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I. INTRODUCTION

Many variables have been employed by ichthyologists to predict

the nature of stream fish faunas. Shelford (1911) explained the distri­

bution of fishes in terms of the geological concept of aging of stream­

beds. Thompson and Hunt (1930) stated that the number of fish species

present at a given locality is proportional to the drainage area of the

stream. Trautman (1942) and Huet (1959) used gradient and width to

define faunal regions and to predict the distribution of individual species.

The importance of depth as a determinant of distribution and diversity

was assessed by Sheldon (1968) who concludes that the distribution and

diversity of stream fishes are controlled by structural features of the

habitat.

Kuehne (1962) described the fish fauna of Kentucky streams

utilizing a stream classification system based on the work of Horton

(1945). As modified by Strahler (1954, 1957), the Horton classification

correlates closely with many of the parameters used in other stream

classifications (Harrel, Davis and Dorris, 1967; Harrel and Dorris,

1968) including elevation. Following Kuehne's (1962) suggestion,

Jandebeur (1972), Boschung (1973) and Boschung and Jandebeur (1974)

utilize the Horton classification to explain fish distributions and as an 
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aid to predicting the effect of impoundment and channelization on

stream fish faunas.

Recently, indices based on information theory (Brillouin, 1962;

Shannon and Weaver, 1963) have been shown to be useful tools with

which to examine the distribution and the diversity of aquatic organ­

isms. Patten (1962) found that mean diversity, measured using

entropy-related indices, increased downbay in Raritan Bay estuary

in association with diminishing pollution. In other words, as distance

from the source of pollution increased, there was a corresponding

increase in species diversity. This principle has been substantiated

by recent pollution studies, each utilizing species diversity indices.

Wilhm (1965), Mathis (1965) and Harrel (1966) examined the community

structure of benthic macroinvertebrates in streams receiving oil field

brines and domestic and oil refinery effluents. Each of these surveys

demonstrated a reduction in species diversity below an effluent outfall

and a progressive increase in diversity downstream as the stream

recovered. Bechtel and Copeland (1970) found fish species diversity

indices based both on biomass and numbers to be useful indicators of

environmental and pollutional stress in Galveston Bay, Texas. In

short, species diversity indicies are generally accepted as sensitive

and reliable indicators of the health of aquatic communities. As such,

they are being applied to a variety of ecological problems. Dills and

Rogers (1974) examined the response of benthic macroinvertebrates 
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to varying degrees of acid mine pollution. Gibbons and Sharitz, (1974)

utilize species diversity indices to study the effect of heated effluents

from nuclear production reactors on aquatic communities. Howell and

Gentry (1974) and Straney, Briese and Smith (1974) examine the effect

of thermal effluents from nuclear reactors on the species diversity of

aquatic insects and birds, respectively, and Sharitz, Irwin and Christy

(1974) compare floral diversities in swamps receiving nuclear reactor

effluents. Caldwell (19&9), and Boschung( 1973) determine diversities

for collections of fishes from the Upper Tombigbee River system as

an aid to assess the impact of impoundment and channelization of lotic

habitats. Boschung and Jandebeur (1974) use similar methods in a

survey of the Cypress Creek ichthyofauna in Tennessee and Alabama.

Dahlberg and Odum (1970) use information theoretics to summarize

the relationship between fish species and number of individuals in an

estuarine system, and examine seasonal variation with respect to the

species diversity index. Kochsiek, Wilhm and Morrison (1971) evaluate

monthly and longitudinal trends in species diversity of zooplankton in a

reservoir and determine correlation between species diversity and

measured physiocochemical parameters. Harima and Mundy (1974)

examine the numerical and wet weight biomass structures of fish

biofacies of a small stream and analyze temporal fluctuations and

seasonal stability of stream fish populations over the annual cycle 

utilizing species diversity measures. These studies emphasize the 
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importance of the components of species diversity (heterogeneity),

namely, species richness and evenness.

In terms of practical application of diversity indices'to the

detection and evaluation of pollution, it is important that the patterns

of diversity in time and space be determined, prior to the advent of

environmental stress, if possible, and that the behavior of diversity

indices as they are affected by changes in taxa, number of species,

number of individuals, and reproductive and seasonal phenomena, be

understood (Dahlberg and Odum, 1970). A combination of methods,

therefore, are utilized to establish baseline ichthyofaunal information

for the North River drainage system.

Descriptive statistics (number of species, total number of indi­

viduals, total biomass) and quantitative measures of species diversity

(Margalef's D, Brillouin's H, Pielou's J and a redundancy measure, R)

are utilized to describe postimpoundment fish samples collected at

approximately four week intervals over one annual cycle from six

stations located with respect to stream order and/or elevation.

Grouped according to stream order and/or elevation, the descriptive

statistics and species diversity measures are analyzed for longitudinal

and seasonal variation by standard analysis of variance techniques.

It is intended that this work establish normal patterns of North

River fish species diversity, occurrence and abundance in time and 

space. The data collected and analyzed provide baseline information 
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concerning the distribution and relative abundance of fish species

known to inhabit the area, such that the impact of alterations to the

watershed and of pollution that might result from industrial, mining

sewage or other wastes entering the drainage system may be assessed

by future comparative ecological work. It is also the intent of this work

to assess and quantify fish population changes resultant of impoundment

of North River by Lake Tuscaloosa.



II. DESCRIPTION OF THE STUDY AREA

A. North River Watershed

The North River is located in west central Alabama, being the

first major tributary to the Black Warrior River system north of the

physiographic Fall Line. The river follows a southerly course some

40 miles from its headwaters in southeastern Fayette County and enters

the Black Warrior River near Tuscaloosa, Tuscaloosa County, Alabama.

The watershed is 14 miles wide at its greatest dimension, and drains

an area of approximately 419 square miles. Sparsely settled, no major

towns are located in the watershed. Berry, in Fayette County, is the

largest town with a population of 679 (1970). Bankston, New Lexington

and Samantha are small communities in the central part of the study

area. U.S. Highway 43 and State Routes 18 and 69 cross the region.

The watershed is used mainly as a timber reserve. Pine trees have

been planted on many of the farms, but part of the land is used for

cotton, corn and pasture. There is no industry in the watershed other

than sawmills, timbering and mining. The coals of the area are of

increasing economic importance despite their low quality and extremely

high ash content (Parker, 1962). Strip mines and one deep mining 
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operation are present in the area centered around Berry. Further

development of underground and surface mines in the New Lexington,

Berry and Samantha sections can be expected.

B. Impoundments

Preliminary planning for the development of North River as an

additional source of water supply for the city of Tuscaloosa was com­

pleted in 1962 (Parker, 1962). Lake Tuscaloo sa, a main stream water

storage reservoir located in the southernmost portion of the watershed

was completed in 1970 (gates closed, June, 1969; spillover, March,

1970). An earthfill dam 130 feet high located about 1. 5 miles upstream

of the mouth of North River impounds runoff from about 415 square

miles of the watershed, and backs water for a distance of 27. 7 miles

to a point 2. 0 miles southeast of Samantha, Tuscaloosa County,

Alabama. Atan elevation of 223. 2 feet above mean sealevel, the reservoir

covers about 5,885 acres (approximately 10 square miles). The maxi­

mum depth of the reservoir is 110 feet at the dam (Parker, 1962). The

full reservoir has a shoreline of approximately 177 miles and at some

points is 2 miles wide. Bugs Lake, approximately 1.8 miles northeast

of Bankston, Fayette County, Alabama is a small recreational (fishing)

impoundment on Clear Creek, with a surface area of approximately 

80 acres.
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C. Physiography

The North River drainage system is the first major Black Warrior

River tributary situated above the Fall Line, which marks the boundary

between resistant rocks of paleozoic age to the north, and the relatively

soft unconsolidated cretaceous deposits of clay, sand and gravel to the

south. The Pottsville formation of Pennsylvanian age underlies all of

the watershed, its area of outcrop coinciding with the Cumberland

Plateau section of the Appalachian Plateaus physiographic province.

This section represents the southern extremity of what was formerly a

great tableland that extended northeastward through Tennessee and into

Kentucky. The sandstone, shale and coal beds forming this uplifted

region generally dip to the southwest, and have been eroded into steep,

rough hillsides so that little of the original plateau surface remains.

Overall, the drainage pattern for the watershed is dendritic, with

frequent indications of stream adjustment to prominent joint or fracture

systems (Parker, 1962). Groundwater discharge from the Pottsville

formation through springs which occur near the heads of ravines

generally yield less than 5 gpm, their discharge fluctuating from season

to season. Many springs cease to flow during the Fall and early Winter.

The North River proper and many of the larger streams are moderately

entrenched to depths of 190 to 200 feet below the upland surfaces. This

entrenchment has created narrow flood plain areas along the lower
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river course underlain by unconsolidated alluvial materials consisting

of sand, gravel and clay.

D. Climate

The watershed is in a region of temperate subtropical climate

characterized by high humidity, moderate temperature variations,

long warm summers and short, usually mild winters. From U.S.

Weather Bureau records for Tuscaloosa, which are representative

of the watershed generally, the average annual temperature is 64. 9°F;

the average winter temperature is 48. 5°F; the average summer

temperature is 81. 1°F. The average daily maximum temperature is

about 93°F in July and August, and the average daily minimum is

about 35°F in December and January. The daily range in temperature

averages about 25°F throughout the year. Extreme temperatures of

record are 108°F (July, 1930; August, 1943) and -7°F (February, 1899).

Precipitation in the drainage area is almost entirely in the form of

rain. Over a period of 79 years (1881-1959) the average annual precipi­

tation at Tuscaloosa was 52. 5 inches. Average annual rainfall for

Tuscaloosa is given by the U. S. Weather Bureau as 53. 98 inches (1973).

This figure may be used in the North River watershed although rainfall

maps show a slight increase to the northeast of Tuscaloosa. Rainfall

is fairly uniformly distributed throughout the year, the greatest amount

generally occurring from December through March and the least amount 
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in September and October. March is the wettest month with an average

rainfall of 6. 1 inches and October, the driest, with 2. 4 inches. The

wettest year of record was 1929, 81. 34 inches; the driest year of

record 1954, 32.87 inches.

E. Stream Flow

Ground water storage in the North River watershed is small

(Paulsen et al. , 1962). The topography is rugged and the rocks rela­

tively impermeable. Most precipitation, therefore, becomes runoff.

Consequently, streams in the watershed have sensitive runoff charac­

teristics, rising rapidly during periods of heavy precipitation and

subsiding rapidly, with poor dry weather yields, especially in headwater

streams.

Surface records taken at the North River gage near Samantha,

Tuscaloosa County, Alabama (SW 1/4, sec 16, T18S, R10W), which

drains an area of approximately 219 square miles, are reported in

Water Resources Data for Alabama, an annual publication of the State

of Alabama Geological Survey. The 21 year average discharge at this

gage, for the period of record December, 1938 to September, 1954,

and October, 1968 to September, 1974, is 366 cfs. Extremes for this

period of record are 25, 500 cfs, on March 20, 1970 and 0. 1 cfs,

September 5-8, 13-15, 1954. Mean monthly inflow data shows a strong

deficiency of stream flow from June through November. The flood 
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season is from November through May. For the period July, 1973 to

June, 1974, the average discharge was 618 cfs; the maximum discharge

was 12, 500 cfs on December 26, 1973 and the minimum discharge 14

cfs, September 26-27, 1973.

F. Water Quality

In general, surface waters of the North River drainage system

come in contact with relatively impermeable rocks and soils, resulting

in waters of low mineral content (Pierce, 1962). This is shown by a

limited number of chemical analyses for the period 1956-1960

(Pierce, 1962) and by fairly regular samples for the North River near

Samantha, Tuscaloosa County, Alabama for the period 1968-1974

(Water Resources Data for Alabama, 1968-1974). Twice monthly

determinations of water quality for the period July,1973 through June,

1974 were made at six stations within the watershed during post­

impoundment study (Tables 1-6).



HI. COLLECTION SITES

A. Introduction

This work is based on a total of 171 fish collections from 56

collection sites (Figure 1). Ninety-one preimpoundment and ten

postimpoundment collections are scattered throughout the study area.

Seventy additional postimpoundment collections made between July,

1973 and June, 1974 are restricted to six collection localities. Several

sites are represented by both preimpoundment and postimpoundment

collections. The collection sites in the North River system are

numbered consecutively, beginning at the mouth of the river (Figure 1).

Sites in tributary streams closer to the mouth of the river generally

have lower numbers than those further upstream.

B. Site Descriptions

Collection sites are located with respect to Township (T), Range

(R) and Section (sec) determined from U.S. Geological Survey 7. 5

minute series (topographic) maps, scale 1:24,000. Elevations were

also taken from these maps to the nearest 20 feet contour. The

following data are given for each collection site when available:

12
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site number, state, county, township, range, section, name of stream

or body of water, approximate location with respect to towns, highways

and other markers, elevation, date, UAIC accession number and the

species collected at the collection site. Separate collections at a site

are arranged by date. Collections made after June, 1969, the date

gates were closed at North River Dam, are marked by an asterisk.

The species collected at each site are listed using the numbers

assigned to them in the list of species (Table 7), followed in paren­

theses by the number of individuals collected and their total biomass,

respectively. Unless otherwise stated in the site description, collections

were made using nylon minnow seines.
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B. SITE DESCRIPTIONS

Station 1. North River, T21S, R9W, sec 5, Tuscaloosa County,

Alabama. Elevation 120 feet.

A. UAIC 1157 (hook and line) 30 January 1963

Species: 41(1).

B. UAIC 1200 (rotenone) 21 July 1966

Species: 3(9), 4(6), 6(1), 7(8), 8(3), 9(1), 12(6), 13(5),

18(2), 21(7), 23 (1), 24(5), 25(1), 27(6), 34(12), 35(2), 38(5),

41(19), 43(69), 45(7), 46(6), 47(2), 49(1), 51(2), 52(1), 53(1),

54(2), 55(1), 56(1), 57(1), 58(3), 61(4), 62(1), 64(1), 66(1),

67(1), 71(1), 75(3), 79(3), 80(13).

* C. UAIC 3779 (hook and line) 28 June 1970

Species: 4(1).

Station 2. Unnamed creek tributary to North River below North River

Dam, T20S, R9W, sec 32, Tuscaloosa County, Alabama.

Elevation 140 feet.

A. UAIC 3181 21 February 1973

Species: 24(28), 28(2), 30(4), 49(6), 50(2), 53(5), 54(2),

56(1), 57(1), 71(1), 77(6).

Station 3. Lake Tuscaloosa at North River Dam, T20S, ROW, sec 32,

Tuscaloosa County, Alabama. Elevation 223 feet.

* UAIC 3965 4 September 1969

Species: 19(1), 24(2), 26(4), 49(6), 50(5), 53(1), 54(1), 56(20).
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Station 4. Unnamed creek tributary to North River, T20S, R9W,

sec 19, Tuscaloosa County, Alabama. Elevation 140 feet.

A. UAIC 1166 11 March 1963

Species: 12(1), 17(4), 18(2), 19(48), 20(16), 21(2), 22(5),

23(2), 24(11), 27(12), 43(1), 49(1), 56(12), 57(2), 71(58), 77(3).

B. UAIC 1835 18 January 1966

Species: 71(1).

Station 5. Unnamed creek tributary to North River, T20S, R19W,

sec 19, Tuscaloosa County, Alabama. Elevation 160 feet.

UAIC 1195 16 May 1964

Species: 2(2), 14(5), 17(2), 20(12), 24(1), 28(2), 34(1), 50(1),

54(1), 56(4), 77(1).

Station 6. North River on Watermelon Road, T20S, R9W, sec 19,

Tuscaloosa County, Alabama. Elevation 140 feet.

A. UAIC 1182 1 October 1963

Species: 19(85), 22(21), 23(1), 24(13), 25(5), 27(5), 43(1),

44(10), 53(1), 57(8), 66(1), 70(10), 71(7), 75(1), 77(18), 78(3).

B. UAIC 1193 (hook and line) 16 May 1964

Species: 3(1).

C. UAIC 1199 18 September 1967

Species: 19(20), 23(13), 24(42), 26(4), 27(12), 41(8), 44(2),

49(2), 50(1), 51(1), 56(2), 57(2), 71(7), 77(1).
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Station 7. Carroll Creek on State Highway 69, T20S, R10W, sec 22,

Tuscaloosa County, Alabama. Elevation 240 feet.

A. UAIC 1152 10 January 1963

Species: 17(4), 18(4), 19(5), 20(21), 28(3), 44(4), 49(1),

56(1), 57(1), 70(1), 71(23), 73(1), 74(15).

B. UAIC 1296 13 March 1964

Species: 43(3), 69(3).

C. UAIC 2401 15 April 1966

Species: 10(2), 17(2), 20(6), 42(1), 70(1), 71(5), 72(5),

74(7), 77(5).

D. UAIC 2146 4 July 1966

Species: 1(1), 14(12), 17(28), 18(1), 20(21), 70(5), 71(1),

72(3), 74(6), 77(7).

E. UAIC 3029 11 August 1968

Species: 14(4), 17(16), 18(3), 20(46), 33(3), 42(2), 49(1),

70(1), 71(15), 72(1), 74(3), 77(1).

* F. UAIC 4197 16 September 1974

Species: 14(1), 18(15), 20(48), 23(18), 24(54), 26(1), 27(1),

43(4), 49(20), 53(1), 56(6), 57(6), 61(8), 62(1), 70(1), 72(2),

. 77(1).

Station 8. Unnamed creek tributary to Carroll Creek, T20S, R10W,

sec 16-21, Tuscaloosa County, Alabama. Elevation 260 feet.
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UAIC 1171 15 March 1963

Species: 2(2), 14(10), 17(6), 20(2), 33(2), 42(1), 74(3).

Station 9. Carroll Creek on State Highway 13 (U.S. Highway 43),

T20S, R10W, sec 20, Tuscaloosa County, Alabama. Elevation 260 feet.

A. UAIC 87 3 March 1951

Species: 17(24), 20(108), 33(1), 49(8), 50(7), 57(2).

B. UAIC 1160 2 February 1963

Species: 18(34), 20(7), 28(10), 49(17), 50(1), 53(5), 56(1).

C. UAIC 1323 16 July 1964

Species: 72(2).

D. UAIC 4509 7 October 1967

Species: 14(2), 17(34), 18(3), 19(26), 20(77), 49(2), 56(1),

71(1), 73(1).

E. UAIC 3037 12 August 1968

Species: 9(3), 14(2), 17(23), 18(7), 20(68), 31(3), 34(1),

49(31), 50(1), 57(3), 72(3), 74(3), 77(2).

Station 10. Unnamed creek tributary to Carroll Creek, T20S, R11W,

sec 2, Tuscaloosa County, Alabama. Elevation 300 feet.

UAIC 1180 15 April 1963

Species: 14(3), 20(25), 28(1), 30(1), 42(1), 49(5), 56(5),

71(29), 72(1).
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Station 11. Hamner Creek, T20S, R10W, sec 6, Tuscaloosa County,

Alabama. Elevation 200 feet.

A. UAIC 172 23 April 1951

Species: 10(13), 18(5), 19(37), 20(27), 28(9), 33(4), 60(1).

B. UAIC 1158 30 January 1963

Species: 19(10), 20(54), 70(9), 77(1).

C. UAIC 2933 25 May 1968

Species: 20(1), 28(24), 33(1), 42(1), 73(6), 77(2).

Station 12. Unnamed creek tributary to North River at State Highway

69 bridge crossing, T19S, R10W, sec 35, Tuscaloosa County,

Alabama. Elevation 160 feet. •

A. UAIC 1150 10 January 1963

Species: 10(12), 19(59), 20(33), 22(4), 24(29), 26(2), 28(6),

30(1), 33.(1), 34(3), 38(1), 43(1), 44(2), 49(1), 52(1), 53(4),

54(1), 56(1), 57(11), 66(1), 70(9), 71(69), 72(8), 77(17), 78(2).

B. UAIC 1151 8 March 1963

Species: 1(2), 10(27), 18(16), 19(102), 20(16), 21(1), 22(12),

23(11), 24(4), 26(2), 28(7), 44(1), 49(9), 52(1), 53(1), 61(1),

69(9), 70(9), 71(53), 74(3), 76(1), 77(26), 78(3)

C. UAIC 1181 23 September 1963

Species: 1(1), 10(3), 18(26), 19(54), 20(41), 22(9), 24(89),

25(20), 26(2), 27(6), 40(1), 41(1), 42(1), 43(1), 44(6), 49(2),

51(3), 52(6), 56(2), 57(3), 65(3), 70(51), 71(34), 75(2), 77(32),

78(15).
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D. UAIC 1196 2 February 1964

Species: 68(1).

E. UAIC 1243 16 April 1964

Species: 10(2), 15(3), 18(25), 19(24), 20(42), 22(20), 24(21),

26(1), 42(1), 56(3), 57(4), 70(4), 71(8), 77(5).

F. UAIC 1198 14 October 1965

Species: 1(1), 10(13), 14(1), 17(10), 18(49), 19(83), 20(76),

24(16), 25(2), 26(3), 27(1), 28(7), 33(5), 41(1), 43(7), 44(2),

49(2), 53(3), 56(8), 57(3), 62(1), 70(17), 71(17), 77(18).

G. UAIC 2544 20 April 1967

Species: 18(16), 19(1), 20(10), 24(20), 26(1), 33(1), 43(1),

49(2), 57(7), 70(1), 71(3), 77(1).

Station 13. North River approximately 0. 5 miles W (upstream) of

State Highway 69 bridge crossing, T19S, R10W, sec 35, Tuscaloosa

County, Alabama. Elevation 160 feet.

UAIC 1153 17 January 1963

Species: 19(2), 20(1), 22(2), 72(3).

Station 14. North River approximately 1 mile NNW Macedonia Church

on State Highway 69, T19S, R10W, sec 34, Tuscaloosa County,

Alabama. Elevation 160 feet.
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A. UAIC 1194 18 November 1964

Species: 10(4), 19(32), 21(1), 22(15), 24(37), 25(15), 26(1),

27(7), 33(2), 44(2), 65(1), 66(1), 70(95), 71(14), 77(17), 78(13).

B. UAIC 3025 30 July 1968

Species: 10(10), 19(42), 22(5), 24(225), 27(1), 57(1), 77(2).

C. UAIC 3026 31 July 1968

Species: 10(13), 19(14), 20(1), 24(7), 44(1), 57(2), 70(6).

D. UAIC 3522 25 April 1969

Species: 10(1), 16(8), 17(1), 18(396), 19(19), 20(12), 22(40),

24(447), 26(1), 27(1), 44(1), 49(1), 70(2), 71(1), 77(2), 78(1).

Station 15. Pole Bridge Creek approximately 1. 5 miles NW State

Highway 13 (U.S. Highway 43), T19S, R10W, sec 19, Tuscaloosa

County, Alabama. Elevation 260 feet.

UAIC 1161 2 February 1963

Species: 1(1), 2(1), 28(1), 32(2), 49(1), 72(1), 74(6), 77(2).

Station 16. Binnion Creek approximately 4 miles S junction County

Road 63 and State Highway 13 (U.S. Highway 43), T19S, R10W,

sec 20, Tuscaloosa County, Alabama. Elevation 200 feet.

A. UAIC 88 3 March 1951

Species: 28(19).

B. UAIC 1156 17 January 1963

Species: 1(20), 19(48), 20(4).
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C. UAIC 1081 19 November 1963

Species: 10(9), 16(2), 18(132), 19(6), 20(46), 24(96), 25(3),

30(1), 33(1), 43(1), 44(9), 70(20), 71(13), 73(2), 74(1), 77(13).

D. UAIC 2697 27 September 1967

Species: 10(4), 18(100), 19(4), 20(17), 22(4), 24(175), 26(3).

27(3), 33(2), 40(1), 41(2), 42(4), 43(2), 44(1), 52(2), 53(2),

61(1), 70(2), 71(10), 74(4), 77(5).

Station 17. Binnion Creek at junction with Gin Creek approximately

2 air miles W Samantha, T19S, R11W, sec 1, Tuscaloosa County,

Alabama. Elevation 200 feet.

UAIC 1162 2 February 1967

Species: 2(1), 10(12), 20(11), 24(1), 38(1), 43(6), 47(1),

49(1), 54(1), 56(3), 57(3), 72(2), 74(1).

Station 18. Binnion Creek approximately 2. 3 air miles SW Northside

High School and State Highway 13 (U.S. Highway 43), T18S, R11W,

sec 34, Tuscaloosa County, Alabama. Elevation 280 feet.

UAIC 1197 30 March 1964

Species: 42(5), 43(1), 44(2).

Station 19- Unnamed creek tributary to Binnion Creek approximately

3. 4 miles W Northside High School and State Highway 13 (U.S. Highway

43), T18S, R11W, sec 27-28, Tuscaloosa County, Alabama.

Elevation 280 feet.
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A. UAIC 1165 2 February 1968

Species: 9(1), 24(1), 42(3), 43(3), 47(4), 49(1), 54(1), 57(1),

59(3), 72(7), 74(1), 77(3).

B. UAIC 1090 5 December 1963

Species: 2(2), 9(4), 18(7), 20(11), 21(1), 28(2), 31(4), 42(16),

43(1), 44(3), 47(2), 49(4), 54(1), 56(1), 57(1), 59(5), 62(1),

72(13), 74(15), 77(25).

C. UAIC 1192 31 March 1964

Species: 72(4).

Station 20. Wolf Creek approximately 2 miles W Northside High

School and State Highway 13 (U.S. Highway 43), T18S, R11W, sec 26,

Tuscaloosa County, Alabama. Elevation 260'.

A. UAIC 1164 2 February 1963

Species: 49(7), 74(1).

B. UAIC 1091 5 December 1963

Species: 2(7), 17(7), 20(1), 77(11).

Station 21. Barbee Creek approximately 0. 3 miles W State Highway

13 (U.S. Highway 43), T17S, R11W, sec 35, Tuscaloosa County,

Alabama. Elevation 360 feet.

UAIC 1163 2 February 1963

Species: 10(3),. 20(3), 28(14).

Station 22. Turkey Creek at junction with North River, T19S, R10W,

sec 15, Tuscaloosa County, Alabama. Elevation 200 feet.
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A. UAIC 1159 30 January 1963

Species: 16(2), 18(37), 19(1), 20(12), 22(82), 24(44), 25(9),

26(6), 27(7), 56(2), 71(1).

Station 22. Lake Tuscaloosa at Bull Island, T19S, R10W, sec 15,

Tuscaloosa County, Alabama. Elevation 223 feet.

* B. UAIC 4515 (seine) 22July 1973

Species: 23(2,1), 24(3,9), 27(2,2), 51(50,34), 56(119, 77),

57(3,4), 61(1,5), 62(5,321), 78(1, 2).

* B. UAIC 4515 (trammel net) 21-22 July 1973

Species: 3(2,2519), 9(1, 1030), 34(1,345), 38(1,449),

40(1, 80), 63(2, 552).

* C. UAIC 4521 (seine) 19 August 1973

Species: 12(1,1), 24(2,5), 27(7,7), 49(1,1), 51(76,58),

53(1,6), 56(122,81), 57(3,28), 62(1,2), 63(12,37).

* C. UAIC 4521 (trammel net) 18-19 August 1973

Species: 3(3,4180), 4(2,2574), 9(1,557), 34(4,1815),

38(2,908), 41(1,323), 58(1,117), 62(1,346), 63(2,757),

64(1, 118).

* D. UAIC 4527 (seine) 16 September 1973

Species: 7(1,65), 24(1,3), 27(1,1), 49(1,1), 51(83,73),

54(2,90), 56(38.24), 57(8,14), 62(1,4).

* D. UAIC 4527 (trammel net) 16-17 September 1973

Species: 3(4,4244), 4(2,3601), 7(1,50), 34(13,4862),

39(1,106), 62(1,818), 63(6,1277).
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E. UAIC 4532 (seine) 14 October 1973

Species: 24(47,176), 49(12,21), 50(6,4), 51(43,63),

56(18,29), 57(14, 25),' 62(2, 58), 75(1,10).

E. UAIC 4532 (trammel net) 13-14 October 1973

Species: 3(2,1331), 9(4,3262), 11(1,4082), 34(8,3068),

40(4,831), 62(1,504), 63(4,837), 79(1,492), 80(1,294).

F. UAIC 4537 (seine) 11 November 1973

Species: 7(3,36), 24(22,64), 27(1, 1), 49(2,1), 50(4, 1), 51(1, 1),

56(1, 1), 57(2, 7), 58(1, 5).

F. UAIC 4537 (trammel net) 10-11 November 1973

Species: 3(1,596), 7(1,169), 9(3,2944), 29(1,880), 34(11,4248),

37(2,1173), 38(8,3133), 40(4,1360), 41(6,2354), 62(1,318),

63(3, 962).

G. UAIC 4543 (seine) 8 December 1973

Species: 7(2,17), 23(2,2), 24(7,2), 27(17,13), 51(26,19),

56(18,20), 57(1,5), 62(1,4), 63(1,42), 71(1,1).

G. UAIC 4543 (trammel net) 8-9 December 1973)

Species: 9(2,1375), 34(16,5876), 38(5, 2126), 40(4,940),

41(5,1337), 62(3,4454), 63(4,1053), 64(1, 185).

H. UAIC 4549 (seine) 6 January 1974

Species: 24(9,13), 27(5,8), 51(23, 20), 56(39,28), 58(1,7),

63(32, 348).
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* H. UAIC 4549 (trammel net) 5-6 January 1974

Species: 9(1,531), 34(16, 5702), 37(2,1139), 38(1 1,4232),

40(11,2871), 41(1,295), 62(3,2721), 63(2, 411), 64(2, 1350).

* I. UAIC 4555 (seine) 3-4 February 1974

Species: 23(8,13), 24(3,1), 27(5,6), 51(1,1), 56(29,33),

57(2, 19), 62(2, 11), 63(2, 8).

* I. UAIC 4555 (trammel net) 4 February 1974

Species: 3(1,963), 34(19,7553), 37(5,2992), 38(11,4613),

40(2,682), 41(4,1426), 63(6,1816), 64(1,155).

* J. UAIC 4561 (seine) 3 March 1974

Species: 15(1, 1), 21(2,3), 23(13,18), 24(1,1), 27(6,5),

49(1, 1), 51(4,2), 56(17,29), 62(1,6), 63(2,8), 71(1,1).

* J. UAIC 4561 (trammel net) 2-3 March 1974

Species: 34(5,2273), 37(1,434), 38(9,4494), 40(3,855),

41(1,221), 62(2,1283), 63(8,2833), 64(1,245).

* K. UAIC 4567 (seine) 31 March 1974

Species: 21(4,7), 23(3,4), 27(4,8), 51(1,1), 56(32,94),

57(2,11), 62(5,78), 63(18,400).

* K. UAIC 4567 (trammel net) 30-31 March 1974

Species: 3(1,939), 34(10,3594), 38(21,9404), 40(7, 1819),

46(1,2600), 56(1,182), 62(3,1586), 63(3, 703).

* L. UAIC 4573 (seine) 29 April 1974

Species: 7(7,187), 21(1, 1), 27(5, 23), 54(1, 64), 56(8, 16),

63(7, 1069).
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* L. UAIC 4573 (trammel net) 28-29 April 1974

Species: 3(4,2426), 34(12,4180), 38(2,847), 40(1,328),

41(1,361), 46(1,1564), 58(1,118), 63(3,1022). '

* M. UAIC 4579 (seine) 2 June 1974

Species: 21(1,1), 24(4,7), 27(1,1), 51(5,9), 56(8,10),

57(3, 29), 62(8, 2).

* M. UAIC 4579 (trammel Net) 2-3 June 1974

Species: 3(4,3602), 34(14,4664), 37(1,508), 38(2,940),

40(2,687), 62(2,1115), 63(3,1496).

Station 23. Turkey Creek approximately 1. 5 miles NW State

Highway 69, T19S, R10W, sec 15, Tuscaloosa County, Alabama.

Elevation 200 feet.

UAIC 1172 15 March 1963

Species: 10(12), 12(1), 16(8), 18(20), 19(52), 20(14), 22(17),

24(71), 25(7), 26(10), 27(27), 28(5), 34(3), 38(1), 44(4),

49(3), 52(1), 56(6), 57(2), 70(15), 71(29), 73(2), 75(1), 77(4).

Station 24. Turkey Creek at bridge on State Highway 69, T19S, R9W,

sec 7, Tuscaloosa County, Alabama. Elevation 280 feet.

A. UAIC 109 9 March 1951

Species: 10(5), 19(21), 20(79), 33(1), 57(2).

B. UAIC 1169 13 March 1963

Species: 20(1), 49(1), 57(1), 60(1), 70(2), 71(6), 77(1), 78(1).
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C. UAIC 1170 16 June 1963

Species: 10(9), 16(1), 18(7), 19(35), 20(16), 28(3), 49(5),

57(2), 60(6), 70(1), 71(24), 77(5).

D. UAIC 3248 20 May 1968

Species: 71(2).

E. UAIC 3042 12 August 1968

Species: 16(1), 18(107), 19(10), 20(14), 30(1), 36(20),

57(2), 60(4), 71(13).

* F. UAIC 3182 16 January 1973

Species: 18(45), 19(55), 23(1), 24(28), 49(1), 57(2), 62(1),

70(1), 71(44), 73(3), 77(4).

* G. UAIC 4198 16 September 1974

Species: 10(2), 18(28), 19(37), 23(11), 24(6), 37(10), 44(1),

56(1), 57(2), 70(5), 71(5), 73(3), 77(4).

Station 25. North River approximately 2 miles E State Highway 13

(U.S. Highway 43), T19S, R10W, sec 16, Tuscaloosa County, Alabama.

Elevation 200 feet.

A. UAIC 2696 19 September 1967

Species: ■ 10(29), 12(2), 16(5), 18(418), 19(87), 20(156),

22(91), 24(573), 25(2), 26(59), 28(10), 41(1), 43(6), 44(1),

49(2), 52(1), 53(2), 70(8), 71(23), 75(2), 77(2), 78(14).

B. UAIC 3587 1 October 1968

Species: 10(10), 16(2), 18(41), 19(20), 20(177), 22(25),

24(167), 26(1), 28(17), 71(3), 72(1), 77(4).
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C. UAIC 1170 16 June 1963

Species: 10(9), 16(1), 18(7), 19(35), 20(16), 28(3), 49(5),

57(2), 60(6), 70(1), 71(24), 77(5).

D. UAIC 3248 20 May 1968

Species: 71(2).

E. UAIC 3042 12 August 1968

Species: 16(1), 18(107), 19(10), 20(14), 30(1), 36(20),

57(2), 60(4), 71(13).

* F. UAIC 3182 16 January 1973

Species: 18(45), 19(55), 23(1), 24(28), 49(1), 57(2), 62(1),

70(1), 71(44), 73(3), 77(4).

* G. UAIC 4198 16 September 1974

Species: 10(2), 18(28), 19(37), 23(11), 24(6), 37(10), 44(1),

56(1), 57(2), 70(5), 71(5), 73(3), 77(4).

Station 25. North River approximately 2 miles E State Highway 13

(U.S. Highway 43), T19S, R10W, sec 16, Tuscaloosa County, Alabama.

Elevation 200 feet.

A. UAIC 2696 19 September 1967

Species: ■ 10(29), 12(2), 16(5), 18(418), 19(87), 20(156),

22(91), 24(573), 25(2), 26(59), 28(10), 41(1), 43(6), 44(1),

49(2), 52(1), 53(2), 70(8), 71(23), 75(2), 77(2), 78(14).

B. UAIC 3587 1 October 1968

Species: 10(10), 16(2), 18(41), 19(20), 20(177), 22(25),

24(167), 26(1), 28(17), 71(3), 72(1), 77(4).
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C. UAIC 3523 25 April 1969

Species: 1(1), 10(2), 16(34), 17(1), 18(328), 19(6), 20(89),

22(15), 24(214), 26(2), 27(3), 36(1), 56(6), 71(2).

Station 26. Dry Creek approximately 3.5 miles W State Highway 69,

T18S, R10W, sec 35, Tuscaloosa County, Alabama. Elevation 250 feet.

A. UAIC 3630 19 October 1968

Species: 76(1).

Station 27. North River approximately 0.4 miles E County Road 63

on County Road 38, T18S, R10W, sec 17, Tuscaloosa County, Alabama.

Elevation 240 feet.

A. UAIC 1155 17 January 1963

Species: 10(2), 18(5), 19(1), 20(4), 22(2), 60(1).

B. UAIC 3038 12 August 1968

Species: 4(1), 10(1), 16(2), 18(6), 20(25), 22(5), 24(4),

56(1), 71(1).

* C. UAIC 4464 19 November 1972

Species: 10(9), 12(1), 15(4), 18(124), 19(11), 20(34), 22(13),

24(117), 26(6), 27(10), 28(6), 30(2), 34(3), 50(2), 56(1),

57(5), 71.(3).

* D. UAIC 4514 21 July 1973

Species: 10(1,1), 16(1,1), 18(29,16), 20(5,6), 24(103,119),

28(1, 1), 37(1, 1), 43(5,4), 53(1,146), 56(8,20), 57(8,19),

60(1, 1), 62(3, 56), 77(2, 1).
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* E. UAIC 4520 19 August 1973

Species: 10(2,3), 12(2,1), 18(31,13), 19(2,6), 20(42,14),

22(4,4), 23(9,6), 24(30,50), 26(3,1), 27(10,1), 40(1,1),

43(2,1), 53(1,7), 56(1,1), 57(4,23), 71(8, 3), 77(2, 1).

* F. UAIC 4526 16 September 1973

Species: 9(1,8), 12(1,1), 18(60,18), 19(3,5), 20(41, 36),

22(27,14), 24(36,46), 26(9,3), 27(4,1), 39(1,13), 40(1,1),

43(18,13), 49(1,1), 56(5,16), 57(7,74), 71(3,1), 77(11,18).

* G. UAIC 4531 14 October 1973

Species: 10(3,22), 12(2,3), 18(70,28), 19(1 1,7), 20(39, 38),

22(41,21), 23(14,10), 24(82,86), 26(4,2), 27(27,20), 28(4,2),

40(1,1), 43(10,4), 44(1,1), 49(2,1), 50(1,1), 53(1,6), 56(2,1 1),

57(8,70), 71(14,7), 77(24,36), 78(1,1).

* H. UAIC 4536 11 November 1973

Species: 18(136,47), 19(35,12), 20(112,82), 22(181,61),

23(25,21), 24(260,139), 26(20,10), 27(17,27), 43(10,4),

49(2,1), 50(1,1), 56(5,20), 57(1,4), 62(1,388), 71(14,7), 77(4,3).

* I. UAIC 4542 8 December 1973

Species: ■ 1 8(202, 42), 19(4,1), 20(4,1), 22(144,40), 23(24,4),

24(170,31), 26(5,2), 27(4,1), 49(2,1), 50(2,1), 56(9,13),

57(2, 1 1), 71(4, 1), 73(1, 1), 77(1, 1).
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* J. UAIC 4548 9 January 1974

Species: 12(2,2), 15(1,2), 18(44,9), 19(61,28), 20(2,1),

22(49,15), 23(11,2), 24(134,72), 26(8,10), 27(30, 25), 43( 1, 1),

56(8,6), 57(6,83), 71(78,51), 73(2,2), 77(9,5).

* K. UAIC 4554 4 February 1974

Species: 1(1,4), 18(99,23), 19(24,10), 22(49,15), 23(2,3),

24(137,90), 26(5, 4), 27(4, 4), 43(2,1), 56(14,27), 62(1,173),

71(8, 3), 73(1, 1), 77(3, 1).

# L. UAIC 4560 2 March 1974

Species: 1(1,4), 18(75,17), 19(23,12), 20(3,2), 22(54,15),

23(9,4), 24(137,44), 26(5,2), 27(36,24), 43(8,5), 49(1,1),

56(21,22), 57(2,78), 71(16,7), 72(1,1), 73(1,1), 77(6, 2).

* M. UAIC 4566 31 March 1974

Species: 18(42, 18), 19(53,26), 20(5,5), 22(47,32), 23(10, 14),

24(172,186), 26(11,5), 27(25,32), 38(1,4), 43(2,1), 49(1,1),

56(12,18), 57(13,110), 62(2,282), 71(28,14), 77(12, 11).

* N. UAIC 4572 29 April 1974

Species: 9(1,1), 18(22,4), 19(3,1), 20(1,1), 22(9,6), 23(2,3),

24(175,91), 27(1,D, 56(3,2), 57(2,15), 71(4,2), 77(3,4).

* O. UAIC 4578 3 June 1974

Species: 18(42,12), 19(9,9), 22(1,1), 23(16,12), 24(525,404),

27(6,6), 43(24,34), 49(1,1), 50(1,1), 56(8,19), 57(6,29),

62(5, 2), 71(14, 6), 77(6, 8).
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Station 28. Cripple Creek approximately 2. 7 miles E County Road

63 on County Road 38, T19S, R10W, sec 35, Tuscaloosa County,

Alabama. Elevation 280 feet.

A. UAIC 170 23 June 1951

Species: 10(28), 16(4), 17(1), 18(16), 20(42), 24(4), 28(9),

49(2).

B. UAIC 1154 17 January 1963

Species: 10(17), 18(2), 20(11), 26(25), 28(1), 49(1), 71(5).

Station 29- Unnamed creek tributary to Cripple Creek, T18S, R10W,

sec 1-2, Tuscaloosa County, Alabama. Elevation 340 feet.

UAIC 169 23 June 1951

Species: 20(6), 28(16).

Station 30. Bear Creek approximately 1. 3 miles SE Sterling,

T17S, R10W, sec 26, Tuscaloosa County, Alabama. Elevation

280 feet.

UAIC 168 23 June 1951

Species: 10(5), 18(100), 20(73), 24(1), 28(6), 49(9), 61(2).

Station 31. Tyro Creek approximately 0.6 miles N Sterling, T17S,

R10W, sec 15, Tuscaloosa County, Alabama. Elevation 300 feet.

UAIC 167 23 June 1951

Species: 10(3), 18(69), 20(121), 28(7), 49(1), 60(1).

Station 32. Bulger Creek at bridge on County Road 63, T17S, R10W,

sec 31, Tuscaloosa County, Alabama. Elevation 320 feet.
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UAIC 3039 14 August 1968

Species: 10(4), 20(22), 28(11), 53(3), 57(1).

Station 33. Bulger Creek approximately 1.7 miles S New Lexington

at bridge on State Highway 13 (U.S. Highway 43), T17S, RllW, sec 26,

Tuscaloosa County, Alabama. Elevation 360 feet.

UAIC 1173 29 March 1963

Species: 10(2), 18(23), 20(16), 28(22), 49(2)..

Station 34. Freeman Creek approximately 0. 8 miles N NewLexington

at bridge on State Highway 13 (U.S. Highway 43), T17S, RllW, sec 14,

Tuscaloosa County, Alabama. Elevation 320 feet.

A. UAIC 89 3 March 1951

Species: 18(1), 20(27), 24(9), 57(1).

B. UAIC 1167 15 February 1963

Species: 10(5), 20(27), 24(3), 26(4), 33(1), 47(1), 71(2), 77(2).

Station 35. Cedar Creek approximately 2.9 miles S Berry on County

Road 63, T16S, R10W, sec 32, Fayette County, Alabama. Elevation

320 feet.

UAIC 166 23 June 1951

Species: 10(12), 20(4), 28(60), 30(2), 34(4), 38(4).

Station 36. Sandy Point Creek approximately 3 miles N NewLexington

on State Highway 13 (U.S. Highway 43), T17S, RllW, sec 2, Fayette

County, Alabama. Elevation 340 feet.

UAIC 1174 29 March 1963

Species: 18(2), 20(41), 26(1), 28(21), 49(6).
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Station 37. Unnamed creek approximately 1 mile SW Berry city

limit on State Highway 18, T16S, R10W, sec 19, Fayette County,

Alabama. Elevation 380 feet.

UAIC 90 3 March 1951

Species: 20(11), 24(20), 30 (1).

Station 38. Unnamed creek approximately 1 mile S Bankston on State

Highway 18 (U.S. Highway 43), T16S, R11W, sec 14-15, Fayette

County, Alabama. Elevation 360 feet.

UAIC 1175 29 March 1963

Species: 10(5), 17(1), 20(24), 24(5), 28(10), 33(1), 49(3),

56(4), 71(1), 77(9).

Station 39. Deadwater Creek approximately 0. 5 miles S Bankston

on State Highway 18 (U.S. Highway 43), T16S, R11W, sec 15, Fayette

County, Alabama. Elevation 360 feet.

UAIC 1183 5 October 1963

Species: 10(2), 12(1), 17(5), 18(29), 20(29), 24(27), 28(3),

38(1), 47(1), 49(5), 56(1), 57(2), 71(20), 73(1), 77(17).

Station 40. Deadwater Creek approximately 0. 3 mile NW Bankston

on State Highway 18 (U.S. Highway 43), T16S, R11W, sec 10, Fayette

County, Alabama. Elevation 340 feet.

UAIC 1168 15 February 1963

Species: 10(16), 24(7), 26(1), 27(3), 56(1), 70(8), 71(6),

73(1), 77(3).
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Station 41. Clear Creek approximately 0. 8 mile NE Bankston, T16S,

R11W, sec 11, Fayette County, Alabama. Elevation 360 feet.

UAIC 206 14 June 1952

Species: 9(1), 10(24), 18(10), 20(20), 22(4), 24(33), 49(4),

75(1).

Station 42. Clear Creek below Bugs Lake approximately 1. 8 air miles

NE Bankston, T16S, R11W, sec 2, Fayette County, Alabama.

Elevation 400 feet.

UAIC 1188 5 October 1963

Species: 10(7), 18(23), 19(4), 20(2), 21(1), 24(5), 25(3), 27(18),

34(2), 38(4), 44(7), 49(25), 50(9), 56(28), 64(4), 71(16), 73(20),

77(4).

Station 43. Boles Creek on County Road 65 approximately 4. 6 air

miles NNW Bankston, T15S, RUW, sec 21, Fayette County, Alabama.

Elevation 440 feet.

UAIC 1184 5 October 1963

Species: 18(4), 20(16), 28(25), 30(2), 49(8), 56(8), 57(4),

71(2), 72(1), 73(1).

Station 44. Unnamed creek tributary to Clear Creek approximately

1.8 miles W State Highway 13, T15S, R11W, sec 10, Fayette County,

Alabama. Elevation 480 feet.

UAIC 1185 5 October 1963

Species: 1(3), 10(2), 14(2), 17(27), 20(36), 28(17), 57(1),

73(1).
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Station 45. Clear Creek approximately 0. 6 air miles W State High­

way 13, T15S, R11W, sec 3, Fayette County, Alabama. Elevation

500 feet.

A. UAIC 1186 5 October 1963

Species: 14(3), 17(1), 20(1), 28(6), 56(1).

B. UAIC 1190 1 February 1964

Species: 1(1), 18(4), 20(12), 28(15).

Station 46. Unnamed creek tributary to North River approximately

1. 1 miles N Berry city limits, T16S, R10W, sec 5, Fayette County,

Alabama.. Elevation 410 feet.

UAIC 1176 29 March 1963

Species: 10(7), 20(9), 25(1), 28(2), 30(3).

Station 47. Cane Creek at junction with North River approximately

2.5 air miles NNW Berry city limit, T15S, R10W, sec 32, Fayette

County, Alabama. Elevation 360 feet.

A. UAIC 1177 29 March 1963

Species: 10(2), 18(11), 20(9), 24(2), 26(3), 56(2).

Station 47. North River approximately 2. 5 miles NNW Berry city

limit, T15S, R10W, sec 32, Fayette County, Alabama. Elevation

360 feet.

B. UAIC 1189 1 February 1964

Species: 10(9), 16(10), 18(36), 20(109), 21(1), 23(1), 24(2),

25(6), 34(1), 47(4), 49(8), 54(1), 56(8), 57(5), 71(4), 72(3),

73(10).
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* C. UAIC 4463 19 November 1972

Species: 10(8), 18(144), 20(107), 23(7), 24(9), 26(16), 28(36),

49(33), 54(1), 57(4), 71(20), 72(2), 76(1).

Station 48. Cane Creek approximately 1.4 miles N State Highway 18

on County Road 63, T15S, R10W, sec 33, Fayette County, Alabama.

Elevation 400 feet.

UAIC 1178 29 March 1963

Species: 18(6), 20(16), 24(1), 26(6), 28(2), 53(1).

Station 49. North River approximately 4.2 air miles N Berry city

limit, T15S, R10W, sec 29, Fayette County, Alabama. Elevation

360 feet.

* A. UAIC 4513 21 July 1973

Species: 9(1,5), 10(1,1), 15(4,36), 18(82,34), 20(41,41),

23(4,6), 24(1,2), 28(1,1), 38(1,1), 47(1,2), 49(3,3), 54(1,1),

57(6, 12), 71(6, 2), 73(4,3), 77(2,1).

* B. UAIC 4519 19 August 1973

Species: 7(5,241), 9(1,18), 15(2,2), 18(45,15), 20(22, 11),

23(7,7), 24(2,5), 28(7,5), 40(7,5), 44(3,1), 49(2,1), 71(13,3),

73(9, 12), 77(14, 10).

* C. UAIC 4525 15 September 1973

Species: 9(1, 74), 10(3,3), 18(85,26), 20(29,62), 23(10,9),

26(3,1), 28(2,1), 40(4,6), 49(6,1), 54(1,44), 56(3,1), 57(3,45),

71(27,8), 73(7,6), 76(1,1), 77(6,2).
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* D. UAIC 4530 13 October 1973

Species: 10(1,1), 18(138,38), 20(68,65), 22(1,1), 23(3,4),

24(1,1), 26(6,1), 28(2,2), 40(1,4), 42(6,5), 44(i,l), 49(12,7),

56(11,4), 57(2,4), 71(34,9), 72(2,1), 73(13,7), 76(3, 3), 77(40, 19).

* E. UAIC 4535 10 November 1973

Species: 7(1,33), 18(361,77), 20(32, 20), 23(3, 1), 24(3, 8), 26(5, 23),

40(1, 1), 43(2, 1), 47(1,2), 49(3, 1), 56(4, 1), 71(30, 9), 72(1, 1),

73(6, 5), 77(17, 6).

* F. UAIC 4541 9 December 1973

Species: 10(1,3), 18(169,48), 20(22,11), 22(1,1), 23(5, 3),

24(1,1), 26(31,9), 49(1,1), 56(1,1), 57(1,1), 71(75,25),

73(13, 5), 76(2, 1), 77(3, 1).

* G. UAIC 4547 5 January 1974

Species: 9(1,74), 18(51,16), 20(22,14), 26(12,4), 28(1,1),

49(43,22), 53(1,2), 56(103,33), 71(12,6), 73(2,1), 77(1,1).

* H. UAIC 4553 3 February 1974

Species: 1(5,10), 10(1,13), 18(84,17), 20(5,4), 23(8, 13),

26(17,5), 38(1,3), 49(33,5), 56(41,11), 57(4,9), 71(19,9),

73(7, 2), 77(6, 4).

* I. UAIC 4559 2 March 1974

Species: 18(50,12), 20(6,14), 23(14,7), 26(4,1), 49(16,3),

56(11,2), 57(1,1), 71(24,10), 73(7,2), 77(4,1).
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* J. UAIC 4565 30 March 1974

Species: 9(1,53), 18(73,14), 20(4,5), 21(1,1), 23(2,1), 24(8,1),

26(4,1), 38(1,100), 49(6,1), 56(10,3), 57(1,1), 71(10,4),

73(1, 1), 77(2, 1).

* K. UAIC 4571 1 May 1974

Species: 9(1,1), 18(81,27), 20(19,38), 21(,2,4), 23(8,15),

24(13,5), 26(7,2), 28(5,7), 37(2,4), 38(1,4), 43(1,1), 49(34,20),

53(1,2), 56(38,57), 57(8,29), 71(72,27), 72(2,1), 73(7, 4),

76(1,2), 77(15, 12).

* L. UAIC 4577 3 June 1974

Species: 9(3,5), 15(1, 1), 18(131,45), 20(26,98), 23(4,6),

24(4, 4), 28(6,24), 30(1,3), 49(7,9), 56(1,1), 57(16,34),

62(2,1), 71(12,5), 73(11,8), 77(5,5).

Station 50. Beaver Creek approximately 3. 8 air miles SSE Fowlers

Crossroads, T15S, R10W, sec 18, Fayette County, Alabama.

Elevation 420 feet.

UAIC 1191 1 February 1964

Species: 1(3), 10(1), 18(2), 20(10), 28(3), 71(3), 73(12),

77(3).

Station 51. Unnamed creek tributary to Beaver Creek approximately

1.9 miles SSE Fowlers Crossroads, T15S, R1IW, sec 1, Fayette

County, Alabama. Elevation 480 feet.

UAIC 207 14 June 1952

Species: 20(17), 28(13).
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.Station 52. Georges Creek approximately 4. 8 miles S Studdards

Crossroads on County Road 63, T15S, R10W, sec 16, Fayette County,

Alabama. Elevation 400 feet.

UAIC 1179 29 March 1963

Species: 18(8), 20(9), 49(1), 71(2).

Station 53. North River approximately 3. 3 air miles SSW Studdards

Crossroads, 0.7 miles SW County Road 63, T15S, R10W, sec 8,

Fayette County, Alabama. Elevation 400 feet.

* A. UAIC 4512 21 July 1973

Species: 10(13,14), 18(99,69), 20(168,91), 26(1,2), 28(29, 19),

30(3,22), 40(2, 1), 49(2, 1), 53(2,178), 56(1, 9), 57(1,8),

73(14, 6), 77(1, 1).

* B. UAIC 4518 18 August 1973

Species: 18(30,18), 20(84,38), 23(3,1), 26(1,1), 28(12, 13),

47(1, 1), 49(4,4), 53(1,2), 71(3, 1), 72(1,1), 73(3,1), 76(1,1).

* C. UAIC 4524 15 September 1973

Species: 18(69,50), 20(23,21), 26(1, 1), 28(1, 1), 71(1, 1).

* D. UAIC 4529 13 October 1973

Species: 18(24, 22), 20(15,38), 26(1, 1), 28(3, 7), 49(1,2).

* E. UAIC 4534 10 November 1973

Species: 18(10,10), 20(67,119), 23(1,1), 28(7, 30).

* F. UAIC 4540 9 December 1973

Species: 18(386,238), 20(19,16), 26(4, 3), 28(1,8), 37(1,2),

56(2, 1), 73(3, 2).
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* G. UAIC 4546 5 January 1974

Species: 9(1,25), 10(2,44), 18(8,2), 20(18,16), 28(2,1),

49(1, 1), 56(1, 1), 73(2, 2).

* H. UAIC 4552 3 February 1974

Species: 10(3,46), 18(85,41), 20(30,22), 23(2,1), 28(1,1),

49(3,3), 72(1,1), 73(10,7), 75(8,10).

* I. UAIC 4558 2 March 1974

Species: 10(6,29), 18(97,37), 20(13,15), 23(3,3), 26(1,1),

28(1,2), 49(2,2), 56(1,1), 71(4,4), 72(8,3), 73(12, 6), 76(11,19).

* J. UAIC 4564 30 March 1974

Species: 18(143,65), 20(43,77), 21(3,4), 23(3,2), 26(1,1),

28(8,6), 37(3,5), 49(2,3), 56(2,4), 64(1,24), 71(2,1), 72(2,1),

73(8, 6), 76(1, 2).

* K. UAIC 4570 1 May 1974

Species: 18(131,78), 20(41, 55), 21(1,1), 23(16,12), 28(3,4),

37(2,6), 49(2,1), 57(5,4), 71(3,1), 72(3,1), 73(8,7).

* L. UAIC 4576 3 June 1974

Species: 10(15,38), 18(133,83), 20(19,38), 23(3,3), 26(1,5),

28(5, 7), 30(1, 4), 37(2,1), 39(1,146), 49(2,1), 53(2,52), 57(7,7),

71(5,2), 72(5,3), 73(10,10), 76(2,4).
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Station 54. North River approximately 2.9 miles S Studdards Cross­

roads on County Road 63, T15S, R10W, sec 5-8, Fayette County,

Alabama. Elevation 400 feet.

A. UAIC 1187 5 October 1963

Species: 9(3), 10(12), 18(47), 20(25), 26(4), 28(6), 47(2),

49(19), 56(15), 57(7), 73(1).

* B. UAIC 4462 19 November 1972

Species: 18(63), 20(185), 26(24), 28(6), 30(1), 47(1), 49(5),

54(2), 57(4), 62(1), 76(1).

Station 55. North River approximately 0.2 miles E Studdards Cross­

roads on State Highway 102, T14S, R10W, sec 28, Fayette County,

Alabama. Elevation 450 feet.

A. UAIC 208 14 June 1952

Species: 9(8), 10(2), 17(11), 18(153), 20(7), 24(1), 37(1),

47(1), 49(16), 57(1), 62(15).

* B. UAIC 4461 19 November 1972

Species: 10(2), 18(8), 20(46), 26(17), 28(7), 30(3), 49(36),

53(4), 56(14), 57(36), 72(3), 73(6).
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* C. UAIC 4511 21 July 1973

Species: 10(18,28), 18(28,16), 20(108,28), 26(3,1), 28(37, 16),

40(4,1), 49(7,1), 53(1,3), 56(15,8), 57(2,15), 73(17, 6).

* D. UAIC 4517 18 August 1973

Species: 10(15,11), 18(50,17), 20(51,49), 26(6,2), 28(6,3),

30(5,2), 40(2,3), 49(38,14), 56(175,33), 57(3, 7), 73(10, 2).

* E. UAIC 4523 15 September 1973

Species: 10(16,9), 18(40,8), 20(49,20), 26(26,10), 28(1,1),

30(7,6), 47(1,1), 49(38,24), 56(113,23), 62(1,32), 73(9, 2).

* F. UAIC 4528 13 October 1973

Species: 10(6,4), 18(164,37), 20(45,30), 26(5,2), 28(2,1),

30(1,2), 49(71,30), 54(1,38), 56(145,35), 57(3,115), 62(1,139),

73(21,4).

* G. UAIC 4533 10 November 1973

Species: 10(9,9), 18(143,39), 20(11,6), 26(8,5), 28(2,2),

49(16,9), 53(9, 131), 54(2,50), 56(201,198), 57(8,132),

62(1, 243), 72(5, 2), 73(15, 9).

* H. UAIC 4539 9 December 1973

Species:- 10(2,1), 18(1,1), 20(7,6), 49(1,1), 56(2,1), 73(5,2).

* I. UAIC 4545 5 January 1973

Species: 10(1,5), 18(2,1), 30(1,1), 49(2,1), 56(16,8), 73(1, 1).
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* J. UAIC 4551 3 February 1973

Species: 10(2,3), 20(6,5), 26(1,2), 28(1,4), 30(1,59), 49(6,8),

54(1,59), 56(11,68), 57(1,31), 71(1,1), 73(15,10).

* K. UAIC 4557 2 March 1973

Species: 10(2,2), 18(24,16), 26(4,6), 28(2,1), 49(16,12),

56(17,6), 57(1,7), 72(3,4), 73(21,26), 76(1,5).

* L. UAIC 4563 30 March 1973

Species: 9(2,50), 10(3,8), 18(30,31), 20(31,50), 23(1, 1),

26(1,1), 28(4,14), 30(1,43), 37(2,1027), 49(12,6), 53(2,57),

56(6,3), 72(3,2), 73(5,4), 76(1,4).

* M. UAIC 4569 1 April 1973

Species: 10(1,1), 18(91,99), 20.(36.66), 21(4,5), 23(4, 6),

26(4,5), 28(8,35), 30(2,3), 37(2,559), 39(1,28), 49(17, 30),

56(9,124), 57(7,6), 62(1,26), 64(2,94), 72(4,1), 73(5,3).

* N. UAIC 4575 3 June 1973

Species: 9(1,1), 10(27,19), 20(12,26), 28(66, 28), 30(2,45),

37(2,1), 49(10, 28), 53(5,5), 56(1,10), 57(17, 19), 72(2,2),

73(10, 11).

Station 56. North River headwater approximately 1.5 air miles NNE

Studdards Crossroads, T14S, R10W, sec 15, Fayette County, Alabama.

Elevation 520 feet.
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* A. UAIC 4510 21 July 1973

Species: 10(104,167), 18(4,7), 20(176,78), 28(173,137),

30(126,95), 40(2,2), 53(4,137), 73(26,6).

* B. UAIC 4516 18 August 1973

Species: 10(60,80), 20(186,88), 28(298,246), 30(69,57),

43(1,1), 53(4,49), 56(3,5), 57(1,1), 73(9,7).

* C. UAIC 4522 15 September 1973

Species: 10(53,62), 20(33,10), 28(109,155), 30(164,109),

40(14,20), 53(4,62), 56(2,1), 57(1,1), 73(112,40).

* D. UAIC 4538 9 December 1973

Species: 28(1,20), 30(1,22), 73(1,1).

* E. UAIC 4544 5 January 1974

Species: 9(1,75), 10(3,16), 73(1,3).

* F. UAIC 4550 3 February 1974

Species: 9(1, 65), 10(6,15), 18(3,4), 20(21,108), 53(1,27),

57(1,28), 72(1,1), 73(4,3), 76(1,1).

* G. UAIC 4556 2 March 1974

Species: 10(4,34), 18(4,5), 20(24,234), 28(3, 74), 30(1,25),

73(23, 33).

* H. UAIC 4562 30 March 1974

Species: 10(7,32), 18(6,11), 20(7,45), 28(3,88), 30(2,8),

73(12, 31).
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* I. UAIC 4568 1 May 1974

Species: 10(4,15), 18(4,4), 20(33,350), 28(5,70), 30(2,23),

73(40,57).

* J. UAIC 4574 3 June 1974

Species: 10(78,23), 18(4,3), 20(8,58), 28(288,59), 30(1,9),

73(21,28).



IV. MATERIALS AND METHODS

A. Introduction

Fishes were sampled by conventional seining techniques using

nylon seines ranging from 4 feet to 30 feet in length and from 4 feet

to 6 feet in depth; mesh, in delta and king styles, ranged from 3/16

inch to 1/4 inch. The seines were leaded heavy. In addition to these

seines, two 8 feet by 300 feet trammel nets constructed of #177 nylon

twine and with mesh sizes of 12 inches (outside wall) and 1/2 inch

(inside wall) were used to collect station 22 (Lake Tuscaloosa) during

postimpoundment study.

Immediately after capture, all specimens were fixed in 10%

formalin. Upon returning to the laboratory, and after at least one

week in the fixative, each collection was washed clean of formalin,

the species identified, enumerated, weighed and measured, and the

results recorded on data sheets. The specimens were then transferred

to 70% ethanol for'permanent preservation and storage in the University

of Alabama Ichthyological Collection (UAIC).

Ninety-one fish collections were analyzed to establish the species

compostion and preimpoundment distribution of North River fishes.

During postimpoundment study, six stations located with respect

47
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to stream order and/or elevation in the North River watershed were sam­

pled at approximately four week intervals over the annual cycle, July23, 1973--

June 3, 1974. The streams were ordered according to the Horton classifica­

tion with reference to U. S. Geological Survey 7.5 minute series topographic

maps, scale 1:24, 000. According to the Horton (1945) classification, the

smallest unbranched tributaries are designated Order I streams (Station

56). The union of two such streams forms an Order II stream (Station

55). Where two Order II streams join, an Order III stream (Station 53)

is formed, etc. In this work, the seine and trammel net collections from

Lake Tuscaloosa are considered apart from the lotic habitats represented

by stream orders I through V. Fish samples were collected from each of

the following stations during postimpoundment study (Figure 1):

STATION
STREAM
ORDER ELEVATION

TOTAL
COLLECTIONS

56- I 520' 10
55 II 450' 12
53 III 400' 12
49 IV 360' 12
27 V 240' 12
22 (seine) Reservoir 223' 12
22 (trammel net) Reservoir 223' 12

The individual fish samples were analyzed for species

occurrence, species numerical abundance and species biomass.

Ichthyofaunal lists, compiled at the end of the study for each

station, are supplemented by percentage comparisons of species

relative abundance, species relative biomass, and species encounter.

Several descriptive statistics (number of species, total number of indi­

viduals, total biomass) and quantitative measures of species diversity
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(Margalef's D, Brillouin's H, Pielou's J, and a redundancy measure,

R) are utilized to describe the fish samples. Calculations for the

quantitative measures of species diversity are based both on number

of individuals per species and on biomass per species.

The descriptive data and species diversity data determined for

each sample collected over the annual cycle from each station were

grouped according to station, stream order and/or elevation for

analysis of longitudinal and seasonal variation. Prior to analysis of

variance (anova) tests of the basic underlying assumptions were carried

out. The data were tested for random sequence of occurrence via the

runs test above and below the median. Bartlett's test and the F max

test were used to test for homogeneity of variances (homoscedasticity).

The error terms of the variates in each sample are assumed to be

normally distributed. When the variances were determined to be

heteroscedastic an approximate test of equality of means (Sokal and

Rohlf, 1969) was employed. Gabriel's sum of squares simultaneous

test procedure (Gabriel, 1964) was utilized to test longitudinal

and seasonal variation among group means which proved to be signifi­

cantly different via anova.

B. Species Richness

The most obvious measure of species richness is the number of 

species of some taxonomic group in an area (Poole, 1974). Direct
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species counts provide one of the simplest, most practical and most

objective measures of species richness. Comparison of direct species

counts, however, requires equal sample sizes, since the larger the

sample, the greater the expected number of species. It is clearly

desirable, then, to have a species richness index independent of

sample size. Numerous species-individuals relationships have been

proposed (Gleason, 1922; Fisher, Corbet and Williams, 1943; Preston,

1948; Margalef, 1951, 1957, 1968; Odum et al. , I960; Menhinick, 1964)

Dahlberg and Odum (1970) and Harima and Mundy (1974) use Margalef's

D to monitor the influence of changes in species richness on the

heterogeneity indices H1 and H, respectively. The relationship

between number of species and number of individuals as defined by

Margalef's D is expressed by the following formula:

where S is the number of species and N is the number of individuals

The relationship between number of species and biomass (biomass

richness) may be expressed by substituting total biomass for numbe

of individuals in the equation. As determined by Harima (personal

communication) in empirical studies on the behavior measures of

species richness (Gleason, 1922; Menhinick, 1964; Margalef, 1951,

1957, 1968), Margalef's D accurately reflects changing numbers of

species in relation to sample size without the unfortunate effect of

assigning the same value to two collections which have different

numbers of species.
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C. Heterogeneity

Heterogeneity indices compound species richness with evenness

or the manner in which the individuals are distributed among the

species. As such, they are often referred to as dual concept measures

of diversity. Peet (1974) effectively reviews the development of

heterogeneity indices, the most popular of which are based on infor­

mation theory (Shannon and Weaver, 1963; Brillouin, 1962). Margalef

(1951) first proposed and applied information theoretical diversity

measurements, and has since gained much support, notably from

Pielou (1966a, 1966b, 1966c, 1967, 1969).

The basic idea behind information theoretical measures of hetero­

geneity (diversity) is that when there are a few species of organisms

(fishes) present with relatively more individuals assigned to

one or more species, there is a high probability of randomly selecting

an individual assigned to a particular species. This condition results

in a low value for the heterogeneity index. When there are more

species of organisms (fishes) present with individuals evenly

apportioned among the species, there is a low probability of randomly

selecting an individual of a given species, resulting in a high value

for the heterogeneity index. Expressed another way, the value of the

heterogeneity index becomes vanishingly small as the probability of

selecting a particular species becomes a certainty, and increases the
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more uncertain a choice becomes.

As defined by Brillouin (1962), the information content of a

collection of individuals provides' a convenient measure of diversity.

If a collection contains N individual organisms belonging to S species

with Nj individuals in the i*^ species, the diversity per individual

(Brillouin, 1962) is

H = 1/N log _______ N!_________
Nj ! Nz! ... Ns I

bits / individual

The variable, H, possesses a number of properties which make it a

reasonable measure of species diversity: it is dimensionless, inde­

pendent of sample size, and expresses the relative importance of

each species (Patten, 1962, Wilhm and Dorris, 1968).

Lloyd, Zar and Karr (1968) cast the formula for H directly in

terms of the logarithms of the observed Nj's such that

H = C/N log1{) N! - £ log1() N.

The scale factor C is for conversion of logarithms from base 1 0 to

whatever arbitrary base one happens to favor. In this study, H is

based on logarithms taken to base 2 (bits) such that C = 3. 321928.

A theoretical maximum diversity, (HMAX) and a theoretical 

minimum diversity, (HMIN) can be determined according to the
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following equations

N!
UMAX - <~./N Incr

-

( [N/S]! J s-r ([N/S] + 1)! r

where N/S is the integer part ofN/S, S is the number of species, and

r = N-S[N/S] (Pielou, 1966a, 1966b; Poole, 1974).

(Patten, 1962; Wilhm and Dorris, 1968).

HMIN = C/N ( log N! - log [N - (S-l)]!

D. Evenness

Lloyd and Ghelardi (1964) were the first to formally discuss the

evenness component of heterogeneity indices. The distribution of

individuals among species is called evenness. For a given number of

species, the diversity of a collection is at its maximum when the

individuals are distributed among the species as evenly as possible.

As a measure of the evenness with which the individuals are divided

among the species in any collection, one takes the ratio of the observed

diversity to the maximum possible for the same number of species

(Pielou, 1966a, 1966b). For computations involving Brillouin's H,

J = H/HMAX

Pielou (1966b). The value of J ranges from 0 to 1. A value of 1

indicates a perfectly even distribution of individuals among species; 
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a value approaching 0 indicates a concentration of individuals in one or

more species. As an example, consider a collection of fishes with 10

species and 100 individuals. If each of the 10 species had 10 individuals

apportioned to it, the evenness of the distribution is maximal or 1; if

one of the 10 species had 91 individuals apportioned to it and the 9

remaining species only one individual each, then evenness would be at •

a minimum.

E. Redundancy

From the maximum, minimum and observed values of H, the

position of H in the range between HMAX and HMIN may be calculated.

This is termed redundancy (Margalef, 1957; Patten, 1962), a measure

of the concentration of individuals in one or more species or of the

dominance of one or more species in a collection of individuals.

_ HMAX - H
HMAX - HMIN

The value of R ranges from 0 to 1. A value approaching 0

indicates that the individuals are evenly distributed among the species;

i. e. , that the calculated value of H is close to the maximum calculable

diversity. A value approaching 1 indicates that the individuals are

concentrated in one or more species and that the calculated value of H

is close to the minimum calculable diversity. A value of 0 indicates 

maximum evenness of the distribution of individuals among the species 
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and that the calculated value of H is identical to the maximum

calculable diversity. A value of 1 indicates minimal evenness of

the distribution of individuals among species and that the calculated

value of H is the same as the minimum calculable diversity.

F. Overlap

It is conceivable that two population samples may have identical

values for the species (biomass) richness or heterogeneity index, but

have no species in common. Quantitative comparisons, therefore,

require an objective measure of the amount of overlap between samples

(Horn, 1966).

The most obvious, and apparently the most intuitively acceptable

measure of faunal resemblance, is the percentage of taxa in common

among the total taxa of two faunas (Simpson, I960) computed as

C
---- x 100
Nt

where C = number of taxa common to both faunas and Nt = total taxa

in both faunas. For purposes of compilation and computation, this

formula may be more conveniently expressed as follows:

------------------- x 100
N1 + N2 ' C

where Nj = total taxa in the first fauna, N2 = total taxa in the second 
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fauna, and C = number of taxa common to both faunas. This ratio 

of kinds in common to total kinds has been used in other disciplines

of comparative ecology and may be known as Jaccard’s formula for

faunal resemblance (Jaccard, 1908; Long, 1963). If no kinds of taxa

are common to and N^, the resemblance is 0%. If C = = N^,

the resemblance is 100%.

MacArthur (1972) develops an information theoretical index which

measures species common to separate samples, and also accounts for

the distribution of individuals among the species (i. e. , the species

relative abundance). The number of species in separate habitats that

the combined census of two populations contains is expressed by the 

following equation

M = 2
1 + ov

where ov is a well known measure of overlap between the communities:

ov
2 Z2 piqi

£pi2+

MacArthur's average multiple, M, has a maximum value of 2 when

the species of the combined census of the two populations are all

different, and a minimum value of 1 when the species of the combined

census are all shared; i. e. , M = 1 represents 100% similarity or over­

lap between two samples, and M = 2 represents 0% similarity or over­

lap between two samples. Since one may arbitrarily partition the 
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distance between the extreme values of 1 and 2 into 100 parts, we may

translate the M score into a percentage. For example, the combined

census of two samples may have, on the average, 1. 5180 times as

many equally common species as either sample alone. This may be

interpreted as a 48. 20% similarity or overlap between the samples

via the following formula: (2. 0000 - 1. 5180) x 100 = 48.20%-



DISCUSSION AND RESULTS

A. Introduction

A preimpoundment survey of North River fishes revealed the

presence of 76 species in 16 families and 36 genera. Postimpound­

ment study revealed the presence of 58 species in 14 families and

29 genera. A total of 171 collections from 56 stations were made

throughout the drainage. Collections have been made from all areas

of the North River watershed, but in general, preimpoundment

sampling was more widespread than postimpoundment sampling, the

latter being more intensive. Ninety-one preimpoundment collections

were made prior to June, 1969 (the date gates closed on North River

Dam), largely by students under the direction of H. T. Boschung, and

notably by James D. Williams who assisted and/or was responsible

for 50 of these collections. Eighty collections were made after

impoundment: 70 from 6 stations located with respect to stream orde

and/or elevation, and sampled at approximately four week intervals

over the annual cycle, July 23, 1973--June 3, 1974, and 10 from

various localities sampled on different dates.

A list of fish species known to occur in North River is presented

in Table 7. Arrangement of the families follows that of Greenwood,

58
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Rosen, Weitzman and Myers (1966). The species of each family are

alphabetized by generic and specific names. Both common and

scientific names follow those used by the American Fisheries Society

(1970).

Of the 80 fish species known to occur in North River, six are

endemic to the Mobile Bay drainage system (Mobile Basin), including

Notropis asperifrons, Notropis callistius, Notropis venustus,

Hypentelium etowanum, Ammocrypta meridiana, and Etheostoma

rupestre. An undescribed Etheostoma of the subgenus Ulocentra, here

referred to as the "Warrior snubnose darter," is currently being

studied by Dr. R. M. Bailey, University of Michigan, and possibly is

endemic to the Black Warrior river system.

The records for Strongylura marina, Notropis texanus, Erimyzon

tenuis, Ammocrypta beani, Ammocrypta meridiana and Etheostoma

swaini represent the only records known to the author for these species

above the Fall Line in the Black Warrior river system.

The records for Lepisosteus oculatus, Anguilla rostrata,

Labidesthes sicculus, Etheostoma nigrum, Etheostoma parvipinne

and Etheostoma proeliare are added to only a few known records for

these species in the Black Warrior river system above the Fall Line.

Notropis emiliae and Percina maculata, rarely encountered above the

Fall Line, are apparently well established in North River.

At least two species of the North River ichthyofauna are the result
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of introduction. The carp, Cyprinus carpio, was introduced throughout

the United States in the late 1800's and early 1900's by the United States

Bureau of Fisheries. A total of 80, 000 walleye fingerlings, Stizostedion

vitreum, have been stocked into Lake Tuscaloosa: 50, 000 on June 10,

1970; 20, 000 on May 26, 1972; and 10, 000 on May 25, 1973. As of Sep­

tember 30, 1973, four reported catches of this species (two verified)

had been made. A single specimen measuring 308 mm. standard length

and weighing 492 grams was collected from Lake Tuscaloosa by trammel

net during the postimpoundment study (Station 22 E). The few collections

of Notemigonus crysoleucas, commonly used as a bait minnow, may be

the result of introduction by fishermen.

B. Diversity Relationships

The results of the individual computations for the species diversity

measures previously described are presented inTables 8 through 14, for

calculations basedonthe number of individuals per species, andTables 15

through 21, for calculations based on biomass per species. Minimum, max­

imum, mean and asymptotic values for each statistic are also reported,

based on the number of samples collected at each station over the annual cycle.

Pielou (1966b) reports that mean heterogeneity based on individual

samples is generally less than the heterogeneity of the population as a whole.

The mean also generally underestimates the number ofspecies, species

(biomass) richness, the maximum calculable heterogeneity, and redundancy,

but generally overestimates the minimum calculable heterogeneity, and even­

ness. Pielou, 1966b and Wilhm, 1970 demonstrate that as sample size is
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progressively increased by the addition of new samples, the heterogeneity of

the pooled samples increases and then levels off. The heterogeneity carve

levelsoffdueto two opposing effects (Pielou, 1966b): reduction of heterogeneity

due to common species being added more rapidly than rare species, and

increase of heterogeneity due to new species being added. When the

two effects balance, the heterogeneity curve reaches an asymptote.

In stable aquatic systems, the estimated value of heterogeneity (or

any "diversity" statistic) based on pooled samples should cluster

about some stable point, and the estimate based on the largest

possible sample (obtained by pooling all samples examined) can be

taken as an estimate of the heterogeneity of the population being

sampled. Since the statistics of individual samples are highly vari­

able, and since the mean statistic generally underestimates (or

overestimates) population values, it is, perhaps, preferable to report

asymptotic values (Wilhm, 1970). This preference is followed in the

present work. Asymptotic values are reported in Table 22 for

calculations based on number of individuals per species, and in Table

23 for calculations based on biomass per species. These provide an

estimate of the population value for each statistic at each collection

site, based on samples taken over the annual cycle.

Longitudinal Variation

Several recent studies have suggested a direct relationship 

between stream order and/or elevation and quantitative aspects of 
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fish populations. Kuehne (1962) observed a progressive steady

increase in average number of species as stream order increased.

Harrel, Davis and Dorris (1967) examined the relationship between

stream order and fish species richness (Margalef's D) observing that

species richness increased progressively with stream order.

Whiteside and' McNatt (1971) observed increased fish species diversity

(heterogeneity) in higher order streams. Statistical tests of signifi­

cance were not applied to the results of the aforementioned studies. Boschung

(1973) observed more fish species to occur in large streams than in

small streams, but did not find the increase in number of species to

correspond directly to an increase in stream order. Rather, the

relationship between stream order and number of species was

described by an increasing step cline: stream orders II and III were

homogeneous with respect to number of species as were stream orders

III and IV, IV and V, and VI and VII, each pairing reflecting an increase

in the mean number of species encountered. Boschung and Jandebeur

(1974) questioned the relationship between number of species, species

diversity (heterogeneity) and elevation. Significant variation for the

number of species encountered and heterogeneity was noted among

elevational categories established at 100 foot intervals over a range

from 400 feet to 900 feet. We did not find the increase in number of

species encountered or the increase in heterogeneity to correspond 
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directly to a decrease in elevation (increasing stream order). The

streams at elevations ranging from 400 feet to 600 feet were found to

be homogeneous with respect to the number of species encountered,

and with respect to heterogeneity as were . the streams in the

range of 600 to 900 feet elevation.

Further analysis of the relationship between stream order and/or

elevation and quantitative aspects of stream fish populations is pre­

sented in this section. It must be emphasized that the data referred

to in this section and in subsequent sections of this work were collected

during postimpoundment study from six North River stations located

with respect to stream order and/or elevation sampled at approxi­

mately four week intervals over the annual cycle, July 23, 1973--

June 3, 1974.

The data for number of species, number of individuals, biomass,

species richness, biomass richness, heterogeneity, evenness and

redundancy (Tables 8 through 21) were grouped by stream order

and/or elevation, and tested for significance by analysis of variance.

The results of individual anovas and approximate tests of equality of

means are summarized in Table 24 for calculations based on number

of individuals per species, and in Table 25 for calculations based on

biomass per species. Complete anovas are presented for heterogeneity

based on number of individuals per species (Table 27), heterogeneity

based on biomass per species (Table 28), and for number of species
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(Table 26). Significant longitudinal variation is noted among stream

orders for number of species, number of individuals, biomass, species

richness, biomass richness, heterogeneity (whether based on numbers

or biomass) and evenness based on number of individuals per species.

Gabriel's sum of squares simultaneous test procedure (Gabriel,

1964) was applied in an effort to clarify the relationship between stream

order and/or elevation and quantitative aspects of North River fish

communities when anova revealed significant longitudinal variation. This

procedure tests the homogeneity of all sets contained in the set of all

means involved in an analysis of variance, and may be regarded as pro­

viding detailed decisions implicit in significant F-tests. Instead of just

saying that the total set of populations is heterogeneous, the SS-STP

extends possible decisions. With reference to Table 29, complete

descriptions of the significance and non-significance of all sets are

summarized by the class of maximal non-significant sets; any two means

underscored by a continuation of a given line are not significantly dif­

ferent; any two means not underscored by a continuation of a given line

are significantly different. The form of heterogeneity can be inferred

only with reference to all sets contained in the class of maximal non­

significant sets for a given variable. Further, decisions may be

incomplete in that a set may be significant, yet the form of the hetero­

geneity of the set cannot be inferred with the specified degree of confidence.

A step clinal relationship similar to that described by Boschung (1973) is 



65

reflected by the SS-STP (Table 29 and 30), especially for number of

species. The exact nature of relationships between stream order and/or

elevations and the quantitative measures applied to analyze North River

fish communities is obscured by the comparatively low mean annual

valued for these statistics observed for the 3r^ order stream.

Jaccard's (1908) formula for faunal resemblance may be applied to

demonstrate longitudinal variation in species composition of stream fish

communities. Based on species collected over the annual cycle from

each station sampled during postimpoundment study (Tables 45 through

51), Table 31 reveals a 52% overlap between the species composition

of the 1st order stream (Station 56) and the 2nt^ order stream (Station 55).

Similarity decreases steadily as comparisons are made between the 1st

order stream and progressively larger streams (increasing stream

order), such that only a 34. 28% similarity exists between the lst order

stream (Station 56) and the 5^ order stream (Station 27). It is reason­

able to assume that the combination of seine and trammel net collections

from Lake Tuscaloosa revealed the majority of species typically inhab­

iting the reservoir. Therefore, a comparison between the various

stream orders and the impoundment via Jaccard's formula is justified.

Least similarity is noted between the 1st order stream and Lake Tusca­

loosa (11. 11%). Inspection of Table 31 also reveals increasing similarity

between the lotic habitats and the reservoir with increasing stream order

(decreasing elevation). Greatest similarity exists between the 5^ order 
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station, located 1. 5 river miles upstream from the northernmost

influence of Lake Tuscaloosa, and the reservoir (35.29%).

Longitudinal trends similar to those revealed by use' of Jaccard's

formula are also revealed by use of MacArthur's average multiple, M

(Table 32). This variable reflects not only shared species between

two faunas, but also the relative abundance of species in the faunas

being compared. It is evident in this analysis, that the 2nd, 3rd and

4^ order streams (Station 55, 53 and 49, respectively) are quite similar

with respect to species composition and species relative abundance. The

similarity between these stations is amplified by the dominance of

Notropis bellus and, to some extent at least, by the relative abundance

of Notropis chrysocephalus (Table 46, 47 and 48). N. bellus comprised

57. 66% of the total number of fishes collected at station 53 over the

annual cycle, and 46. 25% of the total number of fishes collected at

station 49. Twenty-three species were collected at station 53 over the

annual cycle and 32 species at station 49- The combined faunas have 21

species in common. Despite the fact that 11 species characteristic of the

4th order stream are not represented in samples from the 3rd order

stream and, correspondingly, that 2 species present in the 3rd order

stream were not found in the 4ldl order stream, MacArthur's average

multiple, M, reflects a very high degree of faunal resemblance between

the two stations (95. 15%). The high degree of similarity is due largely 

to the unevenness of the fish distributions at station 53 and station 49
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(i. e. , the dominance of N. bellus and N. chrysocephalus).

Direct comparisons between the lotic habitats represented by stream

orders I through V and the reservoir were not attempted’via MacArthur's

average multiple, M. Neither seine nor trammel net collections, either

alone or in combination, accurately reflect the proportional abundance

or biomass of the various species encountered in collections from Lake

Tuscaloosa. Comparisons between stream orders and the reservoir,

therefore, would be meaningless. '

Seasonal Variation

With respect to species composition and species relative abundance,

temporal fluctuations are noted to occur in stream fish communities

(Funk, 1955; Harima and Mundy, 1974). The data, grouped by season

within each stream order according to the following calendar, were

tested for significant variation by analysis of variance.

Summer June 21 --September 23

Fall September 23--December 16

Winter December 16--March 21

Spring March 21--June 21

The results of anova and approximate tests of the equality of 
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means are summarized in Table 34 for calculations based on number

of individuals, and Table 35 for calculations based on biomass per

species.

For calculations based on number of individuals per species,

Station 27, a 5*^ order stream, and Station 22T, Lake Tuscaloosa

collected by trammel net, are most stable with respect to quantitative

aspects of the fish samples. Decreased fluctuation in the range of

physicochemical parameters in large streams, rivers and impound­

ments may account for the observed seasonal stability at these

stations or, as indicated by comparatively higher heterogeneities for

f Inthe 5L order stream (Table 11), a more complex, and therefore more

stable, per capita hierarchy of function may exist (Odum et al. , I960).

Significant seasonal variation is noted to occur at Station 53 with

respect to heterogeneity and at Station 22S. Otherwise, the hetero­

geneity index appears to be seasonally constant, when based on number

of individuals (Table 34). For calculations based on biomass per

species (Table 35), the heterogeneity index is noted to be seasonally

constant at all stations except Station 33.

Gabriel's sum of squares simultaneous test procedure (Gabriel,

1964) was applied in an attempt to clarify seasonal variation

revealed to be significant by anova. The results of the SS-STP

applied to the various quantitative measures of species diversity are

presented in Table 36 for calculations based on number of individuals
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Fall and Winter. Species richness was highest in Summer, decreasing

gradually to a Spring minimum. Biomass richness was high in Summer

and in Fall, also decreasing to a Spring minimum. Although decreas­

ing species (biomass) richness is partly responsible, the Spring

minimum heterogeneity is due primarily to increased numbers and

biomass of Notropis venustus (see Site Descriptions), resulting in

decreased evenness (increased redundancy). For calculations based

on biomass, decreased evenness (increased redundancy) may also be

attributed to the Lepomis megalotis and Micropterus salmoides col­

lected in late March (UAIC 4566). Analysis of variance revealed that

season had no significant effect on number of species, number of

individuals, biomass, species richness, biomass richness, hetero­

geneity, evenness, or redundancy, whether calculations were based

on number of individuals per species (Table 34), or biomass per

species (Table 35).

Analysis of variance (Table 34) revealed that season had a signi­

ficant effect on number of individuals at Station 49, the mean number

of individuals collected in Summer being significantly lower than the

mean number of individuals collected in Fall (Table 36). Notropis

bellus dominated collections from this station, comprising 46.25% of

the total number of individuals (2,919) collected over the annual cycle

(Table 48); Notropis chrysocephalus accounted for 16. 77% of the total 
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biomass, followed closely by bl. bellus, 16. 16%. Heterogeneity

based on numbers was lowest in Fall (Table 41), primarily due

to large numbers of Notropis bellus (see Site Descriptions) which

lowered evenness (Table 41).

Seasonal trends were most pronounced at Station 53, a 3r<^

order stream (Table 40). This station is characterized by long

shallow pools positioned above and below a shallow bedrock, rubble

and coarse gravel "fording place" which provides access to a large

cotton field on the northeast bank. The least amount of rainfall in

North River watershed occurs in September and October and a

strong deficiency of stream flow occurs from June through November.

In Fall, these conditions effectively isolate the pools, allowing only

moderate flow over the ford. The cotton field is prepared for planting

in the first part of February, and agricultural fertilizers areappliedin

late February. When the plants erupt in late Spring, fertilizers and

pesticides are applied. In October, the cotton is harvested, and the

ground broken again. One may speculate that migration from this

area during periods of low flow, increased predation during periods

of low flow, environmental stress imposed by agricultural practices

(i. e. , increased siltation, pesticide pollution) or a combination of

these factors is the reason for the significant seasonal variation

observed with respect to number of fish species, biomass, species 

richness, biomass richness and heterogeneity (Table 34 and 35).
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Ecologic studies have shown that in comparatively natural waters,

the distribution of fish species is wide and diverse, but that in

enriched and/or toxic waters, some species become more common

and others more rare. This is certainly evidenced at Station 53,

where Notropis bellus (57. 66%) and Notropis chrysocephalus (25. 63%)

together comprised 83. 29% of the total number of fishes collected

over the annual cycle, and 57. 28% of the total biomass (Table 47).

Mean heterogeneity, whether based on numbers or biomass, was

highest in Spring, decreasing slightly through Summer and then

decreasing abruptly to a Fall minimum (Table 40). Both species

(biomass) richness and evenness are lowest in Fall, exerting a com­

bined effect which accounts for the observed Fall minimum hetero­

geneity. The species richness component of heterogeneity (Table 40)

is depressed by the combination of diminishing number of species in

late Summer and Fall and diminishing numbers of individuals (see

Site Descriptions). Nine fish species and 545 individuals were collected

from Station 53 during Fall, compared to 12 species and 337 individuals

in Winter, 14 species and 650 individuals in Spring and 17 species and

575 individuals in.summer, to complete the annual cycle. Noticeably

absent from the Fall samples are the riffle species, Etheostoma

stigmaeum, Etheostoma swaini, Percina maculata and Percina

nigrofasciata. The evenness component was lowered (Table 40) by 



the relatively high abundance in Fall of Notropis bellus and Notropis

chrysocephalus (see Site Descriptions).

Season had a significant effect on species richness at Station 55,

a second order stream (Table 34). Heterogeneity, whether based on

numbers or biomass, was lowest in Winter becoming maximum in

Spring for calculations based on numbers, and in Summer for cal­

culations based on biomass (Table 39).

Station 56, a 1st order stream, was dry in October and November,

such that only one fish sample was collected in Fall. Since an individ­

ual variate has no variance, the grouped data for seasonal analysis are

inherently heteroscedastic. On assumption of heterogeneity of variance,

an approximate test of the equality of means (Sokal and Rohlf, 1969)

was carried out on the grouped seasonal data. This test revealed that

season had a significant effect on the number of individuals encountered

(Table 34). Mean number of individuals was lowest in Fall, increasing

steadily to a Summer maximum (Table 38), when Campostoma anomalum,

Notropis chrysocephalus, Semotilus atromaculatus and Erimyzon

oblongus juveniles, the result of late Spring and Summer reproduction,

dominated the collections both numerically and in terms of biomass (see

Site Descriptions). Heterogeneity, whether based on numbers or biomass,

follows a similar pattern (Table 38).

Significant seasonal variation among seine samples from Lake

Tuscaloosa is noted for number of individuals, heterogeneity, 
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evenness and redundancy based on number of individuals per species

(Table 34). Large series of Lepomis macrochirus were collected

from Lake Tuscaloosa by seining in Summer months (see Site

Descriptions), the result being that significantly fewer individuals

were collected in Spring compared to a Summer maximum (Table 36).

The high relative abundance of Lepomis macrochirus in Summer also

accounts for the significantly lower evenness (Table 34) reflected also

by the significantly higher redundancy (Table 34), and resulting in the

minimum Summer heterogeneity (Table 43).

Significant seasonal variation is noted for evenness and redundancy

for trammel net collections from Lake Tuscaloosa, calculations based

on biomass per species (Table 35). Reference to Table 37 reveals

that mean Summer evenness is significantly lower compared to Fall

maximum evenness, but not significantly different from mean evenness

in Winter or Spring. The decreased evenness is also reflected by

significantly higher mean Summer redundancy compared to the Fall

minimum redundancy. The effect on biomass evenness is related to

the presence of large Lepisosteus oculatus, Lepisosteus osseus and

Esox niger in the Summer trammel net collections from Lake Tusca­

loosa, presumably foraging on the abundant Lepomis macrochirus

previously noted in seine collections for the same period. Minytrema

melanops and Pomoxis annularis also contribute to the variation in
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biomass evenness noted in Summer (see Site Descriptions).

Longitudinal seasonal variation among stations was also tested

for significance. The grouped data for number of species were

inherently heteroscedastic for Summer, Fall and Winter. Conse­

quently, an approximate test of the equality of means (Sokal and

Rohlf, 1969) was carried out on this grouped seasonal data. Highly

significant (P<0.01) seasonal variation among stream orders and/or

elevations is noted in Summer, Fall and Spring for number of species

(Table 52). Gabriel's SS-STP, applied in an attempt to clarify longi­

tudinal seasonal variation among stream orders and/or elevations for

number of species collected in Spring is presented in Table 53. The

SS-STP revealed the number of species collected from Station 56, the

Is*- order stream, to be significantly lower than the number of species

collected from Station 27, the 5^ order stream. Longitudinal seasonal

trends with respect to stream order and/or elevation are also apparent

in Summer, Fall and Winter, and the mean number of species encoun­

tered at each station for each season are also presented in Table 53.

With respect to heterogeneity, the grouped data are inherently

heteroscedastic in Fall. An approximate test of the equality of means

(Sokal and Rohlf, 1969) revealed significant longitudinal variation

among stream orders and/or elevation in Fall for heterogeneity based

on biomass per species (Table 52). Analysis of variance revealed
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significant longitudinal variation among stream orders and/or

elevations in Winter for heterogeneity based on number of individuals

per species (Table 52). Gabriel's SS-STP applied to clarify this

variation is presented in Table 54. Mean seasonal heterogeneity

values for each station are also presented in Table 54, for calculations

based on both number of individuals per species and biomass per

species.
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C. Impact of Impoundment

Table 55 is a list of fishes comparing preimpoundment and post­

impoundment North River ichthyofauna in the area innundated by Lake

Tuscaloosa. Inspection of this Table reveals that 55 species of fishes

are known to have occurred in lotic habitats now innundated by Lake

Tuscaloosa. Thirty-six species of fishes were collected from Lake

Tuscaloosa during postimpoundment study. Twenty-three of these

species are also known to occur in lotic habitats and, in fact, were

collected from free-flowing streams during postimpoundment study.

These figures may be utilized in Jaccard’s formula as a measure of

the faunal resemblance or overlap between preimpoundment and post­

impoundment species compositions in the area now impounded by Lake

Tuscaloosa.

--------“---------- X 100 = 33.8%
55 + 36 - 23

In other words, the species composition of Lake Tuscaloosa bears a

33. 8% resemblance to the ichthyofauna known to have existed in the

area prior to impoundment, when only number of species are considered.

A similar comparison may be made between the number of species 
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encountered at Station 27 during postimpoundment study, and Lake

Tuscaloosa (Station 22). Station 27, located approximately 1. 5 miles

above the northernmost influence on Lake Tuscaloosa is assumed to

be representative of the habitat now innundated by Lake Tuscaloosa.

Thirty-three fish species were collected at Station 27 (Table 49).

Thirty-six species were collected from Lake Tuscaloosa (Table 50

and 51). These totals are based on 12 samples from, each station

collected over the annual cycle. It is further assumed that the combi­

nation of seine and trammel net collections from Lake Tuscaloosa

accurately reflects the number of species inhabiting the impoundment.

Incorporating these figures into Jaccard's formula of faunal resem­

blance yields the following result:

18
--------------------  X 100 = 35.29%
33 + 36 - 18

In other words, by this analysis there exists a 35.29% resemblance

between the preimpoundment riverine ichthyofauna and, the Lake

Tuscaloosa ichthyofauna.

Direct comparisons between Station 27 and Station 22 by use of

species diversity measures such as Margalef's D, Brillouin's H, and

MacArthur's average multiple, M, are unwarranted. Neither seine

nor trammel net collections alone or in combination accurately reflect

the proportional abundance or biomass of the various species encount­

ered in collections from Lake Tuscaloosa. The combination of seine 
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and trammel net collections does accurately reflect the number of

species inhabiting the reservoir, such that a comparison between

Station 22 and Station 27 for this measure of species richness is

possible. As demonstrated by a single classification analysis of

variance for number of species, (Table 56), there is no significant

(P>0. 05) difference between the two localities with respect to number

of species.

Several important generalizations with respect to impoundment

of large tributary and/or riverine habitats are evidenced via the

preceding comparative analysis. Impoundment of large tributaries

and rivers may be expected to result in a 65% reduction of the

characteristic preimpoundment ichthyofauna in the area of impound­

ment. The majority of fish species known to inhabit an area prior to

impoundment probably are able to maintain populations somewhere

within the river system, providing impoundment and/or other environ­

mental alterations do not occur on a widespread basis. Certain fish

species may be permanently excluded from the watershed above the

dam. In North River, for example, Anguilla rostrata, Alosa

chrysochloris, Dorosoma petenense and Strongylura marina, all

highly migratory species, are now excluded by the presence of North

River Dam, a physical barrier to their upstream dispersal. Riverine

species are the fishes most drastically affected by impoundment. This

generalization may be borne out by the apparent extirpation from North
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River of several fish species which inhabit large tributary streams

and the river proper as their primary center of distribution:

Hypentelium etowanum, Ambloplites rupestris, Ammocrypta beani,

and Ammocrypta meridiana. The rock darter, Etheostoma rupestre

may also be counted. Once widespread and abundant in large tribu­

taries and the North River proper, E. rupestre is now of marginal

occurrence.

Undoubtedly, certain fish species do benefit from impoundment.

In North River, these species are revealed in Table 50 and 51.

Analysis of variance (Table 56) revealed no significant variation

with respect to the number of fish species encountered at Station 27

and Station 22, yet analysis by Jaccard's formula revealed only a

33. 80% similarity or overlap between preimpoundment and post­

impoundment ichthyofaunas in the area of impoundment. This appar­

ent contradiction is explained by the displacement of species which

characteristically inhabit lotic habitats by species which prefer lentic

habitats. The fish species now characteristic of Lake Tuscaloosa

cannot be regarded as "replacements" of the original fauna, since with

few exceptions (Stizostedion vitreum, for example) they were probably

already present in North River inhabiting deep, slow moving sections

of the river proper. These species were undoubtedly "overlooked" in 

preimpoundment collecting. They have "displaced" the lotic species

characteristic of the preimpoundment ichthyofauna, becoming 
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increasingly more abundant due to the development via impoundment

of a more favorable lacustrine habitat. Several species, in fact, are

recorded for the first time in North River from Lake Tuscaloosa,

including: Cyprinus carpio, Carpiodes velifer, and Pomoxis annularis.

Percent relative abundance by stream order and/or elevation was

calculated for each species encountered during post impoundment

study. Percent relative abundance scores are presented in Table 33.

The percent relative abundance of an individual species in a given

stream order is determined by dividing the total number of individuals

of the species collected over the annual cycle from a particular

stream order by the total number of individuals of that species

collected from all stream orders sampled during postimpoundment

study, including Lake Tuscaloosa.

This statistic has considerable utility in analyzing distributions

and abundances of fish species and in determining a species vulner­

ability to environmental alteration and/or deterioration. For example,

it is noted that 78. 92% of all Semotilus atromaculatus collected during

postimpoundment study were collected at station 56, a 1st order

stream. This species relative abundance decreases abruptly with

increasing stream order. Only 0. 81% of the total number of Semotilus

atromaculatus collected during postimpoundment study were from

station 27, a 5^ order stream. Semotilus atromaculatus was not 

collected from Lake Tuscaloosa. It is obvious in this analysis that 
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alteration of headwater stream habitats (1st and 2nd order streams)

would adversely affect the distribution of this fish species, as well

as that of Campostoma anomalum, Erimyzon oblongus, Lepomis

cyanellus, Etheostoma swaini, and Etheostoma whipplei. Environ­

mental and/or pollutional stress imparted to larger North River

tributaries and/or to the river proper would undoubtedly affect the

distributions and abundances of the following species: Hybopsis

amblops, Notropis callistius, Notropis stilbius, Notropis texanus,

Notropis venustus, Noturus gyrinus, Noturus leptacanthus, Etheostoma

stigmaeum, and Pe rcina nigrofasciata. The impact of Lake Tuscaloosa

in this regard has previously been discussed. Table 33 also reflects

the percent relative abundance of each species encountered in the

reservoir with respect to seine and trammel net collections. For

example, 71. 52% of all Dorosoma cepedianum were collected from

Lake Tuscaloosa during postimpoundment study: 61.90% by seining

methods, and 9. 52% by trammel net, for the total of 71. 52%.



SUMMARY

A preimpoundment survey of North River, a Black Warrior River

tributary in Alabama, revealed the presence of 76 fish species in 1 6

families and 36 genera. Postimpoundment study of six stations

located with respect to stream order and/or elevation and sampled

at approximately 4 week intervals over the annual cycle July, 1973-

June, 1974 revealed the presence of 58 fish species including

Cyprinius carpio, Carpiodes velifer, Pomoxis annularis and Ictalurus

melas, not represented in preimpoundment collections, in 14 families

and 29 genera. A combined total of 171 collections (91 preimpoundment

and 80 postimpoundment) revealed the presence of 80 fish species in

16 families and 37 genera.

Of the fish species known to occur in North River, six are

endemic to the Mobile Bay drainage system (Mobile Basin) including:

Notropis asperifrons, Notropis callistius, Notropis venustus,

Hypentelium etowanum, Ammocrypta meridiana and Etheostoma

rupestre. Range extensions are reported for six species previously

unknown from above the physiographic Fall Line in the Black Warrior

River system: Strongylura marina, Notropis texanus, Erimyzon

tenuis, Ammocrypta beani, Ammocrypta meridiana and Etheostoma 

83
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swaini. Records for Lepisosteus oculatus, Anguilla rostrata,

Notr opis emiliae, Labidesthes sicculus, Etheostoma nigrum,

Etheostoma parvipinne, Etheostoma proeliare and Percina maculata

are added to only a few known records for these species above the

Fall Line in the Black Warrior River system.

Jaccard's formula for faunal resemblance and MacArthur's

average multiple, M, applied to demonstrate longitudinal succession

in species composition of stream fish communities revealed a steady

decrease in similarity (overlap) as comparisons were made between

smaller streams and progressively larger streams (increasing

stream order). This analysis also revealed increasing similarity

between lotic habitats and the reservoir as stream order increased.

Percent relative abundance by stream order and/or elevation

was calculated for each species encountered during postimpoundment

study. This statistic has considerable utility in analyzing distributions

and abundances of fish species and in determining a species vulner­

ability to environmental alteration and/or deterioration. Alteration

of headwater stream habitats (1st and 2nd order streams) would

adversely affect the distribution and abundance of Semotilus atroma-

culatus, Campostoma anomalum, Erimyzon oblongus, Lepomis

cyanellus, Etheostoma swaini and Etheostoma whipplei. Environmental

and/or pollutional stress imparted to larger North River tributaries

would undoubtedly affect the following species: Hybopsis amblops,
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Notropis callistius, Notropis stilbius, Notropis texanus, Notropis

venustus, Noturus gyrinus, Noturus leptacanthus, Etheostoma rupestre,

Etheostoma stigmaeum and Percina nigrofasciata. Hypentelium

etowangm, Ambloplites rupestris, Ammocrypta beani and Ammocrypta

meridiana may also be included in this list as they have apparently

been extirpated from North River by the Lake Tuscaloosa impoundment.

A single classification analysis of variance for number of species

comparing the ichthyofauna of Lake Tuscaloosa to 5^ order riverine

habitat revealed no significant (P > 0. 05) difference between the two

localities. Comparison by Jaccard's formula, however, revealed only

a 35% similarity/overlap between the two localities. The apparent

contradiction is explained by displacement of the species which charac­

teristically inhabit lotic habitats by species which inhabit lentic

situations.

Significant longitudinal variation is noted among stream orders

and/or elevations for number of species, number of individuals, biomass,

species (biomass) richness, heterogeneity and evenness. Gabriel's sum

of squares simultaneous test procedure (SS-STP) applied in an effort to

clarify the relationship between stream order and/or elevation and

quantitative aspects of stream fish communities revealed a step-clinal

relationship, especially for number of species. The exact nature of

the relationship between stream order and/or elevation and quantitative

aspects of stream fish communities was obscured by the comparatively 
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low mean annual values for the statistics observed for the 3rc^ order

stream.

Single classification analysis of variance applied to H values

grouped according to season revealed an added treatment effect for the

3rd order stream and for Lake Tuscaloosa collected by seine. A

tentative explanation for the seasonal variation observed for the 3r<^

order stream relating to agricultural influences and structural features

of habitat is offered. Otherwise, Brillouin's heterogeneity index

appears to be seasonally constant, whether calculated based on number

of individuals per species or biomass per species. Analyses of vari­

ance were also carried out to detect seasonal variation among number

of species, number of individuals, biomass, species (biomass) rich­

ness, evenness, and redundancy for each stream order and/or elevation

sampled during postimpoundment study.
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ADDENDUM

According to Dr. V.D. Vladykov, University of Ottawa,

Department of Biology, the 7 individuals identified as Lampetra

aepyptera (Station 20B; UAIC 1091) represent a new species --

Lenthenteron meridionale--the description of which is in press.
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Table 7. A list of common and scientific names of fishes known to
occur in the North River drainage system.

A. Petromyzontidae - lampreys

1. Ichthyomyzon gagei Hubbs and Trautman. Southern brook lamprey

2. Lampetra aepyptera (Abbott). Least brook lamprey

B. Lepisosteidae - gars

3. Lepisosteus oculatus (Winchell). Spotted gar

4. Lepisosteus osseus (Linnaeus). Longnose gar

C. Anguillidae - freshwater eels

5. Anguilla rostrata (Lesueur). American eel

D. Clupeidae - herrings

6. Alosa chrysochloris (Rafinesque). Skipjack herring

7. Dorosoma cepedianum (Lesueur). Gizzard shad

8. Dorosoma petenense (Gunther). Threadfin shad

E. Esocidae - pikes

9. Esox niger (Lesueur). Chain pickerel
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Table 7. Continued.

F. Cyprinidae - minnows and carps

10. Campostoma anomalum (Rafinesque). Stoneroller

11. Cyprinus carpio Linnaeus. Carp

12. Hybopsis winchelli (Girard). Clear chub

13. Hybopsis storeriana (Kirtland). Silver chub

14. Nocomis leptocephalus (Girard). Bluehead chub

15. Notemigonus crysoleucas (Mitchill). Golden shiner

16. Notropis asperifrons Suttkus and Raney. Burrhead shiner

17. Notropis baileyi Suttkus and Raney. Rough shiner

18. Notropis bellus (Hay). Pretty shiner

19. Notropis callistius (Jordan). Alabama shiner

20. Notropis chrysocephalus (Rafinesque). Striped shiner

21. Notropis emiliae (Hay). Pugnose minnow

22. Notropis stilbius (Jordan). Silverstripe shiner

23. Notropis texanus (Girard). Weed shiner

24. Notropis venustus (Girard). Blacktail shiner

25. Notropis volucellus (Cope). Mimic shiner

26. Pimephales notatus (Rafinesque). Bluntnose minnow

27. Pimephales vigilax (Baird and Girard). Bullhead minnow

28. Semotilus atromaculatus (Mitchill). Creek chub
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Table 7. Continued.

G. Catostomidae - suckers

29. Carpiodes velifer (Rafinesque). Highfin carpsucker

30. Erimyzon oblongus (Mitchill). Creek chubsucker

31. Erimyzon sucetta (Lacepede). Lake chubsucker

32. Erimyzon tenuis (Agassiz). Sharpfin chubsucker

33. Hypentelium etowanum (Jordan). Alabama hogsucker

34. Minytrema melanops (Rafinesque). Spotted sucker

35. Moxostoma carinatum (Cope). River redhorse

36. Moxostoma duquesnei (Lesueur). Black redhorse

37. Moxostoma erythrurum (Rafinesque). Golden redhorse

38. Moxostoma poecilurum (Jordan). Blacktail redhorse

H. Ictaluridae - freshwater catfishes

39. Ictalurus melas (Rafinesque). Black bullhead

40. Ictalurus natalis (Lesueur). Yellow bullhead

41. Ictalurus punctatus (Rafinesque). Channel catfish

42. Noturus funebris Gilbert and Swain. Black madtom

43. Noturus gyrinus (Mitchill). Tadpole madtom

44. Noturus leptacanthus Jordan. Speckled madtom

45. Noturus nocturnus Jordan and Gilbert. Freckled madtom
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Table 7. Continued.

46. Pylodictis olivaris (Rafinesque). Flathead catfish

I. Aphredoderidae - pirate perches

47. Aphredoderus sayanus (Gilliams). Pirate perch

J. Belonidae - needlefishes

48. Strongylura marina (Walbaum). Atlantic needlefish

K. Cyprinodontidae - killifishes

49- Fundulus olivaceus (Storer). Blackspotted topminnow

L. Poeciliidae - livebearers

50. Gambusia affinis (Baird and Girard). Mosquitofish

M. Atherinidae - silversides

51. Labidesthes sicculus (Cope). Brook silverside

N. Centrarchidae - sunfishes

52. Ambloplites rupestris (Rafinesque). Rock bass

53. Lepomis cyanellus Rafinesque. Green sunfish
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Table 7. Continued.

54. Lepomis gulosus (Cuvier). Warmoath

55. Lepomis humilis (Girard). Orangespotted sunfish

56. Lepomis macrochirus Rafinesque. Bluegill

57. Lepomis megalotis (Rafinesque). Longear sunfish

58. Lepomis microlophus (Gunther). Redear sunfish

59- Lepomis punctatus (Valenciennes). Spotted sunfish

60. Micropterus coosae Hubbs and Bailey. Redeye bass

61. Micropterus punctulatus (Rafinesque). Spotted bass

62. Micropterus salmoides (Lacepede). Largemouth bass

63. Pomoxis annularis Rafinesque. White crappie

64. Pomoxis nigromaculatus (Lesueur). Black crappie

O. Percidae - perches

65. Ammocrypta beani Jordan. Naked sand darter

66. Ammocrypta meridiana Williams. Southern sand darter

67. Etheostoma nigrum Rafinesque. Johnny darter.

68. Etheostoma parvipinne Gilbert and Swain. Goldstripe darter

69. Etheostoma proeliare (Hay). Cypress darter

70. Etheostoma rupestre Gilbert and Swain. Rock darter

71. Etheostoma stigmaeum (Jordan). Speckled darter
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Table 7. Continued.

72. Etheostoma swaini (Jordan). Gulf darter

73. Etheostoma whipplei (Girard). Redfin darter

74. Etheostoma (Ulocentra) sp.

75. Percina caprodes (Rafinesque). Logperch

76. Percina maculata (Girard). Blackside darter

77. Percina nigrofasciata (Agassiz). Blackbanded darter

78. Percina sciera (Swain). Dusky darter

79. Stizostedion vitreum (Mitchill). Walleye

P. Sciaenidae - drums

80. Aplodinotus grunniens Rafinesque. Freshwater drum
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Table 24. Summary of single classification analyses of variance for
number of species (S), number of individuals (N), species richness (D),
heterogeneity (H), evenness (J), and redundancy (R), observations
grouped according to stream order and/or elevation; ns = nonsignifi­
cant variation (P> 0. 05); * = significant variation (P< 0. 05);
** = highly significant variation (P< 0.01).

s................ . . . **

N-................... .................. ❖

D................... , , . , ,

H...................

J................... ..................

R................... .................. ns
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Table 25. Summary of single classification analyses of variance
for number of species (S), heterogeneity (H), evenness (J), and
redundancy (R), and approximate tests of the equality of means for
biomass (B) and biomass richness (D); observations grouped according
to stream order and/or elevation; ns = nonsignificant variation
(P> 0. 05); * = significant variation (P < 0.05); ** = highly significant
variation (P < 0. 001).

s................

B.................... ................... *

D.................... ................... **

H.................... **

J.................... ................... ns

R.................... ................... ns
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Table 26. Single classification analysis of variance; number of
species per collection grouped by stream order and/or elevation.

STATION 56 55 53 49 27
STREAM ORDER I II III IV V
ELEVATION 520' 450' 400'. 360' 240'

8 11 13 16 14
9 11 12 14 17
9 11 5 16 17

12 5 19 22
13 4 15 16

3 6 7 14 15
3 6 8 11 16
9 11 9 13 14
6 10 12 10 17
6 15 14 14 16
6 17 11 20 12
6 12 16 25 14

— — — — —

Ey 65 135 116 177 190

n 10 12 12 12 12

V 6. 5 11. 25 9. 67 14. 75 15. 83

’ £y2
469 1627 1290 2701 3076



145

Table 26. Continued.

1.

2.

3.

4.

5.

6.

7.

Grand total

Sum of squared observations

Sum of squared group totals, ea
its sample size

Grand total squared and divided
sample size

Total sum of squares

Sum of squares among groups

Sum of squares within groups

= 683

= 9163

ch divided by
= 8681.67

by the total
= 8042. 91

= 1120.09

= 638.76

= 481.33

SOURCE OF VARIATION df SS MS Fs

AMONG GROUPS 4 638. 76 159.688 17.58**

WITHIN GROUPS 53 481.33 9. 082

TOTAL 57

F
05 [4. 53] = 2. 58

F
. 01 [4. 53] = 3. 77

CONCLUSION: There is a highly significant (P < 0. 01) added variance
component among stations for number of species
collected.
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Table 27. Single classification analysis of variance; heterogeneity
per collection grouped by stream order and/or elevation; calculations
based on number of individuals per species.

STATION 56 55 53 . 49 27
STREAM ORDER I II Ill IV V
ELEVATION 520' 450' 400' 360' 240

2. 2089 2. 3977 1. 9067 2. 0753 1.8721
1.8652 2. 2744 1.8087 2. 8844 2. 8524
2. 3048 2. 5164 0. 9570 2. 5404 2. 9562

2. 2217 1.3391 2.6336 3. 2596
2. 0590 0. 9233 1.3712 2. 6782

0.8617 1.7390 0.4676 2. 0119 2. 1448
0. 8644 1. 2262 1. 7748 2.2471 2. 8810
1.8386 2. 3114 1.7118 2. 6738 2. 3012
1.7115 2. 4092 1. 9741 2. 5519 2. 8103
2. 0755 2.6262 1.6899 2. 0784 2. 8418
1. 6714 2.5447 1. 7811 3. 0606 1.2711
1. 1893 2. 4341 2. 0454 2. 2282 1. 3283

£,Y 16.5913 26. 7600 18. 3795 28. 3568 29.1970

n 10 12 12 12 12

Y 1.6591 2. 2300 1. 5316 2. 3631 2. 4331

22 Y2 29.9854 61.4013 30. 8760 69-3067 75. 7273
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Table 27. Continued.

1. Grand total = 119. 2846

2. Sum of squared observations = 267.2967

3. Sum of squared group
its sample size

totals, each divided by
= 253. 4002

4. Grand total squared and divided by the total
sample size = 245. 3244

5. Total sum of squares = 21.9723

6. Sum of squares among groups = 8. 0758

7. Sum of squares within groups = 13.8965

SOURCE OF VARIATION df SS MS Fs

AMONG GROUPS 4 8. 0758 2. 0191 7.7001**

WITHIN GROUPS 53 13. 8965 0. 2622

TOTAL 57 21.9723

F. 05 [4. 53] =: 2. 58
F

.01 [4. 53] = 3. 77

CONCLUSION: There is a highly significant (P < 0. 01) added variance
component among stream orders for heterogeneity
calculated based on number of individuals per species.
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Table 28. Single classification analysis of variance; heterogeneity
per collection grouped by stream order and/or elevation; calculations
based on biomass per species.

STATION 56 55 53 49 27
STREAM ORDER 1 2 3 ' 4 5
ELEVATION 520' 450' 4001 360' 240

2.3738 2.6769 2. 3525 2.6244 2.2823
2. 1470 2. 5230 2.0530 1. 6987 2.7499
2. 4057 2. 7520 1.0472 2.7801 3. 0705

2. 6020 1.4382 2. 7810 3. 3329
2.6010 1.0162 2.5205 2. 5082

1.0309 1.5286 0.7095 2.3093 2. 4834
0. 7967 1.5371 1.7533 2.3196 2.8532
2.1154 2.4743 2. 1314 3. 1832 2.1882
1.7822 2. 6054 2. 5408 2. 4048 2.9205
2. 1288 1.3414 2. 2707 1. 8187 2. 6393
1.4903 2.4532 1.9678 3. 3179 1.5895
2.0772 2. 9139 2. 6522 2.6199 1.5535

Y- 18.3480 28. 0088 21.0328 30. 3781 30.1714

n 10 12 12 12 12

y" 1.8348 2. 3341 1.8277 2.5315 2.5143

2
36.4481 68.5583 44. 5852 79. 3981 79.1294
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Table 28. Continued.

1. Grand total = 128. 8391

2. Sum of squared observations = 308. 1191

3. Sum of squared group totals, each divided
by its sample size = 291. 8885

4. Grand total squared and divided by the
total sample size = 286. 1985

5. Total sum of squares = 21.918

6. Sum of squares among groups = 5.689

7. Sum of squares within groups = 16.229

SOURCE OF VARIATION df SS MS Fs

AMONG GROUPS 4 5. 689 1.4223 4. 6450**

WITHIN GROUPS 53 16. 229 0. 3062

TOTAL 57 21.918

F F
05 [4.53] = 2. 58 . 01 [4. 53] 3. 77

CONCLUSION: There is a highly significant (P<0.05) added variance
component among stream orders for heterogeneity
calculated based on biomass per species.
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Table 29. Gabriel's sum of squares simultaneous test procedure
(SS-STP) applied to clarify the relationship between stream order
and/or elevation and number of species (S), number of individuals
(N), species richness (D), heterogeneity (H) and evenness (J);
calculations based on number of individuals per species.

STATION/STREAM ORDER/ELEVATION

VARIABLE 56 55 53 49 27
I II III IV V

520' 450' 400' 360' 240

6. 5 11. 2 9. 7 14. 8 15. 8

S

236. 9 202. 7 175. 6 243. 2 403. 1

N

3. 0925 4.8349 3. 9717 5.8461 5. 8529

D

1.6591 2.2300 1.5316 2.3631 2.4331

H

0.7458 0.7061 0.5176 0.6487 0.6322
J ' _____________ _________ _ ______________________
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Table 30. Gabriel's sum of squares simultaneous test procedure
(SS-STP) applied to clarify the relationship between stream order
and/or elevation and heterogeneity (H); calculations based on bio­
mass per species.

STATION/STREAM ORDER/ELEVATION

56 55 53 49 27
I II III IV V

520' 450' 400' 360' 240'

H 1.8349 2. 3341 1. 8277 2.5315 2. 5143
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Table 31. Jaccard's formula for percent faunal resemblance applied
to demonstrate longitudinal variation in North River fish communities.

STATION 55 53 49 27 22

STREAM
ORDER II III IV V

RESER­
VOIR

ELEVATION 450' 400' 360' 240' 223'

DECREASING SIMILARITY ------------------------------- 1

56
I

520'
52.00 48.00 43. 75 34. 28 11.11

55 2
O

II 88. 00 64. 71 46. 15 22.45 fo
450' M

><z
53 2

O
III 61.46 47. 37 25.53 w

400' g
F

49 >
IV 62. 50 30.77 g

360' H

27
V 35. 29

240'

1 ’
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Table 32. MacArthur's average multiple, M, applied to demonstrate
longitudinal variation in North River fish communities; percent
faunal resemblance in parentheses.

STATION 55 53 49 27

STREAM ORDER II III IV V

ELEVATION 450' 400' 360' 240

DECREASING SIMILARITY

5 6 1.5180 1.6501 1. 7630 1. 8861
I (48. 20) (39.49) (23. 70) (11.39)

520'

55 1.2154 1.1637 1. 5633
II (78. 46) (83. 63) (43.67)

450'

53 1. 0485 1.4565
III (95. 15) (54. 35)

400'

49 1.4062
IV (59. 38)

360’

IN
CREA

SIN
G SIM

ILA
RITY



Ta
bl

e 33
. Per

ce
nt

 re
la

tiv
e a

bu
nd

an
ce

 (P
RA

) b
y s

tre
am

 or
de

r a
nd

/o
r e

le
va

tio
n o

f f
ish

es
 co

lle
ct

ed
du

rin
g p

os
tim

po
un

dm
en

t st
ud

y.
 Lake

 Tu
sc

al
oo

sa
 (R

es
 = R

es
er

vo
ir)

 sa
m

pl
ed

 by
 se

in
e (2

2S
), tr

am
m

el
ne

t (2
2T

) an
d s

ei
ne

 an
d t

ra
m

m
el

 ne
t (2

2S
T)

.

CM

(M

CM

xF m
xF CM

co oo

xO
cm

o
co

cm mo o

CM

o
CM

CM

xF xO
co m

—< CM

< in
xF O

co >“<
r-H CM

QX xF
oo xF

CM co
xO CM

co
d
<D
a
nJ
co
nJo
ao
N

£

CO
d
nJ
'd
o
0
co
d
<D

2 o

co u
5 <$

“ £
o 0
.2 o
CX h<y o
J A

<y
oo
a
o
co
w

co
O 0 co

co

o o O0 0 O

O OO 0 O

<D
co

O
co

nJ
u <y

co

co
nJ
0
d<v
o
co co

d co
d

co
d
nJco

C
O

U

co
d
£1o
00

s

<y

5 8
□ nJ
co co
g»

• H IX
Cd o

g
d

*<3

8o
a
rt

s

o
co
O
IX
8
ccj - • - - -
O O 2

2 «d -r-<

z z z z £ z

<y

5.2

co co

co
da
nJ
<D

CO

O

O
Z



Ta
bl

e 33
. Con

tin
ue

d.
155

O
H<
w

MW
cd

Z
O
H<>
M

cd
M
Q
cd
O
S

H
co



Ta
bl

e.
 33. 

Co
nt

in
ue

d.

156

in

in

£
O
H

£
O

w
Q

O
2

Hin

in
H
O
w
in

co
CD

(A
<D

cn
CD

<
M

M U
«

Hin

-< sD

(XJ

CD
m

d

O O

<D £CD <HM W

d
d

ao

co
CD

CO
<D

TJ
O

CO
d

d
"d
a
a
d
co <v

co
O
H

in

CD
d
cooou
co
d

CD

CO
d

CD

CO
d

ao
o

coa
CD

’2c
d
oo
CO
d
oad

a• r4u
CD
&

CO
d
O
Jh
00

‘2
d
a
'u

CD

d
h
cd

u
co
d
a
u

<D

£
d
£
0
co
O
CD

O
S
d

d
d
’d
u
d
s

d
a
u

CD

*
CO

d
£
o
W
O
CD

s
d
CD

co
d
d
'd
o
d
2o
k
00

‘2
co
K
o
s
o

uo
u
d
g
co
s
o
n«
CD

CO
d
coo
'd
oo
co

go
CU
CD _
J J

CO
d
d
"d
u
a
d
£U co
co
d

<D

g
d
cd
d .Hg .s
oo d■H
CO
dg
o
co
O
CD

co

O
d £
M) U
CD .h
g g
co co
•d
E c o o o

<D <D rd £ £ O
j



Ta
bl

e 34
. Sum

m
ar

y o
f s

in
gl

e c
la

ss
ifi

ca
tio

n a
na

ly
se

s o
f v

ar
ia

nc
e (a

nd
 ap

pr
ox

im
at

e t
es

ts 
of

 th
e e

qu
al

ity
of

 m
ea

ns
 at 

St
at

io
n 5

6)
 fo

r n
um

be
r o

f s
pe

ci
es

 (S)
, nu

m
be

r o
f in

di
vi

du
al

s (N
), sp

ec
ie

s ri
ch

ne
ss

 (D
),

he
te

ro
ge

ne
ity

 (H
), ev

en
ne

ss
 (J)

 an
d r

ed
un

da
nc

y (
R)

; ob
se

rv
at

io
ns

 gr
ou

pe
d a

cc
or

di
ng

 to
 se

as
on

; ca
lc

u-
.

la
tio

ns
 ba

se
d o

n n
um

be
r o

f i
nd

iv
id

ua
ls

 pe
r sp

ec
ie

s; S
ta

tio
n 2

2 c
ol

le
ct

ed
 by

 se
in

e (
22

S)
 an

d t
ra

m
m

el
 ne

t

bD

aJ

Gj

&
ao

abe
ot

aj
>

ai
o

be
cn

A
&
ao
cd

\h
aJ
>

o
o
V
Ph

H
CM
CM

Ph

o>
Pi
Mco
W
Pi

CO
CM
CM

CO
CM
(M

Pi

6
Ph
Mco
M

CM
(M

> O

CM

CO

lO

O
CM
ID

o

H<
Hco

Pi
M
Q
Pi
O
2

M
Pi
H
co W

ot ot ot ot ot ota a c a c a

« # ot -x- -x-c a *

w tn w w cn «a a g c a a

w * *a
w ot cna a c

CD * * (DOTc as

CD OT -Ji- OT OT OT
a a sac

OT *a *
CD CD OT OTa c: a c

w g Q W 1-1 p<



158

t> c

M
c

c c
O .2
a

co
c

oin

Z
O

Htn

Z
O
H
<
>
M
J
H

M
ai
H
tn

cd
M

Q
Pi
O

2

<0 (0 (0 (0 « #
a a c c

CO W OT W W W
a a a a a a

m in m m ui m
a a a c a c

(0 (0 w w w w
c a a a a a

(0 (0 -K- ft <0 C0
a a a c

(0 (0 (0 (0 C0 (0
a a a a a a

(0 (0 CO C0 (0 <0
c c a c c c

tn pg Q K p!



159

Table 36. Gabriel's sum of squares simultaneous test procedure
(SS-STP) applied to clarify the relationship between number of
species (S), number of individuals (N), species richness (D),
heterogeneity (H), evenness (J), redundancy (R) and season; calcu­
lations based on number of individuals per species.

STATION/
VARIABLE SUMMER FALL WINTER SPRING

55 /D 4.0487 4.2212 4.7600 6.3099

53 /S 10.0000 5.3333 9.6667 13.6667

53 /D 3.9563 2.0932 4.4140 5.4234

53 /H 1.5575 0.9100 1.8202 1.8388

49 /N 163.0000 380.3333 205.6667 224.0000
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Table 36. Continued.

STATION/
VARIABLE SUMMER FALL WINTER SPRING

49 /D 6.4854 5.8349 4.4875 6.5768

22S/N 182.6667 85. 333 70.0000 42.6667

22S/H 1.4637 2.0566 2.0222 2.0034

22S/J 0.4769 0.7205 0.7508 0.8311

22S/R 0.5909 0.3997 0.3475 0.2447



161

Table 37. Gabriel's sum of squares simultaneous test procedure
(SS-STP) applied to clarify the relationship between biomass rich­
ness (D), heterogeneity (H), evenness (J), redundancy (R) and
season; calculations based on biomass per species.

STATION /
VARIABLE SUMMER FALL WINTER SPRING

53 /D 192.2222 166.6667 115.3333 258.3333

53 /H 3.9563 2.0932 4.4140 5.4234

22T/J 0.7736 0.8560 0.8224 0.8120

22T/R 0.2271 0.1443 0.1779 0.1884
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Table 38. Mean seasonal values for number of species (S), number
of individuals (N), biomass (B), species (biomass) richness (D),
heterogeneity (H), evenness (J) and redundancy (R) at Station 56;
calculations based on number of individuals per species and biomass
per species.

Mean Values Based on Numbs:r of Individuals Per Species

SEASON
S N D H J R

SUMMER 8.6667 579.3333 2. 7796 2. 1263 0. 6964 0. 3162

FALL 3.0000 3. 0000 4. 1918 0.8617 1.0000 . 0000

WINTER 6.0000 34. 3333 3.5710 1.4715 0. 7624 0. 6237

SPRING 6.0000 175. 0000 2. 5605 1.6454 0. 6938 0. 3443

Mean Vaines Based on Biomass Per Species

SEASON
S B D H J R

SUMMER 8.6667 541.0000 2. 8129 2. 3088 0. 7568 0. 2542

FALL 3.0000 43.0000 1.2244 1. 0309 0. 7104 0. 3503

WINTER 6.0000 250. 3333 2. 0875 1. 5648 0. 6407 0. 3889

SPRING 6.0000 304.6667 2. 0674 1.8988 0. 7575 0. 2562
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Table 39. Mean seasonal values for number of species (S), number
of individuals (N), biomass (B), species (biomass) richness (D),
heterogeneity (H), evenness (J) and redundancy (R) at Station 55;
calculations based on number of individuals per species and biomass
per species.

Mean Values Based on Number of Individuals Per Species
SEASON

S N D H J R

SUMMER 11.0000 300.6667 4. 0487 2.3962 0. 7177 0.3079

FALL 10.3333 304.3333 4. 2212 2.0066 0.6847 0.3933

WINTER 9.0000 53.3333 4. 7600 1.9823 0. 7146 0. 4666

SPRING 14.6667 152.3333 6. 3099 2. 5350 0.7075 0. 3595

Mean Values Based on Biomass Per Species

SEASON
S B D H J R

SUMMER 11.0000 134.0000 4. 7038 2.6506 0.8189 0. 2159

FALL 10.3333 428.0000 4. 3021 2.2439 0. 7544 0.4272

WINTER 9.0000 117.3333 4. 2995 2. 2056 0. 7876 0. 3397

SPRING 14.6667 862.3333 4. 8552 2. 2362 0.6043 0. 4141
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Table 40- Mean seasonal values for number of species (S), number
of individuals (N), biomass (B), species (biomass) richness (D),
heterogeneity (H), evenness (J), and redundancy (R) at Station 53;
calculations based on number of individuals per species and biomass
per species.

Mean Values Based on Numbe r of Individuals Per Species

SEASON
S N D H J R

SUMMER 10.0000 191.6667 3. 9563 1. 5575 0.5031 0.5679

FALL 5.3333 181.6667 2. 0932 0.9100 0.4342 0. 6389

WINTER 9.6667 112.3333 4. 4140 1.8202 0.6175 0.4940

SPRING 13.6667 216.6667 5. 4234 1.8388 0.5154 0. 5543

Mean Values Based on Biomass Per Species

SEASON

S B D H J R

SUMMER 10.0000 192.3333 4. 1534 1. 8176 0.5910 0.4917

FALL 5.3333 166.6667 1.9989 1. 0546 0. 4848 0.5660

WINTER 9.6667 115. 3333 4. 2031 2. 1418 0.7030 0. 3573

SPRING 13.6667 258.3333 5. 2969 2.2969 0. 6388 0. 4105
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Table 41. Mean seasonal values for number of species (S), number
of individuals (N), biomass (B), species (biomass) richness (D),
heterogeneity (H), evenness (J), and redundancy (R) at Station 49;
calculations based on number of individuals per species and biomass
per species.

Mean Values Based on Number of Individuals Per Species

SEASON
S N D H J R

SUMMER 15.333 163. 0000 6.4854 2. 5000 0. 6820 0. 3856

FALL 16.0000 380.3333 5. 8349 2. 0056 0. 5186 0. 5265

WINTER 11.3333 205.6667 4. 4875 2. 4909 0.7504 0.2822

SPRING 16.3333 224.0000 6. 5768 2.4557 0. 6441 0. 4224

Mean Values Based on Biomass Per Species

SEASON
S B D H J R

SUMMER 15.333 259. 0000 6. 0405 2. 3677 0. 6315 0.4203

FALL 16.0000 1.59. 0000 .6.8377 2. 5370 0. 6829 0.3919

WINTER 11.3333 110.6667 5. 2066 2. 6359 0. 8237 0. 2250

SPRING 16.3333 232.6667 6.4739 2. 5855 0. 6730 0. 3789
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Table 42. Mean seasonal values for number of species (S), number
of individuals (N), biomass (B), species (biomass) richness (D),
heterogeneity (H), evenness (J), and redundancy (R) at Station 27;
calculations based on number of individuals per species and biomass
per species.

Mean Values Based on Numbs:r of Individuals Per Species

SEASON
S N D H J R

SUMMER 16.0000 184.0000 6. 6431 2. 5602 0. 6795 0.3835

FALL 17.6667 588. 0000 6. 1401 2. 6942 0.6692 0. 3550

WINTER 15.6667 398. 3333 5. 6411 2.6642 0.6935 0.3344

SPRING 14.0000 442.0000 4. 9873 1.8137 0.4868 0.5579

SEASON
Mean Values Based on Biomass Per Species

S B D H J R

SUMMER 16.0000 265.6667 6. 3657 2.7009 0.7122 0.3336

FALL 17.6667 452.0000 6. 5713 2. 7748 0.7001 0.3348

WINTER 15.6667 304.6667 5. 9374 2.6540 0. 6968 0.3381

SPRING 14.0000 478.0000 5. 0518 1.9274 0. 5223 0.5324
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Table 43. Mean seasonal values for number of species (S), number
of individuals (N), biomass (B), species (biomass) richness (D),
heterogeneity (H), evenness (J), and redudancy (R) at Station 22S
collected by seine; calculations based on number of individuals per
species and biomass per species.

Mean Values Based on Number of Individuals Per Species

SEASON
S N D H J R

SUMMER 9.3333 182.6667 3. 6992 1.4637 0.4769 0.5909

FALL 9.0000 85.3333 4. 3781 2. 0566 0. 7205 0. 3997

WINTER 8.3333 70. 0000 4. 1499 2. 0222 0. 7508 0. 3475

SPRING 7.0000 42. 6667 3.7626 2. 0034 0.8311 0. 2447

Mean Values Based on Biomass Per Species

SEASON
S B D H J R

SUMMER 9.3333 3186.6667 3. 3708 1.9398 0.6218 0.4063

FALL 9 .0000 209.3333 3. 6221 2. 1199 0. 7052 0.3402

WINTER 8.3333 1970.0000 3.6002 1.8699 0. 6547 0.3975

SPRING 7.0000 6740.0000 2.5005 1.4631 0.5479 0.4883



168

Table 44. Mean seasonal values for number of species (S), number
of individuals (N), biomass (B), species (biomass) richness (D),
heterogeneity (H), evenness (J), and redundancy (R) at Station 22T
collected by trammel net; calculations based on number of individuals
per species and biomass per species.

Mean Values Based on Number of Individuals Per Species

SEASON
S N D H J R

SUMMER 7.6667 18.0000 5. 6175 1.9374 0.9052 0.2058

FALL 9.3333 35.6667 5. 4079 2.3272 0.8628 0. 2474

WINTER 8.3333 42.6667 4. 5379 2. 1526 0.8155 0. 2855

SPRING 7.6667 33.3333 4.4466 1.8916 0.7644 0.4090

Mean Values Based on Biomass Per Species

SEASON
B D H J R

SUMMER 310542.6666 1.6674 2.2456 0. 7736 0.2271

FALL 316728.0000 1.9731 2.7474 0.8560 0. 1443

WINTER 317363.3333 1.7332 2. 5122 0. 8224 0. 1779

SPRING 314895.0000 1.6046 2.3786 0.8120 0. 1884
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Table 45. Percent relative abundance (PRA), percent relative
biomass (PRB) and encounter (E) for species of fishes collected
from Station 56 during postimpoundment study; listed in descending
order by PRA; based on 10 collections from this station a 1st order
stream, at elevation 520 feet above mean sea level.

SPECIES PRA PRB E

Semotilus atromaculatus 37. 15 25. 49 8
Notropis chrysocephalus 20. 60 29. 15 8
Erimyzon oblongus 15. 45 10. 45 8
Campostoma anomalum 13. 47 13. 33 9
Etheostoma whipplei 10. 51 6.27 10
Notropis bellus 1.06 1.02 6
Ictalurus natalis 0. 68 0. 67 2
Lepomis cyanellus 0. 55 8. 26 4
Lepomis macrochirus 0. 21 0. 18 2
Lepomis megalotis 0. 13 0.90 3
Esox niger 0. 08 0.03 1
Noturus gyrinus 0. 04 0. 03 1
Etheostoma swaini 0. 04 0. 03 1
Percina maculata 0. 04 0. 03 1

100.01 100.01

Summary Statistics:

6 families
10 genera
14 species

2369 individuals
3331 grams biomass
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Table 46. Percent relative abundance (PRA), percent relative
biomass (PRB) and encounter (E) for species of fishes collected
from Station 55 daring postimpoundment study; listed in descending
order by PRA; based on 12 collections from this station, a 2nt^ order
stream, at elevation 450 feet above mean sea level.

SPECIES PRA PRB E

Lepomis macrochirus 29. 24 11.18 12
Notropis belles 23. 56 5.73 10
Notropis chrysocephalus 14. 64 6. 18 10
Fundulus olivaceus 9. 62 3. 54 12
Etheostoma whipplei 5. 51 1.73 12
Semotilas atromaculatus 5. 30 2.27 10
Campostoma anomalum 4. 19 2. 16 12
Pimephales notatus 2. 38 0. 74 9
Lepomis megalotis 1. 73 7. 18 8
Erimyzon oblongus 0. 82 3.48 8
Lepomis cyanellus 0. 70 4. 24 4
Etheostoma swaini 0. 70 0. 24 5
Moxostoma erythrurum 0. 25 34. 31 3
Ictalarus natalis 0. 25 0. 09 2
Notropis texanus 0. 21 0. 15 2
Notropis emiliae 0. 16 0. 11 1
Lepomis gulosus 0. 16 3. 18 3
Micropterus salmoides 0. 16 9. 51 4
Esox niger 0. 12 1. 10 2
Pomoxis nigromaculatus 0. 08 2. 03 1
Percina maculata 0. 08 0. 19 2
Ictalarus melas 0. 04 0. 61 1
Aphredoderus sayanus 0. 04 0. 02 1
Etheostoma stigmaeum 0. 04 0. 02 1

99. 98 99.99

Summary Statistics:
8 families

15 genera
24 species

2432 individuals
4625 grams biomass
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Table 47. Percent relative abundance (PRA), percent relative
biomass (PRB) and encounter (E) for species of fishes collected
from Station 53 during postimpoundment study; listed in descending
order by PRA; based on 12 collections from this station, a 3r<^ order
stream, at elevation 400 feet above mean sea level.

SPECIES PRA PRB E

Notropis bellus 57. 66 32.44 12
Notropis chrysocephalus 25. 63 24. 84 12
Semotilus atromaculatus 3. 46 4. 50 12
Etheostoma whipplei 3. 32 2. 14 9
Campostoma anomalum 1.85 7. 78 5
Notropis texanus 1.47 1.05 7
Percina maculata 1.09 1.64 5
Etheostoma swaini 0. 95 0.46 6
Fundulus olivaceus 0. 90 0. 82 9
Etheostoma stigmaeum 0. 85 0. 04 6
Lepomis megalotis 0. 62 0. 86 3
Pimephales notatus 0. 52 0. 68 8
Moxostoma erythrurum 0. 38 0. 64 4
Lepomis macrochirus 0. 33 0. 73 5
Lepomis cyanellus 0. 24 10. 55 3
Notropis emiliae 0. 19 0. 23 2
Erimyzon oblongus 0. 19 0. 18 2
Ictalurus natalis 0. 09 0. 04 1
Esox niger 0. 05 1.14 1
Ictalurus melas 0. 05 6. 64 1
Aphredoderus sayanus 0. 05 0. 04 1
Pomoxis nigromaculatus 0. 05 1.09 1
Percina nigrofasciata 0. 05 0. 04 1

99.99 99.57

Summary Statistics:
9 families

14 genera
23 species

2107 individuals
2198 grams biomass
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Table 51. Percent relative abundance (PRA), percent relative
biomass (PRB) and encounter (E) for species of fishes collected
from Lake Tuscaloosa (Station 22) by trammel net; listed in
descending order by PRA.; based on 12 collections from this station
at elevation 223 feet above mean sea level.

SPECIES' PRA PRB E

Minytrema melanops 33. 16 26.98 12
Moxostoma poecilurum 18. 51 17.44 10
Pomoxis annularis 11. 82 7.68 12
Ictalurus natalis 10. 03 5. 85 10
Lepisosteus oculatus 5. 66 11.65 9
Ictalurus punctatus 4. 88 3. 54 7
Micropterus salmoides 4. 37 7. 36 9
Esox nig er 3. 08 5.43 6
Moxostoma erythrurum 2. 83 3. 50 5
Pomoxis nigromaculatus 1. 54 1.15 5
Lepisosteus osseus 1.03 3.46 2
Dorosoma cepedianum 0. 51 0. 12 2
Pylodictis olivaris 0. 51 2. 33 2
Lepomis microlophus 0. 51 0. 13 2
Cyprinus carpio 0. 26 0.2 1
Carpiodes velifer 0. 26 0. 49 1
Ictalurus melas 0. 26 0. 06 1
Lepomis macrochirus 0. 26 0. 10 1
Stizostedion vitreum 0. 26 0. 25 1
Aplodinotus grunniens 0. 26 0. 16 1

100.00 99.96

Summary Statistics:

9 families
15 genera
20 species

389 individuals
178587 grams biomass
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Table 52. Summary of analyses of variance and approximate test
of the equality of means for number of species (S), heterogeneity
based on number of individuals per species (Hn) and heterogeneity
based on biomass per species (Hb); observations for each stream
order and/or elevation grouped according to season; ns = nonsigni­
ficant variation (P> 0. 05); * = significant variation (P< 0. 05);
** = highly significant variation (P <0.01).

SEASON

S Hn Hb

SUMMER ❖ ❖ ns ns

FALL ns *

WINTER ns * ns

SPRING ns ns
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Table 53. Gabriel's sum of squares simultaneous test procedure
(SS-STP) applied to clarify longitudinal seasonal variation among
stream orders and/or elevations for number of species.

STATION 56
STREAM
ORDER I
ELEVATION 520'

55

II
450'

53

III
4001

49

IV
360'

27

V
240'

SUMMER 8. 6667 11.0000 10. 0000 15. 3333 16. 00000

FALL 3.0000 10. 3333 5.3333 16. 0000 17. 6667

WINTER 6. 0000 14.6667 13.6667 16. 3333 14. 0000

SPRING 6. 0000 9.0000 9.6667 11.3333 15.6667
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Hn

Table 54. Gabriel's sum of squares simultaneous test procedure
(SS-STP) applied to clarify longitudinal seasonal variation among
stream orders and/or elevations for heterogeneity based on number
of individuals per species (Hn) and heterogeneity based on biomass
per species (Hb).

STATION 56 55 53 49 27
STREAM ORDER I II III IV V
ELEVATION 520' 450' 400' 360' 240'

SUMMER 2. 1263 2.3962 1. 5575 2.5000 2.5602

FALL 0. 8617 2. 0066 0. 9100 2.0056 2.6942

WINTER 1.4715 1. 9823 1.8202 2.4909 2. 6642

SPRING 1. 6454 2.5350 1.8388 2.4557 1.8137

Hb
STATION 56 55 53 49 27
STREAM ORDER I II III IV V
ELEVATION 520' 450' 400' 360' 240'

SUMMER 2. 3088 2. 6506 1.8176 2.3677 2.7009

FALL 1.0309 2. 2439 1.0546 2.5369 2.7748

WINTER 1. 5648 2. 2056 2. 1418 2.6359 2. 6540

SPRING 1.8988 2. 2362 2. 2969 2.5855 1.9274
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Table 55. Comparison of preimpoundment and postimpoundment
ichthyofauna in area innundated by Lake Tuscaloosa. -

SPECIES
OCCURRENCE

Before
and

Before After After
Impoundment Impoundment Impoundment

Ichthyomyzon gagei X
Lampetra aepyptera X
Lepisosteus oculatus X X X
Lepisosteus osseus X
Anguilla rostrata X
Dorosoma cepedianum X
Esox niger X
Campostoma anomalum X
Cyprinus carpio X
Hybopsis amblops X X X
Nocomis leptocephalus X
Notemigonus crysoleucas X X X
Notropis asperifrons X
Notropis baileyi X
Notropis bellus X
Notropis callistius X
Notropis chrysocephalus X
Notropis emiliae X X X
Notropis stilbius X
Notropis texanus X X X
Notropis venustus X X X
Notropis volucellus X
Pimephales notatus X
Pimephales vigilax X X X
Semotilus atromaculatus X
Carpiodes velifer X
Erimyz’on oblongus X
Hypentelium etowanum X
Minytrema melanops X X X
Moxostoma duquesnei X
Moxostoma erythrurum X
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Table 55. Continued.

OCCURRENCE
SPECIES

Before
and

Before After After
Impoundment Impoundment Impoundment

Moxostoma poecilurum X X X
Ictalurus melas X
Ictalurus natalis X X X
Ictalurus punctatus X X X
Noturus funebris X
Noturus gyrinus X
Noturus leptacanthus X
Pylodictis olivaris X
Fundulus olivaceus X . X X
Gambusia affinis X X X
Labidesthes sicculus X X X
Ambloplites rupestris X
Lepomis cyanellus X X X
Lepomis gulosus X X X
Lepomis macrochirus X X X
Lepomis megalotis X X X
Lepomis microlophus X X X
Micropterus coosae X
Micropterus. punctulatus, X X X
Micropterus salmoides X
Pomoxis annularis X
Pomoxis nigromaculatus X
Ammocrypta beani X
Ammocrypta meridiana X
Etheostoma parvipinne X
Etheostoma proeliare X
Etheostoma rupestre X
Etheostoma stigmaeum X X X
Etheostoma swaini X
Etheostoma (Ulocentra) sp. X
Etheostoma whipplei X
Percina caprodes X X X
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Table 55. Continued

SPECIES
OCCURRENCE

Before
and

Before
Impoundment

After
Impoundment

After
Impoundment

Percina maculata X
Percina nigrofasciata X
Percina sciera X X X
Stizostedion vitreum X
Aplodinotus grunniens X

66 species 55 23 36
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Table 56. Single classification analysis of variance; number of
species grouped by station, stream order and/or elevation.

STATION 27 22
STREAM ORDER 5 RESERVOIR
ELEVATION 240' 223'

14 15
17 18
17 14
22 16
16 19
15 16
16 14
14 15
17 17
16 13
12 13
14 13

EY 190 183

n 12 12

Y 15. 83 15. 25
2EY 3076 28. 35
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Table 56. Continued.

1. Grand total = 373

= 59112. Sum of squared observations

3. Sum of squared group totals, each divided by
its sample size = 5799. 08

4. Grand total sqaured and divided by the total
sample size . = 5797. 04

5. Total sum of squares = 113.96

6. Sum of squares among groups = 2. 04
7. Sum of squares within groups = 111.92

Source of Variation df SS MS Fs

AMONG GROUPS 1 2. 04

WITHIN GROUPS 22 111.92

TOTAL 23

2. 04 0. 40 ns

. 5. 09

F. 05 [1, 22] = 4. 30 F. 01 [1, 22] = 7. 95

CONCLUSION: There is no significant (P> 0.. 05) added variance
component between stations for number of species.


