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Siltation, resulting from improper land-use practices, is regarded as one of the
most important factors contributing to a reduction in the acreage of desirable
fishing waters in the United States. Although much information of a general nature
has been published, there is a lack of quantitative data regarding the effects of
siltation on stream values.

One phase of a Dingell-Johnson project, established by the North Carolina
Wildlife Resources Commission during the summer of 1952, was to obtain
quantitative data regarding the effect of siltation on trout streams in the Southern
Appalachians. The project was begun on the Coweeta Experimental Forest, located in
Macon County, North Carolina, where for 20 years the Forest Service has been
collecting extensive data regarding the effects of various land-use practices on
experimental watersheds. The purpose of this report is to present data regarding
the effects of siltation on the bottom organisms of Shope Creek, a small trout
stream, which receives the drainage from a 212-acre logged watershed (Fig. 1).

During 1942, logging was commenced on the 212-acre watershed on the
Coweeta Experimental Forest. The periods of activity on the watershed were:

May, 1942 to March, 1943 - Active logging
March, 1943 to January, 1945 - No logging
January, 1945 to November, 1948 - Active logging
November, 1948 to April, 1953 - No logging
April, 1953 to present - Active logging

The logging was carried out by local contractors using their own methods, with
no limitation of methods or supervision by the Forest Service. Logs were ground
skidded by teams. Because of steep slopes the roads and skid trails were built
parallel and adjacent to the channel of the drainage stream. The roads were
characterized by excessively steep grades alternating with level stretches. No
surfacing material, and no drains or water cut-offs were used on the roads. With
the termination of the original logging in 1948, 2.2 miles of road had been
constructed on the 212-acre watershed.

DESCRIPTION OF SHOPE CREEK

Shope Creek, which receives the stream from the logged watershed, flows into
Coweeta Creek and thence to the Little Tennessee River. Shope Creek drains a
total watershed of approximately 1,880 acres, and is typical of many smaller trout
streams in the Southern Appalachians. Average monthly stream-flow for a six-year
period ranged from a low of 2.31 cfs during October to 8.32 cfs during February
(Fig. 2). Figure 3 illustrates the frequent occurrence and magnitude of floods
occurring in this small trout stream.
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Fig. 1. Map of Shope Creek, Coweeta Experimental Forest, showing location of
logged area and sampling stations.
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Fig. 2. Mean monthly streamflow (cfs) of Shope Creek for the 6-year period,
1937 - 1943.
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Fig. 3. Peak daily streamflow (cfs) of Shope Creek for the period July, 1952
June, 1953.

During the period of this study, stream temperatures have ranged from a low of
33.0 degrees Fahrenheit during December, 1952 to a high of 65.5 degrees during
August, 1953. During the fall of 1953, the water had a pH of 6.6 and a methyl
orange alkalinity of 8.0 ppm.

The upper portion of the stream is characterized by steep gradient (900 feet!
mile) with series of cascades and low waterfalls, interspersed with large pools
having excellent shelter in the form of large boulders and broken water surface.
The bottom is predominantly boulders and rubble with occasional outcrops of
granite bedrock. From approximately one-fourth mile above the sampling stations
to the lower boundary of the experimental forest there is a noticeable change in
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the habitat. The gradient is 224 feet per mile, and the cascades and waterfalls of
the upper section are replaced with short riffles and shallow pools. There is no
rooted aquatic vegatation present in the stream.

As nearly as can be determined, no trout have been stocked in Shope Creek
since 1930 when rainbow trout were introduced by local residents. At present, the
upper and lower reaches of the stream contain brook and rainbow trout respectively,
with an intermingling of these two species in the section just above the mouth of
the stream from the logged watershed. No fishing has been permitted for the past
four or five years. However, prior to closure, the stream had an excellent reputation
among local fisherman.

WATER QUALITY

During storm periods, the effect of the stream from the logged watershed
(Watershed Number 10) on Shope Creek is illustrated by the turbidity of water
samples collected at the mouth of the stream from November 10, from Shope
Creek above the mouth of Number 10, and from Shope Creek below the mouth of
Number 10 (Table 1).

Table 1. Turbidity of water from logged watershed.

Turbidity (PPM)

Date

April 11, 1947
February 20, 1954

Stream from
Number 10

1,200
1,371

Shope Creek
above 10

25
67

Shope Creek
below 10

390
261

The roads and skid trails proved to be the major source of turbidity (Lieberman
and Hoover 1948). Skidding logs down the steep slopes creates channels which
concentrate runoff resulting in a high rate of erosion. For the two-year period from
April, 1951, to March, 1953, an average of 5.34 cubic feet of soil per lineal foot of
road surface were eroded from the logging road. This would amount to a loss of
2,297 cubic yards of soil for the total 2.2 miles of road system.

During periods of low streamflow, the physical effects of siltation on Shope
Creek are noticeably evident. During the low flows of late summer and fall, the
bottom of Shope Creek above the mouth of the logged watershed accumulates a
thin layer of finely divided organic matter, while below the mouth of the logged
watershed the stream bottom in both pools and riffles is covered with a layer of
sterile sand and micaceous material which may accumulate to a measured depth of
ten inches.

BOTTOM FAUNA

Because of its relative stability in location, the bottom fauna was selected to
obtain a measure of the effects of siltation on the stream community. The limited
section of Shope Creek affected by siltation from the logged watershed made a
direct evaluation of the fish population impractical. The small stream from the
logged watershed is too small to support a resident trout population.
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Within limits of space and reproductive capacity, the available food in a stream
can certainly be regarded as a factor limiting the production of trout. Leonard
(1948) and Henry (1949) state that in Michigan trout waters the food supply in
many cases is the most important limiting factor in trout production. Allen (1952)
working on New Zealand streams, found that the bottom fauna was a limiting
factor in the production of brown trout. Tarzwell (1938) found an apparent relation
between the quantities of streem foods present and trout production in streams in
the Southwestern United States.

In trout streams of western North Carolina the food of trout is obtained from
three sources: the bottom fauna, terrestrial insects, and fish. Analysis of 241
rainbow trout stomachs collected from streams of western North Carolina during
1952 and 1953 indicate that from January to June, 83 percent of the diet is
obtained from the bottom fauna. From June to December, 42 percent of the food
of rainbow trout is obtained from the bottom fauna. Terrestrial insects are of
major importance during the summer and fall months. Of the 241 trout stomachs
examined, only one specimen contained fish remains and three had eaten
salamanders.

From October, 1952, to June, 1953, a total of 108 square foot bottom samples
were collected at monthly intervals from Shope Creek immediately above and
below the mouth of the stream draining the logged watershed. The standing crop
of bottom organisms was at all times very low, with a high average of 49.0
organisms per square foot occurring at the untreated station on November 13
(Table 2). The highest average volume occurred in the samples of January 14 at
the untreated station. The high volume on January 14 resulted from an abundance
of large cranefly larvae, Tipula sp., and the stonefly nymph, Pteronarcys scotti. The
frequent occurrence of floods (Fig. 3) is undoubtedly an important factor
contributing to the low quantities of bottom fauna produced in this small trout
stream.

From October, 1952, to February, 1953, the upper station had a significantly
larger numerical standing crop of bottom organisms than did the lower station
which was subjected to the siltation from the logged watershed (Tables 3 and 4).
The volume of bottom organisms was greater in the control section on all but two
sampling dates, April 23 and May 21, 1953 (Table 2).

A major flood occurred on February 21, 1953, which increased the flow in
Shope Creek from 6.7 cfs to 105.8 cfs in a 24-hour period (Fig. 3). The flood
completely resorted bottom materials and flushed the deposited sediments
downstream, esposing the original rubble and gravel bottom. On February 26,
1953, the numbers of bottom organisms at the lower station had been reduced
73.2 percent compared with the January level, while the untreated station was
reduced 22.2 percent (Table 2).

High water levels plus frequent rains from February to May (Fig. 3) prevented
a reaccumulation of silt in the lower section of Shope Creek. On April 2, 23, and
May 21, that section of stream produced slightly greater standing crops of bottom
organisms than did the control section. The difference was not significant
(F = 0.208 d. f. = 1 and 30), and was the result of an increase in the numbers of
mayfly nymphs in the treated section of stream (Table 2). The inexplicable
superiority of the mayflies in the treated section of stream may have been the
result of reduced competition and the improvement in habitat, both caused by the
February flood.
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Table 2. Numbers and volume of bottom organisms collected from riffles in Shope Creek from October, 1952, to June, 1953, at
stations above and below the mouth of a tributary stream draining a logged watershed.

October 16 November 13 December 17 January 14

Above Below Above Below Above Below Above Below

Number of samples 3 3 3 3 6 6 6 6
Total No. organisms 116 74 147 78 226 137 234 164
No. per sq. ft. 38.7 24.7 49.0 26.0 37.5 22.8 39.0 27.3
Standard deviation 9.29 13.0 12.1 14.7 13.6 6.80 15.4 16.9
Total volume (CC)R 0.70 0.15 0.70 0.20 3.20 0.50 5.70 2.40
Volume per sq. ft. 0.23 0.05 0.23 0.07 0.53 0.08 0.95 0.40

t-:) Diptera 27 4 57 33 65 55 90 70
ex>
~ Trichoptera 18 12 7 5 25 20 19 9

Plecoptera 25 9 49 57 24 50 18
Ephemeroptera 30 23 22 29 53 23 54 51
Odonata 1 2 2 1
Coleoptera 11 25 12 11 23 15 19 15
Oligochaeta 4 1

February 26 April 2 April 23 May 21 June 12

Above Below Above Below Above Below Above Below Above Below

Number of samples 6 6 6 6 6 6 6 6 6 6
Total No. organisms 182 44 259 283 239 249 180 196 256 202
No. per sq. ft. 30.3 7.3 43.2 47.2 39.8 41.5 30.0 32.7 42.7 33.7
Standard deviation 22.3 3.19 17.6 17.6 19.3 26.6 9.27 15.2 11.3 10.7
Total volume (CC)R 2.65 tr 5.20 3.75 2.50 2.70 1.35 2.60 3.80 1.20
Volume per sq. ft. 0.44 tr 0.87 0.63 0.42 0.45 0.23 0.43 0.63 0.20
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-:J

Diptera 76 13 41 33 32 24 25 16 9 10
Trichoptera 10 4 13 11 8 5 4 11 18 16
Plecoptera 9 6 41 29 24 20 17 31 75 21
Ephemeroptera 36 16 148 190 160 189 106 130 112 127
Odonata 1 2
Coleoptera 21 5 15 17 12 10 25 5 29 24
Oligochaeta 1 1 2 2 4 1
Crayfish 1 1 1 1 1 3 1
Salamanders 1

8Does not include salamanders and crayfish.



Table 3. Analysis of variance on the basis of total numbers of organisms in
October and November, 1952.

Degrees of Sum of Mean
Source of variation freedom squares square F

Between stations 1 1,027 1,027 6.628

Between months 1 102 102
Interaction 1 62 62
Error 8 1,239 155

8 Significant at 5% level.

Table 4. Analysis of variance on the basis of total numbers of organisms in
December, 1952, and January and February, 1953.

Degrees of Sum of Mean
Source of variation freedom squares square F

Between stations 1 2,434 2,434 15.028

Between months 2 1,372 686 4.23
Interaction 2 207 104
Error 29 4,706 162

8 Significant at 1% level.

When samples were collected in June, silt and sand again had begun to
acumulate in the treated section of stream, and the control section again produced
a greater average standing crop of bottom organisms (Table 2). The difference was
not statistically significant (t = 1.42 d. f. = 10).

Before the reduction in the quantity of stream bottom organisms, from October
through February, can be attributed to the effects of siltation, it is necessary to
assume that there was no difference between the two sampled stations prior to
logging. The study was commenced quite some time after logging took place, and
it is therefore impossible to test this basic assumption. However, the fact that the
sampled areas are on immediately adjacent and similar sections of the same
stream and the comparable quantities of bottom fauna produced during the spring
months, when silt did not accumulate in the treated section of the stream, lends
support to the assumption that there were no pretreatment differences between
the two stations sampled.

With the exception of the difference in mayflies during the spring months, as
noted above, there were no appreciable qualitative differences between the two
stations sampled (Table 2).

DISCUSSION

The period during which the standing crop of organisms in the treated section
of Shope Creek was significantly lower than in the control section coincided with
the period of maximum accumulation of inorganic silt and sand. Inorganic silt and
sand have poor ability to support a fauna. Tarzwell (1937) found that mineral silt
bottoms were poor in food. Murray (1938) states that in Indiana streams, sand by
itself is likely to be barren of life.
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In addition to its poor ability to support a fauna, the shifting sand created an
unstable habitat, and the organisms inhabiting it were particularly vulnerable to
decimation by flood waters. The flood during February removed the accumulated
sediments and resulted in a drastic reduction in the number and volume of bottom
organisms in the treated section of stream. During the high flows and frequent
rains from FebruarY to May, the rate of dilution by clear water from the main fork
of Shope Creek prevented the reaccumulation of sediment in the treated section of
stream. A fauna resulted which was quantitatively comparable to that found in the
control section. It is doubtful that the rapid recovery after the flood, undoubtedly
by the drift of organisms from the control section, could occur if all of the Shope
Creek watershed were subject to the effects of siltation.

The low fertility and frequent occurrence of floods in western North Carolina
trout streams results in a low production of stream bottom organisms under the
very best conditions. Therefore, because of the dependence of trout on stream
produced organisms, any outside factor, such as siltation, which reduces the
normally low quantities of stream organisms will ultimately have a deleterious
effect on the trout population.

It is apparent from the Coweeta studies that poorly planned road systems and
the promiscuous use of smaller stream channels as skid trails result in a high rate
or erosion and consequent siltation of the stream channel. Steep grades, lack of
allowances for proper drainage, and the proximity of roads to stream channels are
particularly conducive to siltation. Also, it is the opinion of many foresters that
properly constructed roads, in addition to conserving water values, will, in the long
run, pay the logging operator by reducing road maintenance work Where important
fishery values are involved, it is imperative that skid trails and road systems be
carefully located and constructed.

SUMMARY

1. From 1942 to 1948 a 212-acre watershed on the Coweeta Experimental
Forest, Macon County, North Carolina, was logged by a local contractor.

2. Roads and skid trails were built parallel and adjacent to the stream channel.
No surfacing material and no drains were used.

3. The physical and chemical characteristics of Shope Creek, a small trout
stream which receives the stream from the logged watershed, are described.

4. During storm periods, the turbidity of Shope Creek was appreciably increased
by the highly turbid waters from the logged area. The accumulation of sand and
silt in Shope Creek below the mouth of the stream from the logged watershed is
described.

5. Roads and skid trails proved to be the major source of turbidity. For the
two-year period from April, 1951, to March, 1953, an average of 5.34 cubic feet of
soil per lineal foot of road surface was eroded from the logging road.

6. From October, 1952, to June, 1953, a total of 108 square foot bottom
samples were collected at monthly intervals in Shope Creek at stations above and
below the mouth of the stream from the logged watershed.

7. From October, 1952, through January, 1953, the period of maximum
accumulation of sediment in the effected section of Shope Creek, there was a
significantly lower standing crop of bottom organisms at the station below the
mouth of the logged watershed.
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8. A flood on February 21, 1953, removed the accumulation of sand and silt in
Shope Creek below the mouth of the logged watershed and reduced the bottom
fauna at the lower station to 7.3 organisms per square foot as compared with 25.5
organisms per square foot at the upper station which had not been subject to
siltation from the logged watershed.

9. The February flood exposed an excellent bottom of rubble and gravel at the
lower station, and from February through May spring rains and high streamflow
prevented the reaccumulation of sand and silt at the lower station on Shope
Creek. During this period there was no significant difference in the standing crop
of bottom fauna at the control and treated stations. During June, when silt had
begun to reaccumulate, the control section again produced a larger standing crop
of bottom organisms. The difference was not statistically significant.
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