REGULATORY FUNCTIONS BRANCH
PERNIT PUOCESSING SECIION
PERMANCNT FILE COPY

Report on the
Impacts of Commercial Dredging
on the Fishery of the

Lower Kansas River

Kansas City District, Corps of Engineers
DACW 41-79-C-0075

1982

University of Kansas
Division of Biological Sciences



Report on the

Impacts of Commercial Dredging

on the Fishery of the

Lower Kansas River

Kansas City District, Corps of Engineers

DACW 41-79-C-0075

1982

University of Kansas

Division of Biological Sciences



LIST OF PREPARERS
(A1l Division of Biological Sciences,

University of Kansas, Lawrence).

Frank B. Cross1 Principal Investigator Fish, Benthos

Frank J. DeNoyelles Principal Investigator Water Quality, Plankton

1

Stuart C. Leon Research Assistant Fish, graphics
Scott W. Campbell Research Assistant Fish

Sharon L. Dewey Research Assistant Benthos

Brad D. Heacock Research Assistant Water Quality
Doug Weirick Research Assistant Water Quality

lPrepared final report by revision of draft report.

ACKNOWLEDGMENTS

E. D. Wiseman, 0. T. Gorman, P. James, H. Kerns, K. Johnson, S. Leon,

D. Sinn, S. Ashcraft, and R. Moss assisted in various field operations,
identifications of fish or benthos, or other analyses in laboratories.

D. Huggins, P. Liechti, and L. Ferrington of the Kansas Biological Survey
identified or confirmed identifications of many benthic organisms.

L. Martin and J. D. Steward provided identifications and advice concerning
fossils. Debra Bennett prepared Figure 7; other line drawings are by S. C. Leon.

We are indebted to owners and operators of dredges in the river segment
studied for their cooperation. Our thanks are due especially to Holliday
Sand and Gravel Company and Hub Materials Company for providing river access
at their dredge sites in miles 12 and 21, and for other assistance.

Charles Hensley and Jerry McKinney arranged analyses for water and
sediment samples performed by the Environmental Protection Agency, and Art Diaz
and Bennie Day aided in similar fashion with suspended sediment analyses
performed by the U.S. Geological Survey.

Finally, Jan Elder and Coletta Spencer provided efficient and gracious

assistance in typing all drafts of this report.



6.

7.
8.

CONTENTS

Introduction
Methods
Sediments, water quality and plankton
Bentﬁos and drift samples
Fish samples
Description of the lower Kansas River
Geologic and historic record
Degradation in the lower Kansas River
Commercial dredging of sand and gravel
General site descriptions
Control sites
Study site D1 (Dredge 1)
Study site D2 (Dredge 2)
Study site D3 (Dredge 3)
Partial study site
Depth analysis of lower Kansas River
Current velocity in lower Kansas River
Substrate analysis in lower Kansas River
Control sites
Dredge 1
Dredge 2
Dredge 3
Summary of trends in substrate composition
Physical and chemical parameters
Sediments
Water quality
Plankton parameters
Benthos at control and dredge sites
Control sites
Dredge 1
Dredge 2
Dredge 3
Comparisons between sites

Summary concerning benthos

ii

Page

16
16
22
23
27
28
29
49
56

56
61
65
70
75
76
81
88
89
93

100

107.

117

118

118

120

131

139

144

146

148

151

154

156



Page
9. Fishes of the lower Kansas River: historic record 158
10. Fishes at control and dredge sites 162
Changes in fish {fauna within sites 162
Changes in fish fauna between sites | 188
Substrate affinities of fishes 196
Species diversity 198
Summary of trends across sites 199
Fish movement into tributaries 201
11. Accounts of species: Fishes 207
Shovelnose sturgeon 207
Shortnose gar 208
Longnose gar 209
Skipjack herring 211
Gizzard shad 211
Goldeye 213
Carp 214
Golden shiner 216
Creek chub 216
Silver chub 216
Speckled chub 217
Sturgeon chub 218
Suckermouth minnow 218
lmerald shiner 218
Redfin shiner 219
River shiner 219
Red shiner 219
Sand shiner 220
Plains minnow 221
Western silvery minnow 221
Fathead minnow 221
Bullhead minnow 222
Bluntnose minnow 223
Central stoneroller 223
Blue sucker 224
Bigmouth buffalo 224
Smallmouth buffalo 225

iii



Page
River carpsucker 225
Quillback 227
Shorthead redhorse , 228
White sucker 229
Black bullhead 229
Channel catfish ' 230
Flathead catfish 232
Stonecat . 235
Slender madtom 236
White bass 236
Largemouth bass 237
Green sunfish 239
Bluegill 240
Longear sunfish 242
Orangespotted sunfish 242
White crappie , 242
Black crappie ‘ 244
Sauger 246
Walleye 247
Logperch 247
Orangethroat darter 247
Freshwater drum 247
12. Discussion and conclusions 250
Recapitulation 250
Channel conditions in dredged and non-dredged areas 252
Physical and chemical parameters 261
Plankton and periphyton 262
Benthic invertebrates ' 263
Fishes 265
Conclusions 268
13. Alternatives to present dredging operations 274
14. Summary 281
References cited in text ‘ 285

iv



Fig.
Fig.

Fig.
Fig.
Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

8.

10.
11.
12.
13.
14.

24,
25.
26.
27.
28.

FTGURES TN TEXT

Lower Kansas River, Lawrence to mouth

Lower Kansas River, control and dredge sites,
DeSoto to mouth

Typical dredge site, showing sampling points
Study sites with transect locations

Rates of discharge, lower Kansas River,
May 1979 - December 1981

Cross—-sectional representations of river bed, 1977-1981

Channel widths, exposed bars, and dredge locations,
1954-1979

Channel upstream from mile 18.7, following high flows
Dredge at study site D1, mile 21.6

Cutting device, dredge at site D1

Chain and ladder device, dredge at site D3

Overview of Control site 2, mile 23

Shallow bays and channels on sand in mile 22

Periphyton on sandy river bed, mile 22

. Periphyton scoured by current, mile 22
16.
17.
18.
19.
20.
21.
22.

Study site D1 from ATSF bridge at mile 21.3
Rubble bar on transect D1A, mile 21.9
Rubble and silt substrate on transect DI1A
Site D2, downstream from transect D2A
Dredge 2 from left bank near transect D2C
Site D2, upstream from I-435 bridge

Johnson County Water District #1 diversion jetty,
mile 15.0, from I-435 bridge

Site D3, island in channel, 1979

Dredge at D3 where relocated in spring 1980

Site D3, pit area formerly occupied by island

Armored bar below dredge at D3, mile 12

Mean depths on transects, control and dredge sites, 1979

Mean depths on transects, control and dredge sites, 1980

. Mean depths on transects, control and dredge sites, 1981

30.

Current velocity on transects, control and dredge sites, 1979

Page

7-12

15
32-38

41-44
46
53
54
55
57
58
59
60
62
63
64
66
67
68

69
71
72
73
74
77
78
79
82



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig..

Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

31.
32.
33.
34.
35.

37.
38.
39.
40.
41,
42.
43.
44,
45,
46.
47.

Page
Current velocity on transects, control and dredge sites, 1980 83
Current velocity on transects, control and dredge sites, 1981 84
Three-year average, current Qelocities on transects 85
Sand substrate at transect C2A, mile 23.35 95
Silt-sand bar, transect D2A, mile 16.2 104
Silt-sand substrate, left bank at transect D2A 105
Silt substrate, left bank at transect D2D, mile 15.6 106
Transect D3A in 1981 ‘ 112
Silt deposited in former dredge pit at Dtedge site 3 113
Silt substrape and detritus at transect D3A, 1981 114
Silt-rubble substrate at transect D3E, 1981 115
Riffle area at transect D3E in 1981 116
Mouth of Little Kaw Creek, mile 22.3 203
Mouth of Quivira Creek, mile 14.5, 4 June 1981 204
Mouth of Quivira Creek, mile 14.5, 5 June 1981 205
Carp and bigmouth buffalo in Quivira Creek, 5 June 1981 206
Differences in substrate composition
between years and sites 256-259

vi



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

OW 00 N O U1 B~ W N =

[
o

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

TABLES IN TEXT

Sampling schedule

Relative areas of channel and sandbars, 1954 and 1979
Locations of active dredges, 1954 - 1982

Production by dredges in study area, 1979 - 1981
Transect mean depths, annual average

Transect current velocities, annual average
Particle sizes in core samples

Particle sizes, surface of river bed, various sites
Composition of substrate in Control sitces
Composition of substrate in Dredge site 1
Composition of substrate at DIA

Composition of substrate at D1D and D1E

Composition of substrate in Dredge site 2
Composition of substrate at D2A

Composition of substrate at D2D and D2E
Composition of substrate in Dredge site 3
Composition of substrate at D3A

Composition of substrate at D3D and D3E

Annual averages of water chemistry data

Monthly and annual averages of suspended solids
Coulter counter particle size analysis

Annual averages of trace metals

Dominant phytoplankton species by station and month
Rate of photosynthesis of the river phytoplankton
Zooplankton by station and month

Common invertebrate taxa

Rare invertebrate taxa

Habitat associations of common invertebrate taxa
Habitat associations of rare invertebrate taxa
Densities of common invertebrate taxa

Fishes captured by seining, 1979 - 1981

Page

13

45

51

52

80

86
90-91
92

94

97

98

99

101

102

103

109

110

111

121

125
126-127
128-130
132-135
136
137-138
140

141

142

143

145

163

32. Fifteen most abundant species, seine samples, control sites 164

vii



Table

Table
Table
Table
Table

Table
Table

Table

Table
Table

Table
Table
Table

33.

34.

35.

36.
37.

38.

39.

40.

41,
42.

43.
44,
45.

Most abundant species exclusive of red shiners and
sand shiners, Control sites

Fishes captured by electrofishing, 1979 - 1981
Electrofishing summary for 1980-1981
Fifteen most abundant speciés, seine samples, Dredge 1

Most abundant species exclusive of red shiners and
sand shiners, Dredge 1

Electrofishing summary, fish per 1000 meters

Electrofishing summary, percentage distribution of species
between sites

Electrofishing summary, percentage composition
within sites

Fifteen most abundant species, seine samples, Dredge 2

Most abundant species exclusive of red shiners and
sand shiners, Dredge 2

Fishes captured in trammel nets, 1980-1981
Fifteen most abundant species, seine samples, Dredge 3

Most abundant species exclusive of red shiners and
sand shiners, Dredge 3

viii

Page

165
166
167
170

171
173

174

175

179

180
181
184

185



Appendix‘ .

Appendix

Appendix

Appendix

Appendix

Appendix

Appendix

APPENDICES

Tables Al-1 through Al1-8, water quality

Table Al1-9, trace metals

Table Al1-10, chemical analysis of sediment cores
Table Al-11, chemical analysis of water samples
Tables A2-1 through A2-8, benthos data

Tables A3-1 through A3-49, seining data, fish

Tables A4-1 through A4-56, electrofishing data, fish
Tables A5-1 and A5-2, substrate affinities, fish

Table A6-1, reproductive data, fish

Tables A7-1 through A7-14, food habits, fish

ix



1. INTRODUCTION

Commercial sand and gravel dredging operations on the lower Kansas
River can be traced as far back as the early 1900s. The 22-mile reach of
river located between Bonner Springs and the confluence of the Kansas and
Missouri rivers has been heavily dredged since at least the 1950s. This
study was initiated due to the paucity of information previously available
regarding the cumulative impacts of commercial dredging and the isolated
impacts of a single commercial dredge on fish population dynamics in this
lower reach of the river. This report has been prepared for the Kansas City
District, Corps of Engineers, and is intended for use by the District in its
evaluation of permit applications for commercial dredging operations in the
Kansas River, under authority of Section 10 of the River and Harbor Act of
1899 and Section 404 of the Clean Water Act.

The objective of this study is to relate the effects of the Kansas
River commercial sand and gravel dredging industry to fish population
dynamics in the lower Kansas River. The relationship of dredging to the
fishery was determined by quantitative measurement of several physical,
chemical, and biological parameters of the river during the period 30 May
1979 to 11 December 1981. Areas upstream of dredging activities were
compared to a segment of river which is heavily impacted by dredging
operations. The cumulative effect of dredging operations was determined by
a comparison of data from three dredge sites located progressively farther
downstream. The relationship of dredging to the Kansas River fishery is
described in terms of present and possible future effects.

The study area extended from upstream of Bonner Springs to Turner,
Kansas (river miles 25.0 to 9.3). The study area was subdivided into
control study sites, dredge study sites, and a partial study site (Figs.
1,2).

Two control sites were located between river miles 23.0 and 25.0, in a
reach of river not impacted by dredging. Each control site contained two
transects located approximately 200 meters (m) apart. The uppermost
transect in each control site was designated "A", and the lower designated
"B" (Fig. 4a).

Three dredge study sites were located between river miles 12.5 and

22.3, in a river segment heavily impacted by commercial dredging. Each



dredge site contained five transects, designated ”A“ through "E" (Fig. 3).
The "A" transects were located approximately 200 m upstream of the dredge
pit. "B" transects were located just upstream from the dredges, within the
dredge pit areas. '"C" transects were located immediately downstream from
the dredges, within the dredge pit areas. The lowermost transects, "D" and
"E", were located approximately 200 m and 400 m downstream from the dredge
pit, respectively. A schematic representation of each dredge study site is
given in Figures 3, 4b-f.

Control and Dredge transects extended between the normal static banks,
perpendicular to the flow of the river. Each transect was 50--100 m in
length (longitudinal axis of the river), and comprised all aquatic habitats
within this area.

The partial study site was located at Turner Bridge (river mile 9.3),
to determine if the Missouri River backwater or dredging operations were a
barrier to fish movement in the Kansas River. Fixed transect locations were
not established at the partial site; rather sampling was conducted in a
400 m longitudinal distance with Turner Bridge as the midpoint.

Fish and water quality sampling was conducted at each study site in 8
months in 1979, 9 months in 1980, and 10 months in 1981. Water quality
parameters included dissolved oxygen, pH, total dissolved solids,
chlorophyll a, turbidity, total and phenolphthalein alkalinity, suspended
particle size analysis, depth, and temperature.

'Additionally, water samples were collected in conjunction with sediment
core samples and delivered to the Environmental Protection Agency (EPA),
Region VII 1laboratory, for analysis of specific chemical parameters.
Analyses included trace metals, volatile solids, chemical oxygen demand,
biochemical oxygen demand, immediate oxygen demand, non-filterable solids,
total Kjeldall nitrogen, nitrate, total phosphorus, total organic carbon,
phenols, oil-grease, sulfides, oxidation-reduction potential, cyanide, and
pesticides. Sediment core samples were also analyzed for particle size
composition.

Suspended solids and settleability were analyzed from water samples
delivered to the Water Resources laboratory of the U.S. Geological Survey
(USGS) in Lawrence, Kansas. ‘

Data from fish samples included species composition, species diversity,

relative biomass and density estimates, substrate affinities, condition,



growth, and stomach analysis.

Relative species abundance for phytoplankton,

zooplankton, and benthos were determined.

A schedule listing dates when field sampling occurred is given in

Table 1. Mean biweekly discharge rates for the three-year period are given

in Figure 5.
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Fig. 3. Schematic diagram of a dredge study site, illustrating sampling points.
A - E = transects at approximately 200 meter intervals; B and C are within
the dredge pit. X = sadiment cores and water samples analyzed by the
Environmental Protection Agency. Small circles = measurements of depths,
velocities, water qualitv parameters, and suspended solids samples analyzed
by the U.S. Geological Survey. Small solid squares = benthos samples.
Brackets = shoreline segments seined. Double lines joining A-B, D-E =
segment of shoreline sampled by electrofishing.
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Fig. 4a. Location of Control sites 1 and 2, in river miles
23 and 24. Sandbars and islands in the channel
are outlined. A and B = transect locations.
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Fig. 4b. Dredge site 1, in river mile 21, as it appeared in 1979.
Sandbars and islands in the channel are outlined.
A, B, C, D, E = transect locations.
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Fig. 4c. Dredge site 2, in river mile 15-16, as it appeared in 1979.
Sandbars and islands in the channel are outlined.
A, B, C, D, E = transect locations.



TURKEY
CREEK )

Fig. 4d. Dredge site 3, in river mile 12-13, as it appeared in 1979.
Sandbars and islands in the channel are outlined.
A, B, C, D, E = transect locationms.
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Fig. 4e. Dredge site 3, in river mile 12-13, as it appeared in August 1980.
Bars in the channel are outlined. A, B, C, D, E = transect
locations in summer and fall of 1980.
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Fig. 4f. Dredge site 3, in river mile 12-13, as it appeared in 1981.
Bars in the channel are outlined. A, B, C, D, E = transect"
locations in 1981.
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Table 1.

May 1979 through August 1980.

Seining

Elec-fish

Water Quality

Sampling schedule for lower Kansas

EPA-

River, Fishery-Dredging Project,

Trace Metals

EPA-

Cores/Water

USGS-

Susp. Solids

Aquatic

Biology

Productivity

Primary

13

24 Hour

Pit Sample

1979
30-31 May, &
12-15
20-21
12-13
19-20
6-7
8-9
20-21
22-23
31
8-9
15-16
20-21

11-12
17-18
8-9
18-19
7-8
10-11
22-23
11-12
2-3
19-20
21-22
19
23-24
26-27
17-18
31 July, 1
5-6

1980

June
June
June
July
July
Aug.
Aug.
Aug.
Aug.
Aug.
Sept
Sept
Sept
Oct.
Nov.
Nov.
Dec.
Jan.
Mar.
Mar.
Mar.
Apr.
May
May
May
June
June
June
July
Aug.
Aug.
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Table 1. Sampling schedule, continued.

Seining
Elec-fish
Water Quality
EPA-

Trace Metals
EPA-
Cores/Water
USGS-

Susp. Solids
Aquatic
Biology
Primary
Productivity
24 Hour

Pit Sample

1980, continued
11 Aug.
13-14 Aug. X X
19-20 Aug. X X
23 Aug. X
28 Aug. X
6 Sept X X X
13-14 Sept X
1-2 Nov. X
15 Nov. X
22 Nov. X X X
1981 21 Feb.
7-8 Mar. X X X X X
29 Mar. X
25-26 Apr. X X X X X
6-7 May
19-20 May X X
21-22 May X
1 June X
8 June X
18-19 June X X
1 July X X
21 July X
23-24 July X X X X
7 Aug. X
29-30 Aug. X
19 Sept X
20 Sept X
30 Sept X
12 Nov. X
25 Nov. X
11 Dec. X

>




DISCHARGE (cfs x 1000)

44
42|
40
24_
22.
20 |
18 |
16 |
14 |

12 |

Fig. 5. Mean biweekly discharge rates (cfs) from May 1979
to December 1981, DeSoto station, lower Kansas River

-t e -
- - VMo e earco oo iececomin -

T T T |
JAN FEB MAR APR MAY JUNE JULY AUG  SEP  OCT  NOV

ST



2.

a)

16

METHODS

Sediments, Water Quality and Plankton

Water - EPA

Water samples were composited from the upper one third of the
water column across each of five transects. One transect at each
control site and the "E" transect at each dredge study site were
sampled. The water was composited in a 9.5 liter polypropylene carboy
and then transferred to individual containers for each test requiring
particular containers or preservatives. A list of these parameters can
be found in Table Al-11. The immediate oxygen demand sample was
obtained using a Van Dorn discrete depth sampler and was taken from the
middepth point of the water column--in the center of the river channel.
All samples were preserved according to EPA standards and delivered
immediately to the Region VII laboratory. The samples were then

analyzed using standard EPA methods.

Samples to be analyzed for trace metals were taken more frequently
at each control, upstream and downstream from each dredge, and from the
return water discharge pipe at each dredge site. These were obtained
by submerging a polypropylene cubitainer in the middle of the river
channel at the given transects, preserved with HNO_, and submitted to

3
the EPA laboratory for analysis.

Sediment Particle Size Analysis

Data on particle-size composition of the river bed were obtained
in four independent operations: 1) core samples 5 cm in diameter and
60 cm long, analyzed using U.S. standard sieves in graded series from
2 mm through 0.075 mm mesh openings; 2) superficial samples 25 cm in
diameter, analyzed using U.S. standard sieves in graded series from
25 mm through 1 mm mesh; 3) description of the bottom type over which
each seine-haul was made for fishes as silt, silt-sand, sand, etc.; and
4) description of the bottom type on which each sample of benthic

invertebrates was taken, in a manner similar to that for seine-hauls.
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1) core samples - EPA --Four core tubes 60 centimeters (cm) long and 5

centimeters in diameter were driven into the sediments at each control
site and at the "A" and "E" transects of each dredge site. The
sediments were removed from the tubes at the EPA laboratory, fractioned
into six parts and composited by fraction. As specified in this
contract, the fraction delineations were the top one inch, the next two
inches, the next three inches, the next six inches, the next six
inches, and the bottom three inches. The individual fractions were
weighed (dry) and a percentage composition of particulates was

determined by size using standard sieves.

2) superficial samples, sieve analysis.--At two locations between

DeSoto (river mile 31) and the uppermost Control site, and at each
Control and Dredge site in this study, substrates were analyzed by the
following means: A plastic cylinder 25 cm in diameter was pushed
slightly into the riverbed, the purpose of the cylinder being to
prevent loss of substrate material due to currents as well as to define
the sample dimensions. Substrate was scraped from the soil-water
interface to a depth of about 15 mm, or slightly deeper if necessary to
include exposed cobbles. This material was graded using sieves of
25 mm, 16 mm, 8 mm, 4 mm, 1 mm, and in some cases 0.420 mm mesh
openings. Three or more sets of these 25 mm samples were taken at most
sites. The particle-size composition in each sample was expressed as
percentage of the total volume in the sample, determined by
water-displacement. Averages from the several samples were then taken

as descriptive of the site.

3) Substrate in areas seined.--An analysis of substrate composition

for areas seined was derived from point measurements taken at
approximately one meter intervals perpendicular to the longitudinal
axis of each haul. The number of measurements was standardized to two
for 6-foot, three for 15-foot, and five for 30-foot seines. Series of
point measurements were duplicated at five meter intervals in the
longitudinal plane of the haul. The predominant substrate type for
each haul was found by averaging coded values obtained in each
dimension. Categories assigned for each seine haul were silt

(< 0.420 mm), sand (0.420 - 4 mm), gravel (4 - 16 mm), rubble

(> 16 mm), or combinations of these.
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4) Substrate in areas of benthos sampling.--Substrates were

characterized during benthos collections in the same manner as seining,
with visual interpretations derived from the area within the portable

invertebrate box sampler (PIBS).

The four methods have differing utility. 1) Core samples analyzed
by EPA provided the most precise particle-size determinations, and the
only determinations in depth of the riverbed. Their disadvantages are
that both the numbers of samples and the areas sampled are small, and
core tubes could be driven into only the finer substrates; hence the
results are biased with regard to variability in particle sizes of the
riverbed at most sites.

2) Sieve analyses by KU personnel covered greater areas than the EPA
core samples and allowed for inclusion of gravel and cobble substrates
where present, but did not allow for grading below 1 mm (in field) or
0.420 mm (in lab) particle sizes due to logistic and equipment
limitations.

3) Substrate determinations performed in areas seined are the most
"representative" of study sites due to the large areal extent of the
analyses. The disadvantage of this method is the lack of precise
particle-size categories obtained in core samples and sieve analyses.
4) Substrate determinations made during benthos collections were
merely descriptive as in seined areas, but adequately represent the

composition of the top fraction inhabited by benthic organisms.

Most analyses and discussions of substrates which follow are based
on the descriptive methods used in seining. Actual categories of
substrates are less precisely defined but allow for extrapolation of

cause-and-effect relationships to broad areas of the river bed.

Sediment Chemical Analysis - EPA

Two composite core tubes 60 centimeters long and 5 centimeters in
diameter were driven into the sediments at each control site and at the
"A" and "E" transects of each dredge site. The sediments were removed
from the tubes at the EPA laboratory, fractioned into two fractions and

composited by fraction. The top six inches and bottom fourteen inches
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were then analyzed for each transect according to standard EPA methods

for trace metals, pesticides and other parameters found in Table A1-10.

Suspended Solids and Settleability USGS

Water samples were collected at three points on each of seventeen
transects (Fig. 3) following procedures prescribed by the USGS Water
Resources Laboratory, which analyzed the samples. At each point a
sampler was dropped slowly into the water, allowed to touch the
substrate and then retrieved. Water entered the bottle during this
time providing vertically composited samples of the entire water
column. These samples were then analyzed according to standard USGS
methods to provide data on the total suspended solids and a profile of

the percent of the total solids with given full diameters.

Current velocity was obtained using a Gurley current meter at the
same points as were used for sediment samples. When the river depth
was at least 1 m at the sampling point, current velocities were
obtained from several discrete depths and averaged to obtain the mean
current velocity. If the water was less than 1 m in depth a single
current velocity was obtained at 0.6 of the total depth. If this were
the case, additional points were averaged to obtain the mean current

velocity in feet per second.

Other Water Quality Parameters - KU

Dissolved oxygen

Dissolved oxygen samples were obtained at mid depth in the water
column at three points (Fig. 3) on each of the nineteen transects.
Additional samples were collected from the return water discharge pipe
at each dredge site. The samples were collected using a Van Dorn
discrete depth sampler, transferred to glass Biological Oxygen Demand
(BOD) bottles with ground glass stoppers and fixed in the field. The
modified Winkler with full bottle technique was employed for the

analysis of dissolved oxygen concentration in milligrams/liter.
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pH

pH samples were collected using the Van Dorn sampler at mid depth
from three points (Fig. 3) on each of the nineteen transects and the
discharge pipes at dredge sites. These samples were transferred to
opaque polypropylene bottles and cooled for preservation. Analysis was

doné using a Horizon Ecology model 5996 pH meter.
Total Dissolved Solids

Samples for total dissolved solids (TDS) analyses were obtained
and preserved in the same manner as the pH samples above. The ionic
content of the water in milligrams/liter was determined using a Myron

model 542T1 dissolved solids meter.
Chlorophyll a

Samples for chlorophyll a content determination were collected and
preserved in the same manner as the pH samples. The concentration of
chlorophyll a in milligrams/liter was determined using a Turner Designs

model 10-000 fluorometer.
Turbidity

Samples for the measurement of turbidity were obtained and
preserved in the same manner as the pH samples. The turbidity of the
water was determined in Nelson Turbidity Units using a Hack model 16800

turbidimeter.
Total and Phenolphthalein Alkalinity

Samples for the measurement of alkalinity were collected and
preserved in the same manner as the pH samples. The alkalinity values

were determined in milligrams CaCO, per liter titrimetrically using

3
phenolphthalein and bromcresolgreen-methyl red indicators.
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Suspended Particle Size Analysis

Samples for the measurement and size classification of suspended
particles were collected in the same manner as the pH samples. A
Coulter particle size analyzer was utilized to count the number of
particles in a 0.5 ml sample with diameters in the following eight size
classes: 5-8 microns (p), 8-13p, 13-16p, 16-25p, 25-32u, 32-40p,
40-51y, and 51-64p. These size classes extend beyond the finest range

of the USGS suspended solids analysis.

Depth

The river depth was measured at three points (Fig. 3) on each of
the nineteen transects. A six meter long aluminum conduit was marked
in ten centimeter graduations. For depths greater than six meters a

weighted rope marked in 25cm graduations was utilized.

Temperature

The water temperature was taken at three points on each of the
nineteen transects. The 30 cm deptb was. utilized where practical for
the temperature readings. Air temperature was recorded at hourly
intervals. A mercury thermometer was used to determine the temperature

in degrees centigrade.

Plankton

Phytoplankton

Phytoplankton samples were collected at three points (Fig. 3) on
each of seven transects. One control transect was sampled as were the
"A" and "E" transects of each dredge site. The Van Dorn discrete depth
sampler was utilized to collect the sample from the mid depth point.
The sample was then transferred to a 125 milliliter (ml) glass bottle
and preserved with Lugals preservative stain. Six milliliters of this
was then allowed to settle onto a slide and phytoplankton were

identified and counted using a Wild M40 microscope.
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Carbon-14 primary productivity analyses were also conducted.
Water samples were collected from the seven transects mentioned above
by filling a dark polypropylene bottle near the surface of the water.
These samples were cooled and analyzed immediately upon arrival at the
lab. The samples were spiked with Carbon-14 and incubated in a growth
chamber for four hours. The samples were then prepared as in Schindler
(1972) 14C and the radioactive carbon assimilated by the algae was

counted using a Packard (2425 scintillation counter.
Zooplankton

Zooplankton samples were collected at the same points as the
phytoplankton. A 70 micrometer (pm) mesh plankton net was attached to
a six meter long aluminum conduit and passed vertically through the
water column. The number of vertical net draws was dependent upon the
water depth. Twenty meters of water were passed through the net at
each point and concentrated into a 125ml sample. The samples were then
presérved in 4% formalin and counted using a counting wheel and

dissecting microscope. The entire 125ml sample was counted.

b) Benthos and Drift Samples

Between June 1979 and September 1981, invertebrates were collected from
the benthos and drift at Control and Dredge sites on 10 occasions (Table 1).
Whenever water depth and current velocity permitted, organisms in the
benthos were collected using a standard portable invertebrate box sampler
(PIBS) of area = O.lmz. In deep water, a standard Ekman or a Peterson grab
was used from an anchored boat. The benthic surface area sampled was
standardized to that of the PIBS (0.1m2). Of the 221 benthos sample sets,
11 used Ekman grab and 24 used Peterson grab. In Table 26 and throughout
this section, all grab samples are expressed in PIBS-equivalents and in the
text and other tables they are lumped with PIBS samples under the same
heading. Incorporating this standardization, there was a total of 663
benthic samples taken over the course of this project. At the time that

each benthic sample was taken, qualitative estimates of substrate

composition, water velocity and depth were recorded. Aquatic invertebrates
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in the drift were collected with 12" x 18", 54-mesh anchored drift nets.
The mesh size (363 microns) precluded the capture of microinvertebrates

generally considered zooplankton.

The sampling procedure involved a series of three PIBS sample sets,
each consisting of three PIBS or PIBS-equivalent samples, along two
transects at each of two Control sites, Cl and C2, and five transects (A
through E) across each Dredge study site, D1, D2 and D3. Sample sets were
taken from the left and right sides of the channel, as far offshore as the
PIBS could be used effectively, up to one-fourth of the channel width. The
third sample set was taken in midstream, most often with Ekman or Peterson
grabs. After August 1979, the B, C and D transects were eliminated from the
collection procedure and only one Control transect was sampled (Table 26).
The drift was sampled by the placement of one anchored drift net along the
river bank at each transect in water of mean depth 0.5m for 45 min to 1 hr.
Beginning in June 1980, drift sampling effort was doubled by the placement
of a second net on the opposite side of the river at each transect for the
same duration. All organisms were hand picked from samplers in the field

and preserved in 709 EtOH.

In the laboratory, all specimens were sorted and identified to genus
when possible. A few taxonomically difficult groups, the annelids, gammarid
amphipods, several diptera and pisidiid clams were identified to higher
taxonomic levels, usually family. TIdentifications were made using
invertebrate taxonomic keys in Merritt and Cummins (1978) and Pennak (1978).
In addition, on several occasions, assistance was received from researchers
at the Kansas Biological Survey (see acknowledgments) in the identification
and verification of various specimens. Terrestrial invertebrates found in
benthic and drift samples were ignored, though retained with the aquatic

collections.

c) Fish samples

Three fish collecting techniques were employed in sampling. Each gear
type is selective for certain kinds and sizes of fishes, and varies in

effectiveness with depth, current velocity, turbidity, or other factors.
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Fundamental differences between gear types, such as measurement of effort,
habitat suitability, and efficiency and selectivity of capture require the
treatment of these methods in separate sections of the analysis. Seining,
electrofishing, and trammel netting were performed in accordance with the

schedule summarized in Table 1.

cl) Seining.

Seines of various sizes (6' x 4' x 1/8", 15' x 5' x 1/4", 30' x 8' x
3/8") were used. The 15-foot seine was always used to provide standardized
basic data from all sampling sites for the full term of the study.
Additional hauls with other seines were made when possible. Seining was
limited to the shoreline, islands, riffles, or backwaters where take-out was
practicable. A minimum of four hauls (two on each side of river) were taken
at each of these tramnsects: Cl1A, C1B, C2A, C2B, D1A, D1D, D1E, D2A, D2D,
D2E, D3A, D3D, D3E. Where transects disclosed several habitat types, more
hauls were made. Supplemental seine hauls were taken occasionally near
transects in addition to our standard effort. Haul lengths were measured in
meters between fixed points parallel to the shoreline. Width of haul was
determined by the distance between the seine operators. Haul areas used in
computing density and biomass were calculated by multiplying the haul length
by the haul width. All fish taken in seines were preserved in 10% formalin,

and kept separately by haul.

An analysis of habitat structure for seining was modeled on Gorman and
Karr (1978), utilizing three dimensions of habitat diversity. Point
measurements of depth, current, and substrate were taken at approximately
one meter intervals perpendicular to the longitudinal axis of each haul.
The number of measurements was standardized to two for 6-foot, three for
15-foot, and five for 30-foot seines. Series of point measurements were
duplicated at five meter intervals in the longitudinal plane of the haul. A
gauge of habitat structure for each haul was found by averaging the vglues

obtained in each dimension.

In the laboratory, metric lengths and weights for individual fish were

measured for each species in each haul. Weights in 1979 were determined
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using a triple-beam balance calibrated to 0.1 grams (gm). Acquisition of an
electronic balance in late 1979 permitted subsequent weights to be measured
to 0.01gm. Total and mean lengths, weights, and condition coefficients,
densities (fish per mz), and biomass (gms per m2) were tabulated for each
species from each transect wusing a Honeywell 66/60 computer.
Length-frequency histograms were also tabulated by computer. Some specimens

were examined for stomach contents, reproductive information, and parasites.

c2) Electrofishing

Electrofishing gear consisted of a 14' johnboat with a boom-mounted
stainless steel rake anode and two trailing cathodes. The front-mounted
anode was hung such that it extended about 6" - 18" below the surface.
Power was provided by a 2750-watt Sears alternator, with current passing
through a Coffelt variable voltage pulsator unit (model VVP-15) and pedal
switch. One person dip-netted from the front of the boat, with netting
assistance provided by the driver. Electrofishing effort was determined by
length of shoreline sampled, usually 200 m along the longitudinal axis of
the river on each side both upstream and downstream from each dredge pit.
Electrofishing effort at dredge study sites was conducted between the
established A and B, and D and E transects, hereafter referred to as A-B and
D-E in electrofishing tables and discussion (Fig. 3). At the two control
sites and the partial study site, 200 m sections along the longitudinal axis
of the river on each side were electrofished upstream and downstream of a
designated midpoint at each site. Characterization of upstream and
downstream at these sites was undertaken merely to conform with dredge study
site samples and the data were later combined by site only. Supplemental
electrofishing was done in additional areas upstream and downstream of study
sites. Because this effort was random, mostly to determine what additional
fishes occupied the site, the data (total numbers only) were kept separate
from standard samples. Effort units refer to the numbers of fish caught per
1000 m of electrofishing effort. Some or all parts of certain sites were at
times impra<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>