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ABSTRACT

I Benthic and colonizing macroinvertebrates and

IJ physicochemical characteristics were studied at six wing

dams and an adjacent side channel)in Pool 13 of the

I Upper Mississippi River in June, August, September through

October 1978, and June 19799in the prenotching phase of a

II project to determine the effects of wing dam notching on

aquatic macroinvertebrates.- Three wing dams were notchedIJ
in May through June 1979. !Water temperature and dissolved

oxygen concentration were uniform with depth in each

sampling period but varied among periods. Current velocity

varied with sampling period because staff gauge, i.e.

discharge, varied with time. Current velocity decreased

with depth. The substrate was mainly medium sand because

I bottom current velocities ranged from 22 to 43 cm/s during

1978.

i Fifty-six taxa of macroinvertebrates were collected with

a Ponar grab sampler in 1978. Oligochaeta, the most abundant

I class, comprised 51% of benthic invertebrate density.

I Hexagenia bilineata (Say), Hexagenia limbata (Serville),

and early instars of Hexagenia spp. made up 64% of the

j benthic biomass. Hydropsychid caddisflies dominated the

macroinvertebrate aufwuchs on basket and multiple-plate

samplers, which were placed on wing dams. Basket samplers

were colonized by significantly greater macroinvertebrate

numbers, biomass, and number of taxa than multiple-plate

samplers.



Total benthic invertebrate, o±igochaete, Hexagenia spp.,

and chironomid density, and biomass and number of benthic

taxa each were positively, significantly related to percent

silt-clay in the substrate. All of these macroinvertebrate

I categories were negatively, significantly related to percent

sand in the substrate. Although gravel substrate was rare,

the highest benthic invertebrate density, biomass, and number

of taxa occurred in gravel. Wing dam 25, on the inside of a

I river bend in an area of reduced current, had significantly

i greater benthic density and biomass than for other wing dams

because of greater silt-clay deposits there. Wing dam 28 had

the lowest benthic density, biomass, and number of taxa and

the greatest percentage of sand. Benth-*.c density, biomass,

Iand number of taxa were significantly greater at stations
above wing dams than below because percentages of silt-clay

were greater above than below.

IBesides substrate, discharge and time of year in
relation to invertebrate life cycles affected benthic

I invertebrate populations. Benthic invertebrates decreased in

August 1978 and June 1979 partly because of peak discharges

I in the month before the decrease and partly because of insect

I emergence.

The wing dams were islands of rock in a sea of sand.

j Basket samplers collected 26.5 times more macroinvertebrate

numbers and 14.3 times more biomass than the Ponar grab

sampler --S'elember 1978. These differences were related to

*habitat, i.e. basket samplers collected invertebrates from a

lotic-erosional habitat, and the Ponar grab sampler sampled

a lotic-depositional habitat.
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INTRODUCTIONI
The U.S. Army Corps of Engineers submitted plans on

j June 30, 1977 to the Great River Environmental Action Team II

(GREAT II) for repair of wing dams in Pools 13 and 19. The

Fish and Wildlife Management Work Group of GREAT II proposed

the construction of notches in some of the wing dams to help

alleviate the detrimental effects of accreted sediments

between wing dams. They proposed that a notch be constructed

in wing dams 25, 26, and 28 (Figure 1). Wing dikes have been

inotched in the Missouri River to reduce accreted sediments
between the dikes and in backwater areas (Kallemeyn and

Novotny 1977, Reynolds 1978, Jennings 1979, Dieffenbach 1980).

The objectives of this study were to compare species

composition, density, and biomass of aquatic macroinvertebrates

I and measure physicochemical characteristics at the wing dams

and side channel before notching. This study was half of the

I prenotching phase of the investigation. In the other half,

I fish populations at the wing dams and in the side channel

and physicochemical characteristics at hydrographic relief

transect stations were investigated by Rod Pierce (1980),

another student in the Wisconsin Cooperative Fishery Research

I1 Unit.

SI The post-notching study is scheduled to be completed in

the fall of 1980 by Scott Corley of the Wisconsin Cooperative

Fishery Research Unit.

Structures for directing current and reducing erosion

I in large rivers for the benefit of navigation have included

revetments, pile dikes, and wing dikes. Revetments are

1
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constructed to stabilize river banks from erosion. Wing

dikes, which are often referred to as wing dams on the

Upper Mississippi River arnd as wing dikes on the Missouri

I River, have been constructed to deflect current towards

the center of' the main channel to help reduce the need for

recurrent dredging and to maintain a navigation channel.

Slack water areas often have developed behind wing

dams, resulting in accretion of sediments between them and

in adjacent backwaters because most wing dams were built

in areas of natural deposition. Such sediment deposition

(Funk and Robinson 1974, Simons et al. 1975).

Although little is known of effects of wing dam

notching on aquatic communities, it has been learned that

wigdam height, location of notches in dams, discharge,

an location of the dam in relation to the thalweg of

I a river affects the degree to which sediments are scoured

(Simons et al. 1974, Reynolds 1978, Jennings 1979).



STUDY AREA

Pool 13 of' the Upper Mississippi River extends from

I Bellevue, Iowa, 55 kilometers south to 2.4 kilometers north

of Fulton, Illinois. The northern end of' the pool is

I 2.6 kilometers wide and gradually widens to 4.8 kilometers.

The pool is formed by Lock and Dam 13 at kilometer 841
(river mile 522.5), which was placed in operation by the

I U.S. Army Corps of' Engineers on May 13, 1939. At Lock

and Darn 13, the pool is maintained at an elevation of'

1 178 meters above sea level (flat pool) creating a 2.7-meter

pool for navigation. At flat pool, there are 11,778

hectares of water surface of' which 2,945 hectares (25%)

are classified as channel. Of the 814 kilometers of

shoreline of the pool, 94% is federally owned (U.S. Army

I Corps of Engineers 1974).

The bedrock in the area of the pool consists of

I Galena dolomite and Maquoketa shale from the Ordovician

age. Depth to bedrock ranges from 9 to 46 meters.
There are no glacial deposits in the northern area of

I Pool 13, but glacial deposits in the southern area of

the pool are of the Illinoian and Kansan stages. The

I floodplain soils are silt-clay deposited i to 6 meters

* deep overlying sand. Pool 13 drains an area of 221,445

3 square kilometers. Approximately 1,415,232 metric tons

I of sediment enters Pool 13 annually. The riverbed

consists of sand with lesser amounts of silt-clay, gravel,

I and boulders (U.S. Army Corps of Engineers 1974).

3
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The study area (Figure 1) included wing dams 25, 26,

I 28, 29, 30, and 31 between river kilometers 880.7 and

882.7 (river miles 547.4 and 548.6) and an unnamed side

I channel between river kilometers 880.9 and 881.9 (river

3 miles 547.5 to 548.1). The Illinois bank was primarily

open with scattered trees, whereas the islands, shorelines

of' the side channel, and the Iowa bank were more densely

covered river bottom woodlands.

I Study sites in the river channel were within an area

approximately 38 meters upstream and downstream of' the

base of' each wing dam. The study sites included main

channel border (the zone between the 2.7-meter channel

and the main river bank or islands) and side channel

I(all departures from the main channel in which there is
current during normal river stages) (Rasmussen 1979).

I River kilometers 878.5 to 883.0 (river miles 546.0

I to 548.8) are classified by the U.S. Army Corps of Engineers

(1974) as a recurrent dredging area. This area has been

I dredged 13 times since 1945 with 1,373,293 cubic meters

of' dredge spoil having been removed. Areas of past

I dredge spoil disposal are between the wing dams in the

I study area and on the Iowa bank (Figure 1). The Maquoketa
River, which enters Pool 13 opposite the study area,

I introduces approximately 417,312 metric tons of sediments

to Pool 13 annually (U.S. Army Corps of' Engineers 1974).
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Figure 1. The study area showing the wing dams, sideI channel, past dredge disposal areas, Ponar
sample sites, and artificial substrate sample
sites. The study area is eight miles south of
Bellevue, Iowa (U.S. Army Corps of Engineers1 1974).



I
METHODS AND MATERIALS

Aquatic Macroinvertebrates

I Benthic invertebrates were collected with a 252-cm
2

Ponar grab sampler on June 12, 17, 18, 20, 21; August 2-4;

September 29-30, 1978; and June 5-6, 1979. Three replicate

samples were taken at four sites near each wing dam and

Iat three sites in the adjacent side channel. Sites at

Iwing dams 25, 26, and 28 were located as follows: one

site was 8 m upstream of the dams' base at the center of

I the proposed notch (Figure 1, Table 1). When the proximal

end of the wing dam (Illinois bank) was considered to

I be 00 and the distal end (channel) 180 ° , the remaining

sites radiated downstream from the center of the proposed

notch at 450-8 m, 1350-23 m, and 90o-38 m from the base

I of the dam (Figure 1). Sites at wing dams 29, 30, and 31

were located 8 m upstream and downstream from the base

I of the dam at locations 61 and 152 m from the Illinois

bank (Figure 1).

Distances for transects along each dam were measured

with a Rangematic range finder. Accuracy of the range

finder varied from 2.2% (1.4 m) at 64 m to 1.3% (1.4 m)

I at 110 m.

Three Ponar grab sites in the side channel were as

follows: 15 m from the west bank at river mile 548.0,

I 15 m from the east bank at river mile 547.8, and 15 m

from the west bank at river mile 547.6 (Figure 1).

Artificial substrates included four cylindrical metal

16
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Table 1. Proposed notches for wing dams 25, 26, and 28,

Pool 13, Upper Mississippi River (refer to
Figure 1 for locations).

ICenter of notch
Wing dam from IL bank Depth Width

jmeters

25 84 1.5 46

26 99 1.5 46

I 28 61 1.5 91

I
I
I
I
I
I
I
I
I
I

I

I

I
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baskets with concrete spheres (Mason et al. 1967, Jacobi

1 1971) and four multiple-plate substrates (Hester and Dendy

1962). The artificial substrates were set August 17,

1978 at each wing dam and left for six to eight weeks to

allow for optimum colonization of macroinvertebrates

(Mason et al. 1973). Two basket samplers and two

jmultiple-plate samplers were located on each of two
transects (Figure 1, Table 2), with one basket and one

I multiple-plate sampler on the upstream and on the downstream

side of the wing dam, both equidistant between the base

and crown. Baskets were 28 x 18 cm, and spheres were

1 7.5 cm in diameter. The multiple-plate substrates were

made from 2-mm tempered hardboard (masonite), with eight

I alternate layers of 7.5-cm squares and seven 2.5-cm squares

attached to an 8-cm ring bolt. The artificial substrates

I were tied to a 4190 x 1-cm nylon rope that was anchored

upstream from the dam by a 122 x 1.3-cm steel reinforcing

rod driven into the bottom.

I Artificial substrates were retrieved with a grapple

hook on September 28, October 3, 12, 1978. Sixty-five

1 percent (28) of the artificial substrates were recovered.

A washtub was placed below each sampler before it was

removed from the water to prevent the loss of organisms

(Bull 1968, Hilsenhoff 1969, Mason et al. 1973).

The substrates were dismantled in washtubs and scrubbed

to remove invertebrates. Only those organisms on

the spheres were used in the quantitative analysis.
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Table 2. Locations of artificial substrate transects
(meters from Illinois bank), Pool 13,
Upper Mississippi River (refer to Figure 1
for locations).

I Transect

Wing dam Inside Outside

25 64 152

26 79 183 i
28 105 213

29 61 213

30 61 213

31 61 213

[4

[

[
- -
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Organisms attached to the wire basket, debris, or vegetation

were discarded.

All samples were sieved through a U.S. No. 35 (0.50 mm)

screened wash-bucket and placed in plastic bags containing

five percent formalin (Lind 1974). In the laboratory,

invertebrates were sorted from debris, subsampled (Cummins

1975: section 8.23, Elliot 1977: section 8.3) (Appendix

A, B, and C), identified, and counted. Identification

was facilitated by use of taxonomic keys of Ross (1944),

Burks (1953), Fremling (1960a, 1960b), Gooch (1967),

Parmalee (1967), Burch (1972, 1973), Lewis (1974),

Hilsenhoff (1975), McCafferty (1975), Edmunds et al. (1976),

Wiggins (1978a), Merritt and Cummins (1978), Pennak (1978),

and Schuster et al. (1978). Oligochaetes were too fragmented

in screening to be identified further than class; numbers

were estimated by counting prostomiums.

Invertebrate biomass was calculated from organism

length (Hynes and Coleman 1968) for all but Oligochaeta,

Zygoptera, and Unionidae. Hynes and Coleman (1968)

assumed invertebrates to be cylinders in which volume

increased by the cube of the length and with a specific

gravity of 1.05. Weights for invertebrates with lengths

equal to five diameters were 3.298 x 10-5g times the length

cubed; Chironomidae and Ceratopogonidae with lengths equal

to 7.5 diameters were 1.393 x 10-5g times the length cubed;

jJ and Gastropoda and Sphaeriidae, which were considered

spheres, were 4.398 x 10-3 g times the radius cubed.

I
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Unionidae, with and without shell, and Zygoptera were

soaked in water for 30 minutes, blotted dry, and weighed

on a Mettler H54 balance to the nearest 0.001 g.

Oligochaeta were soaked for 30 minutes in water, centrifuged

at 650 rpm for three minutes (Howmiller 1972, Stanford 1973),
and weighed to the nearest 0.001 g.

Physicochemical Characteristics

Water temperature, dissolved oxygen concentration,

and current velocity were measured, and sediments were

collected at each sampling site at the time of the benthic

invertebrate samples. Water temperature and dissolved

oxygen concentration were determined at each meter of the

water column with a YSI Model 54 Oxygen Meter. The oxygen

meter was air-calibrated and checked against a Hach kit at

the beginning of each sampling day. Current velocity was

recorded at the water surface; at 0.2, 0.6, and 0.8 X depth;

and 10 cm from the bottom with a cable-suspended Price

Current Meter (Hynes 1970).

One sediment sample was collected with a 252-cm
2

Ponar grab at each benthos sampling site. Sediments were

analyzed for particle size by the procedure of Ingram (1971)

and divided into 10 particle size fractions based on the

modified Wentworth Scale (Wentworth 1922, Cummins 1962).

No attempt was made to separate fine sediment into silt

and clay.



Statistical Analyses

Large variation is usually encountered in sampling

benthic populations, and small samples are often

statistically inaccurate because distribution of

macroinvertebrates is usually contagious (Mottley et al.

1938; Needham and Usinger 1958, cited by Resh 1979;

Allen 19591 Taylor 1965, Egglishaw 1969; Sugimoto 1969,

Cummins 1975; DeMarch 1976; Elliot 1977; Minshall and

Minshall 1977; Taylor et al. 1978; Resh 1979; Downing

1979). Parametric statistical methods should be applied

to invertebrate data only if the data are normally

distributed, the variance of the sample is independent

of the mean, and the components of variance are additive

(Elliot 1977).

T fitted log-log regressions of variances on means

for benthos samples to find out if the variances were

independent of the means. If they were not, I used a

transformation based on the slope of the regression line

(Taylor's Power Law) on invertebrate replicate counts or

biomass (Downing 1979). Transformations that removed

correlation between variances and means often normalize

frequency distributions and ensure that the components of

variance are additive (Bartlett 1947; Anscombe 1948;

Quenouille 19501 Tukey 1957, 1968; Bliss and Owen 1958;

Taylor 1961, Healy and Taylor 1962, Box and Cox 1964:

Southwood 1966; Snedecor and Cochran 1967; Th6ni 1967,

Zar 1974; Cummins 1975; Elliot 1977; Downing 1979).

Parametric statistics were used on the transformed

12

I
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counts or biomass. The arithmetic means of the transformed

data plus an adjustment factor were transformed back to the

original scale giving derived means (Quenouille 1950,

Elliot 1977). Quenouille (1950) stated that derived means

are usually in good agreement with means obtained by

direct averaging, and that differences in derived means

and arithmetic means can be considered adjustments that

eliminate effects of extreme observations.

Cummins (1975), Elliot (1977), Resh (1979), and

Downing (1979) felt that a tolerable error for bottom

samples was a percentage error of precision of 20% calculated

as (SE)(100)/R=20%. I calculated the sample size required

for a 20% error for mean total invertebrate counts and

biomass collected with a Ponar grab and artificial substrates

(Cummins 1975: section 8.222, Elliot 1977: section 8.22).

Data were pooled during analysis to reduce the large

variation associated with invertebrate sampling. The

percentage error for mean total invertebrate counts was

approximately 20% (Appendix D and E). Whenever my

transformations did not remove the correlation between

the variances and means, or whenever the percentage error

was greater than 20%, I used nonparametric statistics

(Conover 1971, Elliot 1977, Downing 1979).

J Guidelines of Sutcliffe (1979) were used for

measurements of quantitative data.

Appendices F, G, H, I, J, and K are copies of computer

printouts.
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Hydrographic Relief Sediments

2
One sediment sample was collected with a 252-cm

Ponar grab from six sites at each wing dam. Sites at the

wing dams were located 30 m upstream and downstream from

the base of the dam at the following locations from the

Illinois bank:

Wing dam 25 - 91, 152, and 213 m

Wing dam 26 - 107, 168, and 259 m

Wing dam 28 - 61, 122, and 244 m

Wing dams 29, 30, and 31 - 61, 137, and 213 m.

Sediments were analyzed for particle size by the

procedure of Ingram (1971). No attempt was made to

separate fine sediments into silt and clay.

Data on current velocity, depth, dissolved oxygen

concentration, hydrographic relief, and temperature for

the hydrographic relief transects, as opposed to the

benthos sampling sites, are in Pierce (1980).

14
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RESULTS AND DISCUSSION

Physicochemical Characteristics of Benthos Stations

Discharge

The mean yearly discharge for 1979 was the second

highest discharge recorded in the past decade, whereas

the discharge for 1978 was slightly below average

(Appendix L). Monthly discharges in 1978 were erratic

with three peaks occurring (Appendix M), similar to

discharge found in the Mississippi River by Dorris and

Copeland (1963). The maximum monthly discharge in 1978

occurred in July, and in 1979, in April and May (Appendix MI).

The maximum monthly discharge for July 1978 was atypical

I because the maximum normally occurs in spring (Dorris and

g Copeland 1963; Hynes 1970; Fremling et al. 1978, 1979).

The mean monthly discharge for May 1979 was 131% greater

I than in May 1978 (Appendix NI). These differences in

discharge between years should be considered in any

I comparisons of the environment through time. Leopold (1962),

Leopold et al. (1964~), Hynes (1970), Maddock (1972),

Beaumont (1975), and Simons et al. (1975) concluded that

discharge was the most important factor influencing

biological, and physicochemical factors of a stream.

Current Velocity

1 Current velocity varied with depth, sampling location,

and sampling period. The range of current velocities from

bottom to surface was 8 to 105 cm/s during the study

(Appendix F-i to F-4). Current velocities became

15



16

progressively smaller with increasing depth (Figure 2).

I Hubault (1927, cited by Hynes 1970) and Ambiihl (1959,

1961, 1962; cited by Hynes 1970) reported this aspect

of flow with reference to benthic animals.

Bottom current velocity increased downstream from

wing dams 25 to 31 in 1978 (Table 3). Current velocities

were significantly greater for downstream wing dams

(29, 30, and 31) than upstream wing dams (25, 26, and 28)

and the side channel in 1978 (Appendix N) because the

upstream wing dams were located on the inside of a

river bend.

I There was no difference in bottom current velocity

above and below the wing dams (Table 3). Wing dams 26

and 28 were partly emergent in 1978, but current velocities

I were not lower at emergent dams than at submergent wing

dam 25 (Table 3).

I Mean current velocity varied with sampling period

because staff gauge readings, i.e. discharge, varied with

time. As staff gauge readings decreased in 1978, mean

current velocity decreased (Table 4).

Substrate

Bottom current velocity determined particle size in

the study area. Median particle size (0.25-0.50 mm) for

the side channel and wing dams was in the medium to coarse

sand range (Figure 3, Appendix G). Einsele (1960, cited

by Hynes 1970) stated that bottom velocities of 20 to 40

cm/s would produce sandy substrates. Mean bottom current

velocities for the benthos sites varied from 22 to 43 cm/s
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Table 3. Bottom current velocity (cm/s) at benthos stations
in the side channel, wing dams, and stationsI upstream and downstream of the wing dams, Pool 13,
Upper Mississippi River, 1978 (refer to Figure 1
for locations). Means and standard deviations
for velocities upstream and downstream of theI wing dams were calculated for stations located
nearest to the Illinois bank. Station 30-6-7
in August 1978 was eliminated because of an
erroneous velocity value (Appendix F-2).

Site Mean SD n

Side channel 25 a10 9t

Wing dam 25 22 a 9 12

Wing dam 26 22a 11 12

Wing dam 28 2 8 a 9 12

Wing dam 29 4 0b 12 12

Wing dam 30 3 9 b 10 11

Wing dam 31 43 b 5 12

Upstream 32 12 18

Downstream 29 12 18

a~Significantly different (Appendix N).
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Table 4. Current velocity (cm/s) at 0.6 of the depth at
benthos stations (refer to Figure 1 for locations)
and staff gauge readings (m) at Lock and Dam 12,
Pool 13, Upper Mississippi River, 1978. Staff
gauge readings were obtained from the U.S. Army
Corps of Engineers, Lock and Dam 12, Bellevue,
Iowa.

Current velocity Staff gauge

Month n Mean SD Mean SD

June 1978 27 54 12 2.81 0.33

August 1978 27 48 15 2.62 0.10

September 1978 27 38 14 2.24 0.10

June 1979 23 62 17 3.08 0.10

I

Li
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I

SIDE CHANNEL WING DAM 25

70 70

60 60

50 50

40 40

30 Md 0 -025mm - 0, 25 mfl

20 20

10 I0

5 4 3 2 1 0 -1 -2 -3 -4 5 2 -' -2 -3 -4
SILT- SAND GRAVEL SILT- SAND GRAVEL

CLAY CLAY

I-
Z

WING DAM 26 WING DAM 28070, 70.

cc60 60
S50 50.

0.. 40 40

30 Md 0 -0.25qn 30. Md 0 -O. 25 mm

20 20

10 " 10,

5 4 3 2 0-1-2-3-4 5 -2-3-4
SILT SAND GRAVEL SILT- SAND GRAVEL

CLAY CLAY

PARTICLE SIZE IN PHI UNITS
Figure 3. Percent mean particle size (Phi units) from benthos

stations in the side channel and wing dams, Pool 13,
Upper Mississippi River, 1978. Phi units, defined
as the negative log to the base 2 of particle size
diameter (mm), convert the geometric Wentworth
classification in which each size category is twice
the preceding one, into an arithmetic one with equal
class intervals, i.e. 0.063 mm = 4; 0.125 mm = 3;
0.25 mm = 2; 0.50 mm = 1; 1.00 mm = 0; 2.00 mm= -1;
4.00 mm = -2; 8.00 mm = -3; and 16 mm = -4 phi
units. Silt-clay, which was less than 0.063 mm,
was considered to be 5 phi units. Mdo = median
particle size (rm).
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in the 1978 samples (Table 3).

There was only a small amount of' fine sand in the

study area in 1978 (Figure 3) because bottom current

I velocities were equal to or greater than 20 to 30 cm/s

g (Table 3), the velocities required to transport fine sands

(Schmitz 1961, Hynes 1970). Percentages of gravel and sand

increased from upstream to downstream and percentages of

silt-clay were less downstream (wing dams 28 to 31) than

I upstream (wing dams 25 to 26) in the study area (Figure 3)

because current velocities increased from upstream to
downstream (Table 3). However, percentages of' silt-clay

I were higher than for very fine sands (Figure 3). Hynes

(1970) stated that the packing coefficient of' sediments

complicates current velocity-sediment particle size

dynamics. Current velocitie6 of 30 to 50 cm/s would be

I required to transport sandy clay (Schmitz 1961, Hynes 1970).

I Bottom current velocities and sediment composition for
the side channel were similar to those for wing dams 25

I and 26 in 1978 (Figure 3, Table 3).
Several investigators have found substrate composition

I to depend on current velocity (Butcher 1927, 1933; Nielson

I 1950; Schmitz 1961; Hynes 1970). Nielson (1950) and
Leopold et al. (1964~) stated that increasing current

I velocity picks up, or rolls sediment particles of' increasing

size along the bed, and that these are carried downstream.

Dissolved oxygen and Temperature

1 There was little range in dissolved oxygen concentration
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and temperature from bottom to the surface within a sampling

j period, but both varied greatly between sampling periods

(Appendix F-1 to F-4). Hynes (1970) and Welcomme (1979)

I stated that because of turbulence, water in a river channel

rarely stratifies. Mean dissolved oxygen concentrations

varied from 4.7 to 8.6 mg/l and mean temperatures varied from

I 16.0 to 23.3 0 C during the study (Appendix F-i to F-4).

Dissolved oxygen concentrations and temperatures were

I comparable to those reported by Dorris and Copeland (1963)

and Schramm and Lewis (1974) for the Mississippi River.

Davis (1975) stated that insufficient evidence exists

to formulate definite dissolved oxygen criteria for aquatic

invertebrate communities, but a reasonable basis was to

follow recommendations for fish populations. Doudoroff and

7humway (1967) and Bennett (1970) recommended a minimum

Idissolved oxygen level of 5 mg/l for good mixed warmwater

Ifish populations. Dissolved oxygen concentrations probably

were not limiting to benthic invertebrates during the study.

However, dissolved oxygen levels were not measured just

before dawn when levels might have been lower.

Benthos

I Influence of Substrate on Benthos

Substrate composition was an important influence on

I benthic invertebrate density, biomass, and number of taxa

in the study area. Total invertebrate, Oligochaeta, Hexagenia

spp., and Chironomidae density and biomass were positively,

significantly related to percent silt-clay in substrates

in 1978 (Appendix 0). Total invertebrate taxa were also

I

L
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positively, significantly related to percent silt-clay

(Appendix 0). All of these macroinvertebrate categories

were negatively, significantly related to percent sand in

substrates (Appendix 0). Total invertebrate, Oligochaeta,

and Hexagenia spp. were negatively, significantly related

to bottom current velocity (Appendix 0). However, high

proportions of gravel (over 30%) were found at two sites

at wing dam 31 in September 1978 (31-5-7 and 31-5-8),

and the greatest invertebrate density, biomass, and number

of taxa in the entire study were found then (Appendix G

and H-3).

Wene (1940) stated that the addition of silt to sand

increased the food content (detritus) available to

macroinvertebrates. Results of this investigation confirmed

the conclusions of others that sand is a poor substrate for

benthic invertebrates (Gersbacher 1937; Tarzwell 1937a;

Denham 1938; Murray 1938; Pennak and Van Gerpen 1947;

Sprules 1947; 0'Connel and Campbell 1953; Cordone and Kelly

1961; Leonard !962; Chutter 1969; Hynes 1970; Leudtke and

Brusven 1976; Fremling et al. 1978, 1979; Schmal and Sanders

1978). If notching increases the percentage of sand in the

substrate, it would adversely affect bottom-dwelling

macroinvertebrates in the study area.

'Site Differences

J Benthic density, biomass, and number of taxa varied among

sites according to the differences in substrate composition.

Wing dam 25, on the inside of a river bend in an area of

reduced current velocity, was an area of deposition (Table 3).
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Benthic density and biomass were significantly greater for

wing dam 25 than for other wing dams because of the greater

silt-clay deposits there (Figure 3, Table 5, Appendix P).

Also the number of taxa was greatest at wing dam 25 and

significantly greater there than at wing dams 28, 29, 30,

and 31 (Table 5, Appendix P). The average proportion of

silt-clay in the side channel was similar to that of wing dam

25 (Figure 3), but there was more variation from site to site

in the side channel. The second highest density and number of

taxa occurred in the side channel (Table 5). Wing dam 28 had

the lowest benthic density, biomass, and number of taxa and

the greatest percentage of sand (Figure 3, Table 5). Swift

current over soft substrates has been related to low numbers

and taxa of benthic animals (Richardson 1921, Briggs 1948,

Berner 1951, Milkulski 1961, Hynes 1970). Leudtke and Brusven

(1976) believed that the combination of exposure to strong

current and instability of sand grains was responsible for

restricting recolonization by invertebrates.

Mean benthic density, biomass, and number of taxa was

significantly greater at stations above the wing dams than

below (Table 5, Appendix P). These differences were probably

caused by differences in substrate. Percentages of silt-clay

were 33% greater for stations above than below the wing dams

(Appendix G).

Influence of Discharge and Season on Benthos

Discharge and time of year in relation to invertebrate

life cycles affected benthic invertebrate density, biomass,

and number of taxa in the study area. Benthic populations

II



* 26

U)'

X x 4: C CJ - N~ N~ ,-I * c C

4-1 E Cl)E-

4- o rn
bLo~U 0 (: .C- NO m N 0 m cr OC

a) -C I>- :4 N a) c' t )\ _:t

H) 0 U
a)4 d t F- 0 U)

r.O0l' d U)

r- 0 1) z

oddb 02H flHU C \0 \0N\0"\0 \0 0 -4 _4
*HQ C x -,A cd co I N: C)

Qo 02
(1) r ) d U

P4~ W P 4 4-'-A0 \0 0O _:t NO V'0 0 - 0

m'd wp 4.NQ0~ ' 00 '0 N~ Cf"% 0 '~c'

SN4-4 b.0 *: H Ud d - ~Q ' "

0- m) O~ -4c U (D \
-r-4 .Hr rQ qP - ~

,40- Cd N:' C:N0sC C-
*~~~~ 0)Hc 0~ u l r',4C-0Nc

* ~ ~ ~ 1 b~-.0 - U 10 4-- W>Q N Q ' N:

.Ht p4 0 )-
U) ) '-A 4-:

04-' 00H -PdC 0 \ D \ 0-4

-H-

(1) W~ U) OD 01-

(LU\ "q d .I C) -4 (\ ,- cn C\ co

U) Cd a)-4I -
U)) 0 > -P ::5flb

-P -r- a) C- 00 -. \D C- J 0 ,



27

q O~C 0N --

+1 ON
W~ $- d
>4 0 >4 Cd N co \O ON Cd '

cd H C a)4-1+

C.- V-1 - *Hq

O ,4 1r) 0)H 4

a)0 P4

P44-4

4-l'

CH a)) r*
N4-') \D C\- r- sO :

.- U) -A~ 0
U)j a)):0) r

z Cd P4- N: c 0 -

:J -H Cdc 5 r
00 9.4% V) V ) +) C? U)'
Cu. - N-- (" ON o

p.HU CO C C'- NO zH

rd) C) a)

cd r '0-4 -0
r=: -H m 00 co CNOD r

>0) mH 0 WO NON c P0)
.- '0P 0) ON CHC- O o,
U) c m U) H

'dOC'-'d -H- fl I H N 0
I.4 .- /2 "-'dO 04 C'- , 4-

U) H - r-4 0 C0 \ - ) a)

.HN PL, *H.aOF 0
zc-l z 0l4' *

00
u-4C N~ NOl - N'- a) si

0) ) 0' C0\ 0 NO 14 -
rn ON Cz- C'zN

0).H C'- .4-1z w ,-I

.Hd U) 0O (1) C'- C- )

04- 0 4-. 0)q
C.H -4 CC Cul (1 1 o4-1

a)E C '- \0 ) 0)-

0)04-) ON 41EE
W0 d r-j D--I 0 4' H

cr '-1 Ui)
NO V O , ON 0) 4'

I0 -1c
cd C CC)

Cl) ~ ~ 0 s:: 0- cd :

-I )c 1) )+



28

decreased significantly from June to August 1978 (Table 6,

Appendix Q). The peak annual discharge that occurred in

July 1978 probably caused part of the decrease by:

1) reducing percentages of productive substrate (silt-clay),

2) dislodging invertebrates and moving them downstream,

and 3) stimulating hyporheic or lateral movement of

invertebrates to avoid being dislodged (Tarzwell 1937b;

Allen 1951, 1959). Benthos stations in June 1978 had 18%

silt-clay substrates, and in August, 7% (Appendix G).

Part of the decline in benthic populations from June

to August 1978 was probably related to emergence of insects

with bivoltine life cycles and the inefficiency of the

sampling gear to collect the eggs and early instars of the

invertebrates. Chironomidae should emerge in late July and

in August (Fremling 1960b, Coffman 1978). However, Hexagenia

sp., a univoltine insect, should have been abundant in

August 1978 because the adults emerge every 6 to 11 days and

lay eggs from mid-June to mid-August, with peak emergences

and egg-laying occurring from late June to mid-July. The

eggs hatch in 10 to 12 days, and several broods of nymphs

should have molted several times by August (Fremling 1960a,

1964b, 1967, 1968; Thomforde and Fremling 1968; Edmunds et

al. 1976). The virtual absence of Hexagenia nymphs in

August 1978 (Appendix H-2) was probably caused by the high

discharge in July 1978.

High discharge in April and May 1979 probably also

decreased benthic populations from September 1978 to June

1979, although these differences were not significant
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(Table 6, Appendix Q). Benthic biomass should have been

much higher in June 1979 than September 1978; maximum biomass

occurs in the spring in most streams (Hynes 1970).

Hexagenia nymphs should have been abundant during the early

June sampling, but they were virtually absent (Appendix H-4).

The decrease in benthic populations from September 1978

to June 1979 may have been caused by: 1) dislodgement of

invertebrates, and 2) hyporheic or lateral movements.

Adequate silt-clay substrate for Hexagenia colonization was

present in spring. Silt-clay increased in the study area

from 12% in September 1978 to 24% in June 1979 (Appendix G).

Perhaps there had been insufficient time for recolonization

of Hexagenia nymphs in the study area following the high

discharge in April and May, and perhaps the silt-clay had

only recently been deposited in the study area.

Oligochaetes, ceratopogonids, and chironomids have been

found to be the first benthic colonizers following floods.

In this study, oligochaetes and chironomids were numerically

the dominant taxa in August 1978 and June 1979 after flooding,

and ceratopogonids were also abundant in June 1979 (Appendix

H-2 and H-4). Gersbacher (1937) found that chironomids and

ceratopogonids were the first colonizers of Illinois streams

denuded by floods, and that with deposition of silt-clay,

Hexagenia sp. and Sphaerium sp. were the principal colonizers.

Moffet (1936) reported that after complete removal of

j invertebrates in South Willow Creek, Utah, by flooding,

chironomids dominated the invertebrate fauna during the

recovery stages. In the River Endrick in Scotland, Maitland

t
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(1964, cited by Hynes 1970) reported that winter flooding

reduced the invertebrate fauna in sandy areas, and that

substrate burrowers, such as chironomids and tubificids,

managed to survive the winter. Hynes (1970) stated that

invertebrates with short life cycles, such as chironomids,

may dominate the fauna following high discharges.

Taxonomic Composition

With data from stations 31-5-7 and 31-5-8 in September

1978 eliminated, the classes Oligochaeta and Pelecypoda and

the orders Ephemeroptera, Trichoptera, and Diptera were the

dominant benthic invertebrates in the study area in 1978

(Table 7, Appendix H-1 to H-3). Those stations were

eliminated because they had such atypically high chironomid

and trichopteran densities and gravel (Appendix G and H-3)

that their inclusion would indicate that chironomids and

trichopterans dominated the benthos in the study area,

whereas they did not. The remaining less common taxa of

benthic invertebrates comprised less than 0.3% of total

numbers and less than 6.7% of the total biomass. These

groups included: Turbellaria, Nematoda, Hirudinea, Isopoda,

Amphipoda, Hydracarina, Plecoptera, Odonata, Megaloptera,

Lepidoptera, Coleoptera, and Gastropoda.

Oligochaeta, the most abundant class in 1978, comprised

50.8% of the benthic invertebrate density and 3.4% of the

biomass (Appendix H-1 to H-3).

Ephemeroptera dominated benthic biomass in 1978,

representing 21.2% of the density and 65.0% of the biomass

(Appendix H-1 to H-3). The greatest ephemeropteran biomass

.1
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obtained was 122.47 g/m 2 for Hexagenia spp. in June 1978

I (Appendix H-I). Hexagenia spp. comprised 86.6% of the

ephemeropteran density and 98.7% of the biomass. Of the

I Hexagenia nymphs greater than 16 mm in length (Gooch 1967),

55.1% were H. limbata (Serville) and 44.9% were H. bilineata

(Say). A caenid mayfly, Brachycercus sp., comprised 12.6%

I of the ephemeropteran density and 0.9% of the biomass. The

remaining ephemeropterans consisted of Baetis sp., Baetidae

(early instars), Ephoron album (Say), Paraleptophlebia sp.,

and Stenonema sp. These taxa represented 0.6% of the

ephemeropteran density and 0.4% of the biomass in 1978.

Trichoptera comprised 7.6% of benthic invertebrate

density and 0.9% of the biomass (Appendix H-1 to H-3).

The largest trichopteran density found was 31,810/m in

September 1978, of which 18,438/m 2 were Potamyia flava (Hagen)

l (Appendix H-3). The most abundant trichopteran was Potamyia

g flava, which accounted for 31.5% of the trichopteran density

and 36.6% of the biomass. Cheumatopsyche sp. made up 25.9%

I of the trichopteran density and 42.7% of the biomass. Other

trichopterans included: Hydropsychidae (early instars),

I Hydropsyche sp., H. orris Ross, Neureclipsis sp., and

I Oecetis sp. Together, they represented 42.6% of the

trichopteran density and 20.7% of the biomass in 1978.

I Diptera comprised 17.9% of benthic invertebrate density

and 4.1% of the biomass in 1978 (Appendix H-i to H-3).

Chironomidae was the most abundant dipteran family,

comprising 89.9% of the dipteran density and 81.3% of

biomass. Ceratopogonidae represented 6.6% of dipteran

oL
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density and 17.6% of the biomass. The remaining dipteran

families, which included Culicidae, Empididae, and

Stratiomyidae, comprised 3.5% of the density and 1.1% of

I the dipteran biomass in 1978.

The class Pelecypoda was represented by two families,

Sphaeriidae and Unionidae. These bivalve mollusks comprised

I 2.2% of benthic invertebrate density and 19.9% of the biomass

in 1978 (Appendix H-1 to H-3). Sphaerium sp. represented

73.3% of bivalve density and 17.8% of the biomass. Pisidium

sp., another sphaeriid, represented 20.0% of the density and

1.0% of the bivalve biomass. The family Unionidae comprised

1 6.7% of bivalve density and 81.2% of the biomass in 1978.

Species within the family included: Fusconaia flava

I(Rafinesque), Lasmigona compressa (Lea), Leptodea frailis
(Rafinesque), Obliquaria reflexa Rafinesque, and Obovaria

I olivaria (Rafinesque). Lasmigona compressa, which is a small

stream species, has rarely been collected in the Upper

Mississippi River (Van der Shalie and Van der Shalie 1950,

I Perry 1979).

The invertebrates found in this study were similar to

I those found by others in the Mississippi River (Wiebe 1927;

Johnson 1929; Johnson and Munger 1930; Van der Shalie and

Van der Shalie 1950; Dorris 1958; Fremling 1960a, 1960b,

I 1964a, 1964b, 1967, 1968, 1970, 1973; Hoopes 1960; Dorris

and Copeland 1962; Christenson and Smith 1965; Carlander et

I al. 1967; Thomforde and Fremling 1967; Wenke 1967; Carlson

19681 Gale 1971, 1973, 1975, 1976, 1977; Merz 1974; Schramm

I et al. 1974; Rogers 19761 Coon et al. 1977; Fuller 1978;

!
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ERT/Ecological Consultants, Inc. 1979; Fremling et al. 1979;

Lewis 1979; Perry 1979).

Macroinvertebrate Aufwuchs

Organisms other than aquatic macrophytes that live

attached to substrate have been referred to as aufwuchs

(Ruttner 1963). I studied only the macroinvertebrate aufwuchs

that colonized artificial substrates placed on wing dams.

Comparison of Stations

Macroinvertebrate aufwuchs populations were similar at

various locations in the study area in September 1978. There

was no significant difference in macroinvertebrate numbers,

biomass, or number of taxa collected on artificial substrates

at upstream versus downstream stations or stations near the

Illinois bank versus stations near the main channel (Table 8).

Inv'rtebrate aufwuchs populations were not compared among wing

dams because of insufficient sample size (Table 8).

Comparison of Samplers

Basket samplers were colonized by significantly greater

macroinvertebrate numbers, biomass, and number of taxa than

multiple-plate samplers (Table 8). Basket samplers had three

times more individuals and 2.6 times more biomas6 than

multiple-plate samplers (Table 8). Thirty-one taxa were

collected from basket samplers and 21 from multiple-plate

samplers (Table 7). Forty-seven percent of the taxa collected

by both samplers were common to both (Table 7).

j Density was slightly more variable from basket samplers

than from multiple-plate samplers; the percentage error of
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precision for density was 19. for basket samplers and

1 18.8% for multiple-plate samplers (Appendix E). The

number of samplers required for a percentage error of

I precision of 20%, a tolerable error for invertebrate

samples (Cummins 1975, Elliot 1977), was 12 for basket

samplers and 11 for multiple-plate samplers (Appendix E).

J Variability of biomass estimates was approximately

equal in both samplers; the percentage error of precision

for biomass was 18.3% for basket samplers and 18.7% for

Imultiple-plate samplers (Table 8). Eleven basket samplers

and 11 multiple-plate samplers would be required for a

I percentage error of precision of 20% for biomass estimates

(Table 8).

I The percentage error of precision for invertebrate

taxa collected by basket samplers was 9.0%, and for

multiple-plate samplers, 7.1% (Table 8). Only two basket

I samplers and two multiple-plate samplers would be required

for a percentage error of precision of 20% for invertebrate

I taxa collected by each sampler (Table 8). Dickson et al.

(1971) found that four baskets filled with limestone were

required to estimate the true mean number of taxa with a

I percentage error of precision of 25%.

The high level of precision obtained for number of taxa

I did not allow statistical comparisons among wing dams,

however. Even with an acceptable level of precision, I

I could not find a transformation for the data that would

make the variance independent of the mean. Therefore,

parametric statistics should not be used for analysis of

A
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the data (Downing 1979). The number of samples was also

insufficient for nonparametric statistical comparisons among

wing dams (Zar 1974) (Table 8).

I recommend basket samplers over multiple-plate

samplers on the basis of these data. The small loss in

precision of basket samplers compared to multiple-plate

samplers (1.1% for numbers and 1.9% for taxa) should be

more than compensated by the greater numbers, biomass, and

number of taxa collected by basket samplers. Basket

samplers with cement spheres probably provide more stability,
sheltered and variety of crevices, available living space,

and areas of reduced current velocity than multiple-plate

samplers.

I Fullner (1971) preferred multiple-plate samplers to

basket samplers because multiple-plate samplers are light,

I easily installed and serviced, and the materials and

construction are simple. However, opponents of multiple-plate

samplers have contended that the hardboard (masonite) used

I to construct them often warps or swells in water and nearly

closes the space available for habitation (Mason et al.

I 1973). Proponents of basket samplers have favored their

3 stability in large bodies of water and thought that the

rough texture of the substrate used to fill the baskets

I provided more niches for colonization and that it more

closely approximated natural substrate (Mason et al. 1973).

I In this study, the cement spheres in the basket

samplers were more like the substrate of the wing dams

than the hardboard of the multiple-plate samplers. They

- I__ _ _ _



were somewhat smaller but similar in surface roughness to

I the rock of the wing dams; they represented a cobble

substrate, whereas the wing dams were constructed of

cobbles and boulders.

I Taxonomic Composition

Hydropsychidae (Trichoptera) dominated the

I macroinvertebrate aufwuchs in both samplers. Hydropsychid

£ Icaddisflies made up 91.1 and 87.7% of the total numbers
,. and 86.4 and 91.3% of the total biomass in basket and

I multiple-plate samplers, respectively (Appendix I and J).

Potamyia flava was the most important colonizer of

I basket samplers, constituting 34.5% of the total numbers

and 37.8% of the biomass (Appendix I). However, high

I density and biomass of Potamyia flava on wing dam 30

I greatly increased these estimates. Cheumatopsyche sp. was

the dominant colonizer on 63% of the basket samplers

I (Appendix I). Cheumatopsyche sp., Hydropsyche sp.,

Hydropsychidae (early instars), and Hydropsychidae pupae

I comprised 21.8, 17.6, 15.8, and 1.3%, respectively of the

total numbers and 31.3, 13.2, 2.0, and 2.01, respectively

of total biomass collected by basket samplers (Appendix I).

i NCheumatopsyche sp. was the primary colonizer of multiple-plate

samplers, constituting 35.1% of the numbers and 43.4% of the

biomass, but Potamyia flava was the principal colonizer on

wing dam 30 (Appendix J). Fremling (1960b) reported that

Potamyia flava favored rocks in sandy, silt-free areas of

Jl the river bottom where current is strong. Wing dam 30

111Ill
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fulfilled these requirements, whereas the other wing dams

I had lower current velocity and higher percentages of

silt-clay (Figure 3, Table 3). The remaining hydropsychid

caddisflies colonizing multiple-plate samplers were

Potamyia flava, Hydropsyche sp., Hydropsychidae (early

instars), and Hydropsychidae pupae, each comprising

I23.0, 20.8, 6.7, and 2.1%, respectively of total numbers
and 26.8, 15.8, 1.0, and 4.3%, respectively of the biomass

(Appendix J). Density and biomass of the remaining taxa

on artificial substrates was minor (Appendix I and J).

IDominance of artificial substrates by a few taxa has been
common in artificial substrate sampling of large rivers

(Mason et al. 1973).

Macroinvertebrate Habitat

Wing dams in the study area were islands of rocks in

a sea of sand, which were colonized by epilithic organisms,

I especially Hydropsychidae. Habitats sampled by the Ponar

grab and basket samplers were different. The Ponar grab

sampled a lotic-depositional habitat composed mainly of

sand containing a fauna of collector-gatherers that were

adapted for burrowing, e.g. Oligochaeta, Ephemeridae, and

I Chironomidae, or sprawling, e.g. Caenidae (Moon 1939,

Coffman 1978, Edmunds et al. 1978, Pennak 1978). Basket

samplers represented a lotic-erosional habitat composed of

i rock (wing dams), with a fauna of collector-filterers that

were adapted for clinging, e.g. Hydropsychidae (Moon 19391

Wiggins 1978a, 1978b).

In September 1978, the only month that artificial

... .......I. ... . ....I=
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substrates were present, the basket samplers collected

126.5 times more macrinvertebrate numbers and 14.3 times
more biomass than the Ponar grab (Table 6 and 8). The

I Ponar grab collected 37 taxa, and the basket sampler

collected 31 taxa (Table 7); however, 81 replicate grabs

were taken in September and only 14 basket samplers were

recovered then. Forty-two percent of the taxa collected

in September 1978 were common to both (Table 7). Mikulski

I(1961) stated that rock or rubble added to sandy areas
served as concentration points for colonization by

lithophilic animals. Wene and Wickliff (1940) showed

j experimently that the addition of rubble to sandy areas

increased invertebrate density by a factor of 3 and 5.

Hydrographic Relief Sediments

As at benthos sites, bottom current velocity determined

particle size distribution at hydrographic relief sites

i (see Physicochemical Characteristics of Benthos Stations).

Sediment curves at hydrographic relief sites (Figure 4)

* Iwere similar to those at benthos sites (Figure 3).

I Median particle size (0.25 mm) for the hydrographic relief

sites at the wing dams corresponded to medium sand (Figure

I 4). Einsele (1960, cited by Hynes 1970) stated that

bottom current velocities of 20 to 40 cm/s would produce

I sandy substrates. Mean bottom current velocities for

hydrographic relief sites varied from 23 to 42 cm/s in the

1978 samples (Table 9).

Bottom current velocity increased from inside to

outside hydrographic relief transects, but the differences

I2
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WING DAM 25 WING DAM 26j50 50

40 40
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W0 Io
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CLAY CLAY

I PARTICLE SIZE IN PHI UNITS

I Figure 4. Percent mean particle size (Phi units)' from
hydrographic relief stations at the wing dams,
Pool 13, Upper Mississippi River, 1978. Phi units,
defined as the negative log to the base 2 of

*particle size diameter (mm), convert the geometric
Wentworth classification in which each size category
is twice the preceding one, into an arithmetic one
with equal class intervals, i.e. 0.063 mm = 41
0.125 mm = 31 0.25 mm = 2; 0.50 mm = 11 1.00 mm = 01
2.00 mm = -1; 4.00 mm = -21 8.00 mm = -31 and 16 mm=
-4 phi units. Silt-clay, which was less than 0.063
mm, was considered to be 5 phi units. Md = median
particle size (mm).
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Table 9. Bottom current velocity (cm/s) at hydrographic

relief stations of the wing dams, Pool 13,
Upper Mississippi River, 1978. Means andstandard deviations were calculated from thedata of Pierce (1980).

I Site Mean SD n

j Wing dam 25 30 15 18

Wing dam 26 26 21 18

Wing dam 28 23 11 18

Wing dam 29 39 11 18

Wing dam 30 42 10 18

Wing dam 31 42 6 18

Inside transect 31 12 36

I Middle transect 32 14 36

Outside transect 38 18 36

Above wing dams 34 15 54

Below wing dams 34 15 54

I

II

I

I

>!
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were not significant (Table 9). There were greater

silt-clay deposits at the middle hydrographic relief

transects than other transects, but these differences

I were not significant; the inside transect had 19.9%

* Isilt-clay, the middle transect 26.5% silt-clay, and

3 ,the outside transect 19.7% silt-clay (Appendix K).

IThere was no difference in bottom current velocity

above and below the wing dams (Table 9). This result might

be unexpected because some reduction in bottom current

velocity downstream of the dam might be presumed. The

I reason that no difference was found may be that the

I sampling stations, on the ends of the transects (see

METHODS AND MATERIALS), were 30 m from the wing dams.

There was more silt-clay deposited above than below the

wing dams, but the differences were not significant;

Supstream stations had 26.5% silt-clay, and downstream
i stations had 17.2% silt-clay (Appendix K).

I
I

K i
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Appendix L. Mean yearly discharge in thousands entering
Pool 13 from Lock and Dam 12, 1970-1979,I Upper Mississippi River. Data were obtained
from G.E. Johnson, Chief of Hydraulics, U.S.
Army Corps of Engineers, Rock island, Illinois.

Year M/s Ft

I 1970 1.1 38.9

1971 1.4 49.6

1972 1.7 58.9

I 1973 1.9 65.5

1974 1.3 46.4

1975 1.4 50.1

1976 0.9 33.2

1977 0.8 27.3
S1978 1.3 46.7

!1979 1. 7 61.6

IMean 1.4 47.8

I

I

II
SI

!

kI
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Appendix M. Mean monthly discharge in thousands entering
Pool 13 from Lock and Dam 12, January 1978 to
December 1979, Pool 13, Upper Mississippi River.
Data were obtained from G.E. Johnson, Chief of
Hydraulics, U.S. Army Corps of Engineers,
Rock Island, Illinois.

1978 1979

M3 /s Ft3 /s M3 /s Ft3 /s

January 0.9 32.4 0.6 22.0
February 0.7 24.1 0.7 24.0

March 1.0 34.9 1.9 66.0

April 2.6 92.5 3.9 136.3

May 1.7 58.8 3.8 135.7

June 1.8 63.2 2.3 80.5

July 2.7 94.2 1.8 65.0
August 1.3 45.4 1.6 56.1

September 1.8 63.0 1.4 49.7 11
October 1.1 39.9 1.0 34.8

November 0.9 32.1 1.6 54.8

December 0.7 25.1 1.0 34.2

I[
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Appendix N. Results of Mann-Whitney tests of bottom current
gvelocities (cm/s) at benthos stations in the

side channel and wing dams and Wilcoxon
paired-sample test of velocities at stations
upstream and downstream of the wing dams,

1Pool 13, Upper Mississippi River, 1978
(refer to Figure 1 for locations). Only
stations located nearest to the Illinois
bank were used for comparison of velocities
upstream vs. downstream of the wing dams.
Station 30-6-7 in August 1978 was eliminated
because of an erroneous velocity value
(Appendix F-2).

SSite U nl, n2

Side channela vs. wing dam 25 67.0 9, 12
I wing dam 26 63.0 9, 12

vs. wing dam 2 8a 60.0 9, 12

vs. wing dam 2 9a 91.5** 9, 12

vs. wing dam 3 0a 85.0** 9, 11

vs. wing dam 31a 103.0** 9, 12

Wing dam 25a  vs. wing dam 26 75.0 12, 12

vs. wing dam 28 105.5 12, 12

I vs. wing dam 2 9a 130.0** 12, 12

vs. wing dam 3 0a 119.0** 12, 11

vs. wing dam 3 1a 139.5** 12, 12

Wing dam 26 vs. wing dam 28a 93.0 12, 12

1 vs. wing dam 2 9a 122.5** 12, 12

vs. wing dam 3 0a 115.0* 12, 11

vs. wing dam 3 1a 137.5** 12, 12

Wing dam 28 vs. wing dam 29a  112.5* 12, 12

vs. wing dam 3 0a 105.5* 12, 11

vs. wing dam 31a 133.0** 12, 12

Wing dam 29a  vs. wing dam 30 73.0 12, 11

vs. wing dam 3 1a 87.5 12, 12

Wing dam 30 vs. wing dam 3 1a 94.5 11, 12

T n
Upstream vs. Downstream 49.0 1-8

aLarger U statistic of the pair (Zar 1974)
*pe-O.05

**pZO.01

ka I
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