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(ABSTRACT)

Oxygen uptake rates by fine benthic organic matter were measured on samples
from two Appalachian mountain streams to determine the effects of land use patterns on
microbial respiration. Both Coweeta Creek in western North Carolina, and Wolf Creek in
western Virginia, flow through national forest, agricultural land and scattered residential
areas. Seven sites were sampled at six to ten week intervals over one year. Land use
was determined using infrared aerial photographs. ARC/INFO was used to obtain land
use areas for various land uses. Oxygen uptake rates were measured using é Gilson
differential respirometer, at ambient temperature and 20°C. Temperature was the most
important factor influencing oxygen uptake rates in both streams, with oxygen uptake
rates consistently lower at ambient temperatures than 20°C. Oxygen uptake rates were
higher in Wolf Creek than Coweeta Creek and were higher at sites that drained
agricultural areas. Nitrates increased as the percent of agriculture increased in Wolf

Creek, but not in Coweeta Creek. Nitrates were positively correlated with oxygen uptake



rates in Wolf Creek. The data suggest that clearing forests for agriculture results in

increased microbial respiration in streams.
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were put on ice and transported to the laboratory for further analysis.

LABORATORY ANALYSES

Oxygen uptake rates of microbes on FBOM were measured using a
Gilson differential respirometer. Three to four 5-ml subsamples of FBOM from
each site were placed in 5-ml Gilson flasks containing 0.2-ml of potassium
hydroxide in the center well to absorb carbon dioxide. The samples were run
twice: once in a water bath at an average of ambient stream temperature and
once at 20°C after an acclimation period of 24 hours. The controls were FBOM
samples that had been autoclaved for 30 minutes.

Samples were run until readings were sufficient to measure accurately.
The length of the run varied with the temperature at which the samples were
tested, ranging from three to six hours. After the runs FBOM samples were
filtered through Gelman 0.45 ym glass fiber fiters and oven dried at 50°C
overnight. They were then desiccated for at least twenty minutes and weighed
and ashed for 30 minutes at 550°C. The samples were then re-wetted to
restore water of hydration, dried in the drying oven, and weighed to obtain total
ash free dry mass (AFDM).

Oxygen uptake rates were calculated using the formula below and
expressed on an AFDM basis (Umbreit et al. 1964);

where X is oxygen taken up (uL), V, is the change in volume of the respirometer
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pP-P

T.
X = (AV v 1
(AV,) 5. T

in (uL), P is total gas pressure within respirometer, (mm Hg), P, is vapor
pressure of water at temperature T (mm Hg), P, is standard pressure (760 mm
Hg), T, is standard temperature (273.15 K), and T is the temperature of the
water bath (K).

Water samples were analyzed for nitrate and phosphate. These were
measured on a Dionex 2000i/SP ion chromatograph with an AS4A anion
column. Ortho-phosphate was measured on the Dionex or Perkin Elmer
UV/VIS Spectrophotometer using the ascorbic acid method (Standard Methods

1991).

GEOGRAPHIC ANALYSIS OF THE WATERSHEDS

Within each of the two watersheds, area for each category of land use
was calculated using ARC/INFO, a geographic information system. Land use
polygons for Wolf Creek were plotted on 1:24,000 scale 7.5’ series U. S.
Geological Survey (USGS) topographic maps (Garden Mountain, Tiptop,
Hutchinson Rock, Big Bend, Cove Creek, Bastian, Rocky Gap, Bluefield,
Princeton, Oakvale, and Narrows quadrangles of Virginia) using 1:40,000 scale
leaf-off infrared aerial photographs dated April 1991. Areas of less than one

hectare were not digitized for Wolf Creek. Verification was done by field
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inspection of 152 of 351 polygons.

I used Coweeta Creek land use data collected by Swank and Bolstad
(1993). These data were interpreted on screen from digitally rectified scanned
photography. Leaf-off 1:58,000 color infrared photography was scanned at 50

um on an Optronics rotating drum scanner which was then used as a base onto

which 1991 1:60,000 leaf-on color infrared photos were interpreted (Swank and
Bolstad 1993). | derived twelve land use classes from the 32 classes originally
defined by Swank and Bolstad (1993). Four watersheds within the Coweeta
Hydrologic Laboratory contain white pine (Pinus strobus), but are not included
in Figure 4 as the 32 original land use classes identified tree age classes, not
type of tree.

Three basic spatial data layers were developed for Wolf Creek and
Coweeta Creek, including watershed boundaries, hydrography, and landcover.
All data were converted to a vector digital format and co-registered to the UTM
Zone 17 coordinate system. A root mean square error of 12 m was established
as acceptable for digitization of Wolf Creek. An error limit of 15 m was
established for both digitization and registration of all data layers for Coweeta

Creek (Swank and Bolstad 1993).

STATISTICS

Data for both Wolf Creek and Coweeta Creek were analyzed using
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Statistical Analysis System (SAS) Version 6 (SAS 1991). SAS General Linear
Model {GLM) is a procedure which can analyze classification variables having
discrete levels, as well as continuous variables for regressions and analysis of
variance (SAS 1991). GLM analysis was used with respiration as the dependent
variable and site, nitrate, phosphate, transformed land use and stream
temperature as independent variables.

Land use areas (as percentages) were transformed using the arc sine
transformation. These were then used in a General Linear Model with
respiration as the dependent variable and land use, site, and nitrate as
independent variables. Multiple regressions of these variables were also done.
T-tests were used to determine differences in respiration rates among sites.
Regressions using GLM with nitrate as the dependent variable and land use and

stream temperature as independent variables were also run.
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RESULTS

CHANGE IN LAND USE ALONG THE STREAM GRADIENT

At Coweeta Creek, land used for agriculture increased in the downstream
direction from no agriculture at WS27 to a maximum of 3.3% at CC4, and
residential area increased from zero to 1.9% at CC4. The percentage of forest
decreased from 100% at WS27 to 94% at CC4, near the Little Tennessee River
(Table 3).

Land in agriculture in the Wolf Creek watershed varied from zero at Site
1 in the headwaters to 27% at Site 3 and then decreased to 22.6% at Site 7.
Area devoted to residential use varied from zero at the headwaters to 3.3% at
Site 7. Area devoted to forest decreased from 100% at Site 1 to 64.6% at Site
6 and then increased slightly to 72.6% at Site 7 as the stream flowed through

primarily forested area in Giles County on its way to the New River (Table 4).

STREAM TEMPERATURE

Average temperature in Coweeta Creek increased in a downstream
direction from 11.0°C at WS27 to 15.5°C at CC4. Temperature at CC4, the
site nearest the Little Tennessee River, was normally 3 to 4°C higher than the
headwaters. Temperature ranged seasonally from a maximum of 22°C in July

1992 to a minimum of 6°C in January 1992. The average temperature in Wolf
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