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PREFACE

The Lower Mississippi River Environmental Program (LMREP) is being con-
ducted by the Mississippi River Commission (MRC), US Army Corps of Engineers.
It is a comprehensive program of environmental studies of the leveed flood-
plain of the Lower Mississippi River. Results will provide the basis for
recommending environmental design considerations for the navigation and flood
control features of the Mississippi River and Tributaries Project.

One component of the LMREP is the Dike System Investigation. This report
presents results of a study documenting the physical and biological character-
istics of five secondary channels in the Lower Mississippi River, three of
which have had dikes constructed at the upstream end to restrict the con-
veyance of flow. Data were collected from the river between miles 935 and 250
during the period July through October 1984.

Data were collected by individuals from the Aquatic Habitat Group (AHG) ,
Environmental Laboratory, US Army Engineer Waterways Experiment Station. The
report was prepared by Mr. John A. Baker, Dr. C. H. Pennington, Mr. C. Rex
Bingham, and Mrs. Linda E. Winfield of the AHG.

The investigation was managed by the Planning Division of the MRC and was
sponsored by the Engineering Division, US Army Engineer Division, Lower
Mississippi Valley. Mr. Stephen P. Cobb, MRC, was the program manager for the
LMREP. The investigation was conducted under the direction of the President

of the Mississippi River Commission, BG Thomas A. Sands, CE.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (met-

ric) units as follows:

Multiply By To Obtain
acres 4,046.873 square metres
cubic feet 0.02831685 cubic metres
feet 0.3048 metres
inches 25.4 millimetres
miles (U.S. statute) 1.609347 kilometres
pounds 0.4535924 kilograms
square miles 2.589998 square kilometres



LOWER MISSISSIPPI RIVER ENVIRONMENTAL PROGRAM

An Ecological Evaluation of Five Secondary Channels
in the Lower Mississippi River

PART I: INTRODUCTION

Background

MR&T Project

Along the course of the Lower Mississippi River and on the associated
floodplain, flooding has historically been a major deterrent to development.
For example, destructive floods occurred in 1849, 1858, 1882, 1897, 1912,
1913, 1916, 1922, 1927, 1937, and 1973. The Mississippi River Commis=
gsion (MRC) was established by Congress in 1879 to develop and carry out flood
control and navigation measures for the Lower Mississippi River that would be
financed by the Federal Government.

The devastating flood of 1927, the flood of record, destroyed many exist-
ing levees, flooded large areas of farmland and numerous municipalities, and
caused loss of livestock and human life in the Lower Mississippi Valley. This
flood motivated the Congress to pass the Flood Control Act of 1928, which
authorized the Mississippi River and Tributaries (MR&T) Project. The MR&T
Project is a comprehensive plan for flood control and navigation works on the
main stem Lower Mississippi River and tributary streams and consists primarily
of levee systems, channel improvement works, and floodways. The MRC is
responsible for carrying out the project.

Lower Mississippi River
Environmental Program (LMREP)

The LMREP is being conducted by the MRC. This 7-year program has as
objectives the development of baseline environmental resources data on the
river and associated leveed floodplain and the formulation of environmental
design considerations for channel training works (dikes and revetments) and
the main stem levee system., The LMREP was initiated in fiscal year 1981 and
is scheduled for completion in fiscal year 1987. Fishery and wildlife popu-
lations and habitat are the main focus of the LMREP, The LMREP is made up of



five work units: levee borrow pit investigations, dike system investigations,
revetment investigations, habitat inventories, and development of the Comput-
erized Environmental Resources Data System (CERDS), a geographic information
system containing environmental data. This investigation is part of the hab-
itat inventories work unit dealing with secondary channels.

There are numerous secondary channels on the Lower Mississippi River that
are separated from the main navigation channel by large islands. The aquatic
habitat within these channels comprises approximately 6 percent of the total
water surface acreage at any given river stage (Cobb and Clark 1981). Flow
through permanent secondary channels is maintained year round, while flow is
restricted at the upstream opening of temporary secondary channels so that

flow through the channels does not occur during low river stages.
Objectives

The work reported herein was undertaken in 1984 to document the chemical,
physical, and biological characteristics of five secondary channels on the
Lower Mississippi River between river miles 935 and 250. Dike structures were
in place at the upstream opening of two channels, while the other three chan-
nels did not contain dike structures. This work had the following objectives:

a. Obtain baseline data on the physical and chemical characteristics of
five secondary channels.

b. Describe the distribution and abundance of fishes and benthic macro-
invertebrates in five secondary channels.

c. Evaluate, to the extent possible, effects of dikes on fishes and
benthic invertebrates in secondary channels.

More detailed evaluations of the effects of dike structures on ecological
characteristics of secondary channels would be necessary to fully achieve
objective c¢. Such analyses are beyond the scope of this report but are

planned as part of the overall LMREP.



Study Area

The Mississippi River is the fourth largest drainage basin in the world
(1,245,000 square miles*), exceeded in size only by the watersheds of the
Amazon, Congo, and Nile Rivers. The river drains 41 percent of the contiguous
48 States and a portion of Canada.

The Lower Mississippi River flows from the confluence of the Ohio and
Middle Mississippi Rivers at Cairo, Il1l., to the Gulf of Mexico, a distance of
approximately 975 river miles (RM). At Vicksburg, Miss. (RM 437), approxi-
mately midway along the Lower Mississippi River, the mean annual discharge of
the river is 552,000 cubic feet per second (cfs); the mean monthly maximum and
minimum flows are 948,000 cfs in April and 261,000 cfs in September, respec-
tively. The maximum flow recorded at the Vicksburg gage was 1,806,000 cfs
during the flood of 1927; the discharge during this flood has been estimated
to have been 2,278,000 cfs if the mainline levees upstream of Vicksburg had
not crevassed (Tuttle and Pinner 1982). The difference in river stage between
the average minimum discharge and average maximum discharge is about 27 ft on
the Vicksburg, Miss., gage although river stage may fluctuate more than 45 ft
in stage in a particular year. Suspended sediment transported by the river
averages 161 million tons per year (Keown, Dardeau, and Causey 1981).

Flooding along the river may occur during the fall, winter, and spring
and varies considerably in time, stage, and duration from year to year.
Highest stages are typically reached from March through May; peak flows occur
in April on the average.

The approximately 2.5 million acres of leveed floodplain are composed of
81 percent land and 19 percent water, including abandoned channels, oxbow
lakes, levee borrow pits, and the main river channel (Ryckman et al. 1975).
The floodplain of the Lower Mississippi River is leveed along both banks. The
main stem levees are continuous on the west bank except at the confluences of
the St. Francis River and the Arkansas-White Rivers. Levee segments and
bluffs alternate on the east bank, A system of dikes and revetments is being

constructed throughout the river for navigation and flood control purposes.

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 3.



The five secondary channels (Wolf Island, Island 8, Lakeport Towhead,
Cottonwood Bar, and Profit Island) investigated in this study are located
along the main stem Lower Mississippi River between river miles 935 and
250 (Figure 1). The percentage of total flow carried by the secondary chan=
nels has varied with time and with river stage. The secondary channels
themselves are morphologically active to varying degrees, exhibiting scour,
deposition, and bank caving. To stabilize the river for flood control and
navigation purposes, dikes either have been or will be constructed in the
secondary channels to partially restrict flow through them.

Wolf Island secondary channel has its upstream end at RM 935, less than
20 miles from the confluence of the Ohio River (Figure 1). This secondary
channel is shorter than the adjacent main channel, being only about 2.75 miles
in length. It is also relatively wide, being nearly 1 mile near the down-
stream end at the time of sampling (Figure 2)., No dikes have been constructed
at this channel, although they are planned.

Island 8 secondary channel is located at RM 910.7 to 915, approximately
20 miles downstream of Wolf Island (Figure 1). The length of the secondary
channel, over 7.5 miles, is considerably greater than that of the adjacent
main channel due to its position on a large bend. The Bend of Island 8
revetment, built in 1928-30, protects about a 2-mile reach of bankline near
the upstream end of the channel (Figure 3). The Island 8 dikes are buried
near the upstream end of the island. These two structures are remnants of
channel training activities when the present secondary channel was the main
navigation route. A dike is planned for the upstream end of this channel,
although construction is not scheduled for the near future.

Lakeport Towhead secondary channel (also known as Refuge secondary chan-
nel, and earlier as American Cutoff) diverges from the main navigation channel
at about RM 528.5, less than 10 miles downstream from the mouth of the Green-
ville, Miss. harbor (Figure 1). The secondary channel is about 4.25 miles in
length, slightly longer than the navigation channel at this site (Figure 4). .
In 1979, Refuge Dike was constructed across the upper end of this channel at
RM 528.3. This 5,040-ft-long L-head dike has a bankhead crown elevation of
29.0 ft (LWRP), a crown elevation of 18 ft for 75 percent of its length, and
a 19 ft elevation at the end of the dike. The dike extends completely across

the end of this secondary channel so that, at river stages below the lowest



crown elevations, little flow enters the channel. The remnants of the
American Cutoff Revetment are present in the downstream end of the channel.

The secondary channel at Cottonwood Bar (Figure 1) is located along the
left bank of the river in the vicinity of RM 470. This channel was about
3 miles long at the time of sampling. In 1983 two dikes were constructed as
the initial phase of a long-range plan to develop a third channel through the
island between the bendway channel and the secondary channel. This third
channel is on a more stable alignment and will eventually become the main
channel. The L-head dike at the immediate upstream end of the secondary chan-
nel, Arcadia Dike, is 4,000 ft long, has a bankhead crown elevation of 33 ft,
and a crown elevation thereafter of 22 ft. This dike did not completely block
flow during the year of the study (Figure 5). 1In 1985, however, this dike was
extended, and another dike was constructed in the downstream portion of the
secondary channel. Additional work to raise the dikes was accomplished in
1986,

The upstream end of the 3-mile-long Profit Island secondary channel (Fig-
ure 6) is located near RM 252 (Figure 1). This channel, located along the
left bank of the river, is relatively narrow. A dike was constructed at the
upstream end of this channel in 1986, but no training works were in place at
this site during the study.

The general secondary channel habitat is comprised of several recogniz-
able components, or microhabitats. For the purposes of this study, microhabi-
tats present within all five channels were the natural bank, the midchannel,
and the sandbar. The sandbar was additionally divided into the portion bor-
dering the secondary channel, termed the secondary channel sandbar, and tpe
portion bordering the main channel, termed the main channel sandbar. In
secondary channels with dikes, the area immediately adjacent to the dike was

considered a separate microhabitat.



PART II: METHODS

Physical/Chemical

Five to seven transects (designated by letters A through G) were estab-
lished at each secondary channel (Figures 2-6). Transects A and B were located
along the upstream and downstream faces of the dike, if a dike was present in
the channel. Transects C through G were positioned perpendicular to the axis
of flow in each channel, with transect C being nearest the upstream end and
transect G nearest the downstream end. Five sampling stations were estab-
lished along transects A, B, C, E, and G. Station 1 was located at the natu-
ral bank, stations 2 and 3 in midchannel, station 4 at the secondary channel
sandbar, and station 5 along the main channel sandbar. Only natural and sec-
ondary channel sandbar stations were located on transects D and F.

All five secondary channels were sampled during July 1984. River stage
at the time of collecting was 16 to 18 ft at the Vicksburg gage and 23 to
25 ft at the Greenville gage. Lakeport Towhead and Cottonwood Bar were
resampled during October 1984, at which time the river stages were 6 to 6.5 ft
and 13 to 16 ft at the Vicksburg and Greenville gages, respectively.

Dissolved oxygen concentration, temperature, specific conductance, and pH
measurements were taken at stations 1 through 4 on transects C, E, and G in
each channel. At stations having a maximum depth less than 1 m, single, mid-
depth measurements were taken for each variable. For stations with maximum
depths of 1 to 2 m, surface and bottom measurements were obtained; if depth
exceeded 2 m, measurements were taken from the surface, middepth, and bottom.
All measurements were made in situ using a Hydrolab 8000 unit. Water samples
for optical turbidity determination were taken from each depth with a Van Dorn
bottle and were immediately placed on ice. Turbidity determinations were made
for all samples at the end of the day using a Hach 2100 Turbidimeter. Current
velocities were obtained at each water quality station and sampling depth
using an Endeco Type 110 ducted impeller meter. One sediment sample was col-
lected for grain-size analysis from each station. Sediment grain sizes were
grouped into five general categories: particles larger than 4.76 mm consti-
tuted gravel; particles 2.00 to 4.76 mm were coarse sand; those 0.42 to
2.00 mm comprised medium sand; particles 0.074 to 0.42 mm were fine sand; and

fines were particles less than 0.074 mm.



Biological

Macroinvertebrates

Two grab samples were taken at each station on transects C-F (24 samples
per channel). Most samples were obtained with a Shipek dredge; however, at a
few stations a petite ponar sampler was used. Samples were sieved (500-u
mesh) in the field and the macroinvertebrates immediately preserved in
S5-percent formalin. Substrates (mostly coarse sands) that did not pass
through the sieve were placed in 5-percent formalin and the macroinvertebrates
separated from these substrates by elutriation. All macroinvertebrates were
transferred to 80-percent ethanol and stained for at least 48 hr with
Rose Bengal. Initial sorting was done under 3X circline lamps. Macroinverte-
brates were identified to the lowest possible taxon.

In addition to the bottom samples, macroinvertebrates were also collected
from the dikes at Lakeport Towhead and Cottonwood Bar during July. Three
rocks were obtained from approximately 0.5-m depth at each station on each
side of the dike. Invertebrates were brushed and picked from the rocks and
sieved with a 500-u sieve. After sorting and identification were completed,
macroinvertebrates obtained from the rocks were dried to constant weight at
65° C., Total weight for each major taxon except the Chironomidae was deter-
mined to the nearest 0,001 g using a Mettler Model H54AR analytical balance.
Chironomid biomasses were not estimated because these invertebrates must be
permanently mounted on slides for identification. The rocks from which the
invertebrates were removed were returned to the lab and their surface areas
estimated by covering the rocks with tin foil, then weighing the foil and con-
verting to area using an empirically determined ratio.

Fishes

Data on fish populations were collected by electroshocking, seining, and
hvdroacoustic techniques. A Coffelt boat-mounted electroshocker was operated
in pulsed-DC mode and adjusted to output 4 to 6 amps at 250 to 400 V. Elec-
troshocking samples consisted of 10-min runs made moving with the current,
parallel to and near the shoreline or dike. Samples were taken in the vicin-
ity of stations 1, 4, and 5 on transects C, E, and G in each channel. 1If a
dike was present, two samples each were collected from above and below the
structure. Where conditions permitted, seine samples were collected at all

bank stations within the secondary channel and at a minimum of three stations
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along the main channel sandbar. If a dike was present, and if conditions per-
mitted, at least two hauls were made along both upstream and downstream faces.
The seine measured 15 by 4 ft and had 3/16-in. Delta mesh. Hauls were 50 ft

in length and were always made in a downstream direction if a current existed.

Most fish collected with the electroshocker were identified, measured
(total length to the nearest millimetre), and weighed (to the nearest gram) in
the field. Smaller fish taken with the shocker, and all fish collected with
the seine, were immediately preserved in l0-percent formalin and returned to
the lab for processing. Total lengths and blotted wet weights were obtained
to the nearest 0.1 mm and 0.1 g, respectively. Fish returned to the lab for
processing were stored in 50-percent isopropanol.

Hydroacoustic data were collected using a BioSonics Model 101 Dual-Beam
Echo Sounder operating at 420 kHz, a BioSonics Model 121 Digital Echo Integra-
tor, a BioSonics Model 171 Tape Recorder Interface, a Sony Model PCM-F1 Digi-
tal Audio Processor, a Sony Model SL-2005 Portable Video Cassette Recorder, an
Otrona Attache microcomputer, an EPC Model 1600 Chart Recorder, an oscillo-
scope, and a 420-kHz 6-deg/15-deg dual-beam transducer mounted in a BioSonics
Towed Body.

The dual-beam transducer was towed at a depth of approximately 1 m and
aimed straight down. All pulses were transmitted on the 6-deg transducer ele-
ment. For echo integration, the echo signals received on the 6-deg element
were then amplified by the echo sounder at 20 log (R) time-varied-gain (TVG)
and relayed to the echo integrator. For dual-beam processing, echoes were
received on both the 6- and 15-deg elements. The signals were amplified at
40 log (R) TVG and directed to the tape recorder interface, then to the signal
digitizer and a video cassette recorder. Signals on both channels were
recorded for later dual-beam analysis in the laboratory. The echo sounder was
configured so that echo integration and dual-beam recording could take place
simultaneously.

The acoustic system was calibrated prior to sampling to ensure that tar-
get echoes of known acoustic size produced a specific output voltage from the
echo sounder. The minimum voltage threshold was set so that only targets with
acoustic sizes greater than -60 db (equivalent to approximately l.7-cm fish)
would be accepted for further processing. Postproject calibration verified
that the sensitivities remained constant throughout the study. At each secon-

dary channel, five cross-channel samples were collected: COl to C04, DOl to

11



D04, EOl to EO4, FOl to FO4, and GOl to GO4, Samples were also taken parallel
to and near the natural bank (COl, DOl, EOl, FOl, and GOl) and the secondary
channel sandbar (C04, D04, EO4, FO4, and GO4). Sample transects along the
banks were run in a zigzag fashion to and from the shore. The hydroacoustic
data were recorded on digital video cassettes and returned to the laboratory

for analysis.
Analytical

Fish, macroinvertebrate, and water quality data were evaluated by analy-
sis of variance (ANOVA) to determine if there were differences among channels,
differences between months of sampling, or trends within each secondary chan-
nel from upstream to downstream or across the channel from natural bank to
sandbar. For some analyses, stations were grouped by microhabitat within each
secondary channel: natural bank, dike (if present), secondary channel sand-
bar, main channel sandbar, and midchannel. Water quality variables were addi-
tionally examined for differences due to depth. Means for significant effects
(P < 0.05) were separated using Duncan's Multiple Range Test. Differences
between diked and nondiked channels were evaluated using specific linear
contrasts.

For electroshocker and seine samples, evaluations were made of the per-

sample numbers and weights of all fish species combined and for the major
species separately. Seine and electroshock data were analyzed separately.
For the macroinvertebrate grab samples the total number of organisms and total
number of species identified were evaluated. Fish and benthic data were log-
transformed prior to analysis. Diversity of fishes and macroinvertebrates at
each secondary channel and for each month was measured by the total number of
taxa and by the Shannon-Weiner diversity index.

Macroinvertebrates taken from the dikes at Lakeport Towhead and Cotton-
wood Bar in July were analyzed separately from the grab samples. Total num-
bers of organisms, total number of taxa, and numbers of organisms for dominant
species were evaluated by ANOVA for differences between the upstream and down-
stream side of the dike and for differences between the two channels.

The relationship between sediment grain size and benthic macroinverte-
brate distribution was examined by cluster analysis using Ward's minimum

hierarchical algorithm on the Statistical Analysis System. Sediment samples
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were clustered on the basis of the percentage of material retained in 18 stan-
dard sieve sizes ranging from 1.00 in. to >No. 200. July macroinvertebrate
samples were clustered based on the percentage of organisms in each of

17 selected categories. Only July samples were used because in October only
two of the five channels were sampled. Sixteen of the categories represented
the taxa which cumulatively accounted for more than 90 percent of all organ-
isms identified during the study; the final category represented all remaining
taxa combined. Macroinvertebrate samples were included in the analysis only
if they contained at least 15 organisms; this significantly reduced the chance
that anomalous samples containing very few organisms would unduly affect the
results. Finally, sediment and macroinvertebrate clusters were compared to
determine the degree of correspondence, and the individual macroinvertebrate
samples were examined to elucidate the relationship of sediment grain size to
the distribution of specific taxa.

Hydroacoustic data were analyzed as fish densities by depth strata along
each transect and as fish target strengths (acoustic sizes) along each tran-
sect. Because of the relatively low fish densities, the shallow water (0 to
10 m), and frequently changing bottom depth, fish densities were estimated
using echo counting techniques. Individual fish counts were determined from
the chart-recorded echograms. The dual-beam processor was used to assist in
developing the criteria for identifying fish from the acoustic returns.

Hydroacoustic detection of fish is generally precluded within 1 m of the
transducer, within approximately 15 cm of the bottom, and in turbulent water.
The composite vertical distribution of fish along the different banks and in
the open channel reflects the relative position of the fish from shore, the
relative position of the fish between the surface and bottom, and the contour
of the bottom. The composite vertical distribution data combined with infor-
mation from echograms suggest that the fish distribution pattermns reflect the
relative position from surface to bottom in most cases. Briefly, dual-beam
target strength measurements are made as follows. A pulse is transmitted on a
narrow-beam element, and echo signals are received on both the narrow- and
wide-beam elements. The outputs from both elements are made equal for an
on-axis target. The system is constructed so that the peak voltages from the

two elements can be used to calculate target strengths.
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Although many variables can affect a fish's reflecting properties, an
empirical relationship between average fish length and average target strength

has been derived (Love 1971). This relationship is given by:
log (L) = (0.052) TS + (0.047) log (f) + 3.246

where L = fish length (ecm) and f = hydroacoustic frequency (kHz) . This
relationship is based on measurements of eight species of fish and data from
at least 16 other species (Love 1971). Using the dual-beam system, Burczynski
and Johnson (1983) have found that this relationship applies well to in situ
measurements of target strengths for salmon. However, target strength/fish
length comparisons for the species from the Mississippi River have not been
made, and this relationship may not hold.

The data were organized in files corresponding to individual transects
for the five secondary channels. Target strength frequency distributions were
calculated for each transect, for groups of similar transects (i.e., natural
bank transects), and for all the data combined for each channel.

Average fish density (number/100 m3 of water) was evaluated by ANOVA for
differences among microhabitats (secondary channel sandbar, natural bank, and
open channel) and among the five secondary channels. Differences between
diked and nondiked channels were evaluated by specific linear contrasts. Den-
sity values represented a vertically integrated sample across all depth
strata. Sample density values at each secondary channel site were obtained
for five different segments of a long zigzag transect oriented upstream to
downstream along the natural bank shore, five similarly oriented transect seg-
ments along the secondary channel sandbar, and three transverse transects
oriented across the channel, The transverse transects were used to provide

sample values of fish density for the open channel.
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PART III: RESULTS

Data referenced in the following sections have been compiled into four
appendixes. Appendix A summarizes the basic water quality and current
velocity data for the five secondary channels; Appendixes B and C present
summary fish and macroinvertebrate information, respectively; and Appendix D

gives sediment grain size data.

Physical/Chemical

Current speed and water quality

Mean current speeds in July were relatively high at Wolf Island., Island
8, Cottonwood Bar, and Profit Island but they were significantly lower at
Lakeport Towhead (Table 1). Considerable variation in current speeds was
observed both at individual sampling stations within each channel and also
among channels (see Appendix A tables). Wolf Island currents, for example,
were highest along the downstream transect, and they tended to be lowest along
the natural bank. Lakeport Towhead, Cottonwood Bar, and Profit Island all
showed general upstream to downstream decreases in current speed, but they
differed in cross—channel current patterns. At Island 8 and Cottonwood Bar,
the slowest currents were generally found along the secondary channel sandbar,
while at Lakeport the slowest currents were along the natural bank. Island 8
currents were consistent upstream to downstream, but showed some cross-channel
variability, being lowest along the secondary channel sandbar.

Virtually no current existed in Lakeport Towhead secondary channel during
the October sampling (Table 1). At Cottonwood Bar, however, neither current
speeds nor their within-channel pattern changed appreciably from July
(Table A13). Although dikes were in place in both these channels and were
built to nearly the same elevation, the dike at Cottonwood Bar allowed flow
around its channelward end, and through the channel, at most river stages.

Temperature, pH, and dissolved oxygen concentration were similar at all
five channels during July (Table 1), and these variables showed few within-
channel differences (Appendix A). Temperatures averaged from 27.5 to 28.0° C;
pH ranged only from 7.3 to 7.5; and mean dissolved oxygen varied among chan-

nels only from 5.5 to 6.0 mg/4.
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Conductivity values were similar at three of the channels in July, but
they were significantly higher at Island 8 and significantly lower at Lakeport
Towhead (Table 1). Conductivity generally showed low variability at each
channel, with the exception of Wolf Island, where values increased consis-
tently from upstream to downstream and from natural bank to secondary channel
sandbar (Table Al).

Turbidity levels were different among chanmnels in July (Table 1), and
turbidity also showed relatively great within-channel variability at two
sites, Wolf Island and Lakeport Towhead (Tables Al and A3). Turbidity was
consistently high throughout Island 8 secondary channel, and consistent,
though significantly lower, at Cottonwood Bar and Profit Island. At Wolf
Island, turbidity measurements closely tracked conductivity, increasing from
upstream to downstream and from natural bank to sandbar. At Lakeport turbid-
ity declined significantly between transects E and G (Table A3).

In October, temperature was lower, as expected, in both Lakeport Towhead
and Cottonwood Bar (Tables A4 and A6), and presumably as a consequence, dis-
solved oxygen readings were consistently higher. Conductivity and turbidity
values were similar to those found in July at Cottonwood Bar, but mean values
for both these variables changed significantly at Lakeport. Conductivity
increased, and turbidity decreased, presumably due to the reduction in current
speeds. Mean pH did not change appreciably in either channel.

Sediments

Fine sand (particles 0.074 to 0.42 mm) was the dominant sediment grain
size fraction at all five secondary channels in both sampling periods (Fig-
ures 7 and 8). However, differences among channels were apparent both in
terms of overall substrate composition and in the variability among individual
stations (Table D1). At Wolf Island, all five sediment grain size fractionms
were present in appreciable amounts, and variability among individual stations
was great. Island 8 sediments consisted mostly of fine and medium sands, and
station-to-station variability was small compared to that at Wolf Island.
Lakeport Towhead sediments were well sorted, consisting mostly of fine sands
and/or fines at all stations in both sampling periods. Both Cottonwood Bar
and Profit Island exhibited an intermediate level of variation in July,
sediments consisting primarily of medium sands, fine sands, and fines. 1In
October, Cottonwood Bar sediments were more varied among the individual sta-

tions, although overall composition was only slightly changed from July.
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Fishes

Both numerical and weight catches per unit effort were tested for differ-
ences among channels, and among microhabitats within channels. The numbers of
samples collected were generally not sufficient to demonstrate statistical
significance, even though in several instances the observed differences were
several orders of magnitude. Failure to find significant differences does not
mean that fish catch rates are equal in all channels or microhabitats. 1In
fact, they probably are not, but the low number of samples precluded statisti-
cally demonstrating this.

Wolf TIsland

Fifteen species and 112 fish, with a total weight of over 47 kg, were
captured by electroshocking at Wolf Island (Table Bl). Channel and flathead
catfish (see Table 2 for common and scientific names of species collected)
were the dominant species both numerically and by weight. Although blue cat-
fish, common carp, and longnose gar were each represented by five or fewer
fish, they contributed substantially to the weight. Differences in the numer-
ical and weight catches among microhabitats (natural bank, secondary channel
sandbar, and main channel sandbar) were relatively large, but they were not
statistically significant.

Seventeen species of fish were represented in the seine collections from
Wolf Island (Table B2). Emerald shiner dominated the collections, accounting
for 457 of 590 fish, although freshwater drum, channel catfish, and silver
chub were also common. Shortnose gar was the dominant species by weight,
even though it was represented by only a single specimen. The most numerous
species, emerald shiner, comprised 18 percent of the weight. Numbers and
weight per unit effort did not differ significantly among the three
microhabitats.

Numbers of fish detected acoustically ranged from 0,.1/100 m3 along
transect COl to 20.4/100 m3 along the transect crossing the channel at FOl to
FO4 (Table B3). Although there were no statistically significant differences
among either transects or habitats, considerable differences were observed.
The greatest concentration of fish at Wolf Island was detected at upstream
transects, followed by transects located near the channel midpoint; downstream

transects had the fewest fish. Mean number of fish/100 m3 indicated a
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high-to-low ranking from natural bank, to secondary channel sandbar, to within
the channel.

The vertical distribution of fishes in the water column tended to be
surface-oriented at Wolf Island (Figure 9), although there were some differ-
ences among microhabitats. Along the natural bank, the number of fish was
greater in the surface strata and decreased with depth. Fish densities along
the secondary channel sandbar remained relatively constant as depth increased,
and distributions were consistent among samples. The composite distribution
for midchannel transects showed slightly greater numbers of fish as depth
increased.

The target strength distribution at Wolf Island tended to be slightly
skewed and centered around -54 db (3.5 cm) to =50 db (5.7 cm) (Figure 9).
Target strengths along the natural bank were uniformly distributed and
slightly higher at samples taken near the center than at transects upstream
and downstream., Most fish detected along the natural bank were smaller than
-50 db. Target strengths were more widely distributed along the secondary
channel sandbar and were similar for all samples except CO4, where the major-
ity of fish were smaller than =50 db. In midchannel, small fish (target
strengths of less than =50 db) were encountered most frequently, and their
distributions were similar among samples.

Island 8

Thirteen species of fish were captured by electroshocker from Island 8
secondary channel during July, with the 101 total fish weighing over 23 kg
(Table B4). Channel catfish, flathead catfish, gizzard shad, goldeye, and
shortnose gar were most abundant, accounting for 85 percent of the numbers.
The remaining eight species were each represented by three or fewer fish.
Common carp dominated by weight, with shortnose gar, channel catfish, gizzard
shad, and flathead catfish also contributing substantially. Electroshocking
catches did not differ significantly among microhabitats.

Seine collections from the secondary and main channel sandbars at
Island 8 yielded 12 species and 297 fish weighing a total of only about 150 g
(Table B5). Seining was not possible along the natural bank due to the steep
slope, deep water, high current velocities, and submerged brush. Emerald
shiner dominated the catch by both numbers and weight. Though not very abun-

dant, gizzard shad, shipjack herring, and river shiner contributed
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appreciably to the weight. No significant differences in catch per unit
effort were found among microhabitats.
Hydroacoustic fish densities at Island 8 ranged from 0.2 to 4.5 fish/
100 m3 of water (Table B6). There were no statistically significant dif-
ferences in numbers of fish among transects or microhabitats. However, the
greatest concentrations of fish were found at upstream samples along the
secondary channel sandbar and at the center transect along the natural bank,
while lower numbers of fish were found at open channel transects, particularly
those upstream. Among microhabitats, the natural bank had the greatest mean
density of fish, and the lowest mean density was detected in the open channel.
The composite distribution of fish at Island 8 was similar at all sta-
tions in each microhabitat. Fish at natural bank stations tended to be
surface-oriented (Figure 9) compared to those in other microhabitats. Target
strength distributions (Table B6) for natural bank samples were relatively
uniform and averaged -45.4 db (10.1 cm). Target strengths were highly vari-
able for most transects along the secondary channel sandbar, although in gen-
eral fish were larger here (Table B6) than in other areas of the channel.
Fish were smallest along the open-water transects, with the majority of target
strengths being -50 db (5.7 cm) or less,
Lakeport Towhead

A total of 116 fish, weighing over 33.5 kg, were captured with the elec-
troshocker at Lakeport Towhead during July. Thirteen species were represented
in the collections (Table B7), but blue and flathead catfishes accounted for
most of the numbers. Flathead catfish comprised most of the weight collected,
the remainder being evenly distributed among a number of species. The numeri-
cal catches for the dike and natural bank microhabitats were significantly
higher than for the secondary channel and main channel sandbars (Table B7).
Catch in terms of weight showed no significant differences.

Blue catfish were significantly more abundant along the natural bank than
along the secondary channel or main channel sandbars, or along the dike
(Table B7). Weight per transect did not differ significantly for this
species.

Nearly 10 times as many fish (and nearly twice the weight) were collected
by electroshocking from Lakeport Towhead during October than were collected in
July (Table B8). Species composition was also considerably different. Giz-
zard shad, threadfin shad, and skipjack herring, species virtually absent in
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July, accounted for 94 percent of the catch; white bass, also rare in July,
was the fourth most abundant species. Catch per effort for catfishes, which
had dominated July collections, was lower by a factor of nearly ten. Shads
were the dominant group by weight, although nine other species contributed at
least 2 percent. No significant differences in either numerical or weight
catch were detected among the microhabitats.

The four most commonly collected species suggested microhabitat-specific
preferences at Lakeport Towhead (Table B8), although the differences were not
demonstrable statistically. Gizzard shad were most abundant in terms of both
number and weight along the secondary channel sandbar. Threadfin shad also
exhibited a numerical preference for this microhabitat, and for the secondary
channel sandbar and dike in terms of weight. This number-weight difference
was due to a distinction in the microhabitats inhabited by adults and juve-
niles, with large threadfin shad being collected along the dike and small ones
along the sandbar. Skipjack herring and white bass were clearly most abundant
along the dike.

Seining at Lakeport Towhead in July produced 704 fish representing
26 species (Table B9). Four species (emerald shiner, mimic shiner, inland
silverside, silver chub) accounted for over 66 percent of the catch. Numeri-
cal catches at the natural bank were over four times that of the other areas,
and weight catch was over 1.5 times greater, though these differences were not
statistically significant.

Fewer species and fish were captured by seining at Lakeport Towhead dur-
ing October than during July (Table B10). Total weight of fish increased con-
siderably, however. Emerald shiner and inland silverside were again among the
four most abundant species. Threadfin shad and silverband shiner, rare in
July, were abundant in October collections, replacing the previously common
mimic shiner and silver chub. These four species accounted for 8l percent of
the numbers and 79 percent of the weight. Seine catches did not differ sig-
nificantly among microhabitats within this channel,

Fish densities estimated by hydroacoustics ranged from 0.5 to 15,2
fish/100 m3 (Table Bl1) and averaged 3.5/100 m3 at Lakeport. Densities along
the natural bank were significantly greater than those along the secondary
channel sandbar and in the open channel. There were no differences in fish

densities among cross-channel transects.
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Vertical distribution patterns indicated that fish tended to be deep at
Lakeport (Figure 9). Densities were relatively high for all depth strata
along the natural bank and tended to increase with depth until about 9.5 m.
The vertical distribution was relatively uniform for samples collected along
the secondary channel sandbar, and there was no obvious trend in the distribu-
tion among open-channel samples.

Target strengths for natural bank transects showed relatively even dis-
tributions with a peak of -54 db (3.5 cm). Peak target strength at transect
COl (14.8 cm) was greater than for other natural bank samples. Target
strengths for samples along the secondary channel sandbar showed a mono-
dispersed distribution centered around =50 db (5.7 cm) for samples DO4, EO4,
and GO4., The sample at CO4 had a peak target strength of -30 db (63