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Abstract: Discharge of selenium (Se)-contaminated water into Belews Lake, North Car-
olina, resulted in a significant decline in fish diversity and biomass. However, fish pop-
ulations in this cooling reservoir slowly recovered during a 10-year period from this
contamination once Se inputs into the lake ceased. During this period, Se concentra-
tions in skeletal muscle of fish declined, number of taxa increased from 7 to 22, and es-
timated fish biomass increased from 5.67 to 79.66 kg/ha.
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Selenium is a trace element that, in low concentrations, is essential for good nu-
trition in fish (Sorensen 1991), but in slightly elevated concentrations (over that re-
quired for good nutrition), can result in developmental abnormalities, reproductive
failure, and death in fish (e.g., Cumbie and Van Horn 1978, Garrett and Inman 1984,
Gillespie and Baumann 1986, Crane et al. 1992, Lemly 1993, Saiki and Ogle 1995).
Belews Lake was one of several aquatic ecosystems in the United States that was
contaminated with Se in the 1970s and 1980s and the impact of this contamination
has been well documented (Cumbie and Van Horn 1978; Olmsted et al. 1986; Lemly
1993, 1997; Duke Power 1996). While the toxic effects of Se on fish are generally
well known, little is known regarding the recovery of fish populations in Se-contami-
nated ecosystems. The objective of this study was to document the recovery of fish
diversity and biomass in Belews Lake following Se contamination.

Methods

Belews Lake is a 1,560-ha Duke Power reservoir in northwestern North Car-
olina with a mean depth of 14.6 m and an average retention time of about 1,500 days.
Belews Lake was contaminated when water containing 150-200 |ig/liter Se was dis-
charged into this cooling reservoir from the ash basin at the 2,240-MW Belews Creek
Steam Station (BCSS). From initial operation of BCSS in 1974 and continuing
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through 1984, the disposal of fly and bottom ash (which contained Se) resulting from
combustion of coal at BCSS was wet-sluiced from the station into a nearby 142-ha
ash pond. This ash pond reached full pool about a year after BCSS began operating
and the first Se-contaminated overflow water was discharged into Belews Lake in fall
1975. This resulted in an increase in the incidence of developmental abnormalities in
fish (Lemly 1993, 1997) and a significant decline in fish diversity and biomass
(Cumbie and Van Horn 1978). In 1984, a dry ash handling system was implemented
at BCSS and discharges of Se into Belews Lake were terminated in 1985.

To document the recovery of fish populations in Belews Lake, Se concentrations
in selected fish taxa and fish diversity and biomass were monitored. Selenium con-
centrations were determined from 1983 through 1994 using neutron activation analy-
sis conducted by personnel in the Department of Nuclear Engineering, North Car-
olina State University, as described by Finley (1985). Skeletal muscle from catfish

Figure 1. Fish sampling locations in Belews Lake, North Carolina. Circles indicate coves
sampled with rotenone.
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(Ameiurus spp. and lctalurus spp.), green sunfish (Lepomis cyanellus), and bluegills
(L. macrochirus) were analyzed. All taxa were generally collected from 5 stations
(Fig. 1) in spring and fall of most years using electrofishing or trap netting. We at-
tempted to collect 9 fish of each taxon at each station during each sampling period for
analysis, but this was not always possible. When sufficient numbers of each taxon
were collected, tissue from 3 fish were combined into a composite sample and 3
composite samples per station were analyzed. When insufficient numbers of each
taxon were collected, composite samples were still used, but the number of fish in a
composite sample and the number of composite samples were based on the number
of fish collected. Mean Se concentrations (ug/g, wet weight) for composite samples
from selected fish taxa were determined.

Fish diversity and biomass were estimated from cove rotenone surveys as de-
scribed by Surber (1959) and Hall (1974). Two coves (each 0.4 ha) in lower Belews
Lake (Fig. 1) were sampled in July or September 1977, 1980,1981, and 1984-1994.
Fish were collected for 2 consecutive days, sorted by taxa, and weighed in aggregate.
Biomass estimates (kg/ha) were calculated as mean values obtained by combining
data from both coves.

Analysis of variance (Steel and Torrie 1960) was used to evaluate differences in
fish diversity and biomass among years. If significant annual differences were noted,
Duncan's Multiple Range Test (Steel and Torrie 1960) was used to identify annual
differences. Recovery was evaluated using Mests (Steel and Torrie 1960) to deter-
mine differences in fish diversity and biomass reported in 1972-1975 (before Se con-
tamination was obvious) and in 1991-1994. All statistical comparisons were consid-
ered significant at P <0.05.

Results and Discussion

Selenium Concentrations

Mean Se concentrations in fish collected from Belews Lake varied by location
and year (Fig. 2). Fish from Stations 1-4 (downlake) generally exhibited similar Se
concentrations that ranged up to 21.7 ug/g. Concentrations of Se in fish from Station
5 were considerably lower than concentrations noted in fish from downlake stations
and rarely exceeded 3.0 ug/g. Station 5 was the only area of Belews Lake where Se
concentrations in fish were not consistently elevated. Fish in this area of the reservoir
also did not exhibit a decline in diversity and biomass as noted downlake (Duke
Power, unpubl. data).

Mean Se concentrations in catfish, green sunfish, and bluegill were highest in fish
collected from 1983 through 1987 at the downlake stations (Fig. 2). Maximum Se con-
centrations of 10.4, 21.7, and 16.5 ug/g were noted for these taxa, respectively. In con-
trast, maximum Se concentrations at Station 5 during the 1983-1987 period were 1.8,
14.9, and 3.2 ug/g for catfish, green sunfish, and bluegills, respectively. The 14.9 ug/g
Se concentration for green sunfish at Station 5 greatly exceeded all other Se concentra-
tions observed at this station. This unusually high value may have resulted from the col-
lection of green sunfish at this station that had migrated into the area from downlake.

1997 Proc. Annu. Conf. SEAFWA



212 Barwick and Harrell

Catfish

10 .

8 :

fi

4

2 .

A
. /v0 iW\

—•—fl

—A

—M

Station 1 I

, _ Station 2

^_ Station 3

, _ Station 4

, _ Station 5 j

Green sunfish

Bluegill

Year and season

Figure 2. Mean selenium concentrations (ug/g, wet weight) in catfish, green sunfish, and
bluegills collected in spring (S) and fall (F) from Belews Lake, North Carolina.

Mean Se concentrations generally began to decline in fish at the downlake sta-
tions by 1987 or 1988. By 1992, maximum Se concentrations observed at downlake
stations were 2.6 jjg/g for catfish, 3.8 ug/g for green sunfish, and 3.2 |ig/g for
bluegills. After 1992, Se concentrations in catfish, green sunfish, and bluegills at the
downlake stations remained <5.0 ug/g and were only slightly higher than concentra-
tions at Station 5.

Fish Populations

Diversity and biomass estimates of fish in Belews Lake fluctuated in cove sam-
ples collected from 1977 through 1994 (Table 1). Overall, there was a significant in-
crease in fish diversity (F = 4.33, P <0.005) and biomass (F= 3.61, P <0.011) during
the 1977-1994 period. However, fish diversity and biomass were similar in 1977,
1980, and 1981, and represented the lowest estimates recorded for this reservoir.
During this period, diversity ranged from 7 to 13 taxa and biomass ranged from 5.67
to 15.02 kg/ha. Common carp (Cyprinus carpio) and channel catfish (I. punctatus)
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Table 1. Mean annual estimates of fish biomass (kg/ha) collected from coves in Belews Lake, North Carolina. Data reported for 1972-1976 are from Van Horn (1978).
Values of 0.00 indicate the presence of a taxon; however, estimated biomass was <0.005 kg/ha.

9

Taxa

Blueback herring
Alewife
Gizzard shad
Threadfln shad
Satinfin shiner
Red shiner
Common carp
Golden shiner
Sandbar shiner
Fathead minnow
Creek chub
Unidentified Cyprinidae
White sucker
Unidentified Moxostoma
Snail bullhead
White catfish
Black bullhead
Brown bullhead
Flat bullhead
Channel catfish
Margined madtom
Unidentified Ictaluridae
Redfin pickerel
Eastern mosquitofish
White perch
Redbreast sunfish
Green sunfish
Pumpkinseed
Warmouth
Bluegill
Redear sunfish
Lepomis hybrid
Largemouth bass
White crappie
Black crappie
Johnny darter
Yellow perch

Total

1972

0.19
0.15

22.48
15.08
0.01

2.06
0.02

0.05
0.66

4.05
0.48
0.08

0.54
0.00
0.01
6.36

11.18
13.94
7.16

18.26

11.13
0.83
0.72

115.44

1973

1.13
0.01

17.21
9.56

3.12

0.07
1.45

3.45
1.50
0.01

0.10
0.00

6.78
2.86

12.31
4.76

34.85
0.03

11.07
2.47
0.87

113.61

1974

0.14

0.00
0.01

16.87
0.44
0.00

1.18

0.02
1.11

1.28
2.14

0.01
0.01

4.36
1.92
8.09
3.09

28.96
0.18

6.68
0.20
0.24
0.00
0.03

76.96

1975

0.04

0.07
17.18
0.01

16.24
0.49

0.40

0.02
0.53

3.90
1.19

0.00
0.17
5.15
1.10
4.82
3.53

26.18
0.24

4.96
0.25
0.21
0.00
0.03

86.71

1976

0.05

1.54
0.06

0.01

2.60

7.68
0.85

0.15
3.06
0.19
2.41
7.33
0.77

0.01
0.14
0.26

27.11

1977

0.10

4.51

0.30

0.46
8.51

0.34

0.09
0.15
0.10
0.01
0.24
0.17

0.04

15.02

1980

0 03
0.03

2.41

0.50
0.48

1.10

0.62

0.03
0.15
0.32

5.67

1981

0.76

6.50

0.19

0.57

1.64

0.32

0.11

10.09

1984

0.82

9.59
15.40
0.13

6.19

0.14

0.88
0.13

1.21

0.02
9.59

0.05
1.37
1.18
0.02

0.20
0.15

47.07

1985

0.42
0.01
4.91
1.99
0.42

3.49

0.05
0.48
1.61
0.33
1.94

0.41

0.10
25.95
0.02
0.11
0.56
1.85
0.21

44.86

1986

0.13
0.12
3.98
4.36
0.15

0.79

1.68

5.03

0.00

0.52

24.26

0.06
0.61
0.47
0.18

42.34

1987

5.22
0.27
2.36
7.82
0.06

0.06

0.23

0.58
0.54
2.01

0.04

0.08
38.06
0.09
0.20
2.69
0.12
0.02

2.17

62.62

1988

7.69
2.75
0.09

12.57
0.33

0.02

1.32
0.36
1.59

0.05

0.10
36.85
0.03
0.23
1.38
0.45
0.01
0.00

0.35

66.17

1989

2.14
0.37
0.02

22.16
0.08

0.18
0.01
0.01
1.49
1.96
2.92

0.01

30.33
0.12
0.15
1.47
0.53
2.59
0.15
0.14
0.00

0.33

67.16

1990

6.16
0.30

4.87
0.10

0.22

1.09
3.86
1.85

0.03

23.51
0.09
0.53
9.70
0.39
1.94
3.37

0.00

0.56

58.57

1991

4.56
0.85

11.93

1.66

1.01
3.68
5.25

0.01

0.01
5.67
0.07
0.22

26.29
0.37
3.29
8.46

0.49

0.13

73.95

1992

18.50
0.66
0.03

8 54

0.11
0.01
0.65
2.46
5.70

0.01

0.22
0.78
0.01
0.20

13.68
1.45
2.08
7.09

0.25

62.43

1993

35.58
0.30
0.01

3.19

1.27

0.50
1.77
5.91

0.01
0.02
0.20
0.44

0.26
23.07
0.80
0.14
6.15

0.02

0.02

79.66

1994

9.22

0.13

0.63
6.83

0.00

1.14
0.42
0.02
0.38

12.95
1.25
0.21
3.19

0.02

36.39
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composed most of the biomass (87%) in 1977, while fathead minnows (Pimphales
promelas) and eastern mosquitofish (Gambusia holbrooki) composed most of the
biomass in 1980 and 1981 (62% and 81%, respectively). Fathead minnows (Ogle and
Knight 1989) and eastern mosquitofish (Cherry et al. 1976) are reported to be more
tolerant than most fish to elevated levels of Se and, in the absence of competition and
predation from other taxa, were apparently able to dominate the fish populations at
that time.

By 1984, fish diversity and biomass had increased significantly over that noted
in 1977-1981 and both remained similar in samples collected through 1994. Fish di-
versity ranged from 14 to 22 taxa and biomass ranged from 36.39 to 79.66 kg/ha.
Even though diversity and biomass estimates in Belews Lake were similar after
1984, considerable change occurred in biomass composition. In 1984, red shiners
(Cyprinella lutrensis), common carp, fathead minnows, and green sunfish composed
87% of the biomass. Red shiners and fathead minnows had declined considerably in
biomass by 1987-1988, and green sunfish then composed 61% and 56%, respec-
tively, of the biomass. The decline in red shiner and fathead minnow biomass was
probably related to the competition and predation resulting from the expansion of
other fish populations in this reservoir.

Green sunfish biomass declined somewhat in 1989-1990, and continued to de-
cline through 1994. By 1994, green sunfish composed only 1% of the biomass col-
lected in the coves. As green sunfish biomass declined, gizzard shad (Dorosoma ce-
pedianum), channel catfish, bluegill, and largemouth bass (Micropterus salmoides)
biomass increased. These taxa began to increase in samples collected in 1990 and
composed >60% of the biomass collected in 1991-1994.

Even with the significant increase in fish diversity and biomass noted for fish in
Belews Lake from 1977 through 1994, diversity and biomass estimates collected in
1991-1994 remained significantly lower (t - 3.9727, P <0.0037 and t = 2.5766, P
<0.0210, respectively) than those reported in 1972-1975 by Cumbie and Van Horn
(1978). A decline in fish diversity and biomass would have been expected to occur in
Belews Lake from that noted in 1972-1975 (when the reservoir was recently im-
pounded). Fish diversity and biomass generally decline in most reservoirs with age
(Patriarche and Campbell 1958, Hashagen 1973, Timmons et al. 1977, Barwick et al.
1995) and Belews Lake would be expected to exhibit a similar trend. No apparent
reason for the observed decline in fish biomass from 1993 to 1994 was known, but it
may be possible that excellent recruitment by largemouth bass in 1991-1993 resulted
in increased predation on clupeids, cyprinids, and centrarchids that was sufficient to
reduce their overall biomass in samples collected in 1994. A similar situation was re-
ported in Lake Keowee, South Carolina (Barwick and Lorenzen 1984).

Since the mid 1970s and early 1980s, numerous and significant changes have
occurred in the concentrations of Se in fish, in fish diversity, and in fish biomass in
Belews Lake. Concentrations of Se have declined in fish tissues, and fish diversity
and biomass have increased significantly. In 1991-1994, the number of taxa and the
estimated biomass of fish in this reservoir were similar to those reported for other
reservoirs with similar levels of productivity in North Carolina and South Carolina
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(Rodriguez and Olmsted 1993) and anglers expended about 16,406 hours fishing this
reservoir from June 1993 through May 1994 (Duke Power, unpubl. data). Thus, it
would appear that the fish populations in Belews Lake had generally recovered from
the Se contamination.

There remains some evidence of Se contamination in this reservoir. Develop-
mental abnormalities are still present in some larval fish (Lemly 1997), and elevated
Se levels are still present in sediments and macroinvertebrates (Duke Power 1996,
Lemly 1997). The impact of Se contamination on the aquatic ecosystem of Belews
Lake will undoubtedly continue at some reduced level for some time. The current im-
pact of these somewhat elevated levels of Se does not appear to have complicated the
recovery of juvenile and adult fish in Belews Lake. Adequate recruitment of young
fish and a substantial sport fishery are currently characteristic of the balanced, in-
digenous fish populations in Belews Lake.
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