IMPACTS OF SURFACE MINING ON THE
BIOLOGY AND HYDROLOGY OF A SMALL
WATERSHED IN WEST-CENTRAL ALABAMA

GEOLOGICAL SURVEY OF ALABAMA BULLETIN 125




GEOLOGICAL SURVEY OF ALABAMA

Ernest A. Mancini
State Geologist

ENVIRONMENTAL GEOLOGY DIVISION

Maurice F. Mettee, Ph.D.
Chief

BULLETIN 125

IMPACTS OF SURFACE MINING ON THE BIOLOGY AND HYDROLOGY
OF A SMALL WATERSHED IN WEST-CENTRAL ALABAMA

By

Steven C. Harris, Ph.D., Patrick E. O'Neil,
Maurice F. Mettee, Ph.D., and Robert V. Chandier

Performed for U.S. Department of interior,
Bureau of Land Management, Washington, DC 20240
Contract No. AA851-(T1-49, Project Officer Robert L. Todd

Tuscaloosa, Alabama
1985



GEOLOGICAL SURVEY OF ALABAMA

420 Hackberry Lane
P. 0. Box O, University Station
Tuscaloosa, Alabama 35486
(205) 349-2852

ERNEST A. MANCINI

State Geologist September 18, 1985
and
Oil and Gas Supervisor

Honorable George C. Wallace
Governor of Alabama
Montgomery, Alabama

Dear Governor Wallace:

DIRECTORS

Executive Assistant, R. C. Bagenstose
Administrative Services, G. W, Swindel, Jr.
Technical Operations, W, E. Smith
Geologic Program, C. W. Copeland, Jr.
Energy Resources, T, W. Daniel, Jr.
Mineral Resources, W. E. Smith

Water Resources, J. D. Moore
Environmental Geology, M. F. Mettee
Geochemistry Laboratory, N. A. Lloyd
Geocartographic Laboratory, T. V. Stone

I have the honor to transmit a report entitled “Impacts of surface mining on the
biology and hydrology of a small watershed in west-central Alabama,” by Steven C.
Harris, Patrick E. O'Neil, Maurice F. Mettee and Robert V. Chandler. This report has

been printed by the Geological Survey of Alabama as Bulletin 125.

This report summarizes information gathered on the biological and hydrological
resources of a small watershed in west-central Alabama and the impacts of limited
mining within this watershed. This study will provide assistance to the Geological
Survey of Alabama and other state and federal agencies in the development of the coal

resources of Alabama with minimal environmental impact.

Respectfully,

250 Wanes

Ernest A. Mancini
State Geologist

Geological Research—Key to Alabama’s Future



PREFACE

The Warrior coal field in Alabama yields nearly 90 percent of the total annual coal production in
the State. Future development of this field will require increased information on the quality of the
natural waters of the region, and likely necessitate numerous aquatic studies dealing with the
environmental impact of coal mining for compliance with state and federal guidelines. At present,
such studies are difficult and costly due to a lack of baseline information on the aquatic fauna, water
quality, and other geologic and hydrological features of the region. Such baseline information is
invaluable not only to meet permit requirements and to assess any effects of mining, but also to
provide basic data to measure stream recovery during and following mine reclamation.

The Tyro Creek watershed study, which provides baseline biological and hydrological data for a
portion of the Warrior coal field, is a response to basic management needs in this area. The
information collected during this study will assist in the assessment of mining and evaluation of
subsequent reclamation practices in the watershed. The relationships illustrated in the Tyro Creek
study linking water quality, streamflow, and mining activity will also strengthen existing data bases
for the Black Warrior basin.
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IMPACTS OF SURFACE MINING ON THE BIOLOGY AND HYDROLOGY
OF A SMALL WATERSHED IN WEST-CENTRAL ALABAMA

By

Steven C. Harris, Ph.D., Patrick E. O'Neil,
Maurice F. Mettee, Ph.D., and Robert V. Chandler

INTRODUCTION

Alabama contains significant quantities of high grade bituminous coal located in the Warrior,
Plateau, Coosa, and Cahaba coal fields. Coal reserves in the state are estimated at 23.4 billion tons, of
which 5 billion tons are recoverable by surface mining (Tolson, 1984). Nearly ninety percent of the
approximate 23 miilion tons of coal produced annuaily in the state come from the Warrior coal field,
the largest in the state covering approximately 5,110 square miles.

Large quantities of data have been published that document the effects of strip mining for coal
on aquatic ecosystems of the eastern United States. Most notable stream effects include increased
siltation, alteration of trace metal concentrations, and acid mine drainage which decreases
population densities or eliminates associated biological organisms. Most of these studies were
conducted in more northern states and documented effects due to worse case mining practices. Very
few aquatic studies, however, have described the sequence of biological and hydrological changes
from premining to post-reclamation. This lack of baseline information makes any assessment of the
effects of coal surface mining rather speculative.

In September, 1981 the Geological Survey of Alabama (GSA) and the U.S. Bureau of Land
Management (BLM) initiated a cooperative study, the purpose of which was to document
environmental changes to an aquatic ecosystem resulting from surface mining for federally owned
coal in the Warrior coal field of Alabama. The Tyro Creek watershed in Tuscaloosa and Fayette
Counties, Alabama was chosen as a system relatively unaffected by mining. Initially, the project was
conceived in three phases: (1) development of a premining database on the biota, hydrology, and
water quality of the Tyro Creek watershed; (2) monitoring of impacts from mining of federal coal
reserves in the watershed; and (3) recovery of the system following mining and subsequent
reclamation. Although federal land in the Tyro Creek basin was leased for mining, active mining was
never initiated in the watershed. As a result, phases two and three were never initiated, and phase
one was continued over the three year span of the study. Since some mining had already occurred in
the watershed prior to the initiation of this study, some information was obtained on the long term
effects of limited mining on a watershed. This report documents the fauna, hydrology, and water
quality of the Tyro Creek watershed over a three year period in relation to seasonality and limited
mining impacts.
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DESCRIPTION OF STUDY AREA
PHYSIOGRAPHY AND GEOLOGY

The Tyro Creek basin is 23.9 square miles (mi2) in area and is divided almost equally into Fayette
and Tuscaloosa Counties, Alabama. The basin features high relief topography superimposed on a
sandstone and shale plateau, which is part of the Cumberland Plateau physiographic section (Sapp
and Emplaincourt, 1975). Elevations range from 280 to 760 feet above mean sea level (ft msl).
Woodlands, well-defined stream valleys, and occasional fields dominate the landscape. Land use is
mainly silvicuitural and agricultural although surface mining has been, and remains, a significant
activity.

Exposed in the basin are the Pottsville Formation of Pennsylvanian age, the Coker Formation of
Cretaceous age and alluvium of Quaternary age (fig. 1). The Pottsville Formation is the most
extensively exposed geologic unit of the basin, with a thickness of about 2,500 feet. Where exposed,
the unit consists of medium to dark gray shale and sandstone, with coal and associated underciays.
The rocks contain occasional siderite (FeCO3) bands and are carbonaceous, micaceous, and
fossiliferous in part. The stratigraphic dip is to the south-southwest at 20 to 30 feet per mile, except
where affected locally by faulting or folding.

The lower 10 to 80 feet of the Coker Formation crops out as outliers of unconsolidated sediment
on ridges. The Coker overlies the Pottsville Formation and consists primarily of varicolored sand,
gravel, clay, and ferruginous sandstone. Its contact with the Pottsville at 500 to 650 ft msi is an
ancient erosional surface which slopes southwest at about 25 feet per mile.

Alluvium is present in floodplains of the major streams draining the basin. The alluvium consists
of light brown, poorly stratified layers of sand, silt, clay, gravel, and rock fragments and overlies the
Pottsville. It ranges in thickness to as much as 10 feet.

COAL RESOURCES

The Tyro Creek basin is part of the 5,110 mi2 Warrior coal field (fig. 1). The Warrior coal field has
defined coal resources of approximately 49 million short tons (Tolson, 1984). Seven major intervals
(or groups) of coal are present in the Warrior field (Culbertson, 1964). Two of these intervals, the
Gwin and Utley coal groups, are exposed in the study area (fig. 1) and have a high potential for
selective surface mining. The Gwin coal group is described as an interval of two coal beds, as much as
3 feet thick, persistently separated by 30 to 40 feet of rock (Beg and others, 1978). The Gwin is
exposed on uplands in the topographic interval 440 to 600 ft msi. The Utley coal group contains two
to six unnamed coal beds, up to 3 feet thick and occupies a stratigraphic interval about 60 feet
higher than the Gwin group.

SOILS

Soil units are mapped by the Soil Conservation Service on the basis of land physiography, soil
properties, vegetation, and surface-drainage patterns. For this reason, soil units are associated with
geologic units. Principal soil associations in the study area are the Montevallo-Nauvoo association,
steep, and Nauvoo fine sandy loam, 4 to 10 percent slopes, with the Pottsville Formation the
Smithdale fine sandy loam, 6 to 15 percent slopes, with the Coker Formation, and the luka-
Mantachie complex, frequently flooded, with alluvium. Because Montevallo-Nauvoo soils are
associated with the Pottsville Formation, these soils are the principal soil types in the area. In general,
the soils are acidic, clayey in nature, relatively thin, and low in organic matter. They have moderate-
rated permeabilities and erosion factors (table 1). In Soil Conservation Service publications (Johnson,
1981; McNutt and others, 1965), the soils are listed as acceptable for woodland management and
wildlife habitat but have moderate to severe limitations for water management.
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SURFACE-WATER HYDROLOGY

Streamflow in the study area is primarily a reflection of the physical nature, geology, and climate
of the area. The surface-drainage pattern is mainly dendritic superimposed on a "Pottsville" terrain
characterized by high-relief features, with thin soils and rocks having poor water-bearing properties.
Streams in the area have sharply defined flood peaks and normal flows below an estimated long-
term average of 1.5 cubic feet per second per square mile of drainage basin (¢fs/mi2). Base flows are
at or near zero cfs due to a low contribution of ground water (i.e., springs and seeps) to streams
during dry periods.

An indicator of the high streamflow recession in the basin is the low-flow index (Bingham, 1979).
This index, 32 days per flow log cycle, is very low and indicates a short duration of streamflow,
particularly during dry periods. Using the low-flow index, the size of the study area (23.9 mi2), and an
equation developed by Bingham, a 7-day median annual low flow (7-day Q) of 0.005 ¢fs/mi2 was
computed. Available information (Pierce, 1959, 1967; Hayes, 1978) indicates that flows of this
magnitude characterize parts of Alabama underiain by rocks of low permeability where streamflow
fluctuates with and is a reflection of rainfail.

The Tyro Creek basin is located in hydrologic area 23, Eastern Coal Province, described in a report
by Harkins and others (1980). They indicated that principal hydrologic problems resulting from the
surface mining of coal in this province include erosion and sedimentation, decline in ground-water
levels, and degradation of water quality, including an increase in sulfate and manganese levels.
Similar problems were noted in a report by Knight and Newton (1977). Presently, effects of mining in
the area appear limited mainly to changes in water quality with some siltation in evidence.

CLIMATE

The climate of the area is warm-temperate to subtropical, characterized by long, hot summers,
and cool, fairly short winters. The average annual temperature is approximately 62°F (16.7°C)
(Lineback and others, 1974). A low range in monthly average temperatures, from about 46°F (7.8°C)
for January to 81°F (27.2°C) for July is the result of tempering influences of the Gulf of Mexico.

Precipitation in the area averages about 54 inches a year. Climatic data collected at the National
Oceanic Atmospheric Administration (NOAA) weather station at the Oliver Lock and Dam,
Tuscaloosa, for the period covered by the study (September, 1981 through July, 1984), show seasonal
changes in rainfall (fig. 2). Fall months are generaily dry. In winter the interaction of cold fronts and
maritime air masses in the Gulf of Mexico produces extended periods of precipitation. Temperatures
moderate in spring, but relatively heavy rainfall still occurs. Summers are hot, often humid, and are
characterized by afternoon thunderstorms contributing to a near-mean monthly rainfall of about 4
inches.

MATERIALS AND METHODS
SAMPLING STATIONS

Four regular and two supplemental sites were chosen within the Tyro Creek watershed for
collection of biological and hydrological samples (fig. 3, table 2, Appendix A). Sites 1 and 2 were
located on the main channel of Tyro Creek. Sites 3 and 4 were located on two tributaries to Tyro
Creek; Wallace Branch, and Little Tyro Creek, respectively. These four sites were sampled at monthly
intervals from September, 1981 through December, 1983 and at bimonthly intervals in 1984. Portions
of the basin draining Wallace Branch and Little Tyro Creek had been previously mined. Additional
mining was scheduled in the Little Tyro Creek tract, but never initiated. Sites 3 and 4, and site 1,
which is downstream of their confluence, served as the primary experimental sites. Site 2, which is
upstream of the confluence of Wallace Branch with Tyro Creek served as the control.

In addition to these four regular sites, two supplemental sites were added. One at the
headwaters of Tyro Creek (site 5) and one at the headwaters of Wallace Branch (site 6). Site 5 was
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Figure 2.--Total monthly rainfall recorded at Oliver Lock and Dam,
Tuscaloosa (NOAA, 1981-1984).
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Table 2.--Sampling site locations in the Tyro Creek watershed and drainage areas

Site numbers Drainage Percent of
Elevation area drainage
Station (Project) (USGS) Latitude Longitude (ft msi) (mi2) area mined
Tyro Creek at 1 02463850 33°33'58" 87°34'34" 290 21.40 4
bridge
Tyro Creek at 2 02463840 33°35'43" 87°34'35" 310 7.14 0
ford
Wallace Branch 3 02463847 33°35°02" 87°34'35” 305 11.00 7
near mouth
Little Tyro Creek 4 02463846 33°35'17" 87°32'55” 325 4.25 1
Tyro Creek at 5 02463839 33°38'17" 87°33'15” 410 3.01 0
headwaters!
Wallace Branch 6 02463843 33°35'20" 87°32'53" 350 3.18 9

at headwaters

'Used primarily for biological sampling; other sites are used for biological and hydroiogical sampling.

used as an additional control site in the watershed, as it was similar in size and drainage to site 4.
Only biological data (fishes and adult insects) were collected at this site. Site 5 was collected at
regular sampling intervals beginning in March, 1982 and occasionally prior to this point. Site 6 was
added to the study in February, 1983 following extensive clearcutting in a portion of the basin (fig.
3). This site was collected at regular sampling intervals the remainder of the study. The full
complement of parameters determined at sites 1, 2, 3, and 4 were also measured at site 6. These two
sites, although not included in the original scope of work, were incorporated to better understand
faunal distributions and relationships within the watershed.

WATER QUALITY

Eight water-quality parameters were measured in the field. Stream discharge was determined
according to the procedures described in a following section under streamflow. Twenty-four other
parameters (table 3) were measured at the Geochemical Water-Quality Laboratory of the GSA.

FIELD ANALYSES

Dissolved oxygen (DQ) was measured in-stream using a Yellow Springs Instrument (YSI) Model 54
dissolved-oxygen meter. Hydrogen-ion concentration was measured with an Orion Model 407-A pH
meter with reference electrodes. Specific conductance was measured in micromhos per centimeter
(umhos/cm) with a Model MCl, Mark IV portable conductivity meter. Color, measured in platinum-
cobalt (Pt-Co) units, and turbidity, measured in Jackson turbidity units (JTU), were measured with a
Hach DR-EL colorimeter. Alkalinity as bicarbonate was determined by titrating a 50 milliliter (ml)
water sample with a standard sulfuric acid solution to an end-point pH of 4.5, as determined by an
Orion pH meter.

LABORATORY ANALYSES

Water samples were collected at mid-stream for laboratory analyses. One sample was filtered
and acidified with a 25 percent nitric acid solution for trace-metal contents analysis. Another sample
was filtered, but not acidified, and kept chilled for determination of nitrate (NO3) content. Raw-
water samples were collected for standard chemical analysis using the methods of Skougstad and



Table 3.--Water-quality and bottom-sediment parameters measured in
Tyro Creek watershed, September 1981 through July 1984

Field1 Laboratory! Bottom
determinations analyses sediments

Discharge (cfs) Suspended sediment Sieve analyses
Temperature (°C) Calcium (Ca) Trace metals and nutrients (mg/kg)
pH (as units) Chloride (Cl) Arsenic (As)
Alkalinity (as HCO3) Fluoride (F) Cadmium (Cd)
Specific conductance (umhos/cm) Potassium (K) Chromium (Cr)
Color (Pt-Co) Magnesium (Mg) Cobalt(Co)
Turbidity (JTU) Sodium (Na) Copper (Cu)
Dissolved oxygen Nitrate (N) (dissolved) Iron (Fe)

Nitrate (NOj3) (dissolved) Lead (Pb)

Silica (Si03) Manganese (Mn)

Sulfate (SOg4) Mercury (Hg)

Trace metals (pg/l)
Arsenic (As)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Iron (Fe)

Lead (Pb)
Vanadium (V)
Manganese (Mg)
Mercury (Hg)
Selenium (Se)
Strontium (Sr)
Zinc¢ (Zn)

Selenium (Se)
Strontium (Sr)
Vanadium (V)
Zinc (Zn)
Chloride (Cl)
Phosphate (POg)
Nitrate (NO3)

pH (as units)

1All measurements in mg/l unless otherwise indicated.

others (1979). Trace-metal contents of water samples were determined using an atomic absorption
spectrophotometer (Perkin-Elmer 2380), using methodology outlined by the U.S. Environmental
Protection Agency (1979).

SEDIMENT
SUSPENDED SEDIMENT

Representative water samples were obtained using a U.S. Geological Survey DH-40 depth-
integrated sampler for determination of sediment content. Normally, the samples were collected at
locations in the stream where the cumulative total of measured flow was estimated to be 25 and 75
percent. This procedure for sample collection is a modification of the U.S. Geological Survey’s Equal
Discharge Interval sampling method (Guy and Norman, 1970). Samples were collected at mid-stream
when the measured or estimated flow was very low and the channel narrow.

BOTTOM SEDIMENT
Bottom sediment samples were collected each month for particle size analysis. With the

exception of the October and November, 1981 collections, sediment samples were collected in
transects across the stream channel using wide-mouth plastic jugs. In October and November, 1981,
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water levels were low and sediment was collected only at the stream bank. The collected samples
were dried and passed through a series of U.S. Standard sieves to determine grain size distribution
(table 4). The portion retained by each sieve was weighed and used to calculate percentage of total
sample.

A single sediment sample was collected at each site in August, 1982 and July, 1984 for analysis of
trace metals and selected nutrients. Sediment was collected from a transect across the stream
channel using wide-mouth plastic jars. The jars were then sealed and stored at temperatures ranging
from 2° to 4°C until time of analysis.

STREAMFLOW

Streamflow was measured in cubic feet per second (cfs) as instantaneous discharge, using
modified U.S. Geological Survey techniques (Carter and Davidian, 1968). Velocity-rated Price pygmy
and AA current meters, metal top-settling wading rods, and battery-operated earphones were
utilized. Measured sections were perpendicular to flow, ranged from 1 to 27 feet in width, and
commonly had water depths of 2.5 feet or less. The transverse profile of each stream site is included
in the site descriptions of Appendix A. As gauged stream sections were shallow, they were waded
and the 0.5-and 0.6-depth methods of determining flow velocity were used. Zero flows were
determined visually. Stream stage as determined by tapedown from fixed reference points was
recorded for correlation with measured flows and preparation of flow rating tables. Site descriptions
are summarized in Appendix A. These same site descriptions are also contained in Appendix A of
Harris and others (1983) in more detail.

BIOLOGICAL
MACROINVERTEBRATES

Macroinvertebrates were collected monthly from September, 1981 through December, 1983,
and bimonthly from January, 1984 through July, 1984 at sites 1, 2, 3, 4, and 6 using two different
techniques. Samples were not collected at sites 2, 3, and 4 during September and October, 1981 as
the streams were dry. Bottom fauna were collected using an Ellis-Rutter portable box sampler,
enclosing 0.1 square meter (m2). Four samples were taken at each site, one near the stream margin
and one at the stream center in both a pool and riffie area. Field processing of the samples consisted
of screening with a No. 30 sieve and preservation with 95 percent ethanol. In the laboratory, samples
were screened again with a No. 30 sieve and placed in white enamel pans. Organisms were separated
from the substrate using a saturated sugar solution and a 10X magnifying light, sorted to taxa, and
stored in vials. Chironomidae larvae were cleared using a 10 percent solution of potassium hydroxide
(KOH) and mounted in Hoyer’s medium on microscope slides.

Adult insects were collected at all sites, including site 5, from March through October each year.
Adults were collected using battery- powered ultraviolet lights placed over white enamel pans filled
with diluted ethanol. The lights were operated on stream banks for approximately 1 hour after dusk.
Collections were placed in jars and transported to the laboratory where the Trichoptera,
Ephemeroptera, and Plecoptera were sorted from the total collection. These groups were chosen for
identification because their immatures are totally aquatic and are good indicators of water-quality
conditions. The adults of these three groups are also readily attracted to ultraviolet lights insuring an
adequate sample and are easily identified using existing taxonomic keys.

Bottom fauna were identified to genus when possible using the following identification guides:
Brigham and others, 1982; Edmonds and others, 1976; Merritt and Cummins, 1984; Parrish, 1975;
and Wiggins, 1977. Adult Trichoptera, Ephemeroptera, and Plecoptera were identified to species
using mainly the following keys: Blickle, 1979; Edmonds and others, 1976; Morse, 1975; Ross, 1944;
and Schmid, 1970. For the purpose of analyzing the benthic data, all taxa regardless of their place in
the hierarchy of classification were considered equivalent.
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FISHES

Fishes were collected concurrently with the benthic macroinvertebrate and water samples. Nylon
minnow seines, 6 and 8 feet in length (1/8-inch delta weave), were used to collect the samples. Total
time devoted to collecting a given sample from a site varied according to flow conditions and stream
size. During normal to high flows and in larger streams, more time was required to collect a sample.
During drier periods of the year, the isolated pools could be quickly sampled. Although sampling
fishes using seines is by no means random, bias, if not minimized, was controlled at consistent levels
by using the same equipment, the same personnel, and by collecting similar habitats each month.

Upon capture, specimens were immediately preserved in 10 to 20 percent formalin. In the
laboratory, samples were sorted to species and the specimens therein enumerated and weighed to
the nearest 0.1 gram (g) using a Mettler Balance. All specimens were retained in permanent storage
at the GSA for future reference. Notes of unique stream or biological conditions were made in the
field and are also on file at the GSA.

DATA ANALYSIS

Linear regression and correlation analyses were performed on the water-quality data using the
Statistical Package for the Social Sciences (SPSSX) software package (Nie and others, 1983). The
techniques were used to derive equations relating parameter concentrations as a function of
streamflow and subsequently comparing these equations for different mined areas within the
watershed. A total of 2,640 correlation coefficients were examined to determine statistically
significant, hydrologically meaningful relationships between parameters. Correlation coefficients
were considered significant (p < .05) when caiculated “r" values were between .38 to 1.0 (n = 28)
for stations 1 through 4, and between .58 to 1.0 (n = 12) for station 6.

Biological data were managed using a software program developed by the GSA which has data
storage, sorting, editing, and recall capabilities. Because biological data are muitivariable, no single
analysis approach is likely to adequately describe the observed community phenomena. Therefore,
several techniques were used to analyze the data. The simplest technique involved plotting basic
community parameters such as number of species or taxa and total catch or density through time
and describing the observed variation. The next level of analyses included calculating Shannon-
Weaver diversity (H') and evenness (J°) indexes. These were calculated using the formulas specified in
Lloyd and others (1968) and Pielou (1975).

H' = (Nlogy N - Z n;log n;) - (N)-!
J' = H - (logys)-!

Where n; equals total individuals (or biomass) of the ith species; N equals total individuals (or
biomass) per sample or sampling unit; and s equals the number of species (or taxa) per sample or
sampling unit. All indexes were calculated to logarithms of base 2. Diversity measures relate species
richness (number of species or taxa) and the distribution of individuals to the species in any given
sample (evenness). A small diversity index usually means fewer taxa with most individuals
concentrated in a few taxa. Conversely, a greater diversity index means many taxa with individuals
more evenly allocated to the collected taxa.

Most measures of community diversity are sample size dependent (Wilhm, 1970) meaning that a
sample containing a large number of individuals will have a greater diversity than a smaller sample
simply because of its size, thereby masking any community pattern. To compensate for this
undesirable property, diversity was also calculated in a cumulative or asymptotic fashion. This
approach appears to relieve sample size dependency and more accurately reflects the underlying
structure of the faunal community. Diversity and evenness measures should be interpreted with
some degree of caution and reservation because of their highly simplistic nature. Hurlbert (1971) has
strongly pointed out the failings of the diversity concept and its nonrelation to biological
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communities. However, because the use of diversity is standard procedure in regulatory and
environmental analysis, we include it here for completeness.

The final approach to data analysis included exploring and defining data patterns with
multivariate discriminant ordination techniques using the SPSSX computer program. Discriminating
variables were species or taxa whose overall abundance exceeded 1.0 percent and also occurred in
ten or more collections. Direct and stepwise methods were both examined and found to yield almost
identical results.

RESULTS AND DISCUSSION
WATER QUALITY

Water-quality data collected during the study are compiled in Appendix B. These data represent
the results of laboratory and field analyses of 132 samples, for a determination of 4,224 parameter
values. These values provided the comparative basis for the computer evaluation to identify
correlating parameters.

Stream sanitation is dependent, in part, upon natural self-purification; that is, the ability of a
stream to assimilate the effects of natural and manmade pollution. One evident source of stream
pollution in the area is acid-mine drainage. This problem is indicated at sites 3 and 6 on Wallace
Branch, and site 4 on Little Tyro Creek by low pH and high specific conductance values, particularly
during periods of low flow (fig. 4). Manganese, a parameter commonly associated with acid-mine
drainage, is also high at the same sites (Appendix B). In contrast to the natural calcium-magnesium
bicarbonate type of water at site 2, the water at sites 3, 4, and 6 is of the calcium-magnesium sulfate
type, another indication of the effects of acid-mine drainage.

Streamflow in the basin is derived principally from surface runoff of precipitation. Because of
this and due to the influence of acid-mine drainage on surface-water quality, certain water-quality
parameters may be correlated with streamflow. To determine such relationships, correlation
analyses comparing water-quality parameters were performed. The results in computed "p" and "r"
values were then scanned and a matrix table of correlating parameters prepared (table 5). From
information summarized in the table, nine water-quality parameters, specific conductance, calcium,
magnesium, sodium, potassium, sulfate, strontium, sediment content and load were selected for
regression with streamflow. Iron and manganese were also added to the list due to their known
association with coal mining activities. The resulting linear regressions are shown in figures 5, 6, and
7. When viewed in relation to percent of drainage area mined within each sampling site subbasin, a
general trend emerges in the figures. As mined area increases within a basin, the analyzed
parameters also increased in value. The longitudinal changes observed in parameter concentration,
from low (site 2, 0 percent mined), to high (site 4, 11 percent mined), illustrate this trend. The most
significant parameter appears to be manganese content. This parameter increased in direct
relationship to the percent of area mined. The mining effect is to increase manganese content well
beyond the natural stream-buffering capacity of Tyro Creek. Similar problems have been noted
(Harkins and others, 1980) in other parts of the Warrior coal field.

Water quality is usually judged by standards applicable to the intended use of the water. Streams
in the study area are classified by the Alabama Department of Environmental Management (ADEM)
for "Fish and Wildlife." Water-quality parameters in the Tyro Creek watershed, when compared to
ADEM'’s mine-water discharge standards and to drinking water standards of the U.S. Environmental
Protection Agency (USEPA, 1979) indicate several possible problems (table 6). These include low pH,
high manganese content, and high color and turbidity values. The significance of these problems is
two-fold: the study area is part of the watershed of Lake Tuscaloosa, located about 10 miles (6.2 km)
to the south, a source of public-water supply for the City of Tuscaloosa; and the area is similar in
character to other parts of the Lake Tuscaloosa watershed. Water-quality problems within the Tyro
Creek watershed appear to have a limited potential for creating similar problems in Lake Tuscaloosa,
but similar problems in other Warrior coal field tributaries to the North River could, in combination
pose a potential threat to the lake particularly during periods of low fiow.
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Figure 4.--Specific conductance and pH measured at sampling sites in the Tyro Creek
watershed during low flow on September 26-27, 1983.
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SEDIMENT

Where mining accelerates weathering and erosion, the pattern of sediment transport and
deposition is disrupted and the result can be the “siltation" of a stream. Particle size analyses of
sediment (Appendix C) indicated a distinct difference in substrates between Tyro Creek and its
tributaries, Wallace Branch and Little Tyro Creek. The substrate at sites 1, 2, and 6 is primarily rock,
overfain with coarse gravel and cobble (table 7). At sites 3 and 4, the substrate is predominately sand
(table 7). Mining activities often lead to an increased clay, silt, and sand content of sediments, but
natural weathering and erosional processes may also be responsible for differences in stream
substrate.

The effect of surface mining on sediment character at sites 3 and 4, and possibly site 1, is not
evident in the chemical analyses because trace metal and nutrient content for bottom-sediment
samples collected at all sites are similar (table 8). A possible reason for the similarity of data is the
similarity in geology of subbasin drainage areas. The data suggest that manganese, iron, copper,
chromium, lead, vanadium, zinc, chloride, nitrate, and phosphate are present in noticeabie amounts
in the stream sediment at the five sites. The low pH of the collected samples, ranging from 5.3 to 6.8,
reflects the acidic nature of soils and rocks in the area. Arsenic, cadmium, cobalt, mercury, selenium,
and strontium were minor constituents of the stream sediment.

STREAMFLOW

A total of 137 determinations of streamflow, 15 or more at each site, were made during the
study period. Streamflow measurements and associated data are listed in Appendix B. While the
measurements provide insufficient data for determination of the individual components of
streamflow, two general hydrologic features are evident.

First, seasonal variation in streamflow tends to reflect regional precipitation (fig. 8). Streamflow
was commonly at or slightly above zero cfs at all measuring sites during the dry fall months of the
study period, and highest during the wet winter and early spring months. The highest flow, 111 cfs,
was measured in April, 1983 at site 1. This flow exceeded the estimated average flow (21.4 cfs) for
this site, by a factor of 5.2. Flows measured during the period of study were commonly below
estimated long-term averages for all sites, except for the wet months.

A second watershed feature is a general uniformity in streamflow. Computed on the basis of
cfs/mi2 of drainage area to facilitate comparisons, streamflow uniformity within the Tyro Creek
watershed is illustrated in figure 9. Flows measured during the study period on the same dates, but
at different sites are plotted on an X-Y coordinate basis. With the exception of two data points,
which reflect the effects of summer thunderstorms in portions of the watershed, flows center
around a line of equal yield, indicating a general equal contribution of unit drainage and to
streamflow in the watershed. Since streamflow rates throughout the watershed are similar, mining
impacts to water quality or the stream regime can be more accurately defined.

BIOLOGICAL
MACROINVERTEBRATES
Adult insects, limited to the Trichoptera, Ephemeroptera, and Plecoptera, and immature benthic
macroinvertebrates were collected during the study. Since adult collections were restricted to three
orders that could be identified to species |levels, this phase of the study will be considered separately.

ADULT INSECTS

The adult insects collected along the margin of each stream site complemented the benthic
sampling program by providing another means of determining the faunal composition. Since the
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ultraviolet light traps collected both terrestrial as well as aquatic insects, only the Trichoptera,
Ephemeroptera and Plecoptera, which are entirely aquatic as immatures, are considered here.
Within the Tyro Creek watershed 106 species of caddisflies (Trichoptera), 22 species of mayflies
(Ephemeroptera) and 13 species of stoneflies (Plecoptera) were collected. In addition to being the
most diverse group, caddisflies were also the most numerous, with 5,590 specimens (primarily males)
collected. Mayflies and stoneflies were less abundant with 363 and 301 specimens collected,
respectively.

Of the caddisflies collected in the Tyro Creek watershed (table 9), the Hydroptilidae were the
most diverse and numerous family collected followed by the Leptoceridae and Hydropsychidae. The
greatest number of species were collected at sites 1 and 2, with 70 and 75, respectively; the smailest
number at site 6, with 27 species (table 10). As would be expected, small numbers of caddisflies were
collected in the small tributaries (sites 3, 4, and 6) and headwaters of Tyro Creek (site 5), with
numbers increasing in the main channel of Tyro Creek (sites 1 and 2) (table 10). The caddisfly fauna
appears to be primarily related to stream size, and although there is likely some impact of previous
mining in the watershed on the fauna, it was not clearly evident. Results of a discriminate analysis
bear out this generalization. The caddisfly fauna of sites 1 and 2 are grouped together and separate
from the grouping of sites 3, 4, 5, and 6 on the basis of stream size (Function 1) (fig. 10). While sites 3,
4, and 6 are impacted to some extent by mining, site 5 is not. While there were no species highly
correlated with Function I, it did account for 26.5 percent of the observed variation (table 11). No
explanation for the role of this function in the caddisfly community is currently possible. However,
adult insects, in general, do not segregate along easily definable environmental gradients like many
aquatic organisms. This is most likely due to their flying abilities, allowing them to disperse
throughout the entire watershed. While an analysis of the adult caddisfly community in the drainage
is useful, highly specific correlations between species and habitats are limited because of their
mobility.

While several species were common in the watershed, including Chimarra obscura, Nyctiophylax
denningi, Cheumatopsyche geora, Hydroptila hamata, H. quinola, Oxyethira novasota, and Oecetis
inconspicua, others were limited in distribution. Two hydroptilids, Hydroptila recurvata and
Ochrotrichia tuscaloosa are restricted to the Black Warrior basin of which Tyro Creek is a part. Several
other species were restricted either by season or to specific localities. Polycentropus chelatus, P.
confusus, and P. elarus were only collected in the small tributaries and headwaters of Tyro Creek and
primarily in early spring. Phryganeids and odontocerids were only collected at site 5, usually in April.
Limnephilids, while widely distributed in the watershed were only present as adults in October (table
9).

The majority of species emerged from May through September, with the largest number of
species being collected in July (tabie 10). The greatest number of specimens were also collected
during July, although total catch was fairly high throughout the summer months.

There were several other species of note collected in the watershed. Three species, Triaenodes
cumberlandensis, Orthotrichia curta, and Oxyethira roberti are only known from a few localities in
the southeast. Orthotrichia curta was previously only known from Florida (Blickle, 1979), Oxyethira
roberti from reservoirs in Florida and South Carolina (Kelley, 1982), and Triaenodes cumberiandensis
from Tennessee (Etnier and Way, 1973). In addition, Hydroptila perdita, which was widespread in the
watershed, was previously unknown from the southeast (Blickle, 1979).

The mayfly fauna collected in the Tyro Creek watershed (table 12) was not nearly as diverse or
abundant as that of the caddisflies. Many of the mayflies collected in the light traps were
subimagoes and as such could not be accurately identified to species. Most of those which could be
assigned to a species were found to be widespread southeastern species. However, three species,
Heptagenia minerva, Paraleptophlebia debilis, and Ephemera varia have not been previously
reported from Alabama (Berner, 1977). As only a small number of specimens could be identified to
species, interpretations of distribution patterns within the watershed are not possible.

The stonefly fauna collected in the Tyro Creek watershed (table 13) was not particularly diverse
or abundant. Only Acroneuria filicis, Neoperla carlsoni, and Perlesta placida were common and
widely distributed. Many of the other species, including Amphinemura nigritta, Strophopteryx
fasciata, Leuctra spp., and Alloperla spp., were restricted to the small tributaries of Tyro Creek (table
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Table 9.--Trichoptera collected in light traps in the Tyro Creek watershed, 1981-1983

Total Sampling Seasonal
Species number site? occurrence

Philopotomidae 417

Chimarra aterrima 78 1,2,3,4,5,6 June-Sept.

C. moselyt 3 1 Aug.

C. obscura 329 1,2,3,4,5 May-Sept.

C. n.sp. (nr. socia) 2 2 July

Dolophilodes distinctus 1 2 Aug.

Wormaldia moesta 4 2,3,4,5 April, May
Polycentropodidae 351

Cermotina calcea 17 1,2,3 June-Sept.

Cyrmellus fratermus 21 1, 3 July

Neureclipsis crepuscularis 3 3, 5 June, July

Nyetiophylax affinis 6 1,2, 4,5 May, July, Sept.

N. bankst 8 1,2,3,4 May-dJuly, Oct.

N. denningi 249 1,2,3,4,5,6 April-Sept.

Phylocentropus placidus 5 1,2 April, Aug., Sept.

Polycentropus chelatus 5 3,4 March-May

P. ceinereus 4 1, 4,5 May, Sept.

P. confusus 22 5,6 May-Sept.

P. crassicornis 7 2, 5 April, May

P. elarus 2 4,5 May, July

P. nr. elarus 1 4 May
Hydropsychidae 745

Ceratopsyche sparma 1 5 Aug.

Cheumatopsyche geora 565 1,2,3,4,5,6 April-Sept.

C. pasella 25 1,2,3, 5 May-Aug.

C. pettiti 68 1,2,3,4,5,6 May-Sept.

C. pinaca 47 1,2,3,4,5,6 June-Aug.

Diplectrona modesta 4 1,2, 4 July

Hydropsyche alvata 1 3 July

H. bettent 11 1,2,3, 5 May, July-Sept.

H. mississippiensis 1 2 June

H. orris 9 1, 3, 5 Aug., Sept.

H. rossi 7 1,2,3, 5§ July, Sept.

Macrostemum carolina 6 1,2,3, 5 June, July
Rhyacophilidae 15

Rhyacophila carolina 4 2, 5, 6 May, June

R. glaberrima 1 3 Sept.

R. lobifera 10 1,2, 4, 6 April, May
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Table 9.--Trichoptera collected in light traps in the Tyro Creek watershed, 1981-1983 - Continued

Hydroptilidae

Dibusa angata
Hydroptila alabama
. amoena

angusta

armata
disgalera

gunda

hamata
novicola
oakmulgeenstis
onetli
paramoena
perdita

quinola
recurvata
remita
spatulata

vala

virgata
waskesia

. waubesiana
Neotrichia alabamensis
N. collata

N. riegelt
Ochrotrichia tarsalis
0. tuscaloosa

SRR R

Orthotrichia aegerfasciella

0. eristata

0. curta

0. dentata
Ozyethira janella

0. novasota

0. rivicola

0. roberti

0. pallida
Stactobiella palmata

Phryganeidae

Agrynia vestita
Ptilostomis ocellifera

Limnephilidae

Ironquia punctatissimus
Pycnopsyche antica

P. indiana

P. lepida

P. luculenta
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Table 9.--Trichoptera collected in light traps in the Tyro Creek watershed, 1981-1983 - Continued

Odontoceridae
Psilotreta frontalis

Leptoceridae
Ceraclea cancellata
C. maculata
C. nepha
C. protonepha
C. tarsipunctata
C. transversa
Mystacides sepulchralis
Nectopsyche candida
N. exquisita
N. pavida
Oecetis avara
einerascens
ditissa
georgia
ineonspicua
nocturna
ostent
persimilis
. sphyra
riaenodes cumberlandensis
dipsia
ignitus
nJustus
marginatus
ochracea
pernus
smitht
tarda
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May-Sept.
June, July
Sept.
May-Sept.
July
May-Sept.
May-Sept.
July, Sept.
May-Sept.
June, Aug.
June, Aug.
July
June-Sept.
July-Aug.

May, July, Aug.

May
July-Sept.
Aug.

June

'1-Tyro Creek at bridge

2-Tyro Creek at ford

3-Wallace Branch at mouth
4-Little Tyro Creek

5-Tyro Creek at headwaters
6-Wallace Branch at headwaters
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TRICHOPTERA
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Figure 10.--Scatterplot of Trichoptera collections in the Tyro Creek watershed
in relation to the first two functions produced by discriminate analysis.
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Table 11.--Correlations between Trichoptera species collected in the Tyro Creek
watershed and the first three functions produced by discriminate analysis

Function
Species [ in i

Hydroptila alabama 424

Hydroptila hamata .398

Hydroptila quinola .389

Chimarra obscura 332

Oecetis nocturna .282

Ceraclea protonepha 271

Orthotrichia aegerfasciata .219

Oxyethira novasota .213

Hydroptila novicola .207

Hydroptila waubesiana .199

Hydroptila oneili -.417
Chimarra aterrima -.236
Ceraclea nepha .195
Eigenvalue 1.517 1.024 .761
Percent of variance 39.31 26.54 19.73
Cumulative percent 39.31 65.85 85.58

1 Although Function Il accounted for 26.54 percent of the observed variation there was no strong correlation
with species occurrence. Therefore Function Il could not be related to a specific ecological factor.

13). Although the common species were collected throughout the summer, the majority of the
stoneflies were collected in the spring. Alloperia atlantica, A. chloris, Acroneuria filicis, and Neoperla
carlsoni have not been previously reported from the State, and Leuctra alta and L. rickeri are
considered rare in the State (James, 1972).

BENTHIC INVERTEBRATES

A diverse and abundant benthic fauna (16,767 specimens in 218 taxa) was present in the Tyro
Creek watershed, particularly at sites 1 and 2 (table 14, Appendix D-1). The largest fauna, 6,216
specimens in 166 taxa, was collected at site 2 between September, 1981 and July, 1984. The lowest
number of specimens (463) and taxa (71) were collected at site 6. However, this station was added
after the second year of the study and onily sampled for 15 months. Of the four stations sampled the
entire study, site 3 had the lowest faunal totals, with 1,421 specimens and 101 taxa (table 14).
Substrate type, stream size, and mining impacts seem to be the primary factors resuiting in low
numbers of taxa and individuals at sites 3, 4, and 6 in comparison to sites 1 and 2 (table 14). Sites 1
and 2 on Tyro Creek have diverse stable substrates of cobble and gravel overlying bedrock, while
sites 3 and 4 have substrates primarily of shifting sand (table 7). Station 6 had a substrate of cobble
intermixed with substantial amounts of sand (table 7). Sand is generally a poor biological habitat
and typically supports a low faunal diversity (Hynes, 1972). The importance of substrate is further
evidenced by a higher number of taxa and specimens at site 4 than at site 3. Although Little Tyro
Creek is a smaller tributary than is Wallace Branch, this stream contains several sections of rocky
riffles not present in Wallace Branch. This diversity of habitat likely results in the higher faunal
counts for Little Tyro Creek (table 14; Appendix D-1).
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Table 12.--Adult Ephemeroptera collected in the Tyro Creek watershed, 1981-1984

Total Sampling Seasonal
Species number site! occurrence

Baetidae

Baetis SPp. 1 3 July

Centroptilum Spp. 15 1,3 May, June

Cloeon Spp. 5 1 May

Pseudocloeon Spp. 1 1 May
Heptageniidae

Heptagenia aphrodite 135 1,2,3,5 June-August

Heptagenia minerva 2 3 June

Heptagenia Spp. 13 1,2,3,4,5,A April, May, Sept.

Rhithrogena sSp. 1 3 June

Stenacron interpunctatum 19 1,2,5 May-Sept.

Stenacron Spp. 3 1,5 July, Sept.

Stenonema femoratum 29 1,3,5 May-August

Stenonema Spp. 28 1,2,3,4,5,A March-Jduly
O0ligoneuriidae

Isonychia bicolor 30 2,5 May-August

Isonychia sSpp. 18 1,2,3,5 May, June
Siphlonuridae

Ameletus SPp. 1 4 May
Leptophiebiidae

Habrophlebiodes americana 2 2,5 May, June

Paraleptophlebia debilis 1 2 April
Ephemeridae

Ephemera varia 6 5 July

Hexagenia munda 31 1,2 May, July

Hexagenia SPP. 4 1 July
Ephemerellidae

Ephemerella Spp. 4 1 March, May
Caenidae

Caenis SPp. 14 1,2 May-July

'1-Tyro Creek at bridge
2-Tyro Creek at ford
3-Wallace Branch at mouth
4-Little Tyro Creek

5-Tyro Creek at headwaters

6-Wallace Branch at headwaters
A-Small tributary entering Tyro Creek at bridge
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Table 13.--Adult Plecoptera collected in the Tyro Creek watershed, 1981-1984

Total Sampling Seasonal
Species number site? occurrence

Nemouridae

Amphinemura nigritta 3 4.6 April, May
Taeniopterygidae

Strophopteryx fasciata 1 A March
Capniidae

Allocapnia sp. 2 A March
Leuctridae

Leuctra alta 1 C April

Leuctra rickeri 4 6,C April

Leuctra Sp. 2 A May
Perlodidae

Isoperla sp. 2 A May
Chloroperlidae

Alloperla atlantica 7 8,C April

Alloperla chloris 1 5 April
Perlidae

Acroneuria abnormis 6 1,5,A May, June

Acroneuria filicis 54 1,2,3,5,6,A May, June

Neoperla carlsoni 67 1,2,3,4,5,6 June, July

Weoperla clymene 1 A June

Perlesta placida 150 1,2,3,5,6,A May-July

'1-Tyro Creek at bridge

2-Tyro Creek at ford

3-Wallace Branch at mouth

4-Little Tyro Creek

5-Tyro Creek at headwaters
6-Wallace Branch at headwaters
A-Small tributary entering Tyro Creek at bridge

B-Small tributary entering Wallace Branch at headwaters

C-Small tributary entering Little Tyro Creek
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The small size of Wallace Branch and Little Tyro Creek, both tributaries to Tyro Creek, also
contributes to the small number of taxa and individuals. Both streams were more subject to drying in
the late summer as was the case in September and October, 1981; and to the occurrence of spates
following heavy rainfall than was Tyro Creek. Collections during and following high water events
generally resulted in very few benthic invertebrates in the small tributaries.

In addition to the physical differences between Tyro Creek and its tributaries, water quality was
markedly different at sites 3 and 4. Both sites are affected by mine drainage, particularly site 4 (table
6). Conductance and sulfate values were two to four times higher at sites 3 and 4 as compared to
sites 1 and 2. Although site 6 was also impacted by mining, the water quality was not noticeably
different from sites 1 and 2. The sand substrates of sites 3, 4, and to some extent 6, also appear to be
the resuit of mining activities via runoff. The extent to which mining has affected the fauna, both in
water quality alteration and in sediment loading, cannot be adequately assessed since premining
information is not available. However, mining impacts often lead to a lowering of faunal diversity
and biomass, and in comparing the tributaries of Tyro Creek to the main stream body, such affects
have occurred in this watershed.

A discriminate analysis of the benthic invertebrate data reiterated the general observations
made above. This analysis (fig. 11; table 15) indicated that stream sites could be separated on the
basis of mining impact (Function 1) and substrate type (Function ii). Function | could also be assigned
to stream size difference. However, since small streams are most heavily affected by mining, the two
factors are likely interrelated.

Function Il primarily illustrates substrate differences between the stations as reflected in the
close affinity between certain faunal groups and particular substrate regimes. Station 3 has a
substrate primarily of sand while station 1 is characterized by the occurrence of long pools with sand,
silt substrates interconnected by short rocky riffles. While the sand, silt deposition at station 1 is
probably natural, station 3 was once a gravel, cobble stream based on monthly observations of
sediment in flux and exposures of resident base materials. Station 3 has only recently (10-15 years)
been converted to a sand, silt habitat probably due to mining based on excessive amounts and
instability of instream sediments. Stations 2, 4, and 6 had gravel, slabrock habitats. At stations 4 and
6, however, excessive sand and silt in depositional areas and occasionally in riffles indicate that
mining has affected these streams.

Insects were the most common organisms collected in the watershed (table 16; Appendix D-1),
with the dipterans being the most abundant and diverse group. The Diptera, comprising 76 and 63
percent of the fauna at sites 3 and 4 respectively, and 46, 35, and 34 percent of the fauna at sites 1, 2,
and 6 respectively, were predominantly Chironomidae (table 16). The Chironomidae, in addition to
being abundant at the collecting sites were also very diverse containing at least 74 genera (Appendix
D-1), with Parametriocnemus, Polypedilum, Procladius, Stictochironomus, Tanytarsus, and the
Thienemannimyia group the most commonly represented. While the Tanypodinae were similarly
abundant at most stations, excepting the low levels at station 6, the Orthocladiinae and
Chironominae had a more restrictive pattern of occurrence (table 17). The Orthocladiinae, were
most frequently collected at site 3 (table 17), where the substrate was almost entirely sand.
Cricotopus, Parakiefferiella, and Rheosmittia were the dominant orthoclads at this site (Appendix D-
1). At the remaining sites, the proportions of orthoclads in the midge fauna were similar. The
Chironominae, in particular the Chironomini constituted a higher percentage of the fauna at sites 3
and 4 (table 17), but numbers were high at all sites (Appendix D-1). Tanytarsini constituted 6-7
percent of the midge fauna at stations 1, 3, and 4, but less than 2 percent at stations 2 and 6 (table
17). Diamesinae were rarely collected in the watershed and only within Tyro Creek. Other dipterans
frequently coilected were Ceratopogonidae and Tipulidae (table 16). Although Tipulidae, primarily
Tipula were common at all sites, they constituted a greater percentage of the total fauna in the small
tributaries (table 16). Ceratopogonidae, dominated by genera near Bezzia and Palpomyia
constituted similar percentages of the fauna at all sites. Simuliidae, although collected at all sites,
only comprised a noticeable portion of the dipteran fauna at site 4 (table 16). Simulium was the most
common genus collected at this site (Appendix D-1).

The Coleoptera and Ephemeroptera contributed a sizeable percentage of the collected fauna,
particularly at site 2 (table 16) where they comprised 31 percent of the fauna. The Coleoptera in the
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Table 15.--Correlations between benthic taxa collected in the Tyro Creek
watershed and the first three functions produced by discriminate analysis

Function

Taxa I I 1

Stenelmis .385
Procladius 324
Stenonema .31
Bezzia 274
Isonychia .273
Palpomyia .268
Tabanus .239
Cheumatopsyche .234
Caenis .223
Corydalus .205

Rheosmittia -.373
Parakiefferiella -.227
Saetheria -.216

Limnodrilus
Erioptera
Lirceus
Natarsia

-.150
-.130

.128
-.093

Stictochironomus -.255
Tipula .205
Ablabesmyia A77
Acroneuria A71
Paramerina -.166
Sialis .140
Amphinemura 136
Simulium 131
Rheotanytarsus 127
Cordulegaster -.118
Eigenvaiue 4.095 1.971 1.253
Percent of variance 51.46 24.77 15.75

Cumulative percent 51.46 76.22 91.97

' Limited to listing of first 10 taxa.

watershed were dominated by Helichus and Stenelmis (Appendix D-1). As well as site 2, numbers of
these genera were also high at site 1, particularly in the riffles. A diverse mayfly fauna was collected,
with 19 genera represented. Although at site 2 mayflies comprised the highest faunal percentage, a
large mayfly population also occurred at site 1 (Appendix D-1). At these sites, the fauna was
dominated by Baetidae, primarily Baetis and Pseudocloeon, Heptageniidae, mainly Stenonema and
Oligoneuriidae, represented by Isonychia.
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Plecoptera were frequently collected at all sites and comprised over 30 percent of the total
invertebrate fauna at site 6 (table 16). Allocapnia, a capniid, was the most abundant stonefly
occurring in high numbers at all sites. The nemourid, Amphinemura was also commonly collected
except at site 3. Apparently at this site the genus is limited by a shortage of available habitat. In the
Perlidae, Acroneuria and Perlesta were frequently collected, but primarily at sites 1, 2, and 4, in the
faster stream sections (Appendix D-1).

Trichoptera comprised a notable portion of the fauna at every site but 3 (table 16).
Hydropsychidae, primarily Cheunatopsyche, were the most abundant taxa in the stream system
reaching greatest population levels at sites 1 and 2 (Appendix D-1). This group is a frequent
inhabitant of rocky stream sections, a feature common to sites 1, 2, 4, and 6, but lacking at site 3. This
genus is also tolerant of a wide range of water- quality parameters, which may account for its
abundance at site 4. The caddisfly fauna collected in the substrate did not reflect the diversity of
fauna in the watershed as evidenced by the adult collections. The Hydroptilidae and Leptoceridae,
which were the most common and diverse families collected as aduits, were very poorly represented
in the bottom fauna collections. Polycentropodidae and Philopotamidae, while collected as larvae,
were not as common or diverse as that collected in the light traps. Evidently, the benthic sampling
procedure was biased towards certain groups of taxa. Those taxa which occurred in unusual or
difficult to collect habitats, such as undercut streambanks, were likely missed in collections.

Odonata, Megaloptera, and Hemiptera, while collected throughout the Tyro Creek system, were
usually not present in great numbers at any one site. Most of the hemipterans in the streams were
frequently observed on the water surface or on the exposed edges of rocks, but few were collected
in the benthic samples. The Megaloptera were represented by three genera, Corydalus, Nigronia,
and Sialis. While present at ail sites, megalopterans were most abundant in the main channel of Tyro
Creek at sites 1 and 2 (Appendix D-1). The most common odonates in the watershed were the
Gomphidae, primarily Gomphus and Progomphus. As with the megalopterans, odonates were more
frequently collected at sites 1 and 2 (Appendix D-1).

Other than the insects, the only other group comprising a notable portion of the benthic fauna
was the Oligochaeta. Oligochates were fairly common at all sites with Tubificidae, primarily
Limnodrilus, the most frequently encountered taxa.

A distinct riffle and pool fauna was evident at sites 1, 2, 4, and 6. These sites have in common
sections of rocky gravelly runs linking long narrow pools. At site 3, there were no rocky riffles and
few pools where streamflow decreased and water depth increased. In general, site 3 had a very
uniform sand substrate, with streamflow and stream depth varying little throughout the site section
(Appendix C-3). Although attempts were made to collect in both pool and riffle habitats, this
distinction was usually absent at site 3. This uniformity of stream habitat is reflected in table 16 and
Appendix D-1, where total fauna counts were similar in all collections.

At those sites which possessed distinct riffle and pool habitats, it is interesting to note that while
in general both pools and riffles supported a similar number of taxa, at some sites (1 and 2) a greater
number of taxa were collected in the pools or in the riffles (sites 4 and 6) (table 14). Habitat
availability probably accounts for much of this difference. The pools at sites 4 and 6 had very uniform
sand/silt substrates with little detrital accumulation, while at sites 1 and 2, the pools had some
vegetation, both aquatic and riparian, detrital accumulations and substrates of sand and silt
intermixed with large cobble overlying slabrock. The riffies at sites 4 and 6 provided stable habitat
allowing more extensive development of benthic populations, while at stations 1 and 2, both pools
and riffles were reasonably stable. The lower number of taxa in both pools and riffles at sites 4 and 6
in comparison to sites 1 and 2 is likely a function of the smaller stream size.

Coleoptera, Ephemeroptera, Megaloptera, Plecoptera, and Trichoptera all tended to be more
abundant in the riffles than in the pools (table 16). Of the beetles, the elmids, primarily Stenelmis,
were most abundant in the riffles. However, Dubiraphia, another frequently encountered elmid was
predominantly collected in the pools along with the dryopid beetle Helichus (Appendix D-1). As with
the Coleoptera, a distinct riffle fauna was evident for the Ephemeroptera, consisting of Baetis,
Pseudocloeon, Heptagenia, Rhithrogena, Stenonema, and Isonychia. All of these genera are strong
swimmers and tend to cling to rocks in fast- flowing environments (Merritt and Cummins, 1984). A
pool fauna was also evident for the mayflies dominated by the burrowing genera, Hexagenia and
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Ephemera. Other taxa which tend to live on the surface of sediments were more abundant in the
pools including Caenis and Paraleptophlebia (Appendix D-1). Within the Megaloptera, Corydalus
and Nigronia were almost entirely restricted to the riffles, while Sialis tended to be more abundant
in the pools (Appendix D-1). Corydalus and Nigronia cling to rocks in swift, well oxygenated waters,
while Sialis tends to burrow in the soft sediments characteristic of pools (Merritt and Cummins,
1984).

Most of the plecopteran genera tended to occur within the riffles of the streams. This is
particularly evident with the Perlidae, primarily Acroneuria and Perlesta and Nemouridae,
represented by Amphinemura (Appendix D-1). Other common genera in the watershed, including
Allocapnia and the Taeniopterygidae, showed no clear preference for either pools or riffles. The
dominant Trichoptera, Hydropsychidae and Philopotamidae, showed a marked preference for the
rocky riffles (table 16; Appendix D-1). Cheumatopsyche and Hydropsyche, the most common
Hydropsychidae collected, are filter feeders relying on a stable substrate and swift current for food.
The Philopotamidae, represented primarily by Chimarra, are predators relying on the riffle current to
move oxygen over their bodies for respiration.

In the Diptera, the large diversity of fauna made determination of a distinct riffle and pool fauna
difficuit. in general, the Simuliidae, represented in the watershed by Prosimulium and Simulium,
were almost exclusively riffle inhabitants (table 16). As biackflies are dependent on a current for
filter feeding, such a distribution is expected. Within the Tipulidae, Tipula and Hexatoma were most
abundant in riffles, while Gonomyia and Pseudolimnophila were more frequent in pools. Most of the
Tipula, which were Tipula abdominalis, occurred in leaf and detritus packs in the riffles. Gonomyia
and Pseudolimnophila are burrowers occurring in the soft sediments at the margins of the pools.
Ceratopogonidae, although poorly known, are thought to be burrowers (Merritt and Cummins,
1984) frequently occurring in pools. Such was the case in the Tyro Creek system as the
Ceratopogonidae were far more numerous in the pools than in the riffles (table 16; Appendix D-1).

While many of the Chironomidae genera were present in both riffles and pools with similar
frequency, several showed a distinct habitat preference (table 17; Appendix D-1). The Tanypodinae,
primarily Procladius and Ablabesmyia were more common in the pools, especially at sites 1 and 2.
However, members of the Thienemannimyia group, which were most likely Conchapelopia were
generally more abundant in the riffles at each site. All of these genera tend to inhabit the surface of
fine sediments and are predaceous (Merritt and Cummins, 1984). Within the Chironominae, the
Tanytarsini, while overall more common in pools (table 17), did have one taxa, Rheotanytarsus,
common in riffles. Members of this genus build a nest for filtering of food from the current.
Tanytarsus, Cladotanytarsus, and Stempellinella, the other common Tanytarsini, were abundant in
the pools. All of these taxa are adapted for climbing on vegetation and roots, or debris along the
stream channel. In the Tyro Creek system, most habitat available for climbing Tanytarsini occurred in
the pools. The Chironomini, as well as the Orthocladiinae, had many representatives that could be
classified as riffle or pool inhabitants. In the Orthocladiinae, Parakiefferiella tended to be most
common within pools, while Eukiefferiella, Rheocricotopus, and Parametriocnemus occurred with
greatest frequency in riffles. Others such as Rheosmittia and Cricotopus had no clear preference.
However, Rheosmittia was most abundant at site 3 (Appendix D-1) which had a sandy substrate. In
the Chironominae, Polypedilum tended to be more abundant in riffles, while Stictochironomus,
Microtendipes, and Chironomus were more frequently coilected in pools (Appendix D-1). While
Polypedilum tends to cling and climb on exposed surfaces, the common pool genera are burrowers in
sediment (Merritt and Cummins, 1984). Other genera such as Saetheria and Cryptochironomus
occurred with similar frequency in both pools and riffles. As was the case with Rheosmittia, largest
populations of Saetheria occurred at site 3 in the sand substrate. Diamesinae were represented by
two genera, Monodiamesa and Potthastia. Both predominantly occurred in the pools and were only
collected at sites 1 and 2 (Appendix D-1).

Since the immature insects dominated the bottom fauna, seasonal patterns of occurrence
primarily reflect their emergence as adults. A general decrease in taxa (fig. 12), number of
individuals (fig. 13), and diversity (fig. 14) was detected at all stations in the spring. Following this
decline, both numbers and taxa generally increase in the stream system, with greatest numbers in
the late summer and fall. Some decreases in faunal counts are also a response to high water
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conditions in the streams scouring the bottom. Diversity fluctuated widely at sampling sites, but
particularly so at site 3 and to a lesser degree at sites 4 and 6 (fig. 14). These sites are located on small
tributaries more subjectable to rapid changes in streamflow. This instability of the smaller tributaries
is also reflected in the low number of taxa and specimens collected (figs. 12 and 13).

FISHES

A total of 28,426 fishes representing 44 species in nine families were collected from six stations in
the Tyro Creek drainage between September, 1981 and July, 1984 (table 18). Abundance, biomass,
and occurrence data for species collected at each station are found in Appendix tables E1 through
E6.

Notropis bellus was the most abundant species catlected (7,408 specimens) throughout the study
(table 18). Notropis chrysocephalus was the most frequently collected species (156 times) and
accounted for the largest biomass (13,069.3 g). Notropis bellus was the numerical dominant at
stations 1 and 2, Semotilus atromaculatus was dominant at sites 3, 4, and 6, and Notropis
chrysocephalus was dominant at site 5 (tables E1 through E6). Notropis chrysocephalus was the
dominant species in terms of biomass at sites 2, 3, 5, and 6. Lepomis megalotis was the biomass
dominant at site 1 and Semotilus atromaculatus was the dominant at site 4.

In general, total numbers of species and specimens, and biomass progressively decreased from
the larger downstream sites to the smaller upstream sites (table 19). Diversity, both specimens per
species (H'y), and biomass per species (H'g), also shows this same trend (table 19). Several species
normally collected in larger streams, Notropis asperifrons, N. callistius, N. stilbius, N. volucellus,
Minytrema melanops, Ambloplites ariommus, Lepomis macrochirus, L. punctatus, Micropterus
salmoides, and Percina caprodes, were found in greater abundance at sites 1 and 2. Conversely,
species more commonly found in small streams, Campostoma oligolepis, Notropis chrysocephalus,
Semotilus atromaculatus, Erimyzon oblongus, and Etheostoma whipplei were collected in greater
abundance at sites 4, 5, and 6. While most of this difference in fauna is undoubtedly due to stream
size, the ability of fishes to recolonize the upstream sites following drought was also a factor.

At the beginning of the study, during September and October, 1981, the stream at sites 2, 3, and
4 was dry. Only site 1 remained flowing during this period. Reinhabitation of the study sites
following drought proceeded from the larger downstream stream sections to the smaller upstream
and tributary sections of the watershed. This recolonization process required from one to two years.
With the resumption of flow during November, 1981, the ichthyofauna at site 2 became re-
established very quickly as evidenced by the collection of 17 species and 717 specimens (figs. 15 and
16). Sites 3 and 4, located on small upstream tributaries to Tyro Creek, were recolonized at a much
slower rate. Only four species and six specimens were collected in Wallace Branch from November to
January and no specimens were taken in Little Tyro Creek until February (figs. 15 and 16). Site 5, at
the headwaters of Tyro Creek was unaffected by the drought, and the September, 1981 and 1982
catches were similar (figs. 15 and 16). Collections at this control site were sporadic prior to March,
1982 when it was added to the regular monthly sampling regime.

The largest number of species and specimens and the greatest biomass were collected annually
at most sites from August through October (figs. 15, 16, and 17). Diversity (H’) also refiected this
pattern being greater in the summer and early fall months (fig. 18). These months corresponded to
the period when streamflow was lowest and most fishes had compieted their spawning activities;
hence the numbers of individuals per species was greatest. Owing to these conditions, seining
efficiency was greater and total catch was much higher. A secondary peak in the numbers of species
and specimens and particularly biomass was seen during March and April for some sites. It was
during these months that the adults of some resident and several infrequently occurring species
predominantly suckers and sunfishes congregated for spawning purposes. As an example, the
biomass peak observed for March, 1982 at site 1 resulted from the collection of several gravid
individuals of Minytrema melanops, Moxostoma erythrurum, and M. poecilurum. The least number
of species, specimens, and biomass were generally collected in December and January. A
combination of greater stream flow and decreased seining efficiency together with winter mortality
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Figure 15.--Number of fish species collected monthly from the Tyro Creek

watershed, September 1981 through July 1984.
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of fishes and their migration downstream probably accounted for the decline in catch success during
these months.

The effects of mining in the watershed can be seen in comparing data from sites located on the
mainstem of Tyro Creek (sites 1, 2, and 5) to sites located on upstream tributaries (sites 3, 4, and 6).
Noticeably fewer specimens were collected at sites 3 (1,386) and 4 (1,285) than at site 5 (6,199) even
though the latter site was located further upstream in an unaffected portion of the Tyro Creek
watershed. Similarly, the biomass totals from sites 3 (2,756 g) and 4 (2,826 g) were less than the
biomass collected from site 5 (13,326 g). Although fewer total species were collected at sites 4 (19)
and 5 (24) than at site 3 (27), more species were collected per sampie at site 5 (table 19; fig. 15).
Consequently, monthly and asymptotic Shannon-Weaver indices for site 5 varied less than sites 3 and
4 (fig. 18).

Twenty-one of the 24 species collected at sites 1, 2, and 5 (table 20) were also found at site 3.
Only one individual of Hypentelium etowanum was collected at site 5 and therefore, its absence at
site 3 was not unexpected. Nine Etheostoma swaini and six Percina caprodes were collected at site 5.
Their absence at site 3 is probably due to mining effects. As these species are benthic in habitat, the
substrate changing at site 3 from its natural gravel configuration to sand has likely had a deleterious
effect. Five additional species, Notropis baileyi, N. stilbius, N. venustus, Noturus leptacanthus, and
Micropterus salmoides, were collected at site 3 but not site 5. This was not unexpected and was
probably due to a lack of sufficient suitable habitat at site 5. The presence of Notropis venustus even
in small numbers at sites 4 (6 specimens) and 6 (2 specimens) was unexpected since this species
normally occurs in larger streams as evidenced by 168 specimens collected at site 1.

Seven species were collected at site 5 but not at site 4 (table 20). Three of these species,
Moxostoma erythrurum, Micropterus coosae, M. punctulatus, and possibly Etheostoma swaini and
Percina caprodes should have occurred in at least one collection from site 4 but were probably
absent due to the effects of mining. The dominance of Semotilus atromaculatus at sites 3 and 4
suggests that mining has caused a shift in fish population structure at these sites. Jandebeur (1975)
and O’Neil and others (1981) found Semotilus in greatest abundance in first- and second-order
undisturbed Warrior coal field streams. Its presence as 28 percent of the fish fauna at site 3 and 53
percent from site 4 was unexpected because both are third-order streams and have been affected by
sedimentation from mining in the drainage.

The absence of 12 species from site 6 (table 20) is probably due in part to the mining effects on
the water quality of Wallace Branch below its junction with Little Tyro Creek, however, the shorter
sampling period (15 months) for site 6 makes data comparison difficult. Additionally, approximately
600 acres of forest in the upper Wallace Branch watershed were clear cut and burned prior to the
initiation of sampling at site 6. Although this large scale alteration of ground cover probably altered
the hydrology and water quality of upper Wallace Branch, its effect on the fish fauna could not be
accurately measured.

A discriminate analysis reiterates the separation of fish faunas between the main channel of Tyro
Creek and its tributaries (fig. 19). This distribution and organization of fish communities within the
basin was controlled primarily by two factors which are inherently interrelated. Mining impacts
(Function 1), which not only tends to shift species presence or absence, but also radically change
abundance, effectively grouped 55 percent of the samples. Habitat type (Function I1), which accounts
for the occurrence of several species in certain areas of the watershed and is influenced to some
extent by mining activities, accounted for 26 percent of the sample variation (table 21).

The faunal composition of Tyro Creek (table 18) was very similar to that reported in a previous
study (O’Neil and others, 1981) that described the fish faunas in four drainage systems of the Warrior
coal field. From these studies a dominant ichthyofaunal group for streams in the Warrior coal field
region can be compiled consisting of the following species: Campostoma oligolepis, Notropis
asperifrons, N. bellus, N. chrysocephalus, N. venustus, Pimephales notatus, Semotilus atromaculatus,
Erimyzon oblongus, Moxostoma erythrurum, M. poecilurum, Fundulus olivaceus, Lepomis cyanellus,
L. megalotis, Micropterus punctulatus, Etheostoma parvipinne, E. stigmaeum, E. whipplei, Percina
maculata, and P. nigrofasciata.
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Table 20.--Comparison of dominant fish species in the Tyro Creek
watershed by collection site

Occurrence at Sites

Species 1 2 3 4 5 6
Campostoma oligolepis X X X X X X
Notropis asperifrons X X X X X --
N. bellus X X X X X X
N. chrysocephalus X X X X X X
Pimephales notatus X X X X X X
Semotilus atromaculatus X X X X X X
Erimyzon oblongus X X X X X X
Hypentelium etowanum X X - -- X -
Moxostoma erythrurum X X X X X --
M. poecilurum X X X X X X
Ictalurus natalis X X X X X -
Noturus gyrinus X X X -- X --
Fundulus olivaceus X X X X X -
Lepomis cyanellus X X X X X --
L. megalotis X X X X X X
Micropterus coosae X X X -- X --
M. punctulatus X X X -- X X
Etheostoma parvipinne X X X X X X
E. stigmaeum X X X X X --
E. swaini X X -- - X --
E. whipplei X X X X X X
Percina caprodes X X - -- X -
P. maculata X X X X X X
P. nigrofasciata X X X X X X
Totals 24 24 20 17 24 13

SUMMARY

This report is a compilation of water quality, hydrological, and biological information from six
sites, four primary and two suppiemental, in the Tyro Creek watershed (Tuscaloosa County,
Alabama) prior to the initiation of surface mining for Federal coal reserves in the basin. Although the
Little Tyro Creek tract was leased for mining, active mining in the basin had not started at the
compietion of this study. Previous mining in the watershed did, however, allow some analysis of
mining impacts to the Tyro Creek system.

Thirty-four physical and chemical parameters were analyzed in 132 samples during the course of
the study. These analyses indicated that Wallace Branch (sites 3 and 6) and Little Tyro Creek (site 4)
were affected by previous surface mining for coal in the watershed. These affects included high
specific conductance, fow pH, high sulfate and manganese concentrations, and increased sediment
load. Regression relationships between streamflow (cfs/fmi2) and various water-quality parameters
indicated a pattern of decreasing parameter values with increasing streamflow. An exception was
sediment content which tended to increase with increased streamflow. In general, water-quality
parameter concentrations increased in relation to the percent of basin mined. Site 4, which had the
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Table 21.--Correlations between fish species coilected in the Tyro Creek
watershed and the first three functions produced by discriminate analysis

Function
Species ! 1] I

Etheostoma stigmaeum .662
Notropis bellus .488
Pimephales notatus .386
Lepomis megalotis .223
Moxostoma erythrurum 139
Noturus gyrinus .106
Notropis asperifrons -5.80
Notropis texanus .318
Notropis stilbius .264
Notropis venustus .237
Lepomis macrochirus .128
Minytrema melanops .105
Campostoma oligolepis -.230
Percina caprodes 191
Moxostoma poecilurum .143
Eigenvalue 14.510 6.867 4.175
Percent of variance 55.29 26.17 15.91
Cumulative percent 55.29 81.46 97.37

largest percent of its basin previously mined, had the highest values for selected water-quality
parameters including specific conductance, magnesium, and sulfate. The regression equations
developed in the study will allow predictions concerning the effect of future mining on water quality
in the Tyro Creek watershed. This information will also be useful in predicting the effects of mining
on water quality in other small stream watersheds of the Warrior coal field.

Streamflow in the basin was derived principally from surface runoff of precipitation. Streamflow
throughout the basin was nearly uniform with seasonal fluctuations reflecting yearly precipitation
patterns. Substrate in Tyro Creek (sites 1 and 2) was mainly bedrock overlain with cobble and gravel
while the tributaries, Wallace Branch (site 3 and 6) and Little Tyro Creek (site 4) had predominately
sandy substrates. Previous mining activity has contributed to an increased sand content in the
substrate at sites 3, 4, and 6, but natural weathering and erosional processes may also be responsible.

The Tyro Creek watershed supported a diverse and abundant macroinvertebrate fauna. One
hundred and six species of adult Trichoptera were collected with UV light traps in the watershed,
two of which were undescribed and three of which were rare in the southeast. Hydroptilidae and
Leptoceridae were the most common families collected. Most of the caddisflies emerged from May
through September, with the largest number of species being collected in July. Although the
previous mining in the watershed likely had some effect, most of the difference in Trichoptera fauna
between sites appeared to be a function of stream size. In general, sites on the main channel of Tyro
Creek supported a more diverse and abundant caddisfly fauna than did the small tributaries. As only
a small number of Ephemeroptera (22 species) and Plecoptera (13 species) were collected in the light
traps, it was not possible to distinguish definite distribution patterns within the watershed. Most of
the species of mayflies and stoneflies were widespread southeastern species.
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Benthic samples yielded 16,767 specimens in 218 taxa. The largest fauna, 6,216 specimens in 166
taxa was collected at site 2 and the lowest totals (463 specimens and 71 taxa) were collected at site 6.
Dipterans, primarily Chironomidae, were the most frequently encountered group in the streams,
although at sites 1 and 2, Ephemeroptera, Plecoptera, and Trichoptera were also abundant. In
general, sites 1 and 2 supported a more diverse and abundant benthic fauna than did sites 3, 4, and
6. These differences were attributed to stream size, substrate type, and mining impacts. Sites 1, 2, 4,
and 6 possessed a distinct riffle and pool fauna. Site 3, with a uniform sand substrate and flow
regime, lacked the rocky runs linking narrow pools characteristic of the other sites. Since the
immature insects dominated the benthic fauna, seasonal patterns of occurrence primarily reflected
their emergence as adults. A general decrease in taxa and specimens was detected at all stations in
the spring followed by a gradual increase. Diversity tended to fluctuate less at sites 1 and 2 than at
sites 3, 4, and 6, reflecting the instability of the smaller tributaries.

A total of 28,426 fishes representing 44 species in nine families were collected in the Tyro Creek
watershed. While Notropis bellus was the most abundant species in the watershed (7,408 species), N.
chrysocephalus was the most frequently collected. In terms of biomass, N. chrysocephalus was the
dominant at sites 2, 3, 5, and 6, Lepomis megalotis at site 1, and Semotilus atromaculatus at site 2. In
general, numbers of species and specimens, and total biomass progressively decreased from the
larger downstream sites to the smaller upstream sites. Recolonization of sites 2, 3, and 4 following a
drought required 1 to 2 years with the slowest rate occurring in the small tributaries. The largest
number of species and specimens, as well as greatest biomass, was collected annually at most sites
from August through October. These months corresponded to the period when streamflow was
lowest and most fishes had completed their spawning activities. The effects of previous mining in the
watershed on water quality and habitat accounted for most of distribution patterns and community
structure of the fish fauna of the Tyro Creek system. The ichthyofaunal composition of the Tyro
Creek system was similar to that reported from other small drainages in the Black Warrior basin.
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Station:

Location:

Description:

Hydrologic
Control:

SURFACE WATER STATION DESCRIPTION
Tyro Creek at Bridge (Project Site No. 1, USGS No. 02463850)

Lat. 33°33'58", Long. 87°34'34"

NELSW1SW1 sec. 15, T.17S., R.10W,, Tuscaloosa County, bridge on County Road,
4.7 miles (7.2 km) east of New Lexington and 2.4 miles (3.9 km) upstream of
confluence with North River.

Stream substrate consists of gray, thin-bedded sandstone and shale partially
covered with rock fragments. Exposed in left bank is an 8- to 10-ft. section of
sandstone and shale. Sandy clay (alluvium) is exposed in the lower right bank
which is subject to flood overflow.

Station is a single channel pool; flow from pool divides downstream at low stage.
Low-stage control is rock ledge and flood debris 75 ft. downstream of bridge.
Medium- to high-stage control is primarily reach; some control may be exerted
by steep left bank. Drainage area is 21.4 mi2,
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Station :

Location:

Description:

Hydrologic
Control:

SURFACE WATER STATION DESCRIPTION
Tyro Creek at Ford (Project Site No. 2, USGS No. 02463840)

Lat. 33°35'43", Long. 87°34'35"

NEISW1iSWi sec. 3, T. 17 5., R.10 W, Tuscaloosa County, on left bank, 5.2 miles
(8.4 km) northeast of New Lexington and 0.8 miles (1.3 km) south of the Fayette-
Tuscaloosa County line.

Stream substrate consists of gray, thin-bedded sandstone and shale partially
covered by rock fragments and sand with quartz gravel. Exposed in right and left
banks is silty sandy clay with rock fragments and gravel, overlain by silty clayey
sand. The banks are 2 to 4 ft. high, wooded, and subject to overfiow.

One channel at all stages. Channel width is 29 ft. Low- to medium-stage control is
rock riffle 20 ft. in down-stream direction (south). Medium- to high-stage control
is reach. Drainage area is 7.14 mi2,



Traverse profile - Tyro Creek at station 02463840
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Figure A-2.--Transverse profile of site 2, June 14, 1982.
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SURFACE WATER STATION DESCRIPTION
Station: Wallace Branch (lower) (Project Site No. 3, USGS No. 02463847)

Location: Lat. 33°35'02", Long. 87°34'35"
NEINWISWT sec. 10, T. 17 S., R. 10 W., Tuscaloosa County, on right bank, 2.0
miles (3.2 km) north of Sterting and 75 ft. upstream of confluence with Tyro
Creek.

Description : Stream substrate consists of sand and scattered coal fragments. Exposed in right
and left banks are silty and clayey sands. The banks are 6 to 7 ft. high, wooded,
relatively level, and subject to overflow. Channel shifts and fills on right side.

Hydrologic

Control: Station is in bend of stream. Low- to high-stage control is mainly reach; some
control is exerted by backwater from downstream Tyro Creek. Channel width is
24 ft. Drainage areais 11.0 mi2.



Traverse profile - Wallace Branch at station 02463847
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Figure A-3.--Transverse profile of site 3, June 14, 1982.
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SURFACE WATER STATION DESCRIPTION

Station: Little Tyro Creek (Project Site No. 4, USGS No. 02463846)

Location: Lat. 33°35'17" N., Long. 87°32'55"
SWINEINELsec. 11, T.17S., R. 10 W, Tuscaloosa County, on right bank, 3.3 miles
(5.3 km) west of Sandtown and 1.3 mifes (2.1 km) south of the Fayette-Tuscaloosa
County line.

Description: Stream substrate consists of gray, laminated shale covered by rock fragments,
sand, and scattered quartz gravel. Exposed in right and left banks is sandy silty
clay with rock fragments and gravel, overlain by silty clayey sand. The banks are 4
to 7 ft. high and wooded.

Hydrologic
Control: Low- to medium-stage channel is on right side and consists of a rock riffle.

Control is reach of stream. Drainage area is 4.25 mi2.



Traverse profile - Littie Tyro Creek at station 02463846
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Figure A-4.--Transverse profile of site 4, June 14, 1982.
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SURFACE WATER STATION DESCRIPTION

Station: Waltace Branch (upper) (Project Site No. 6, USGS No. 02463843)

Location: Lat. 33°35'20", Long. 87°32'53"
NWINEINEY sec. 2, T. 17 S, R. 10 W., Tuscaloosa County, on right bank,
immediately south of the Fayette-Tuscaloosa County line.

Description: Stream substrate consists of gray, thin-bedded shale partially covered by rock
fragments and sand containing quartz gravel. Exposed in right and left banks is
silt, sand, micaceous and tan-red color in part. The banks are 3-4 ft. high,
wooded, and subject to overflow.

Hydrologic

Control: One channel at all stages. Low- to high-stage controi is mainly reach; some
control may be exerted by downstream rock bluff section. Channel width is 17 ft.
Drainage area is 3.18 mi2.



Traverse profile - Wallace branch at station 02463843
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Figure A-5.--Transverse profile of site 6, March 2, 1983.



APPENDIX B

Water-quality data
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