid populations fluctuate over 
two to three-week time fmmes with several species 
appearing and then disappearing through the summer 
months (Lauritsen 1990). 
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Figure 38. Macrozooplankton species richness (number 
of species) in the ten reservoirs during 1988 and 1989. 

CONCLUSIONS 

Most of this study emphasized water quality variables 
which chamcterize aquatic synoptic surveys. They 
document the important physical and chemical boundary 
conditions for a lake's biotic communities. 

The longitudinal tmnsects study indicated that variation 
within lakes for any parameter was small compared to 
between lake variation. This result implies that there 
were no significant changes in water mass for any of the 
basins during sampling. Furthermore, it indicates that 
variations in the biological results were more likely due 
to biological processes and interactions rather than 
physical or chemical effects. The transect results also 
indicate that several sampling stations located along the 
longitudinal axis of the basin wiD adequately represent 
the whole water body. This traditional approach saves 
time, effort, and money. 
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Several conclusions are reached from the magnitudes 
and distributions of the water quality variables. Alkalin· 
ity combined with pH estimates indicate that all of the 
basins tend to be softwater lakes, particularly Lake 
Robinson and Pond B. Phosphorus and nitrogen 
concentrations in L Lake, Lake Marion, Lake Green­
wood, and Lake Monticello are indicative of eutrophic 
systems. Additionally, the vertical water quality profiles 
also indicate that South Carolina reservoirs reflect 
varying degrees of cultural eutrophication. 

The indicators of eutrophication used in this study have 
been widely employed and historically have not been 
completely successful. Only total phosphorus has been 
consistent indicator for lakes of all types at all latitudes. 
TP was a good indicator of algal biomass. The cluster­
ing analyses based on all of the variables further 
supported the above conclusions. These findings 
suggest three groupings of the ten lakes based on water 
quality parameters. Pond B and Lake Robinson are 
clearly very softwater systems well sepamted from the 
other eight basins. Par Pond, Lake Moultrie, Lake 
Murray, and Lake Russell are meso/eutrophic basins 
with moderate problems of nutrient enrichment L Lake, 
Lake Marion, Lake Greenwood, and Lake Monticello 
have nitrogen and phosphorus concentrations that 
definitively categorize them as eutrophic systems. 

Interpretations from the biotic samplings should be 
recognized within the context of seasonal succession 
because each lake was sampled on a single day for each 
year. The results reported here represent only midsum­
mer conditions which was chosen because this period 
represents extended thermal stratification with all of its 
physical, chemical, and biotic consequences. Absolute 
and relative abundances of phytoplankton, zooplankton 
and many of the benthic invertebrates have life histories 
are highly variable over very short time frames from 
days to weeks. 

These results are good indicators of general conditions. 
Taxa richness for phytoplankton, zooplankLOn, and the 
benthos was not significantly different from lake to lake 
in either 1988 or 1989. Within this construct phyto­
plankton and zooplankton populations are not signifi­
cantly different from one another in any of the lakes. 
All the basins contained primary producer communities 
composed of mainly green and blue-green species. 
Diatoms and green species so chamcteristic of most 
temperate oligotrophic lakes and reservoirs was not 
observed here. Zooplankton populations, though very 
similar to each other are very different from other 
regional areas. None of the lakes contained a single 
population of a large cladoceran species. This results 
from two processes, size-selective fish predation and the 
latitudinal effect of the region on zooplankLOn growth. 
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Planktivorous fish can drive a large Daphnia to 
extinction in a lake during a single summer. Added to 
predation increased temperatures accelerate growth rates 
and reduce the time between molts which results in a 
smaller sized population. The most diverse biotic 
community was the benthos. Macroinvertebrate faunas 
were characterized by high species number and differing 
dominant groups. 

One of the main purposes of this swdy was to compare 
lakes throughout the state and at SRS to L Lake with 
regards to the BBC definitions. Pollution (thermally) 
tolerant species did not dominate any of these lakes 
communities. L Lake did contain high densities of 
Chironomus, but this population has not consistently 
appeared in the L-Lake benthic fauna (Lauritsen 1990). 
Species richness indicated similar biotic diversities for 
all lakes. Absolute abundances of phytoplankton, 
zooplankton, and benthos in L Lake do not suggest 
unusually high rates of productivity. All of the lakes 
tend to be eutrophic having greater productivity rates 
than true oligotrophic ecosystems. None of the sampled 
populations in the sampled reservoirs are maintained by 
repeated stocking and reseedings. 
All trophic groups that would be expected in these 
lakes were present. 
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Figure 3. Depth distributions for sampling at each station. 



INSHORE BENTHIC SAMPLING STATIONS 

I I 
4m 2m 

j ~ 
station "'2M 

t 
station "'4M 

Figure 4. Sampling protocol for PONAR grabs. 

5 



RoadB 

5 

4 

3 

2 

1 

Datn 

6 

LLake 

7 
6 

RoadC 

0 L-Reactor 

8 

1, 2, 3 •.. :::: Water column sampling stations 

0 :::::Benthic Sampling locations 

Figute 5. sampling stations in L Lake. 



P-Reactor 

Par Pond 

\Cold Dam 

Lower Three Runs Creek 

0 
1, 2, 3 ... =Water column 

=Benthic sampling stations 
Sampling locations 
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Figure 7. Sampling stations in Lake Greenwood. 
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Figure 9. Sampling stations in Lake Russell. 
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Figure 10. Sampling stations in Lakes Marion and Moultrie. 
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Figure 11. Sampling stations in Lake Robinson. 
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Figure 12. Sampling stations in Lake Monticello. 
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