FINAL REPORT

A SURVEY OF BENTHIC MACROINVERTEBRATES OF
STREAMS OF COAL SURFACE MINING AREAS
OF THE CUMBERLAND PLATEAU IN
TENNESSEE

Dr. James A. Gore
James D. Hughes, Jr.
William A. Swartley

Tennessee Cooperative Fishery Research Unit
Tennessee Technological University
Cookeville, Tennessee
Dr. R. Don Estes, Unit Leader

Submitted to:

United States Geological Survey
1025 Elm Hill Pike
Nashville, Tennessee

OPEN-FILE REPORT 82-773

February, 1982




ACKNOWLEDGEMENTS

Space and facilities were provided by Tennessee Technological
University and the Tennessee Cooperative Fishery Research Unit. The U.S.
Geological Survey provided considerable support énd interest in this pro-
ject. We are particularly grateful to Marsha Robertson, Linda Johnson,
Janet Nelson, Jane Cannon, and Lisa Ondrey for sorting of the samples and
to Christopher 0'Bara and Kenneth Phillips for help in the field. Our
thanks go to Wendell Penmnington, University of Tennessee, and to Phillip
Summers and Christopher 0'Bara, Tennessee Technological University, for
identification and verification of chironomid samples. A special note of
thanks goes to Ghada Farran and Janet Nelson for typing of the final

report.




INTRODUCTION .

TABLE OF CONTENTS

DESCRIPTION OF STUDY SITES .

MATERIALS AND METHODS

RESULTS AND DISCUSSION .

RECOMMENDATIONS

APPENDIX . . . . . . . . .

ii

. 14

19

. 20

. 26




INTRODUCTION

With increasing demands for energy by American consumers and the
evident decline in petroleum based fuels, the mining of coal has become
an increasingly important factor in our national economy. Inexpensive
surface mining has replaced sub-surface mining in most regions of the
countfy.

The U.S. Fish and Wildlife Service (1977) estimated that 1.3 million
surface acres have been disturbed by mining. In the Appalachian region,
approkimately 10,500 miles of streams have been affected by surface mine
impacts (ARC 1969).

Past and present surface mine impacts to running water systems have
ranged from increased sedimentation and degradation of available substrate
to permanent alteration of water quality by the alteration of pH and
increases in additions of heavy metals to the food chains of aquatic orga-
nisms.

Mitigation of mining abuses and protection of streams from future
mining activities can not be answered by a single criterion. Variations
in geologic, hydrologic, and climatic conditions are sufficient to cause
dramatic changes in the typical flora and fauna of any watershed or
stream ecosystem. Thus, characterization of all streams in an impacted
watershed must be accomplished prior to mining activities. When these
data are compared with known impacted streams, a more efficient and work-

able management strategy can be derived.




Although a few studies on impacts of surface mining in the Cumberland
Plateau of Tennessee have been performed, all workers agreed that their
site specific examinations may not be applicable to the entire region
(Starnes 1976; Tolbert 1978; Stair and Tolbert 1980).

This study was initiated to provide a wide range of baseline infor-
mation on the benthic fauna of streams on or adjacent to the Cumberland
Plateau of Tennessee. When compared to available water quality data on
these streams, there exists the potential to describe a general model of
impacts and potential mitigating strategies for future sites of impacts

by coal surface mining.
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DESCRIPTION OF STUDY SITES

All sites are located on or adjacent to the Cumberland Plateau of
Tennessee. Site locations are shown on Figure 1 and described in Table 1.
Site locations énd numbers were coordinated with the standard designations
of the U.S. Geological Survey. Individual site descriptions are included

with the data from that site.
Site Name

Names were taken from USGS topographic maps of the 1:24000 series.
The site is designated as being at a community when it is within a mile
of the center of the community or within the urbanized area of the com-
munity. The site is designated as being near a community when it is more
than a mile from the center of the community and outside the urbanized

area.




FIGURE 1.

Location of sampling sites.

.

Pennsylvanian Strata
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MATERTALS AND METHODS

Physical and Chemical Parameters

At each station, physical and chemical parameters were recorded.
These included pH, dissolved oxygen, temperature (°C), flow, width, depth,

percent shading, and substrate character.

pH was measured with a Corning Model 610A pH meter. Dissolved oxygen
was measured with a Yellow Springs Instruments dissolved oxygen probe and
meter. Temperature was determined with the use of a standard laboratory
mercuric thermometer.

Average width was determined by a 50 ft. measuring tape across a
transect which included the majority of the sample sites and through which
discharge measurements were taken, Depth was measured at 25 percent
intervals across the transect using a top-setting wading rod. Average
depths were determined by adding the readings taken across ;he stream at
each location and dividing by one more than the number of readings. This
technique allowed for zero depth measﬁrements on the banks and the non-
uniformity of the basin (Lagler 1973). Velocity was determined by floating
a half-submerged float a timed distance of 50 ft., Approximate discharge was
determined by:

R=WxDxaxL
T (Lagler, 1973)

where R is the volume in cubic feet per second (cfs) (then converted to
metric units), D is average depth, and a is a constant for bed roughness
(0.8 for a rubble dominated riffle), L is the length of the measured

section, and T is time travel of the float.

14
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Benthic Macroinvertebrate Collection and Analysis

Benthic macroinvertebrate communities were sampled by methods des-
cribed by Greeson et. al. (1977). Three quantitative Surber samples were
taken at each station. The net mesh size for the Surber samples was 270
microns with a 0.0929 square meter sampling area. A kick sample, which
included as many different visible habitats, was also taken. Samples
were preserved in 10% formalin and transported to the laboratory. 1In the
lab, the samples were sorted, counted, and identified. A separate listing
of taxonomic references is included. After being sorted, the organisms
were transfered to vials containing 70% ethanol for storage.

Identification of the organisms was done to the lowest practical
taxonomic level.

Allen (1980) has elevated all subgeneric levels in the mayfly family
Ephemereilidae to generic status. This new designation is used in this
report. Thus, where the family formerly contained one genus, Ephemerella,

the family Ephemerellidae now (1982) contains the following:

1. Timpanoga 5. Drunella

2. Caudatella 6. Serratella
3. Attenuatella 7. Eurylophella
4. Danella 8. Ephemerella

Because of the large number of samples to be processed, only the
kick samples were identified to the generic level for the Dipteran family,
Chironomidae. This is an appropriate means of identification since sub-
sequent mathematical tests require data from pooled samples or a reasonably
comprehensive kick sample. It can be assumed that the same approximate
proportioﬁs (less 20% of the rare species) existed in the quantitative

Surber samples.
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Shannon-Weaver diversity was calculated for each sample where:

H' = - pylogypy (Wilhm 1972)
where: pi = the proportion of individuals of the i-th taxon for that

| particular sample
In a general application, Staub et. al. (1970) proposed that the Shannon-
Weaver equation be used to indicate levels of pollution. Generally, this
has been shown to be a moderate to poor indicator because the index is
generally incapable of distinguishing tolerant and intolerant taxa. We
suggest that this index be used as an indication of general richness
and equitability of species in the benthic community.as well as a relative
index of the heterogeneity of the running water environment (i.e. niche
breadth).

Since this study has as a general purpose the provision of baseline
information to assess potential mine impacts, we felt that it was necessary
to give an idea of presently existing organic pollution conditions.
Hilsenhoff (1977) has produced a biotic index (BI) which incorporates
components of diversity and taxonomic differences. This index grades the
pollution tolerances of the most common genera of aquatic arthropods and

provides an indes:

Bl = n a,
ii
N
where n = number of individuals of taxon i in the sample
a = the pollution tolerance value for species i in the sample
(range, 0 to 5, intolerant to very tolerant)
and, N = total number of individuals in the sample.

Hilsenhoff (1977, personal communication) recommends that a kick sample

1l
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representing a variety of habitats will be most accurate in predictioms.

Thus, BI values were calculated for the kick samples only.

Hilsenhoff (1977, 1981) has demonstrated that his biotic index may

be more accurate in predicting water quality than a diversity value,

alone.

In general, the BI values fall within the following ranges:

BI Value Water Quality
0-1.75 Excellent
1.75 - 2.25 Good
2.25 - 3.00 Fair
3.00 - 3.75 Poor
3.75+ Very Poor
1

State of Stream

Clean

Some Enrichment
Moderate Enrichment
Signigicant Enrichment
Gross Enrichment
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Results and Discussion

All data used to satisfy the requirements of the contract are listed
in the Appendix. Each station is identified by its location, number,
chemical and physical parameters, and the type of sample taken.

Certain specimens were retained for verification and to establish a
reference set for future research. Specimens retained are denoted in the
table by an asterisk or set of asterisks: (%) JAG, (**) WAS, (***) JDH.
All specimens will be available for inspection by the contractor and
interested individuals.

In some cases, sample stations were not sampled during the first
sampling period (April - June). An unusually high spring runoff prevented

access to acceptable sampling areas. These stations were:

03571800 Battle Creek
03410500 South Fork Cumberland
03540500 Emory River (Fall sampling period)

Crooked Fork in Morgan County (03539860) and Sequatchie River in
Sequatchie County (03570695) were not sampled. Sluggish flow regime and
high water levels prohibited access to suitable sampling sites. Anderson
Branch (03407881) and Bowling Branch (03407877) in Scott County were
substituted for these statioms.

Samples from some stations were destroyed due to seal failure of the

sample bags while in storage. These samples were:

03403710 Tackett Creek Kick (9-22-81)
03539719 White Creek Surber 2 (5-22-81)
[ ]
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RECOMMENDATIONS

Data are of no use without some form of application. Without
further analysis, these data will provide adequate baseline information
for future comparisons should further surface mining activity take
place in any of the watersheds examined. However, the
strength of this data set is in its suitability for a variety of
analyses which could yield predictive models of impact and/or various
new rapid assessment techniques.

As mentioned in the Introduction, a number of researchers have
found considerable impacts to aquatic macroinvertebrates. Being less
mobile and, therefore, more indicative of prolonged and point source
impacts, aquatic macroinvertebrates are often suggested as the primary
biological indicators of pollution (Hart and Guller 1974). Indeed,
many people have derived various biotic indices to assess pollution
and water quality simultaneously (the most recent being Hilsenhoff
1977; and Winget and Mangum 1979). The benthic invertebrate data
cou;d be easily applied to these indices to obtain further information
about water quality trends and community composition.

Sheldon (1972) and Green (1979) have suggested a variety of
ﬁultivariate techniques could be used to assess multiple interactions
between water quality parameters and the distribution of aquatic
orgénisms. Since the mayflies (Ephemeroptera) and the stoneflies
(Plecoptera) are reasonably easy to identify taxonomically, we suggest
that fruitful results could be obtained in principal component analysis
of total composition of benthic communities and mayfly densities and

diversities versus various water quality param®ters. This analysis
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may lead to the verification of the concept of use of a group of
invertebrates as pollution indicators and the development of a

more rapid water quality assessment system.

A
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FIGURE 1-1. Station 1 - 03403697 - Clear Fork at HWY 90 near Anthras, TN
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TABLE 1-1

Physical and Chemical Parameters at
Station 1 - 03403697

Clear Fork at Anthras, Campbell Co., TN

Date

Parameter 6-17-81 9-22-81
Water Temperature 12°¢ 18°C
Dissolved Oxygen 10.6 mg/L 10.1 mg/L

pH 7.2 7.2
Conductivity 440 umhos/cm 470 umhos/cm
Stream Width 18.3 m 11.0 m
Average Stream Depth 20.3 cm 19.8 cm
Average Stream Velocity 0.38 m/sec 0.30 m/sec
Discharge 1.12 m3/sec 0.52 m3/sec
Cover (% Shaded) 65% 70%

Substrate

Gravel and medium cobble
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FIGURE 2-1. Station 2 - 03403710 - Tackett Creek near Anthras, TN
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Physical and Chemical Parameters at

TABLE 2-1

Station 2 - 03403710

Tackett Creek near Anthras, Campbell Co., TN

Date

Parameter 6-17-81 9-22-81
Water Temperature 20°C 18°¢C
Dissolved Oxygen 8.7 mg/L 10.1 mg/L

pH 7.3 7.8
Conductivity 343 umhos/cm 400 umhos/cm

Stream Width

Average Stream Depth
Average Stream Velocity
Discharge

Cover (7 Shaded)

Substrate

6.4 m

19.4 cm
0.69 m/sec
0.68 m3/sec

70%

4.9 m

18.8 cm
0.48 m/sec
0.34 m3/sec

70%

Sand, gravel, and medium cobble
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FIGURE 3-1.

. Surber Sample

Station 3 - 03407850 - New River at Stainville, TN

s¥




Physical and Chemical Parameters at

TABLE 3-1

Station 3 - 03407850

New River at Stainville, Anderson - Campbell Co., TN

Date

Parameter 5-18-81 9-21-81
Water Temperature 16°C 22°¢
Dissolved Oxygen 9.8 mg/L 9.3 mg/L

pH 5.6 7.0
Conductivity 500 umhos/cm 650 umhos/cm

Stream Width

Average Standard Depth
Average Standard Velocity
Discharge

Cover (% Shaded)

Substrate

8.8 m

20.3 cm
0.95 m/sec
1.35 m3/sec

607%

7.6 m

11.7 cm
0.34 m/sec
0.24 m3/sec

107%

Sand, gravel, and small cobble

8
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FIGURE 4-1.

. Surber Sample

Farmhouse

N

Station 4 - 03407877 - Bowling Branch near Norma, TN

70




e

TABLE 4-1

Physical and Chemical Parameters at

Station 4 - 03407877

Bowling Branch above Smoky Junction, Scott Co., TN

Date
Parameter 6-30-81
Water Temperature 20°¢C
Dissolved Oxygen 8.2 mg/L
pH 5.8
Conductivity 130 umhos/cm

Stream Width

Average Stfeam Depth
Average Stream Velocity
Discharge

Cover (% Shaded)

Substrate

N

0.30 m
39.6 cm
0.03 m/sec
0.12 m3/sec
80%

Small to large cobble
with moderate sedimentation
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