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Executive Summary

For the first 30 years of its existence, Par Pond received heated effluent from one or more nuclear
reactors. It was also inadvertently contaminated with low levels of mercury and radionuclides, prima-
rily cesium-137. Despite these impacts, Par Pond supported a diverse, self-sustaining, and relatively
stable community of fishes generally similar to the fish communities found in other southeastern reservoirs.

From 1991 to 1995, the water level of Par Pond was drawn down approximately 6 meters (20 feet),
resulting in a 50% reduction in surface area, a 65% reduction in volume, and the temporary elimination
of the littoral zone. The four-year drawdown adversely affected the Par Pond fish community as indi-
cated by significant reductions in the average number of fish and number of fish species. However,
these effects were temporary. Within seven months of Par Pond refilling to its former level, the number
of fish species, number of fish, and relative abundance of fish had returned to pre-drawdown levels.
The rapid recovery of the Par Pond fish community demonstrated its resiliency to the effects of water
level changes. Factors that contributed to this resiliency included the ability of fish to rapidly recolo-
nize newly inundated habitat, high reproductive capacity, and the rapid regrowth of aquatic vegetation,
which provided cover for juvenile fishes in formerly exposed areas.

There was concern that erosion of exposed shoreline during the drawdown, possible resuspension of
sediments during the refill, and biological and chemical changes associated with the drawdown and
refill might result in greater contamination of Par Pond organisms. However, as of late 1995, there was
no evidence of increased contaminant concentrations in Par Pond largemouth bass. Similarly, there
was no evidence of increased contaminant levels in Par Pond water or of gross changes in the distribu-
tion of contaminants in the Par Pond sediments.

Current plans to shut down the Savannah River Site river water distribution system would cause the
water level of Par Pond to fluctuate by as much as several feet in response to seasonal changes in
rainfall and evaporation. Considerable research on the effects of fluctuating water levels in other
reservoirs indicates that fluctuations are not harmful and may even be beneficial if they are not extreme
and match the fluctuations generally characteristic of a normal hydrologic cycle (i.e., high in spring
and low in late fall and early winter). Fluctuations in the water level of Par Pond, because they would
be determined largely by local weather patterns, would follow natural patterns, although there may be
some years in which low water levels during the spring could reduce fish reproductive success. How-
ever, as the drawdown studies have demonstrated, such effects are likely to be temporary due to the
resiliency of the Par Pond fish community. The drawdown studies also indicate that fluctuations in the
water level of Par Pond are unlikely to increase contaminant levels in Par Pond biota or result in long-
term resuspension of contaminants in the water column. In summary, natural water level fluctuations
of several feet in Par Pond are unlikely to deleteriously affect the Par Pond fish community.
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Introduction

Par Pond is a 1012-hectare (2500-acre) reservoir
on the Savannah River Site (SRS) that was cre-
ated in 1958 by impounding the upper reaches of
Lower Three Runs. Par Pond served as a cooling

reservoir for P and R Reactors until 1964 when R
Reactor was shut down (Wilde 1985). It contin-
ued to receive heated cooling water from P Reac-
tor until 1988. During the early periods of P and R
Reactor operations, radioactive materials, chiefly
cesium-137, were inadvertently released into the
Par Pond ecosystem where they can still be de-
tected in sediments, water, and biota (Gladden et
al. 1985). While not a consequence of SRS opera-
tions, elevated levels of mercury also occur in Par
Pond biota. This mercury probably entered Par
Pond in water pumped from the Savannah River
(Newman and Messier 1994). Despite its use as a
cooling reservoir and inadvertent contamination,
Par Pond has historically supported diverse and
abundant assemblages of fish and other aquatic
biota (Wilde 1985). . •

In 1991 the water level of Par Pond was reduced
from its historic level of 61 meters (200 feet) above
mean sea level (msl) to 55 meters (181 feet) above
msl because of a defect in the Par Pond dam. The
drawdown began in June 1991 and the water level
reached 55 m (181 feet) by September 1991. The
dam was repaired and Par Pond was refilled to its
previous level in early 1995. Par Pond was exten-
sively studied before, during, and after the draw-
down, resulting in the generation of considerable
information concerning contaminant levels in the
Par Pond ecosystem and ecological changes result-
ing from the drawdown.

Because the nuclear reactors on SRS are no longer
operating, the water distribution system that sup-
plied them with cooling water from the Savannah
River may be temporarily or permanently shut
down. As a result, make-up water to compensate
for that lost to evaporation or seepage will no longer
be pumped from the Savannah River to Par Pond,

and the reservoir will no longer be artificially main-
tained at a relatively constant 61 meters (200+1
foot) above msl. Hydrologic models indicate that
the watershed of Par Pond is large enough to main-
tain the average water level near historical levels,
but fluctuations of several feet or more are expected
(COE1994). There is concern that these fluctua-
tions will adversely affect the ecology of Par Pond.
Insights into possible ecological effects of this fluc-
tuating water level scenario can be gleaned by ex-
amining the effects of the 1991-1995 drawdown.

The objectives of this report are to:
• describe the Par Pond fish community and the

impact of the drawdown and refill on the com-
munity,

• describe contaminant levels in Par Pond fish,
sediments, and water and indicate how con-
taminant concentrations and distributions were
affected by the drawdown and refill, and

• predict possible effects of future water level
fluctuations in Par Pond.

Methods and Materials

Field methods

Fish community data from Par Pond were sepa-
rated into six time periods: pre-drawdown, draw-
down 1991, drawdown 1992, refill, spring post
refill, and fall post-refill (Table 1). Fish were col-
lected in all time periods from the north arm,
middle arm, west arm, and near the Par Pond dam
(Figure 1). Six hundred meters (2000 feet) of
shoreline were electrofished at each of the four
locations (300 meters [980 feet] along each bank,
Figure 1). Sampling was generally conducted par-
allel to the shoreline along the 1- to 2-meter depth
contours. The same general areas were sampled
during each collection, although the exact locations
of the electrofishing sites varied slightly.

Electrofishing was conducted from an aluminum
boat. Electrofishing equipment with approximately
the same performance specifications was used dur-

WSRC-TR-96-0208
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Table 1. Information on fish community samples collected in conjunction with the Par Pond
drawdown. Par Pond was drawn down in June 1991 and refilled in early 1995.

Sample period

January 1984-June 1985
1991
1992
January 1995
May and June 1995
October 1995

Frequency

monthly

3 times a year*3

3 times a year13

once
once
once

Description

pre-drawdowna

drawdown0

drawdown0

refilld

spring post-refilla

fall post-refilla

a Reservoir water level = 200 feet above msl.
b Spring, late summer, and winter.
c Reservior water level =181 feet above msl.
d Reservior water level approximately 190 feet above msl.

ing all collection periods. One pass was made eluded fish of approximately the same total length
along the length of each transect on a single sample so that it would be possible to assess relationships
date in each of the last five time periods, and as between contaminant body burdens and fish size,
many fish as possible were collected without re- In the case of bluegill, it was usually necessary to
gard to species or size. Except for specimens kept composite a number of specimens to obtain the
for analysis of mercury and cesium-137 body bur- required 300 grams (10.5 ounces). To the extent
dens, all captured fish were returned to the water possible, only bluegill of similar total length were
after being identified, weighed, and measured (to- composited. Individual fish were homogenized in
tal length). Aggregate weights and ranges of a blender to produce composite samples. Fish col-
lengths were usually determined for small species lected for contaminant analysis were immediately
present in large numbers (e.g., brook silverside placed on ice, frozen within several hours of cap-
[Labidesthes sicculus]). Pre-drawdown data were ture, and shipped on ice to qualified laboratories
summarized from a study done on the Par Pond for analysis,
fish community between January 1984 and June
1985. Water samples were collected from Par Pond in

September 1995 for analysis of total mercury,
Individuals of several of the most abundant large gamma emissions (gamma-pulse-height analysis),
species in Par Pond (largemouth bass [Micropterus gross alpha emissions, beta emissions from non-
salmoides], bluegill [Lepomis macrochirus], and volatile radionuclides (nonvolatile beta) and U.S.
lake chubsuckers [Erimyzon sucetta]) were ana- Environmental Protection Agency (EPA) target
lyzed for whole body burdens of mercury and ce- analyte list metals. Near-top and near-bottom
sium-137. The tissue mass required for these analy- samples were collected from the north arm, middle
ses was approximately 300 grams (10.5 ounces) arm, west arm, and near the Par Pond dam (Figure
per sample. This quantity usually was obtained 1). The samples were collected with a pump and
from individual specimens in the case of large- hose system that was thoroughly flushed between
mouth bass and lake chubsuckers. However, for samples. The water was collected in previously
smaller bass and chubsuckers it was necessary to prepared bottles containing appropriate preserva-
composite two or more individuals to get the re- tives and was placed on ice after collection for ship-
quired amount of tissue. Composited samples in- ment to analytical laboratories.

WSRC-TR-96-0208 3
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Lower Three
Runs Creek

to Savannah River

Figure 1. Map of the Par Pond system. Electrofishing transects are indicated by gold lines, sediment
sampling transects by dashed lines, and water sampling points by triangles.

Sediment samples were collected in September Pond dam (one transect per arm; Figure 1). There
1995 at points along transects running across the were 9 to 12 sample points along each transect,
north arm, middle arm, west arm, and near the Par depending on the width of the arm being sampled.

WSRC-TR-96-0208
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The sample points were spaced somewhat more
closely near the ends of the transects and further
apart where the transects crossed deeper water to
ensure that recently dry shallow areas reinundated
by the refill were adequately sampled. Samples
were collected from approximately the upper 10
centimeters (4 inches) of substrate with a ponar
dredge. Sediment samples were placed in previ-
ously prepared bottles containing appropriate pre-
servatives and placed on ice for shipment to ana-
lytical laboratories where they were analyzed for
total mercury and gamma emissions (gamma-
pulse-height analysis).

Data analysis

Differences in fish community structure among
time periods were assessed on the basis of species
number, total number of fish caught, and species
rank abundance. Differences in species number
and number offish caught were compared among
time periods with the T-method for unplanned com-
parisons (Sokal and Rohlf 1981). This procedure
controlled the experiment-wise error rate (i.e., the
error rate for the entire series of tests) and permit-
ted the plotting of "comparison intervals" around
each mean. Means whose comparison intervals
did not overlap were significantly different at P<
(less than or equal to) 0.05. There were four repli-
cates for each time period corresponding to (the
number of species or the number of individual fish
collected from) each of the four arms of Par Pond
(total sample size was 24 [6 time periods and 4
sample areas]). For the pre-drawdown period,
which was represented by numerous samples over
time, an average value for each arm was calcu-
lated from the data. Both numbers of species and
numbers of individuals were logio(X+l)-trans-
formed for analysis to reduce heterogeneity of vari-
ance (Sokal and Rohlf 1981).

•7

Correlations of species rank abundances among
sample periods were assessed with the Spearman
rank correlation coefficient (Sokal and Rohlf
1981). The correlations were treated as ordinary

product-moment correlation coefficients for sta-
tistical testing (Sokal and Rohlf 1981). Because
the same data were tested several times, the
Bonferroni procedure (Marasciulo and
McSweeney 1977) was used to maintain the prob-
ability value at the nominal level of 0.05 for the
entire set of comparisons. Species collected in
trivial numbers (i.e., less than 0.1% of the entire
collection) were not included in the analysis.

To determine if the size distributions of individual
species changed as a result of the drawdown, each
species was divided into three total length groups
of approximately equal range. Differences in the
number of individuals within each length group
between the pre-drawdown and fall post-refill time
periods.were tested with the chi-square test for
contingency tables (Zar 1984). The length groups
were 0-199 millimeters ([mm] 0-8 inches), 200-
399 mm (8-15 inches), and > (greater than or equal
to) 400 mm (15 inches) for largemouth bass; 0-
149 mm (0-6 inches), 150-299 mm (6-11.5
inches), and 300-449 mm (11.5-15.5 inches) for
lake chubsuckers; and 0-99 mm (0-4 inches),
100-199 mm (4-8 inches), and 200-299 mm (8-
11.5 inches) for bluegill. The significance level
was P<0.05.

Regression analysis was used to assess the relation-
ship between fish total length and body burdens of
mercury (micrograms per kilogram |jig/kg]) and ce-
sium-137 (picoCuries per gram [pCi/g]). Because
the concentration distributions were skewed, the
data were transformed to a logio scale
(X'=logio(X+l)) to preserve the assumption of
normality for statistical testing.

Fulton's Condition Factor (K) (Bagenal 1978) was
used to evaluate changes in the food intake and
general health of largemouth bass, bluegill, and
redbreast sunfish (Lepomis auritus) over time.
High values of K indicate high food intake rela-
tive to metabolic requirements and generally
good health (Bennett 1970). K was calculated
as follows:
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Par Pond Fish, Water, and Sediment Chemistry

K = W/L3 x 104 distributed (Gilbert 1987). Means were not calcu-
lated for analytes never found in concentrations

where W = weight in g above the detection limit,
and L = length in mm.

All statistical analyses were calculated'using
Condition factors must be used carefully when SYSTAT (Wilkinson 1989) or JMP (SAS 1989)
comparing fish of different sizes (Cone 1989) since software,
such comparisons are likely to generate mislead-
ing results unless growth is isometric.- To avoid Results and Discussion
this problem, fish of each species were divided into
size groups based on total length, and K was cal- Par Pond fish communities
culated individually for each size group.

Seventeen species offish were collected from Par
Regression analysis also was used to determine if Pond during the pre-drawdown period (Table 2).
variations in K were related to body burdens of The most abundant by number were brook silver-
total mercury and cesium-137. This question was side (50.7%), followed by bluegill (17.9%) and
tested in two ways. First, K was regressed on logio- largemouth bass (15.6%). Other species collected
transformed mercury and cesium-137 concentra- in substantial numbers were lake chubsucker,
tions in a multiple regression model. F-tests were coastal shiner (Notropis petersoni), golden shiner
used to assess the significance of each indepen- (Notemigonus crysoluecas), chain pickerel (Esox
dent variable. The second approach was to add niger), yellow perch (Percaflavescens), redbreast
logio-transformed total mercury and cesium-137 sunfish, black crappie (Pomoxis nigromaculatus),
concentrations to a length-weight regression model and warmouth (L. gulosus).
and determine if these variables accounted for a
significant amount of variation in weight after The pre-drawdown samples can be compared with
the effect of length was taken into account. As earlier samples collected with cove rotenone tech-
is typical of length-weight regression models niques during 1969, 1972 (Clugston 1973), 1977
used in fisheries biology, both total length (mm) (Hogan 1978), and 1980 (Martin 1980) (Table 3).
and weight (g) were logio-transformed to lin- Such comparisons must be approached cautiously
earize the relationship between them (Bagenal because of method-specific biases (Nielson and
1978). The significance of the amount of varia- Johnson 1983) and because the.cove rotenone re-
tion in weight accounted for by total mercury suits were reported as weights rather than num-
and cesium-137 concentrations was evaluated bers. However, the cove rotenone studies consis-
with F-tests. tently demonstrated that the most abundant spe-

cies then in Par Pond were bluegill, lake
Results of the Par Pond water and sediment analy- chubsucker, largemouth bass, chain pickerel and
ses were presented as arithmetic means, geomet- "other sunfishes," all of which also were well rep-
ric means, maxima, and percent of samples with resented in the pre-drawdown samples. Brook sil-
the analyte in quantities above the detection limit, verside and other small species were not promi-
Geometric means were calculated by nent in the cove rotenone samples because of their
backtransforming the average value of the log- comparatively insignificant weight." Within the
transformed (i.e., X'=logio(X+l)) data (Sokal and limitations previously discussed, these compari-
Rohlf 1981). Geometric means were presented sons indicate that the Par Pond fish assemblage
together with arithmetic means because environ- was relatively stable from 1969-1985; most spe-
mental contaminant data is often logarithmically cies were persistent and the same species gener-
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Table 2. Species relative abundances (percent by number)
drawdown. Very rare species (<0.1%) are not shown.

Speciesa

X;.>v.;X;.X*X«X«".*"#X;X*."-"*'

Brook silverside
Bluegill
Largemouth bass
Lake chubsucker
Coastal shiner
Golden shiner
Chain pickerel
Yellow perch
Red breast
sunfish
Black crappie
Warmouth
Bowfin
Spotted sunfish
Yellow bullhead
Dollar sunfish
Blueback herring
Gizzard shad
Mosquitofish
Swamp darter

Pre-
drawdowr

xjx:>x|:jXvXv:

50.7
17.9
15.6

6.1
3.4
1.8
1.3
0.9
0.7

0.4
0.4
0.2
0.1
0.1
0.1
0.1
0.1

Drawdown
i 1991
X;X*X»XvX;X;X;X\

3.3
46.7
16.7
2.5

3.3
5.0

1.7

0.8
2.5
0.8
0.8

14.2

Drawdown
1992

::::::::::vX::::%:::x:x:x:xx

2.8
45.8
22.2

1.4
11.1

1.4

1.4
-

1.4

12.5

in Par

Refill
•X«X*!»!»I-X«

90.8
2.8
2.8
1.6

0.2
1.6

0.2

Pond before

Spring
i post-refill

:|:f::::xi:x:|xfx:X:::X:
9.1

21.4
20.6

5.8
9.7

14.8
2.9
7.6
0.8

0.4
0.2
0.8
1.2

4.7

and after the

Fall
I post-refill
x£x:x:::x*::::x:::x$

21.7
17.9

8.3
4.7
4.8

13.2
4.5
6.0
0.6

1.4
1.9
0.4
2.0

1.2
11.0

0.1
0.1
0.1

a Scientific names are provided in Appendix A.
»

ally shared numerical dominance. The community Samples collected during the refill (January 1995)
probably remained stable until the 1991 drawdown, indicated slight increases in number of species and

number of individuals, but both variables remained
The drawdown resulted in a 50% reduction in res- significantly lower than before the drawdown (Fig-
ervoir surface area, a 65% reduction in reservoir ure 2). However, samples collected in May and
volume (DOE 1994), and the loss of virtually all June 1995 (spring post-refill), approximately two
emergent and submerged vegetation from the origi- to three months after refill was completed, indi-
nal littoral zone (Mackey 1996). Water quality cated significant increases to pre-drawdown lev-
declined but generally remained acceptable for els for both species number and number of indi-
warm water fishes (Koch et al. 1996a). The aver- viduals. The fall post-refill sample indicated ad-
age number of species collected from Par Pond ditional increases in both species number and num-
declined significantly during the first year of the ber of fish, although neither was significantly
drawdown (1991) and decreased still further dur- greater than during the spring post-refill sample,
ing the second year (1992) (Figure 2). The num-
ber of individual fish declined even more, reach- Species rank abundances during the drawdown
ing levels approximately an order of magnitude were significantly (P<0.05) correlated with spe-
lower than before the drawdown (Figure 2). cies rank abundances before the drawdown, reflect-
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Table 3. Percent composition by weight
sampling.

Taxa

Blueback herring
Bluegill
Other sunfishes
Bullheads
Bowfin
Chain pickerel
Crappie
Lake chubsucker
Other suckers
Golden shiner
Largemouth bass
Yellow perch
Miscellaneous

1969a

0.1
25.3
13.1

0.8
2.5
4.5
2.6

15.4
2.2
0.4

22.8
5.8
4.6

of fishes collected

1972a

v/XvIvXvIvXvXv/Xv/X*
0

13.7
13.7

• 2.3
1.8

12.9
1.7

42.3
0

5.2
5.6
0.9 .

0

from Par Pond

1977b

0
25.1
10.8

2.4
2.7
7.5
1.1

33.8
0
5
8

3.4
0.2

by cove rotenone

1980c

0.1
30.5

15
0.5
0.4
5.4
2.5

19.7
0

7.3
17.4

1.2
0.4

a Clugston (1973).
b Hogan(1978).
c Martin (1980).

ing the persistence of species such as bluegill and
largemouth bass (Tables 4 and 2). Although sig-
nificant, these correlations were moderate (i.e., 0.59
and 0.60; Table 4) because of marked decreases in
brook silverside and lake chubsucker and increases
in blueback herring (Alosa aestivalis) during the
drawdown. Correlations with pre-drawdown
samples increased during (r=0.79) and following
the refill (r=0.88 and 0.75), reflecting increased
abundance of brook silverside and lake chubsucker.
Correlations of the magnitude of those demon-
strated between the pre-drawdown and post-refill
samples may be typical of interannual compari-
sons even in the absence of disturbances. Although
major disturbances to the Par Pond system did not
occur between the cove rotenone samples discussed
above, the rank correlations among them (0.60-
0.95, average of 0.81) were similar to the correla-
tions between the pre-drawdown and post-refill
electrofishing samples. Such variability may be
attributable to sampling imprecision and

interannual variations in the reproductive success
of individual species.

Brook silverside and lake chubsucker, species that
declined during the drawdown, typically prefer lit-
toral zone habitats with extensive aquatic vegeta-
tion (Pflieger 1975; Robinson and Buchanan 1988).
Other less abundant species that have similar habi-
tat requirements and whose numbers decreased
during the drawdown and subsequently increased
following refill included yellow perch, dollar sun-
fish (L. marginatus), and spotted sunfish (L.
punctatus). Changes in the abundance of these
species may be explainable on the basis of changes
in the littoral zone habitat that resulted from the
drawdown. Prior to the drawdown, Par-Pond sup-
ported a well-developed littoral zone'with abun-
dant aquatic vegetation. All the aquatic plant beds
were eliminated by the drawdown, resulting in a
new littoral area initially devoid of shelter, although
aquatic vegetation was becoming established at the

WSRC-TR-96-0208
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Figure 2. Average logio-transformed number of fish species (top figure) and number of fish (bottom
figure) during sample periods in Par Pond. Means with comparison intervals that do not overlap are
significantly different (P< 0.05). Numbers above comparison interval bars are arithmetic averages.
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Table 4. Spearman correlation coefficients between fish species ranks before
Pond, during the drawdown, and after Par Pond was refilled.

Time periods

Pre-drawdown vs. drawdown 1991
Pre-drawdown vs .drawdown 1992
Pre-drawdown vs. refill
Pre-drawdown vs. spring post-refill

Pre-drawdown vs. fall post-refill

rs

0.60
0.59
0.79
0.88

0.75

the drawdown of Par

t

3.07*
2.99*
5.22*
7.45*

4.72*

* Significant at an experiment-wise error rate of P<0.05.

55-meter (181-foot) elevation by 1992. Duringre- factors were solely responsible for changes in size
fill, the rapid rise in water level again resulted in structure noted between pre-drawdown and refill
littoral habitats without aquatic vegetation, but fish samples. In the case of both largemouth bass and
in shallow areas were afforded shelter by dense lake chubsucker, size groups up to 249 mm (10
stands of submerged terrestrial vegetation (includ- inches) for largemouth bass and 299 mm (11.5
ing pine trees up to 10 feet tall). After the refill, inches) for lake chubsuckers were largely absent
littoral zone vegetation was rapidly reestablished in the January 1995 sample, suggesting that recruit-
on the newly inundated sediments. The average ment of young had been poor for at least the two
percent cover of aquatic macrophytes at 46 Par previous years.
Pond transects during late 1995 was 45%, com-
pared with 65-70% before the drawdown, although While post-drawdown community composition
the relative abundance of macrophyte species had (reflected in species richness, species abundance,
changed; maidencane (Panicum hemitomon) was and rank abundance) rapidly came to resemble pre-
more prominent and cattail (Typha spp.) was less drawdown community composition, the size striic-
prominent than before drawdown (Mackey 1996). ture within species remained quite different be-
Thus, considerable littoral zone structure was avail- tween pre- and post-drawdown samples. Pre-draw-
able in 1995 to provide spawning substrate for down largemouth bass and lake chubsucker size
phytophilous species (e.g., yellow perch) and cover structures were dominated by large individuals. In
for juvenile fishes. In addition to affecting com- contrast, the post-drawdown size structures of both
munity structure, the drawdown affected the size species were dominated by small individuals, re-
structure (i.e., distribution of length classes) within fleeting highly successful reproduction of both
species. Analysis of the length frequencies of large- species following refill. Young-of-the-year were
mouth bass and lake chubsuckers (Figures 3 and prominently represented in the spring post-refill
4) indicated that few small individuals remained collection as indicated by the abundance of indi-
at the end of the drawdown (as reflected in length- viduals inthe 0-49-mm (0-2-inch) size class. Many
frequency distributions measured in January 1995 more juvenile fishes were observed than collected
[refill]). Analysis of length-frequency distributions in the spring post-refill sample because they were
for bluegill (Figure 5) indicated a'generally simi- too small to be retained by the nets. By the fall
lar, but less pronounced, trend. length-frequency post-refill sample, these young-of-the-year fish had
distributions would differ seasonally as a result of grown considerably as indicated by a reduction in
the recruitment of young-of-the-year fishes to the 0-49-mm (0-2-inch) size class and an increase
catchable size; however, it is unlikely that seasonal in the 50-99-mm (2-4-inch) size class. However
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Figure 3. length frequency distributions of largemouth bass in Par Pond during pre-drawdown (January
1984-January 1985), refill (January 1985), spring post-refill (May and June 1995), and fall post-refill
(September and October 1995).
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Figure 4. Length frequency distributions of lake chubsuckers in Par Pond during pre-drawdown
(January 1984-January 1985), refill (January 1985), spring post-refill (May and June 1995), and fall
post-refill (September and October 1995).
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Figure 5. Length frequency distributions of lake chubsuckers in Par Pond during pre-drawdown
(January 1984-January 1985), refill (January 1985), spring post-refill (May and June 1995), and fall
post-refill (September and October 1995).
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the size distributions of both species in late 1995 severe drought (Bayley and Osborne 1993), and
still remained significantly different (P<0.05) from experimental defaunation (Meffe and Sheldon
the pre-drawdown size distributions. Bluegillex- 1990). Recovery of the Par Pond fish community
hibited a generally similar pattern to largemouth apparently was due to recolonization by species
bass and lake chubsuckers except that the dates of reduced in or temporarily eliminated from the main
the spring 1995 sample collection did not coincide body of the reservoir. These species experienced
with the period of maximum abundance of 0-49- highly successful reproduction following refill,
mm (0-2-inch) juveniles. However, the prominence which resulted in the repopulation of Par Pond with
of the 50-99-mm (2-4-inch) size class in the fall 1995 large numbers of juvenile fishes. The final result

sample collection indicates that bluegill also exhib- was a rapid return to species richness and rankings
ited strong reproductive success following the refill, similar to pre-drawdown conditions, although the
Like largemouth bass and lake chubsuckers, the size size structures of individual species significantly
distribution of bluegill after the drawdown was sig- differed from pre-drawdown size structures. An
nificantly different from that before drawdown important source for species that were largely
(P<0.05). eliminated from the main body of Par Pond to re-

populate the reservoir may have been compara-
The preceding data indicate that the Par Pond draw- lively small refugia located in the headwater stream
down severely disturbed the Par Pond fish com- that feeds Par Pond (Figure 1) and possibly in shal-
munity, resulting in marked reductions in the num- low coves where the regrowth of some aquatic
ber of species and abundance, particularly of those vegetation provided small species (e.g., dollar sun-
species dependent upon littoral zone vegetation, fish, yellow perch, and coastal shiner) with shelter
The size structure of individual species also was from predaceous fish and birds,
affected. That these changes were a consequence
of the drawdown is suggested by the fact that sam- It is likely that both immigration and reproduction
pling prior to the drawdown showed the Par Pond contributed to the recovery of the Par Pond fish
fish community to be temporally stable in terms community with the influence of reproduction
of species' persistence and the general ranking of more evident. However, a "seed pool" for
species' abundances (i.e., the same basic group of recolonization is clearly essential, thus underscor-
species numerically dominated the community al- ing the importance of refugia where some individu-
though shifts in the relative ranking of these spe- als can persist during a perturbation. The number
cies were not uncommon). The effects of the draw-' of individuals sustained in refugia probably does
down on the Par Pond fish community were ap- not need to be large given the biotic potential of
parently the result of marked reductions in habitat most fishes (Nikolsky 1963). The other require-
size and changes in habitat quality, including the ment for successful expansion of recolonizing spe-
temporary loss of the littoral zone and its associ- cies is the presence of a suitable habitat for them
ated vegetation. and their early life stages. Such habitat was pro-

vided in Par Pond first by inundated terrestrial veg-
Fish community structure in Par Pond rapidly re- etation and subsequently by the rapid regrowth of
covered following refill, indicating that it is resil- aquatic vegetation between the drawdown shore-
ient to disturbances resulting from changes in wa- line at the 55-meter (181-foot)-elevation and the
ter level. In this respect the Par Pond fish commu- restored 61 -meter (200-foot)-elevatioh shoreline,
nity resembles stream fish communities, which both of which presumably provided shelter from
have been shown to recover relatively quickly from predators and spawning substrate for phytophilous
perturbations of even a relatively extreme nature species. Observations during sampling indicated
such as catastrophic flooding (Matthews 1986), that young-of-the-year fishes aggregated near such
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shelter. The importance of habitat in determining state. The increase in blueback herring abundance
the structure of recolonizing fish assemblages also in Par Pond following the drawdown may be an
has been noted for stream fish communities (Meffe example of this, although more time will be needed
and Sheldon 1990). " to assess the permanence of this change. Lastly,

rapid restoration of the littoral zone habitat
While species composition and richness rapidly through the regrowth of aquatic vegetation un-
returned to pre-drawdown levels once Par Pond doubtedly contributed to the recovery of the Par
refilled, the size structure of individual species was Pond fish community. Factors that interfere with
significantly different than before the drawdown, the natural recovery of littoral zone habitat, such
Pre-drawdown size structures of largemouth bass as vegetation contrpl programs, might result in
and lake chubsucker were generally characteristic slower or incomplete restoration of the fish com-
of established and relatively stable populations with munity.
a preponderance of large individuals. Substantial
numbers of large bluegill were also present, al- Condition factors
though this species was strongly represented by
juveniles as well. Post-drawdown species size Past studies have indicated that largemouth bass
structures were the reverse of those pre-drawdown, from Par Pond were characterized by unusually low
with a preponderance of juveniles and relatively condition factors (K) (Paller and Saul 1985). This
few large fish. Such size structures are character- was attributed to increased metabolic rates among
istic of expanding populations (Rickelefs 1982) and Par Pond bass due to elevated temperatures result-
are the result of highly successful reproduction in ing from the discharge of heated cooling water into
the restored habitat. Given their probable growth Par Pond (Gibbons et al. 1978). Conversely, it also
rate (Carlander 1969,1977) it is likely that the size was hypothesized that the low condition factors
distributions of largemouth bass and other com- wereprimarily the result of inadequate forage with
paratively long-lived fishes will require at least sev- elevated temperatures, perhaps playing a second-
eral years to return to their pre-drawdown struc- ary role (Paller and Saul 1985). A comparison of
ture. pre-drawdown largemouth bass condition factors

with fall post-refill condition factors indicated that
To the extent that Par Pond is representative of both were quite similar and lower than is typical
other southeastern reservoirs, the results of this for most reservoirs (Table 5). Reasons for low
study suggest that southeastern reservoir fish com- condition in late 1995, approximately seven years
munities are highly resilient to extensive and rela- after the cessation of reactor operations, are un-
tively long-term reductions of habitat volume and clear. Substantial amounts of forage-sized fish
to the destruction of littoral zone habitat. Reser- (blueback herring and young-of-the-year of a num-
voir fishes may be resilient to such impacts be- ber of species) were present in Par Pond in 1995,
cause of their long evolution in lotic and lentic suggesting that adult bass should have had adequate
systems that naturally experience changes in wa- food supplies, although relatively dense regrowths
ter level as a result of intra- and interannual varia- of aquatic vegetation and the inundated terrestrial
tions in rainfall. They may be less resilient to vegetation may have reduced the success of
impacts that do not mimic natural environmental predators by providing smaller fish with shel-
perturbations, such as the presence of toxic mate- ter. The average condition factor o'f Par Pond
rials. Further, a major perturbation, such as a draw- bluegill in fall post-refill samples was 1.64, only
down, could affect the balance between closely slightly lower than the pre-drawdown condition
competing species and result in subsequent shifts (1.72). Comparative data for other species are
in species composition from the pre-disturbance unavailable.
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Table 5. Condition (K) of largemouth bass in Par Pond before drawdown and after the refill.

Total length
(mm)

Sii'i'iiiiiSS^
100-200
201-300
301-400
>400

Pre-drawdown

K
•X:X:X:X:X:XtX;XvX

1.08
1.16
1.21
1.12

Number
XvX*X*X*X*X*XvX*Xvt**

275
342
656
581

K
x*x*x*x*x*x*x*x*x*x*

1.13
1.16
1.27
1.12

Fall post-refill

Standard
error

:x:::x'x:x:x'xvXvX:x:x
0.023
0.026
0.024-
0.104

Number
¥x:X:XvX-:'x-x::':'x

10
17
17
8*

Significant at an experiment-wise error rate of P<0.05.

Contaminants in Par Pond fish

The geometric mean total mercury concentration
in Par Pond largemouth bass (whole fish) was 581
(Xg/kg (Table 6). These concentrations were greater
than in L-Lake largemouth bass (351 |Xg/kg). To-
tal mercury concentrations in Par Pond largemouth
bass increased significantly (P<0.001) with fish
size (Figure 6), reflecting bioaccumulation in older
fish. Mercury contamination is common among
fish taken from SRS water bodies that receive in-
puts of Savannah River water (Newman and
Messier 1994). It is likely that much of this mer-
cury originates offsite as suggested by mercury
concentrations in largemouth bass collected from
the Savannah River during 1992-1994 (geometric
mean of 557 jxg/kg; Westinghouse Savannah River
Company Environmental Monitoring Section
[EMS], unpublished data), which were approxi-
mately the same as mercury concentrations in Par
Pond Iargemouth bass (Table 6).

The geometric mean mercury concentrations in
bluegill and lake chubsucker from Par Pond aver-
aged 154 and 133 |Xg/kg, respectively (Table 6),
substantially lower than in Par Pond largemouth
bass. Because mercury bioaccumulates in aquatic
food chains, concentrations are typically higher in
top predators (such as largemo.uth bass) than in
species that feed at lower trophic levels (such as
bluegill and lake chubsuckers) (Rowan and
Rasmussen 1994).

Mercury body burdens in fish often increase when
a reservoir is initially filled because of an increase
in methylation as a result of greater microbial ac-
tivity. There was concern that similar increases
could occur in Par Pond after the reservoir was
refilled following its extended drawdown. Jagoe,
et al. (1994) observed that mercury concentrations
in largemouth bass ranged from approximately 50-
1900 jig/kg (n=300) just before the drawdown, dur-
ing the drawdown, and after the drawdown was
completed (1991-1993). Samples taken by EMS
when Par Pond was drawn down (1992-1994) in-
dicated that mercury concentrations in largemouth
bass ranged from 170-2730 |Xg/kg with a geomet-
ric mean of 1293 p.g/kg (n=16). These values can
be compared with the fall post-refill (Septem-
ber 1995) geometric mean mercury concentra-
tion of 581 \ig/kg in largemouth bass (maximum
of 3180 jxg/kg; Table 6). This comparison indi-
cates that as of September 1995 (approximately
six months after refill was completed), there was
little evidence of increased mercury body bur-
dens in Par Pond largemouth bass. Continued
monitoring will determine if increases occur in
the future.

The geometric mean cesium-137 concentration in
Par Pond largemouth bass (whole fish) was 4.61
pCi/g (Table 6), nearly an order of magnitude
higher than in L-Lake largemouth bass (0.62 pCi/g;
Paller 1996). Body burdens of cesium-137 increased
significantly (P<0.001) with fish size (Figure 7), in
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Table 6. Average total mercury (|Xg/kg)
from Par Pond. October 1995.

Species
:X:X;XxXvX;H:X;X:

Largemouth
bass
Lake
chubsucker
Bluegill

Largemouth
bass
Lake
chubsucker
Bluegill

Number
XvXvXvX;X>;

38a

4 a

14b

38a

4 a

1 4 b

Mean total
length
(mm)

!%%v***vX*X"X*X"X"X*X

Water, and Sediment Chemistry

and cesium-137 (pCi/g) body burdens in

Geometric
mean (95%
confidence Arithmetic
interval) mean

!*X"XvX*X*X*X*XvX*X*X*<

Total mercury (|i.g/kq wet
347

309

128

581
(493-687)
133
(108-164)
154
(136-175)

Cesium-137 (pCi/g wet
347

309

128

4.61
(4.11-5.15)
3.27
•(2.57-4.10)
1.70
(1.56-1.86)

•X*X*XvX*X*X*X X*!

tissue)
673

140

157

tissue)
4.84

3.41

1.71

Median
::•:•:•:•:•:•:•:•:•:•:•:

576

125

159

4.69

3.73

1.62

fishes collected

Maximum
;X;X ;X;X;X;X;X;X;X*X"X

3180.. ..

216 • /

203

8.57

4.38

2.29

a Most samples consisted of individual fish, except for small specimens, which were composited,
b Most samples were composites of a number of individuals.

contrast to L Lake, where largemouth bass total
length and cesium-137 concentration were unre-
lated (Paller 1996). Geometric mean cesium-137
concentrations in bluegill and lake chubsucker
were 1.70 and 3.27 pCi/g, respectively (Table 6).
As with largemouth bass, bluegill from Par Pond
were characterized by much higher cesium-137
body burdens than bluegill from L Lake (Paller
1996) (cesium-137 was not analyzed in lake
chubsuckers in L Lake). Greater cesium-137 body
burdens in Par Pond fish probably reflect greater
contamination of Par Pond with cesium-137 as a
result of radionuclide releases from P arid R Reac-
tors. Other factors such as differences in fish age
and trophic dynamics may also play a role. Ce-
sium-137 concentrations in Par Pond largemouth
bass were substantially higher than values re-
ported in largemouth bass from, the uncontami-
nated Clarks Hill reservoir (Sugg et al. 1995) and
higher than values recently reported for large-
mouth bass from the Savannah River (Jannik
1996).

Changes in the Par Pond water chemistry appeared
to be responsible for increased levels of cesium-
137 in Par Pond bass during the early stages of the
drawdown (Whicker et al. 1993a).- However, ce-
sium-137 levels in largemouth bass collected in
the fall of 1995 (4.6 pCi/g wet weight [Table 6])
were somewhat lower than in 19 largemouth bass
collected from Par Pond by Whicker (1991) just-
before the start of the drawdown (8.8 pCi/g wet
weight). Although Whicker's measurements were
from the muscle only, which is where cesium-137
accumulates, and the 1995 measurements were
from whole fish, this comparison suggests that the
increases were transient or at least had diminished
in magnitude by late 1995.

Sugg et al. (1995) suggest that elevated levels of
mercury and radiocesium are responsible for low
condition and DNA damage among largemouth
bass in SRS reservoirs. In the present study, large-
mouth bass condition factors were significantly
(P<0.05) related to tissue concentrations of total
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Figure 6. Regression of mercury concentration. (p.g/kg) in largemouth bass of various sizes (total
length in millimeters) collected from Par Pond. October 1995.
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Figure 7. Regression of cesium-137 concentration (pCi/g) in largemouth bass of various sizes (total
length in millimeters) collected from Par Pond. October 1995.
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mercury but not tissue concentrations of cesium-
137 (Table 7). The effects of total mercury and
cesium-137 concentrations on fish weight also
were evaluated by assessing the ability of these
variables to add explanatory power to a length/
weight regression model for Par Pond largemouth
bass (Table 7). Again, tissue concentrations of to-
tal mercury contributed significantly to the model,
indicating that mercury was associated with varia-
tions in fish weight once length was taken into ac-
count. These results are different from those re-
ported for L-Lake largemouth bass (Paller 1996)
in that neither total mercury nor cesium-137 con-
centrations were related to the fishes' condition.
Reasons for this difference are unclear, but may
be related to higher levels of contamination in Par
Pond. Similarly, it is uncertain whether high body
burdens of mercury are directly responsible for low
condition among Par Pond largemouth bass or
whether the correlation between these variables
results from other factors that have not yet been
elucidated.

Contaminants in Par Pond sediments and water

Radionuclides have been detected in Par Pond sedi-
ments (Koch et al. 1996b). However, the radionu-
clide found in the highest concentration, and the
most significant from the perspective of biologi-
cal risk (Whicker et al. 1993b), is cesium-137. Pre-
refill surveys indicated that the average cesium-
137 concentration in Par Pond sediments was ap-
proximately 7 pCi/g (Winn 1991 cited in Hamby
1991) and that cesium-137 concentrations were
higher in deeper portions of Par Pond (Winn 1991).
Other pre-refill studies indicated that the distribu-
tion of cesium-137 was "patchy" over relatively
small spatial scales (Paller and Wike 1996).

Fall post-refill measurements indicated that the
arithmetic mean cesium-137 concentration in Par
Pond sediments was approximately 9.0 pCi/g
(Table 8) and that cesium-137 concentrations were
variable, but highest in the deep water areas lo-
cated relatively far from the post-refill shoreline

(Figure 8). These concentrations and spatial dis-
tribution patterns are similar to those reported be-
fore the refill and suggest that sediment movements
and sediment chemistry changes associated with
the refill have not substantially affected cesium-
137 concentrations or distributions within Par
Pond.

Other gamma-emitting radionuclides present at
detectable levels in-Par. Pond sediments included
actinium-228, cobalt-60, lead-212, potassium-40,.
and thorium-234 (Table 8). However, these con-
stituents had much lower activities than cesium-137.

Mercury, a nonradioactive but potentially toxic
metal, was present in detectable concentrations at
20% of the sample sites (Table 8). The average
concentration, 39 Jig/kg, was below the EPA Re-
gion IV sediment screening value (130 [ig/kg; EPA
1995). However, the highest mercury concentra-
tion, 323 Jig/kg, did exceed the EPA Region IV
screening value for mercury in sediments. As with
cesium-137, the highest mercury concentrations
occurred in the deeper portions of Par Pond (Figure
9).

Several gamma-emitting radionuclides were de-
tectable in water samples from Par Pond including
cesium-137, potassium-40, thorium-234, and lead-
212 (Table 9). These radionuclides also occurred
in the sediments (Table 8). Nonvolatile-beta-emit-
ting radionuclides also were detected in most of
the Par Pond water samples. Element-specific
analyses were not conducted for beta-emitting ra-
dionuclides. None of the metals measured in Par
Pond water samples exceeded EPA Region IV acute
toxicity screening values for surface waters (EPA
1995). However, the detection limits for beryl-
lium, cadmium, lead, mercury, and silver were not
low enough to ensure that these metals were be-
low the EPA Region IV surface water 6hronic tox-
icity screening values.

There was concern that the refill of Par Pond might
cause contaminants in the sediments to become
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Table 7. Regressions of largemouth bass condition (K)
(pCi/g). September 1995.

Dependent
Model variable

v:xXxX;XvXxXv:v:vXxXxXv:v:v:vXvXx:
1 K

2 logio weight

Independent
variable

logio mercury
logio cesium-137
logio total length
logio mercury •
logio cesium-137

on total mercury (u.g/kg) and

F Ratio
l"X*X*XvX*X*!*X*X*X

11.59
0.01

1168.83
17.47

2.00

Probability

0.002
0.952

<0.001
<0.001

0.167

cesium-137

Number
XvXx*X'X'X'X*X'X*X*

36

36
•

resuspended in the water column. Fall post-refill able community level changes in species compo-
cesium-137 concentrations in Par Pond water av- sition or species richness,
eraged 4.9 pCi/L (Table 9), only slightly more than
before the drawdown (3.5 pCi/L; Boni 1991), in- Anticipated effects of fluctuating water levels on
dicating little evidence of resuspension. The slight the Par Pond fish community
difference between these measurements could be
seasonal, since cesium-137 concentrations in the Shutdown of the Savannah River water distri-
Par Pond water vary seasonally (Alberts et al. bution system could cause the water level of Par
1979). Pond to fluctuate by as much as several feet in

response to seasonal changes in rainfall and
The cumulative impact of the contaminants in Par evaporation. There is considerable literature
Pond water and sediments on the Par Pond fish showing that water level fluctuations can directly
community is not certain. Recent reports (Sugg et and indirectly affect fish communities. Direct
al. 1995) suggest that elevated mercury and ce- effects occur as a result of changes in the area
sium-137 levels in SRS reservoirs are associated and volume of water, changes in the availability
with genetic damage to largemouth bass. How- of spawning substrate and cover, alterations in
ever, Par Pond has supported a diverse, self-sus- the availability of food, and dewatering of eggs
taining fish assemblage comparable to that in other and larvae (Lantz et al. 1964; Estes 1972;
southeastern reservoirs for many years (Paller and Gaboury and Patalas 1984): Indirect effects can
Saul 1985) despite the presence of these contami- occur as a result of alterations in the type and
nants. Further, this community was resilient quantity of littoral zone aquatic vegetation and
enough to recover quickly from the disruptive ef- water-level related changes in susceptibility to
fects of the Par Pond drawdown. Lastly, a conser- summer and winter kills (Gaboury and Patalas
vative ecological risk model recently was used to 1984). The magnitude of these effects and
evaluate the effects of radiological contamination whether they are beneficial or deleterious largely
on Par Pond fish. The results indicated that dose depends on the extent and timing of the water
levels in Par Pond were at least an order of magni- level fluctuations,
tude lower than those documented as causing mor-
tality (Hinton and Whicker, in press). In summary, Moderate decreases in water level during the fall
current evidence suggests that contaminants in Par and winter followed by increases in the spring gen-
Pond may be responsible for individual effects such erally have beneficial effects on fish populations,
as genetic damage that could be manifested in rela- These benefits have been summarized by Liston
tively subtle population effects, but not in measur- and Chubb (1985) as follows:
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Table 8. Concentrations of gamma-emitting radionuclides (pCi/g) and mercury ((Xg/kg) in Par
sediments. September 1995.

Analyte (pCi/g)
•X*X*X*X*X*XvX*XvXvX

Actinium-228
Antimony-124
Antimony-125
Barium-133
Cerium-144
Cesium-134
Cesium-137
Cobalt-57
Cobalt-58
Cobalt-60
Europium-152
Europium-154
Europium-155
Lead-212
Manganese-54

• Neptunium-239
Potassium-40
Promethium-144
Promethium-146
Ruthenium-106
Sodium-22
Thorium-234
Tin-113
Yttrium-88
Zinc-65
Zirconium-95
Mercury (ug/kg)

Average
detection
limit

0.03
0.01
0.05
0.02
0.09
0.01
0.01
0.01
0.01
0.01
0.04
0.08
0.05
0.02
0.01
0.08
0.08
0.01
0.03
0.12
0.01
0.54
0.02
0.01
0.02
0.02
40.2

Percent
detects8

100
0

0
0
0

0
100

0

0
40

0
0
9

100
93
18
64

0

2
0
0

62
0
0
0
2

20

Arith.
mean

i-x-x-x-x*
1.16

9.01

0.06
-

0.03
1.2

0.02
0.05
0.61

0.01

0.81

0.01
38.81

LCIb

1.05

2.36

1.08
0.02

0.42

0.67

UCIC

!*X"X*X*X*I I

1.27

15.66

1.32
0.02

0.8

0.95

Maximum
•:•$:$:$:$:$:$:

1.97

124

1.13

0.13
2.04
0.05
0.23
3.17

-
0.11

1.7

0.04
323.00

Geo.
. mean
X;X;X;X;X;Xv

1.14

3.17

0.05

0.02
1.19
0.02
0.05
0.51

0.02

0.74

0
23.55

LCIb

0.45

1.5

0

0.48
0

0.14

0.25

Pond

UCIC

x'?x"$:£
2.14

5.95

2.23
0.09

1.01

1.42

Sample size was 45.
Lower confidence limit was not calculated if fewer than 50% of the samples were below the
detection limit
Upper confidence limit was not calculated if fewer than 50% of the samples were below the
detection limit

the inundation of shoreline vegetation, which littoral zone species as terrestrial areas are
initiates its decomposition and subsequent re- flooded; and
lease of nutrients; • • the creation of a new area of aquatic habitat that
the addition of terrestrial food sources (e.g., in is sparsely populated with aquatic predators and
sects) to the water; competitors stimulates reproductive success and
the addition of shelter and spawning habitat for . growth of fishes that repopulate the area.

WSRC-TR-96-0208 21



Table 9. Radionuclide and metal concentrations in Par Pond water. Samples were taken near the top and near the bottom. September
1995.

Radioisotopes
::::::::::::::::::::::::::::::::::::::::::::

Actinium-228
Antimony-124
Antimony-125
Barium-133

• Cerium-144
Cesium-134 ""
Cesium-137
Cobalt-57
Cobalt-58
Cobalt-60
Europium-152
Europium-154

vEuropium-155
Gross alpha
Lead-212
Manganese-54
Neptunium-239
Nonvolatile beta
Potassium-40
Promethium-144
Promethium-146
Ruthenium-106
Sodium-22
Thorium-234

Tin-113
Yttrium-88
Zinc-65
Zirconium-95

Units

"\V*.V*.V*.V*,

pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/I
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l
pCi/l

Average
DLa

x :x :i :: :x :: :x*
10.41 •
2.80
6.96
3.22

18.10
2.53
2.52
2.33 •
2.59
2.66
7.25

24.65
9.92

. 0.74
4.98
2.40

17.77
1.37

28.80
2.57
3.44

24.18
2.49

119.50
3.17
2.82
4.99
4.96

Percent
detectsb

IYV.Y'.YIYV.YV.Y
0

0
0
0
0
0

100
0
0
0
0
0
0
0

25
0
0

100
50

0
0
0
0

50
0
0
0
0

Top
Arithmetic Geometric
mean mean

*&•&&;$£&& &£&$£•&#

4.92 4.75

2.22 2.16
28.41 25.30

153.25 127.82

Maximum

.Y:;:.Y:.':.<:.Y:.Y:::.':

7.25

30.10
1.38

2.82
45.60

275.00

Average
DLa

Si-xf&iv'iv':-
10.34
2.66
7.07
3.36

17.33
2.35
2.73
2.23
2.64
2.54
7.48

22.90
9.67
0.72
5.02
2.59

17.35
1.47

23.40
2.65
3.31

24.12
2.79

112.75
3.30
3.12
5.12
4.52

Percent
detectsb

Y'.Y'.YiY-.Y-.Y'.Y1

0
0
0
0
0

100
0
0
0
0
0
0
0

• 25
0
0

75
50

0
0
0
0

75
0
0
0
0

Bottom
Arithmetic
mean

•::::x'::::::::::::x'x

5.43

2.39
27.30

120.38

Geometric
mean

Xv'x;X?:;X;X*x

5.31

2.24
23.55

113.82

Maximum
x'x:::::x::::::::::::

6.84

• 8.48

3.13
45.40

151.00

DL = detection limit
Sample size = 4.



Table 9 (continued). Radionuclide and metal concentrations in Par Pond water. Samples were taken near the top and near the bottom.
September 1995.

Metal
vXvX'XsvXvX'XvX*

Aluminum

Antimony

Arsenic

Barium
Beryllium

Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

, Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thalium

Vanadium

Zinc

Units

•X-XvXvX
Hg/|

u.g/1

u.g/1

M-g/i

ng/l
jj.g/1

ji.g/1

jj.g/]

ng/i •

Hg/|

ra/i
(xg/i
jig/1

ng/i
ixg/l

ng/i
ng/i
ng/i
jj.g"/|

u.g/1

ng/i

ra/i

Average
DLa

20

5

5

3

3

2

20

4

4

4

18

5

20

2

0

10

500

5

2

100

5

10

5

Percent
detects'5

X;X;X;X;X;X;X

100

50

75

100

25

25

100

0

25

0

100

0

100

100

0

50

100

25

0

100

50

0

25

Top
Arithmetic
mean

&x":&:::::£::::::::x"
35

2

2

11

1.3

1

3396

2

2

2

266

2

737

39

0.1

2

930

2

1

3739

2.5

4.4

3

Geometric
mean

$x:::x'$x"::::::
31

2

2

10

1.3

1

3387

2

2

2

268

2

740

36

0.1

2

932

2

1

3714

2.5

4.2

3

Maximum

X'X'X'X'X'l'X*
72

3

3

18

1.5

1

3555

2

2

4

286

3

764

66

0.1

5

946

3

1

3980

2.7

5.0

4

Average
DLa

$:-:-x'-&:£S
20

5

5

3

3

2

20

4

4

4

18

5

20

2

0

10

500

5

2

100

5

10

5

Percent
detects15

:•:•:•:•:•:•:•:•:•:•:•:•:
100

25

50

100

0

0.

100

0

25

0

100

0

100

100

0

0

100

50

0

100

0

0

50

Bottom
Arithmetic
mean

::••:••$:$:$:$:$:$••

59

2

3

10

1.5

1

3523

2

2

2

279

3

737

41

0.1

5

939

3

1

3775

2.5

5.0

3

Geometric
mean

:x*£x£:£:£:-:£
57

2

3

10

1.5

1

3547

2

1

2

274

2

740

37

0.1

5

932

3

1

3801

2.5

5.0

3

Maximum

^x'::::S:i:i:x'::
79

3

4

15

1.5

1

3770

2

2

2

318

3

766

73

0.1

5

965

3 •

1

4120

2.5

5.0

4

O

a
(A

I
0)

a
8?
a

I
O
CD

a DL = detection limit
b Sample size = 4.
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Figure 8. Cesium-137 sediment concentrations at different locations in Par Pond. Locations represent
points on transects extending across the reservoir arm. The deepest areas were generally in the vicinity
of locations 5-8.
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Figure 9. Total mercury sediment concentrations (|ig/kg) at different locations in Par Pond. Locations
represent points on transects extending across the reservoir arm. The deepest areas were generally
in the vicinity of locations 5-8.
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As a result of these benefits, winter drawdown evidence of the resiliency of this community and
followed by spring refill is a commonly used its ability to recover from changes in water level,
technique for managing reservoir fish popula- even when the timing and magnitude of such events
tions. are inimical.

Although winter drawdown followed by spring
refill is often beneficial, other fluctuating water
level scenarios can be detrimental to reservoir fish
populations. Water level fluctuations during the
spawning period (spring and early summer for most
southeastern fishes) can dewater spawning areas,
causing the loss of eggs and larvae: (Gaboury and
Patalas 1984). Spring drawdowns can deprive lit-
toral-zone species of essential spawning habitat and
result in reproductive failure (Estes 1972). Ex-
treme drawdowns can cause water chemistry
changes that result in fish kills (Gaboury and
Patalas 1984). Generally, moderate water level
changes that mimic natural cycles of water level
(increase in late winter and spring due to heavy
rainfall and/or snowmelt and subsequent reductions
in late summer through winter) are beneficial, pre-
sumably because southeastern fishes have evolved
to take advantage of such changes. In contrast,
unnatural water level regimes, such as extreme or
frequent fluctuations or spring drawdowns, have
deleterious effects.

Hydrologic models suggest that Par Pond water
level will fluctuate by several feet following the
shutdown of the river water distribution system
(COE 1994). The water level will be largely dic-
tated by rainfall, resulting in a general trend of a
higher water level in the late winter and spring and
a lower level from the late summer through mid-
winter. However, there will undoubtedly be some
years with uncharacteristic water levels because
of the partially random nature of weather patterns
(e.g., fall hurricanes). Such water level fluctua-
tions are unlikely to have inimical effects on the
Par Pond fish community, and in years of high
spring water levels, are likely to result in the pro-
duction of unusually strong year classes. The rapid
recovery of the Par Pond fish community follow-
ing the extended 1991-1995 drawdown provides

Littoral zone vegetation constitutes an important
habitat for many of the fish species in Par Pond.
Water level fluctuations may cause the vegetation
assemblage to change in terms of species compo-
sition, but is unlikely to cause large changes in
overall vegetation coverage (H. E. Mackey,1 per-
sonal communication). Changes in vegetation may •
have subtle indirect effects on the Par Pond fish
community, but there is currently no reason to an-
ticipate that these effects will be deleterious.

Data collected before and after the Par Pond draw-
down and refill suggest that the refill had little ef-
fect on contaminant levels in the aquatic ecosys-
tem. There was no evidence of long-term
resuspension of contaminants in the water nor was
there evidence of extensive redistribution of con-
taminants as a result of sediment movements (al-
though localized downslope movements of con-
taminants on the exposed shoreline during the
drawdown remains a possibility; Paller and Wike
1996). Also, as of September 1995, there was no
evidence, of increased mercury concentrations in
Par Pond bass as a result of the refill. These data
suggest that future water level fluctuations of sev-
eral feet will neither significantly affect contami-
nant concentrations nor distribution patterns in the
Par Pond aquatic ecosystem.

Summary and Conclusions

For the first 30 years of its existence, Par Pond
received heated effluent from one or more nuclear
reactors. It was also inadvertently contaminated
with low levels of mercury and radionuclides, pri-
marily cesium-137. Despite these impacts, Par
Pond supported a diverse, self-sustaining, and rela-
tively stable community of fishes generally simi-
lar to the fish communities found in other south-
eastern reservoirs.
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From 1991 to 1995, the water level of Par Pond
was drawn down approximately 6 meters (20 feet),
resulting in a 50% reduction in surface area, a 65%
reduction in volume, and the temporary elimina-
tion of the littoral zone. The four-year drawdown
adversely affected the Par Pond fish community
as indicated by significant reductions in the aver-
age number offish and number offish species col-
lected at electrofishing transects. However, these
effects were temporary. Within seven months of
Par Pond refilling to its former level, the number
of fish species, number of fish, and relative abun-
dance of fish had returned to pre-drawdown lev-
els. However, the size structures of the fish popu-
lations differed from pre-drawdown size structures
in that young individuals were more abundant and
large individuals less abundant. The rapid recov-
ery of the Par Pond fish community demonstrated
its resiliency to the effects of water level changes.
Factors that contributed to this resiliency included
the ability of fish to rapidly recolonize newly in-
undated habitat, high reproductive capacity, and the
rapidregrowth of aquatic vegetation, which provided
cover for juvenile fishes in formerly exposed areas.

There was concern that erosion of exposed shore-
line during the drawdown, possible resuspension

of sediments during the refill, and biological and
chemical changes associated with the drawdown
and refill might result in greater contamination of
Par Pond organisms. However, as of late 1995,
there was no evidence of increased contaminant
concentrations in Par Pond largemouth bass. Simi-
larly, there was no evidence of increased contami-

nant levels in Par Pond water nor of gross changes in
the distribution of contaminants in the Par Pond sedi-
ments. As of late 1995, mercury levels in Par Pond
largemouth bass were generally similar to those in
Savannah River largemouth bass. However, cesium-
137 levels in Par Pond largemouth bass were higher
than in largemouth bass from the Savannah River.

Current plans to shut down the SRS river water
distribution system would cause the-.water level of
Par Pond to fluctuate by as much as several feet in
response to seasonal changes in rainfall and evapo-
ration. Considerable research on the effects of fluc-
tuating water levels in other reservoirs indicates
that fluctuations are not harmful and may even be
beneficial if they are not extreme and match the
fluctuations generally characteristic of a normal
hydrologic cycle (i.e., high in spring and low in
late fall and early winter). Fluctuations in the wa-
ter level of Par Pond, because they would be de-
termined largely by local weather patterns, would
follow natural patterns, although there may be
some years in which low water levels during the
spring could reduce fish reproductive success.
However, as the drawdown studies have demon-
strated, such effects are likely to be temporary due
to the resiliency of the Par Pond fish community.

The drawdown studies also indicate that fluctua-
tions in the water level of Par Pond are unlikely to
increase contaminant levels in Par Pond biota or re-
sult in long-term resuspension of contaminants in the
water column. In summary, natural water level fluc-
tuations of several feet in Par Pond are unlikely to
deleteriously affect the Par Pond fish community.
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