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ABSTRACT—In support of a program fo encourage improved water quality in the West Sandy Creek watershed of Henry
Co., Tennessee, measurements of impacted water quality of West Sandy Bay, Kentucky Lake, were undertaken. Vertical profiles
of photosynthetic photon flux density and in situ primary-productivity and respiration rates were determined at mid-bay during
the photoperiod of 5 August 1993. On this date, West Sandy Bay had a high vertical extinction coefficient (2.15), a shallow yet
productive euphotic zone (1.9 m; mean maximum gross-productivity rate = 116 mg carbon mg>h?), low water-column gross
productivity (230 mg carbon mZsurface day?), and high respiration rates (mean = 14.9 + 0.6 SE mg carbon m>h); these are
characteristics indicative of poor water quality. These results help demonstrate the negative impact of the poor-quality water of
the West Sandy Creek watershed on the water quality of West Sandy Bay.

Kentucky Lake is the largest impoundment of the Tennessee River
with a surface area of 64,873 ha at full pool (Tennessee Valley
Authority, 1995). Bays of such large river impoundments often have
poor water quality as a result of nutrient and sediment loading from
tributary streams (Baxter, 1977). West Sandy Bay of Kentucky Lake is
an arm of Big Sandy Bay (Fig. 1) and has a history of poor water quality
as a result of the polluted water it receives from West Sandy Creek
(Finley and Hamilton, 1991).

The West Sandy Creek watershed drains 240 km? of Henry Co.,
Tennessee, including the city of Paris. The water quality of the West
Sandy Creek watershed is poor as determined by the analyses of
sediment and water chemistry and macroinvertebrate-community com-
positions (Finley and Hamilton, 1991). Nonpoint source pollution (i.e.,
many different pollutants entering waterbodies from diffuse sources) is
the major contributor to the poor water quality (Finley et al., 1992).
Streams that drain the West Sandy watershed pick up dissolved and
particulate pollutants from agricultural, silvicultural, and urban sources.

The water-quality problem within the West Sandy watershed is
exacerbated by the large number of stream reaches that are channelized.
Although channelization may be an effective means of flood control, it
often greatly increases the rate of sediment transport and decreases water
quality (Hupp, 1992). The water quality of West Sandy Bay, especially
in terms of transparency, is adversely affected by the West Sandy
pumping station located at West Sandy river mile 3.0. This facility is
operated by the Tennessee Valley Authority and is designed to control
water levels in the lower sections of the West Sandy watershed. The
station pumps water laden with dissolved and particulate matter into
West Sandy Bay, primarily during April, May, and June (Finley and
Hamilton, 1991).

Many aspects of water quality influence phytoplankton productiv-
ity which provides the base for lentic food webs. The purpose of this
study was to examine the in situ phytoplankton-productivity and respi-
ration rates of the water of West Sandy Bay. The research is a
supplement to the evaluation of the ecological impacts of nonpoint
source pollution within the West Sandy Creek watershed by the
Tennessee Department of Agriculture, Nonpoint Source Pollution

Program, and The Center for Field Biology of Austin Peay State
University.

MATERIALS AND METHODS

A vertical profile of photosynthetic photon flux density (PPFD) of
West Sandy Bay was determined on 3 August 1993 at 1300 h under clear
skies to determine the best depth intervals for productivity determina-
tions. The PPED levels were measured with a_spherical underwater
quantum sensor coupled to a Li-Cor quantum meter. On5 August 1993,
the same day of the productivity determinations, vertical profiles of
PPFD were determined at mid-bay at least every 2 h from dawn to dusk.
These data were used to determine the depth of the euphotic zone and the
vertical extinction coefficient (n”). Calculation of n” was based on the
PPFD data from 1130 h and the following formula (Lind, 1979): n” =
(InPPFD__ . - InPPFD, lleplh)/PPFD3 - depi?

Phytoplankton productivity was examined in situ at mid-bay on 5
August 1993 using the bottle-oxygen method (Gaardener and Gran,
1927). Procedures followed standard methods (Clesceri et al., 1989).
The bottle-oxygen method was chosen because it provides community
metabolism estimates of gross-productivity, net-productivity, and whole-
sample (including bacteria, zooplankton, and phytoplankton) respiration
rates. Although underestimation of primary productivity is assumed due
to the -consumption of oxygen by nonphotosynthetic organisms during
incubation of the sample bottles, this method is preferred in eutrophic
waters if long incubation periods are utilized to examine photoperiod
productivity (Vollenweider, 1971; Reynolds, 1990).

Two replicate water samples, taken from two replicate submer-
sions of a Van Dorn sampler, were retrieved from depths of 0.05
(surface), 0.25, 0.50, 1.00, 2.00, and 3.00 m. Each sample from each
depth was transferred to three borosilicate-glass bottles with ground-
glass stoppers: a clear bottle; a darkened bottle; a bottle used to
determine the initial dissolved-oxygen concentration. Transfers utilized
a rubber delivery tube to prevent aeration.

Clear and darkened sample-containing bottles were suspended at
the same depth from which the samples were collected. To eliminate
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FIG. 1. Map showing localities of West Sandy Bay (WSB) and Big Sandy Bay (BSB), Henry Co., Tennessee.

shading effects, clear bottles were suspended in a horizontal position
from different lines. At the end of each 5-h incubation period (0530-
1030, 1030-1530, and 1530-2030 h), the bottles were retrieved. No air
bubble was observed in any of the clear bottles following the three
incubation periods. Concentration of bottle dissolved oxygen was
determined with an aqueous oxygen system (Hansatech Ltd., Kings
Lynn, United Kingdom).

The change in concentration of dissolved oxygen in clear bottles
during incubation was used to determine net-productivity rate which,
because of the concurrent use of oxygen by respiration, is less than the

gross-productivity rate. The loss of dissolved-oxygen concentration
during incubation of darkened bottles was used to determine whole-
sample respiration rate. Gross productivity was estimated by adding the
loss of dissolved oxygen resulting from whole-sample respiration to the
net-productivity rate. Gross productivity at each depth for the entire
photoperiod was estimated by adding the gross-productivity rates of the
three incubation periods. The photoperiod gross productivity of the
water column was calculated by determining the area under the gross
productivity-depth curve. Rate calculations and conversions from
oxygen to carbon followed standard methods (Clesceri et al., 1989).
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RESULTS AND DISCUSSION

The exponential rate of light extinction in water results from the
absorption of photons by the water itself and suspended and dissolved
materials. The PPFD at varying depths and times of the photoperiod
(Table 1) and the high vertical extinction coefficient (2.15) reveal the
low light-transmission quality of the water of West Sandy Bay on 5
August 1993, The vertical extinction coefficient (n”) is an expression
of the PPFD-depth slope on a logarithmic axis: the higher the n”-value,
the greater the vertical extinction rate. A large majority of light-
extinction studies from a wide variety natural freshwater lakes and
reservoirs with different morphologies and chemistries report n”-values
near 1.3 (Talling, 1971), a value which has been adopted as typical for
purposes of comparison (Reynolds, 1990:143). Although the rate of
light extinction is affected by water chemistry (Weilenmann and
O’Malia, 1989), rates of extinction which are described as high (i.e., n”
>1.8; Megard, 1974) are indicative of high concentrations of suspended
matter (Luettich et al., 1990).

The high n” of West Sandy Bay results in a shallow euphotic zone
(1.9 m on 5 August 1993), the portion of the water column receiving
>1% of the surface illumination, For example, the mean (n = 6)
euphotic-zone depth of Kentucky Lake determined at mid-reservoir
during July and August of 1993 was 2.4 + 0.1 SE m (D. Dycus and D.
Meinert, pers. comm.). The PPFD-absorption characteristics of West
Sandy Bay suggest that water entering the bay contains large amounts of
suspended matter. These results support the conclusion of Finley and
Hamilton (1991) that erosion of the powdery, readily-eroded, loess soil
that predominates West Tennessee is the most significant nonpoint
source pollution problem of the area.

The gross- and net-productivity data demonstrate that the euphotic
zone of West Sandy Bay is very productive (Table 2), possibly due to
nutrient enrichment by the sediment-laden water entering the bay from
the West Sandy watershed (Finley etal., 1992). Decreased productivity
during the incubation period of 1530-2030 h is apparent, presumably as
a result of increased cloud cover (Table 1). High near-surface
productivity rates are reported from other bays of Kentucky Lake;
however, gross rates >100 mg carbon m>h! typically occur only in late
spring and early summer (Kipphut, 1992). Photoperiod gross produc-
tivity of the water column was only 230 mg carbon m%surface day™! with
97% occurring within the top 2 m (Fig. 2). The limitation of primary
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productivity to such shallow depths is not surprising given that irradi-
ance levels at 2-m depths were only 1% of the surface irradiance.

Water-sample respiration rates on 5 August 1993 were high (mean
= 14,9 + 0.6 SE; 1.7% of maximum gross-productivity rate). Utilizing
a fixed-model, two-factor analysis of variance, no significant effect of
depth (F = 1.7, a = 0.05, power = 0.45), incubation time period (F
= 0.1, o = 0.05, power = 0.30), or interaction (F = 0.1, o = 0.05,
power = 0.94) on respiration rate was detected. Typically, respiration
ratesare ca. 1.0% or less of the maximum gross-productivity rate (Steel,
1972; Jewson, 1976). That respiration rates were uniform at all depths
and incubation periods is consistent with other respiration studies of
lentic systems (Harris and Piccinin, 1977).

Gross- and net-productivity rates from 0.25-m depths were consis-
tently higher relative to surface rates despite that irradiance levels at
0.25-m depths averaged only 50% of surface-irradiance levels. Reduced
productivity of surface phytoplankton due to photoinhibition is common
on sunny days (Harris, 1978). Bright light-induced photoinhibitory
damage to photosystem-II centers may commence within minutes of
phytoplankton exposure to bright light (Harris and Piccinin, 1977). This
damage can severely reduce primary productivity because recovery
involves the replacement of damaged photosystem-II centers which
requires several hours (Lebkuecher and Eickmeier, 1992). For ex-
ample, the mean gross primary-productivity rates of water samples
retrieved near midday from Anderson Creek Bay, Kentucky Lake, on 11
June 1990 were lower in surface samples (23 mg carbon m-*h') relative
to samples from a depth of 0.25 m (63 mg carbon m~h') even though
productivity rates were determined following incubation under low-
irradiance conditions (150 vmol photons m?sec’") in a light chamber (D.
White, pers. comm.). The effects of photoinhibition on phytoplankton
photosynthesis may have a large impact on aquatic productivity. This
impact may be especially significant in lentic systems that have shallow
euphotic zones and, thus, narrow vertical ranges of optimal PPFD
exposure for phytoplankton photosynthesis.

In conclusion, these results demonstrate that, on 5 August 1993,
West Sandy Bay had a high vertical extinction coefficient, a shallow yet
productive euphotic zone, low water-column productivity, and high
respiration rates; these are characteristics indicative of poor water
quality. These results help demonstrate the negative impact of the poor-
quality water of the West Sandy Creek watershed on the water quality
of West Sandy Bay.

TABLE 1. Vertical profiles of photosynthetic photon flux density (micromoles photons per square meter per second) of West Sandy Bay at

different times on 5 August 1993.

Percent Depth (m)
Time cloud
(h) cover 0.05 0.25 0.50 1.00 2.00 3.00 4.00

0530 0 0 0 0 0 0 0 0
0730 0 550 250 130 34 3 0 0
0930 10 900 350 250 80 5 1 0
1030 10 1,605 995 563 144 12 1 0
1130 0 2,100 1,300 750 190 17 1 0
1330 10 1,300 650 300 90 7 1 0
1530 100 450 250 110 33 2 0 0
1730 100 180 100 59 20 2 0 0
1930 100 20 13 7 3 2 0 0
2030 100 ) 0 0 0 0 0 0 0




April 1996

TABLE 2. Gross-productivity, net-productivity, and respiration
rates during 5-h incubation periods at different depths in West Sandy Bay
on 5 August 1993. Values represent mean milligrams of carbon per
cubic meter per hour from two replicate samples.

Incubation-time period (h)

- Depth

(m) Assay 0530-1030  1030-1530  1530-2030

0.05  Gross productivity 91.8 108.2 492

Net productivity 75.9 91.0 315

Respiration 15.6 17.2 17.7

0.25  Gross productivity 104.9 115.7 59.8

Net productivity 88.1 96.6 40.9

Respiration 16.8 19.1 18.9

0:50  Gross productivity 66.2 76.2 24.8

Net productivity 50.7 59.8 7.6

Respiration 15.5 16.4 17.2

1.00  Gross productivity 31.9 39.7 11.0

Net productivity 18.2 26.3 -3.1

Respiration 13.7 13.4 14.1

2.00  Gross productivity 2.8 4.1 1.1

- Net productivity 9.1 -8.2 -9.6

Respiration 11.9 12.3 10.7

3.00  Gross productivity 0.4 0.0 0.0

Net productivity -12.1 -11.2 -13.6

Respiration 12.5 11.2 13.6
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