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Cover photo

Aerial photo of the chevron dike field and multiple roundpoint structures (MRS) in
Pool 25. The photo was taken on December 20, 1999. The chevron dike field
was constructed in 1998 and 1999. The MRS was constructed in 1998. Both
innovative river training structures were built by the A&M program. Fieldwork at
both sites has shown that the structures are providing useful and valuable fish
habitat.
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Executive Summary

In 1992, the St. Louis District agreed to establish an Avoid and Minimize
Program (A&M) to reduce possible environmental impacts of increased navigation traffic
due to construction of a second Lock at Melvin Price Locks and Dam. Full scale
implementation of the program began in 1996. Expenditures in the program total roughly
$1 million a year. Direction of the program is coordinated through the A&M team, which
consists of state, federal and private partners in both natural resources and industry. Each
year, a progress report detailing A&M activities during the past year is released.

Construction efforts in 1999 focused on previously started work, including the
placement of revetment and stub nose dikes in Sante Fe chute (RM 39.5-35.0L) and the
completion of an additional one and a half chevron dikes in Pool 25 (RM 266). Biological
monitoring work on the chevron dike field and the multiple roundpoint structures (MRS)
in Pool 25 found that fish were using the structures and that they were creating valuable
habitat. The chevron dikes appear to be providing needed overwintering habitat fish. The
rare blue sucker and several species of catfish continue to be collected around the MRS
structures.

In 1998, the A&M team decided to focus effort on improving fish passage
through locks and dams. This work began at Lock and Dam 25 in 1999. Results from that
monitoring effort showed that fish movement through gates occurs during open river and
that the opportunity for fish passage increases as discharge and water levels rise. Fish
movement when the gates are in the water, even at low head conditions, was not detected.
Gate manipulation scenarios to increase fish passage were devised for implementation in
2000.

Results of the Bolters Bar micromodel study were released in 1999.
Recommendations at this chronic dredge site included placement of four chevron dikes,
removal of some remnant dikes, and creation of a deflector dike, all along the right
descending bank.

A report summarizing an extensive 1989 unionid collection effort on the middle
river was completed. This previously unavailable information will be used as a planning
aid on future A&M side-channel improvement projects.

The final report on fish assemblages in Saint Genevieve Bend (RM 120-118) was
finished in 1999. This site was sampled with a rock hopper bottom trawl prior to
placement of bendway weirs in September 1997. Six species of fish were collected
including one sicklefin chub, a candidate for federal threatened and endangered species
status. The rock hopper provided effective at sampling along the main channel border,
but ineffective at sampling in the main channel.


http:39.5-35.0L

Pre-construction survey and fish sampling of two dike modification sites in the
middle river were completed. These sites, at the confluence with the Ohio River and at
the weir field at Greenfield Bend (RM 4), will be surveyed and sampled again after
modification. Information gained at these sites will aid future A&M dike implementation
projects.

Two progress reports on the monitoring of effects of Environmental Pool
Management (EPM) in Pool 25 were completed. The report on waterfowl food
production found that a number of species of plants, including smartweed and chufa,
responded to the 1999 drawdown. Avian use surveys found waterfowl spent the majority
of time foraging in the shallow water areas where vegetation was produced by EPM. The
report on fish use of vegetation produced by EPM found that fish numbers and species
were higher in vegetated areas than in non-vegetated areas. Low dissolved oxygen rates
were noted in some vegetated areas. Vegetation along island edges had a greater number
of species than did vegetation in backwater areas. Stranding of fishes was noted at several
locations. Stranding may have been a function of lower than usual summer pool water
levels. These water levels were a function of an unusually high hydrograph. Earlier
spring sampling found that fish were using the residual vegetation produced by EPM in
1998

A report summarizing benthic invertebrate data collected in association with river
training structures and in areas without structures was completed. This report concluded
that the rock used in river training structures, increases species diversity and richness.
Concrete rubble placed in the river was also found to inerease diversity and richness.
Chevron dikes were shown to increase habitat diversity, not only by the placement of
rock, but also by an increase in substrate diversity behind the structures.

The fourth year of the middle Mississippi River pallid sturgeon habitat use study
was in 1999. Twelve fish were implanted with sonic tags. Based on the tracking work,
pallid sturgeon show a positive selection for areas in the main channel border,
downstream of island tips, between wing dams, and the tips of wing dams. Pallid
sturgeon showed negative selection of areas in the main channel, downstream of wing
dams and upstream of wing dams. Pallid sturgeon showed no selection, negative or
positive, for bendway weirs.

The 2000 A&M budget is expected to be §1 million. Proposed construction
activities in 2000 include completion of the Pool 24 chevron dike field and construction
of a notched closing structure behind Cottonwood Island (RM 289). Monitoring work
will include continued sampling at the chevron dike and multiple roundpoint structures
and testing of gate manipulation scenarios at Lock and Dam 25 to facilitate fish passage.
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In October 1992, the St. Louis District issued Design Memorandum No. 24,
“Avoid and Minimize Measures, Melvin Price Locks and Dams, Upper Mississippi River
- Missouri and Illinois”. The document was developed as a commitment made in the
1988 Record of Decision attached to the Melvin Price Locks and Dam Environmental
Impact Statement for the Second Lock. St. Louis District set-aside O&M funds from
1989 to 1995 to implement eight elements recommended by the study team.
Implementations of measures in that part of the program were detailed in the 1995
Progress Report. In fiscal year 1996, O&M funds were received to begin full-scale
implementation on recommended measures. The planning and implementation team
consist of staff from the US Army Corps of Engineers-St. Louis District, U.S. Fish and
Wildlife Service-Rock Island (FWS), Illinois Department of Natural Resources (IDNR),
Missouri Department of Conservation (MDOC), River Industry Action Committee
(RIAC), and the Long Term Resource Monitoring Station (LTRM/MDOC) at Cape
Girardeau, Mo. Each group contributes staff time to plan and attend meetings, collect
data as part of a monitoring program, develop materials for grant funds, and donate time
to develop alternatives for construction of measures at the Applied River Engineering
Center located at the District Service Base. This team meets at least once a year (often
more) to discuss ongoing work and plan future work. Outside of these meetings the St.
Louis District routinely corresponds with the team to coordinate monitoring and solicit
ideas and input.

The A&M program has produced a yearly progress report since 1995. This report
details project activities over the past year and describes expected activities in the
upcoming year. Many of the activities occur over several years. Copies of the previous
year'’s reports, and Design Memorandum 24, are available from the St. Louis District.

1999 A&M Program Activities

A&M 1. 1999 Construction. Construction in 1999 focused on completing
previously started work. In 1997 the A&M program constructed six alternating stub dikes
in Sante Fe Chute (rm 39.5-35.0). Based on the original micromodel results, nine
alternating dikes with opposite bank revetment were to be constructed in the sidechannel
to create both a sinuous channel and off-channel deep water habitat. In 1999, the final
three stub dikes and opposite bank revetment were constructed. Chevron dike work (RM
266.2-265.8) in Pool 25 was also completed. Work at the site began in 1998 with the



construction of one and a half chevron dikes. An additional one and a half chevrons were
constructed in 1999, bringing the total chevron dike count at the site to three. This dike
field is illustrated on the cover of the progress report. Plans call for one more chevron
dike to be constructed at this site at a yet undetermined date.

A&M 2. Chevron dike monitoring. As mentioned, the A&M program
constructed three chevron dikes in Pool 25 of the Mississippi River (RM 266). One
complete and one partial dike were constructed in June 1998. In March 1999 the partial
dike was completed and one additional chevron dike was constructed. The three chevron
dikes at river mile 266.0 were surveyed on 4 August 1999 and 13 December 1999. The
M.V. Boyer was used to collect bathymetry, velocity, and hydroacoustic fisheries data.

Fish were using the chevron dikes during both sampling trips. The upper and
middle dikes showed a marked increase in fish density from the August to the December
survey. These increased concentrations are likely due to the fact that fish are using the
structures as over-wintering locations. Both dikes provide the deep holes and low
velocities that fish seek out during the winter. The lower dike had no over-wintering fish.
This lack of fish may be due to the configuration of that dike and/or when it was
constructed. The configuration of that dike (the riverside leg is much shorter than the
bankside leg) does not provide the refuge from river flows that the other dikes appear to
provide. Having been constructed one year later than the upper two chevron dikes, the
lower chevron dike has had only one high water event to create a scour hole behind the
dike. Consequently, depths behind the lower chevron dike are shallower than behind
either of the upper two chevron dikes.

The August survey showed that fish were using all three of the chevron dikes,
though fish densities were lower than in December. Continued monitoring will show if
the August density numbers were higher than expected densities outside of open river
conditions. The chevron dikes provide a slack-water refuge from the higher open river
flow. Consequently, it is possible that a higher number of fish were using the dikes than
would have been during normal pooled summer conditions. Previously sampling work by
IDNR found that fish use chevron dikes throughout the year. Monitoring at the site will
continue in 2000. Presently a summer and a winter sample are scheduled. Detailed survey
results are available in Appendix A.

A&M 3. Multiple Roundpoint Structure Monitoring. To be completed
Appendix B

A&M 4. Fish Passage Improvement at Lock and Dam 25. The A&M program
began a project in 1999 to monitor fish movement through the dam gates at Lock and
Dam 25. This work was undertaken to assess the possibility of conditional gate
management to enhance the ability of fish to move between pools. The issue of inhibiting
fish passage has long been one of concern with the Corps state and federal partner
agencies. Over 25 species of fish in the Upper Mississippi exhibit migratory behavior.

Lock and Dam 25 consists of a lock chamber, three 100-foot wide roller gates,
fourteen 60-foot wide tainter gates, and a 2500-ft overflow section. Monitoring work was



conducted in the last gate bay (17) in the succession. This tainter gate bay is located on
the Illinois end of the lock and dam structure. First year goals were to collect velocity and
fish data, document the movement of fish through gate bay 17, and develop gate
management scenarios to test in 2000. Hydroacoustic fisheries equipment and current
velocity profiling equipment were mounted in gate bay 17 and sampling was conducted
at ten foot intervals across the gate bay. Gate bay 17 was sampling for 10 days. Eight and
a half of those days were at open river conditions. Sampling commenced on 10 April and
ended on 13 May.

679 fish were counted moving through gate bay 17. Fish movement appeared to
be correlated with gate opening. Fish movement was the greatest during the first day of
open river (10 April), averaging about 2.3 fish per minute. On 11 April, the lower 2-foot
of the dam gates were placed back in the water. During that day fish movement dropped
to .02 fish per minute or about one fish every 100 minutes. The gates were removed from
the water on 12 April and remained out of the water until 17 August. Seven days of
sampling at open river in late April and early May resulted in fish movement rates
ranging from .26 to .64 fish per minute.

Gate bay 17 provides a unique fish passage opportunity at open river. As water
level, flows, and discharge increase, velocities actually decrease in gate bay 17. This
decrease is related to the crosscurrent flows created by the overflow dike directing
downstream flows back towards the lock and dam gates. As these flows cross the end of
the lock and dam structure they come in contact with the downstream flows above gate
bay 17. The strength of the crosscurrent flows shields gate bay 17 from downstream
flows, creating a slackwater eddy. This effect is most exaggerated just before the
overflow dike is topped.

Examination of fish prolonged swimming speed finds that most fish species can
traverse flows less than 2 feet per second. As flows rise above 2 feet per second the
number of fish species that appear to be able to pass decreases. Four feet per second is the
upper end of swimming speeds for Mississippi River fish. In gate bay 17, on April 10, the
first day of open river, flows less than 4 feet per second were seen 56% of the time.
Flows less than 2 feet per second were present 10% of the time. On April 21, water levels
had risen 6 feet from the elevation on April 10, discharge had increased 77,000 cfs, and
the overflow area was topped. On that date 92% of the velocities were below 4 ft per
second and 45% of the velocities were below 2 ft per second.

First year results indicate that opportunity for fish passage appears greatest during
open river conditions. Movement opportunities outside of open river are probably very
limited. Monitoring in 2000 will focus on creating hydraulic conditions to extend or
create open river conditions outside of the “normal” period of open river, and exploring
structural alternatives to extenuate the effects in gate bay 17. Gate management scenarios
are being developed to maintain pool conditions while allowing gate 17 to remain open.

A&M 5. Fish and Wildlife Effects of Environmental Pool Management. The
St. Louis District has employed Environmental Pool Management (EPM) since 1994.
EPM resulted from operational changes in the way the navigation pools are regulated
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after high water events. What results is a large crop of vegetation in the lower ends of
Pools 24, 25,and 26. This vegetation becomes available to fish, aquatic insects, and
waterfow] as water levels rise. The District is exploring ways to further enhance EPM but
lacks basic information on fish and waterfow] use of the EPM created vegetation. In
1999, Southern Illinois University-Carbondale began two studies to determine the
response of waterfowl, aquatic invertebrates, fish and water quality to wetland vegetation
produced by EPM (Appendix C).

5A. Effects of water level management on waterfowl food production in Pool
25, Upper Mississippi River. The objectives of this study are to 1) characterize the plant
community associated with water level management and estimate seed biomass
production, 2) quantify the aquatic invertebrate population response to increased
macrophyte production, and 3) characterize avian use of habitats produced by water level
management.

Vegetation community data were collected during 24-25 July and 13 August
1999, beginning three weeks after drawdown. Seed biomass data were collected on 3, 10,
and 11 September 1999, approximately 3 weeks after reflooding. The aquatic
macroinvertebrate populations were monitored at both devegetated and vegetated sites
during the fall of 1999. Waterfowl surveys were conducted between 27 February and 23
April 1999. Observations of waterfowl behavior were conducted during March and April
1999 from duck blinds present within the study area.

Preliminary plant community study results indicate that EPM continues to
produce a plant community comprised mainly of moist-soil species that provide food for
waterfowl. Little zonation in species distribution suggests relatively uniform availability
of food resources in the study area.

Invertebrate samples from the fall of 1999 are currently being processed. When
these data are available, comparisons between 1999 and 1998 data will be made to see if
differences in relative abundance exist between plots and years. If abundance is
significantly lower in non-vegetated plots than the vegetated plots, the differences might
be attributable to EPM. Further analysis of invertebrate data will focus on differences in
taxa abundance between plots.

Waterfowl using vegetated areas spent a majority of time foraging in shallow
water areas, suggesting that they are using resources produced by drawdown. However,
the infrequency of dabbling ducks in open water may not be an appropriate indicator of
the importance of vegetation produced by EPM. Behavioral observations planned for the
spring of 2000 will incorporate the devegetated plots from the invertebrate experiment to
characterize the use of shallow open water areas.

5B. Fish Response to Water-level Manipulation: Mississippi River Pool 25.
This study has four objectives: 1) examine fish use of vegetated and non-vegetated areas,
2) determine if increases in the forage fish base benefits adult fish, 3) determine the
benefit of residual vegetation to young fishes, and 4) monitor the effect of vegetation on
water quality and zooplankton.



Fish sampling prior to pool management in 1999 found that fish were using the
residual vegetation produced by pool management in 1998. Buffalo, sunfishes, white
bass, redhorse, and drum were among the species collected.

Four sites in Pool 25 were sampled after the 1999 summer pool drawdown of
29 June to 12 August. Vegetated and non-vegetated areas were sampled at each site from
late August to middle October. Fish abundance and the number of fish species were
significantly higher in the vegetated plots. Fish abundance and species present also were
related to location of the vegetation. Abundance and number of species were lowest in
the extensive, shallow backwater areas and higher in the vegetation along island edges.
Early results showed the occurrence of low dissolved oxygen (DO) at some vegetated
sites. Low DO values were presumed to be caused by low atmospheric mixing and plant
decomposition. Backwater sites were dominated by fish like the common carp and
mosquitofish, which are tolerant of low oxygen levels. Channel shiners and spotfin
shiners dominated island edge vegetation. In both cases, young-of-the-year and juvenile
fish dominated samples. Overall, sixteen species of fish were collected. Stranding of fish
and mussels in isolated pools during drawdown were noted. Stranding may have been a
function of lower than usual summer pool water levels. These water levels were a
function of an unusually high hydrograph. Sampling work is scheduled to continue in
2000.

A&M 6. Middle Mississippi River Pallid Sturgeon Habitat Use Project. In
1999, the A&M program continued for the fourth year to fund Southem I[ilinois
University-Carbondale, Cooperative Fisheries Research Laboratory to monitor the
relationship between river training structures and the federally listed endangered pallid
sturgeon, and to collect life history information.

Twelve additional pallid sturgeon were obtained from commercial fishers and
implanted with sonic transmitters during year four. Ten of the fish had high character
index values, one was in the hybrid overlap range and one was in the hybnd range.
Seventeen other pallid sturgeon were examined but not implanted with transmitters due to
their small size. Only one fish implanted with a sonic transmitter during years one
through three was relocated during year four.

A total of 184 relocations of the study fish were made from 13 November 1995 to
31 December 1999. Most of the tracking effort was made between RM 81 and 151 in
order fo maximize relocations. The study fish were located in the main channel habitat
for 39% of all relocations. Main channe] border and below wing dam habitat were used
by the fish 26% and 14% percent of all relocations respectively. Twenty-six percent of all
the relocations were in some way associated with river training structures. When water
terperatures were below 4°C, the sturgeon were found in association with current-
disruption structures more often than during the study as a whole (12% of the time
compared to 10%), however the main channel was still used most often (43%). Main
channel and main channel border habitat were used 82% of the time once water
temperatures rose above 4°C.



Habitat availability analysis indicates that the study area was approximately 65%
main channel, 11% main channel border, 1% downstream island tips, and the other 23%
of habitat types being related to nver training structures. The sturgeon showed positive
selection for, in rank order: main channel border, downstream of island tips, between
wing dams, and the tips of wing dams. The fish showed 2 negative selection for, in rank
order, main channel, downstream of wing dams, and upstream of wing dams. Late
information not published in the STU-C 1999 progress report found that pallid sturgeon
were neither selecting nor avoiding bendway weir habitat. More detailed results are
available in Appendix D.

A&M 7. Benthic invertebrate assemblages associated with recently
constructed river training structures on the Mississippi River. The A&M program
has been monitoring benthic invertebrate use of river training structures since 1994.
Monitoring sites have included chevron dikes, established bendway weir fields, new
bendway weir fields, and areas without structures. In 1999 all of this information was
compiled into a summary report. The report describes the overall ecological benefits and
impacts of the experimental training structures that the A&M program has constructed.
The underlying objective of the report was to determine if benthic invertebrate species
richness increased due to the construction of river training structures in the Upper and
Middle Mississipp1 River.

Benthic invertebrates were collected from chevron dikes near RM 289.5 in 1994,
1995, and 1996, from bendway weirs near RM 164 in 1996, and from bendway weirs
near RM 30 in 1996. Benthic invertebrate samples were also collected from Mississippi
River substrate around chevron dikes in 1994, 1995, and 1996, near proposed training
structures at RM 265.7 and 250.2 in 1996, and downstream of bendway weirs near RM
20 1n 1996. Because rock structures appeared to provide invertebrate habitat, rubble from
the demolition of a lock and dam 26 I-wall (RM203) was left in the river and monitored
for colonization in the summers of 1996, 1997, and 1998.

With an increase in habitat heterogeneity, benthic invertebrate species richness
and diversity tend to increase. These results shows that rock structure, regardless of
whether or not it is 2 channel maintenance structure, does indeed provide additional
habitat heterogeneity. The study also showed that even a slight increase in heterogeneity
of habitat can increase diversity and nichness. The study showed that species composition
in chevron dike interiors, both within the substrate and on the rocks were different than
those on the exterior of the dikes, resulting in a much higher species richness at RM
289.5. Chevron dikes also maintain side channel flow, reducing backwater sedimentation
that generally occurs in standard dike fields.

Bendway weirs are in a much harsher, high flow environment, but also provide
refugia and habitat heterogeneity. In this study, more taxa were found and diversity was
higher within weir fields then in substrate without the weirs at RM 20. In addition, habitat
heterogeneity not only within the weir field, but also across the channel may increase
because the weirs are designed fo modify and stabilize substrate, allowing debris to
accumulate. This stabilization across the channel may prove to provide habitat above and



beyond that provided by simply adding rock over a period of time, though more study is
needed. A copy of the report is found in Appendix E.

A&M 8. Middle Mississippi River Mussel Report. The St. Louis District,
during a period of low water in the winter of 1988 and spring of 1989, conducted a broad
unionid survey of the middle Mississippi river. This work was conducted at side-channel,
backwater, and borrow pits sites along the middle river. In 1999, the A&M program had a
summary report created from that data (Appendix F). This report wil! assist the A&M
program as it continues to examine side-channel improvement projects in the middle
river. Results of the survey found 2,536 specimens of 19 native unionid species. Eighteen
species were collected ffom 24 side-channels sampled, while 12 species were found in
four borrow sites surveyed. The three most abundant species were the giant floater
{Anadonta grandis), fragile papershell (Leptodea fragilis), and the pink papershell
(Potamilus ohiensis) which made up 87.5% of the total number of specimens collected.
Twenty-six native species are reported to occur in the middle river.

A&M 9. Bolters Bar Micro Model Study. The St. Louis District’s Applied
River Engineering Center micro-modeled an area of repetitive maintenance dredging in
Pool 26 (rm 227-222). This reach, the Bolters Bar reach, is one of the most often dredged
areas in the St. Louis District. Over 3.9 million cubic yards of material has been dredged
in the reach in the last 18 years, at a cost of over $5.1 million. Preliminary results of that
micro-model study were included in the A&M 1998 Progress Report. Those results were
finalized in a 1999 status report {Appendix G). The recommended plan includes the
placement of four chevron dikes along the nght descending bank. Although traditional
dike structures also produced favorable results, chevron dikes were chosen for because of
their environmental benefits. The chevron dikes should also stabilize the dredge matenal
placed behind the structures, which will likely result in the creation and use of recreation
beaches in that reach. Other recommendations included removal of some remnant dikes,
and creation of a deflector dike, all along the right descending bank.

A&M 10. Evaluation of fish assemblages near the Ste. Genevieve Bend,
Mississippi. A final report on the fish sampling work at Ste. Genevieve Bend was
completed in 1999. The draft copy of this report was included in the 1998 progress
report. Rock Hopper bottom trawling was conducted in and near the main channel of the
Ste. Genevieve Bend on August 1997, This work was to determine the presence of fish
species in these habitats prior to a placement of bendway weirs and to determine if this
sampling method is a potentially valuable collection technique in the open river. Weirs
were placed in the bend in September 1997. The study serves as a baseline in this area for
comparison of fish collection data after the bendway weirs were completed. The full
report is in Appendix H.

The fish collection technique appeared to work relatively well outside the main
channel on the inside bend {80% of fish captures) but was not as effective in the main
channel or main channel border. In fact no fish were captured in two trawls taken in the
outer bend of the main channel. Thirty-five fish of 6 species were collected during 8 trawl
runs. Species included sicklefin chub (Macrohybopsis meeki}, common carp (Cyprinus
carpio), channel catfish (Ictalurus punctatus), blue catfish (Ietalurus furcatus), mooneye



(Hiodon tergisus), and shovelnose sturgeon (Scaphirhynchus platorynchus). Although
very few fish were captured in the mnain channel, the only sickle fin chub (Federal
candidate species) collected in the effort was in the main channel. Relatively large
numbers of shovelnose sturgeon were collected within the inside bend of the navigation
channel. Both adults and young-of-year blue catfish and shovelnose sturgeon were
captured at the site. It is likely that these two species spawn within the Ste. Genevieve
bend vicinity. :

The report mentions that the Rock Hopper trawling method was ineffective in
strong currents (> 1m/s) as well as dangerous. One potentially effective method of
sampling this type of habitat would be to collect data using hydroacoustic equipment.
This method would provide a way to collect total fish biomass and size structure
estimates, and could be combined with trawling efforts to estimate species composition
of the area.

A&M 11. Fish Habitat Sampling Prior to Channel Modifications on the
Open River. St. Louis District conducted survey work and fish sampling at two sites
proposed for river channel modification. The sites, Greenfield Bend (RM 4) and the bend
near the Ohio River confluence {(RM 0) will also be surveyed after channe! modification.
Information gained at these two sites will aid with future A&M dike implementation
projects.

11A. Ohio River Confluence Site. New niver channel modification structures
have been proposed to be added or existing structures modified near RM 0 on the right
descending bank of the Mississippi River. Specifically, dike 1.3 on the right bank (R) is
to be extended out to the end of dike .8(R) and raised to 15 foot STL (Saint Louis gauge)
and sloped up to high bank (HB). Dike .8(R) is planned to also be raised to 15 foot STL
at the end and sloped up to HB. At RM .6(R) and RM .3(R) two new dikes of the same
elevations as above are planned to be newly constructed, extending out to a line between
dikes .1(R) and .8(R). These structures have been proposed in order to widen the
navigation channel at the bend where 17 collisions and 3 groundings involving tows have
occurred in the last 18 years.

Fish sampling using a modified otter traw] was completed along a sandbar on the
inside bend of the Mississippi River across the river from the Chio River mouth on 13
and 14 September 1999. Sampling was conducted along the entire sandbar at depth
intervals of 5 feet, 10 feet, 15 feet and 20 feet. Sampling was conducted with the current.
Numbers and species of fish collected included the following: 601 channel catfish
(Ictalurus punctatus), 182 speckled chub (Macrohybopsis aestivalis), 79 blue catfish
(Ictalurus furcatus), 84 freshwater drum (Aplodinotus grunniensj, 17 shovelnose
sturgeon (Scaphirhynchus platorynchu), eight gizzard shad (Dorosoma cepedianum),
three white bass (Morone chrysops), two silverband shiners (Notropis shumardi), one
emerald shiner (Notropis atherinoides), one striped bass (Morone saxatilis), one goldeye
(Hiodon alosoides), one sauger (Stizostedion canadense), and one sicklefin chub
{Macrohybopsis meeki). Most fish were captured in trawls completed at the 5 and 10-foot
intervals.

10



On 23 September, the M.V. Boyer surveyed the area. Bathymetry, velocity,
substrate, and hydroacoustic fisheries information was collected at that time. Substrate
appeared to be mostly sand at the middle and lower part of the sandbar, however gravel
was picked up in the net on the upper part of the bend. The hydroacoustic data showed
that the substrate occurring on the upper end of the site was a coarser material than
substrate on the downstream end. Post construction monitoring of bathymetry, velocity,
substrate, and hydro acoustic fisheries information are planned to be completed by the
M.V. Boyer. Trawl sampling is also planned to be completed.

11B. Greenfield Bend Site. New niver channel modification structures were
proposed for the Greenfield Bend area. Specifically, two new bendway weirs are
proposed to be placed upriver from the existing weir field at RM 4.2 and at RM 4.0.
These are being considered due to encroachment of a point bar into the navigation
channel on the inside bend.

Sampling was performed at Greenfield Bend on 27 and 28 September 1999.
Sampling methods were the same as at the Ohio Mouth site. The bathymetry of the site
was quite varied, from very shallow gently sloping bottom, to a very sharp drop off into a
95 ft thalweg hole. In fact, sampling at the middle section of the point bar was deleted
because very steep slope conditions made using an otter trawl impractical. Because of
river substrate conditions, including snags and substrate type, only three successful trawl
hauls were completed on the upper part of the point bar at 10, 15, and 20 feet intervals.
One unsuccessful trawl (snag) was attempted at the five-foot interval of the upriver
portion of the bar, and one other unsuccessful traw! (snag) was completed at the 10-foot
interval of the down river portion of the point bar. No other sampling was attempted at
this site.

Fish species collected included speckled chub, shovelnose sturgeon, channel
catfish, a blue catfish and one stonecat. The stonecat was collected in the unsuccessful
trawl over the cobble substrate on the upper transect. Stonecats are not widely distributed
throughout the river, occurring primarily in areas with both flow and rocky crevices. Its
capture points to the uniqueness of this site. Contrary to the poor sampling results, the
site appeared to have diverse habitat, and a change to sampling methods more appropriate
for the site (i.e. seines and trammel nets) could reveal a more diverse group of fishes.

The M.V. Boyer surveyed the area on 23 September. Bathymetry, velocity,
substrate, and hydroacoustic fisheries information was collected at that time. Based on
field observations, 1t appears that a large continuous area of gravel substrate exists off the
ends of the weirs. The hydroacoustic equipment indicated that there was a substantial
number of fish using the deep hole off the end of the last weir. It appears that
configuration of the sandbar shelters the hole from most channel flows. Post construction
monitoring of bathymetry, velocity, substrate, and hydro acoustic fisheries information
are planned to be completed by the M.V, Boyer. Fish sampling is aiso planned to be
completed, however the methods used to capture fish may be changed.
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FY 2000 A&M Program

The FY 2000 A&M budget is $1 million. This figure is in line with previous
years” budgets but 1s less than the $1.5 million per year requested in Design
Memorandum 24. At this time, the program is expected to be extended till 2007 to offset
the annual differences in funding. Proposed construction activities in 2000 include
completion of the chevron dike field above Cottonwood Island (RM 289) and
construction of a notched closing structure behind Cottonwood Island in Pool 24. The
original plan called for five chevron dikes at the head of Cottonwood Island. Three of the
chevron dikes were built in 1993. The remaining two chevron dikes will be constructed in
2000. In addition, the noiched closing structure will be built behind Cottonwood Island to
decrease sedimentation in the sidechannel. Some of the biological monitoring work to be
done in 2000 includes continued sampling at the chevron dike and multiple roundpoint
structures and testing of gate manipulation scenarios at Lock and Dam 25 to increase fish
passage. Other work in 2000 includes replacing the A&M mooning buoy below Lock and
Dam 25, moving the existing buoy to a location below Lock and Dam 22 and finalizing a
plan for the creation, protection, and enhancement of open river side channels.
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1999 Summary Report
Chevron Dike Hydroacoustic Fisheries Sampling

US Army Corps of Engineers, St. Louis District
Avoid and Minimize Program

Background: Three chevron dikes have been recently constructed in Pool 25 of the Mississippi
River (M.R.M. 266.0R). Two of these dikes were constructed in June 1998. One was
constructed in March 1999. These innovative channel training structures were built under the St.
Louis District’s Avoid and Minimize program. At this location the three chevron dikes, which
look like “V’s or U’s” with the apex pointing upstream, were built in a downstream line and act
to deflect flow towards the channel. During high flow a deep hole is scoured in the area behind
the chevron dike’s apex. The slack-water area that forms behinds the structures, outside of high
flow conditions, creates a unique habitat. Previous fish sampling work on chevron dikes in Pool
24 {(Atwood 1998) found that a variety of fishes are using this habitat. The chevron dikes at
266.0 have never been sampled. Chevron dikes have not been sampled in the winter, but it is
expected that the area behind the chevron dike provides valuable fish over-wintering habitat.

Sampling to Date: The three chevron dikes at 266.0 were sampled on 4 August 1999 and 13
December 1999.

4 August 1999
All three chevron dikes were sampled. Water temperature was 27.2°C. Pool 25 was at open
nver but the chevron dikes were not overtopped. The MV Boyer was used to collect bathymetry,
velocity, and hydroacoustic fisheries data. Transects were run upstream from the bottom of the
chevron dike to the apex. Three transects were run inside of both the top and middle dikes. Four
transects were run inside of the lower chevron dike. Depths behind the top and middle chevron
dikes exceeded 11 meters. Depths behind the lower chevron dike exceeded 7 meters. Analysis
of the hydroacoustic data found similar fish densities behind all three dikes. Densities ranged
from 461 fish per acre behind the top chevron dike to 576 fish per acre behind the lower chevron
dike. The average density behind the middle chevron dike was 570 fish per acre. Because Pool
25 was at open niver, it is likely that these dikes were providing some refuge to fish from the
higher velocities associated with open river.

13 December 1999
All three chevron dikes were sampled. Water temperature was 5°C. Pool 25 was at normal pocl
conditions. The MV Boyer collected bathymetry, velocity, and hydroacoustic fisheries data. At
each chevron dike, the same transects lines run on 4 August were run on 13 December. In
addition, one transect was run across the back end of each chevron dike and one transect was run
around the outside of the lower and upper chevron dikes. Two additional transects were run
inside both the top and middle chevron dikes. Depths behind the top and middle chevron dikes
exceeded 9 meters. Depths behind the lower chevron dike exceeded 4 meters. Fish densities
between the three dikes varied greatly. No fish were found using the lower weir. Fish densities
per acre were 2,601 and 1,828 for the middie and upper chevron dikes respectively. No fish were



found on the transects run across the end of each chevron dike. One fish was found on the
transect around the outside of the lower chevron dike. No fish were found around the outside of
the upper chevron. Transects and fish locations for all three dikes are included at the end of the

report.

Table 1. Chevron sampling data from 1999.

Sample [Max. depth|Fish density | Water temp. |Pool conditions
date meters #/acre °C
Upper Chevron inside 8-4-99 11 325 27.2 Open river
Middle Chevron inside 8-4-99 11 402 27.2 Open river
Lower Chevron inside 8-4-99 7 408 27.2 Open river
Upper Chevron inside 12-13-98 9 1823 5 Normal! poo}
Middle Chevron inside 12-13-99 9 2590 5 Normal pool
Lower Chevron inside 12-13-99 4 0 5 Normal pool
Upper Chevron below 12-13-99 6 0 5 Norma! pool
Middle Chevron below 12-13-98 5 0 5 Normal pool
Lower Chevron below 12-13-99 4 0 5 Normal pool
Upper Chevron outside | 12-13-88 5 0 5 Normal pool
Lower Chevron outside | 12-13-99 5 40 5 Normal pool

Conclusions: Fish were using the chevron dikes during both sampling trips. The upper and
middle dikes showed a marked increase in density from the August to the December sample.
These increased concentrations are likely due to the fact that fish are using the structures as over-
wintering locations. Both dikes provide the deep holes and low velocities that fish seek out
during the winter. The lower dike had no over-wintering fish. This lack of fish may be due to
the configuration of that dike and/or when it was constructed. The configuration of that dike (the
riverside leg is much shorter than the bankside leg) does not provide the refuge from river flows
that the other dikes appear too. Having been constructed one year later than the upper two
chevron dikes, the lower chevron dike has had only one high water event to create a scour hole
behind the dike. Consequently, depths behind the lower chevron dike are shaltower than behind
either of the upper two chevron dikes.

While lower than the December sample, the August sample showed that fish were using all three
of the chevron dikes. Further fieldwork should show if the August density numbers were higher
than expected densities outside of open river conditions. Because the chevron dikes provide a
slack-water refuge from the higher open river flow, it is possible that a higher number of fish
were using the dikes than would have been expected during normal pooled summer conditions.
Based on the results from Atwood (1998) you would expect fish to be using the dikes year round.

Monitoring at the site will continue in 2000. Presently a summer and a winter sample are
scheduled.

References:
Atwood, E.R. 1998. Cottonwood Island Dike Fisheries Evaluation Update. Prepared for U.S.
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Introduction

The Illinois Department of Natural Resources, Division of Fisheries, Boundary Rivers Program,
with assistance from the St. Louis District, Corps of Engineers, has conducted fish sampling with
A.C. electrofishing (EF) on the Cottonwood Island Chevrons since October 1993. The upstream
and downstream most chevrons have been sampled, along with a small backwater slough at Drift
Island as a control site. In 1998 two additional controi sites {(Head of Bay Isiand and main
channel border along Cottonwood Island, adjacent to the upper chevron) were sampled to
evaluate for possible inclusion in the study. The dates of sampling for these sites, as well as EF
time period for each site are shown in Table 1.

Methods

The electrofishing unit used in this study consists of a 230 volt, 4000 watt, 3 phase A.C.
generator which energizes 3 steel cable electrodes (5/8") suspended from 3 booms projecting off
the bow of an 18’ welded aluminum boat. The electrodes are approximately 5° apart, project
about &' off the bow and project to a water depth of about 4', creating an electric field with an
approximate diameter of 10" and reaching a depth of about 6’. Typically 6 - 10 amperes of
current are generated within this field. The sampling is conducted by a two person crew, one
stationed in the bow of the boat to dip stunned fish with a long handled dip net from the water
and into a oxygenated live well, and one operating the motor. Typically, two EF runs are
conducted at each chevron, one along the outside of the chevron and one within the inside of the
chevron. Rough sketches of the study area and typical chevron sampling runs are attached.

After each EF run the fish are identified to species, weighed, measured, checked for
abnormalities and disease, and returned live to the river. Fishes too small to identify in the field
are preserved and retumned to the lab for processing. Data are tabulated on standard field sheets
and later entered into the Department's fisheries database (Fisheries Analysis System).

Results and Discussion

A total of 6153 fishes representing 53 species have been collected during 985 minutes of
electrofishing (93.70 fish/15 ef min). When these data are summarized by habitat type (inside,
outside, Drift Is.) over all sampling periods (Table 2), the highest catch rate was observed inside
the chevrons (135.21 fish/15 min EF), followed by Drift Island Stough (78.64 fish/15 min EF)
and outside the chevrons (74.10 fish/15 min EF). The number of species collected was also
highest inside the chevrons (41 species) [Table 2], followed by Drift Island Slough (36 species)
and outside the chevrons (29 species). Table 3 summarizes fish collections from all sites
sampled to date.

When the number of species collected per site are compared (Figure 1), the highest species
richness was observed from inside the upper chevron (37 species) follow. : by Drift Island

-1-



Slough (36 species), lower inside and upper outside (28 species), Head of Bay Island {25) and
lower outside (19 species). When catch rates for each site {over all sampling periods) are
compared, the upper inside chevron is higher than all other sites with 137.08 fish/15 min EF,
followed by lower inside (130.94 fish/15 min) and Drift Island Slough (97.59 fisk/15 min)
[Figure 2]. These data suggest that the habitat types created inside the chevron dikes are holding
more individual fishes and more fish species per unit area than either the habitat immediately
outside of the chevrons or the slough habitat. '

A similar picture emerges when the catch rates by site of selected individual fish species are
compared. The catch rates for gizzard shad (Figure 3) and bullhead minnow (Figure 5) were
higher inside chevrons than elsewhere. The catch rate for smallmouth buffalo was highest in the
slough followed by mside lower and inside upper (Figure 6). The catch rates for channel catfish
(Figure 7) and flathead catfish (Figure 8), however, were highest on the outside of the chevrons.
The Jargemouth bass catch rates were highest in the slough, but higher {and similar) inside the
two chevrons than outside (Figure 9). The bluegill catch rate in the slough habitat was much
higher than elsewhere, but was higher inside chevrons than outside (Figure 10).

A breoader and moere holistic view, however, is to look at chevrons in their entirety, with habitats
inside and outside as an interacting, integrated whole. When observed from this perspective, as a
single habitat unit or a chevron dike field, we notice that of the 54 species collected so far in this
stady effort, 48 are associated with chevrons (Table 2).

An examination of the length frequencies of selected fishes collected from the vicinity of the
chevrons (inside and outside) and Drift Island Slough helps illustrate the similarities and
differences in the fish populations inhabitating these two habitat types. For instance, although
smallmouth buffalo densities associated with the chevrons are considerably less than those in
Drift Island Slough, the size range observed for this species is greater in the vicinity of the
chevrons than in the slough and it appears chevrons are providing higher quality nursery habitat
for these fishes than is the slough habitat (Figures 11 and 12). Largemouth bass and bluegill
densities are also much higher in Drift Island Slough and the size ranges are also greater (Figures
13, 14, 15 and 16). Similar to smallmouth buffalo, the proportion of juvenile largemouth bass
and bluegill observed in the vicinity of the chevrons is higher than those associated with the
slough, probably indicating the favorable juvenile habitat conditions provided inside the
chevrons.

It's also interesting to look at the density and size differences between lotic fish species collected
inside and outside the chevrons, such as channel catfish and white bass, and may help illustrate
possible biotic interactions between the inside and outside chevron habitat types.

The channel! catfish catch rate was more than 3.5 times higher along the outside of the chevrons
than inside (Table 2}, suggesting higher densities outside. The size structure of channel catfish
collected inside and outside indicates similar sized fishes are utilizing both areas (Figures 17 and
18). The catch rate data coupled with the length frequency data suggests that adult fish are
residing most often outside the chevrons and occasional move into the instde. The purpose of
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such movement is unknown, but at least two possibilities exist: 1) channel catfish use the inside
as a temporary resting place from high current velocities experienced on outside, and 2) they are
utilizing the slightly higher density of forage fishes and slighter different macroinvertebrate
assemblage (Ecological Specialists, Inc 1997) found inside.

Unlike the channel catfish, the catch rate for white bass on the inside was 2.5 times that on the
outside and the observed size distribution of these fishes between these habitats is markedly
different. The majority of white bass found inside were young of the year fish, while the most of
those fish collected on the outside of the chevrons were one year or older, suggesting, again the
interior habitat is providing valuabie nursery habitat for young fishes.

Conclusion

The data collected thus far in this evaluation strongly suggest that chevron dikes are providing
useful and valuable habitat for a variety of riverine fishes. The outside of chevrons have been
shown to provide excellent habitat for quality sized channel catfish, flathead catfish, common
carp and a variety of minnows and shiners. Smallmouth bass, uncommon within this river reach,
have also been collected along the outside of chevrons. From the species composition and the
number of young of the year fishes present, the inside of chevrons appear to be providing
backwater type habitat (at appropniate water levels) in a reach of niver where such habitat is
limited.



Table 1. Sampling dates and electrofishing effort for Cottonwoed Istand chevron dike study.

Etectrofishing
Sampling datd Station name effort (min}

14-Cct-33 | Lower Cheavron inside g
14-Oct-93 | Lower Chevron Quiside g
14-Oct-93 | Upper Chevron Inside g
14-Oct-93 | Upper Chevron Qutside g
21-Jul-95 | Drift Island Slough 60
02-Aug-95 ! Upper Chevron Inside 14
02-Aug-95 | Upper Chevron Qutside 14
12-Sep-95 | Lower Chevron Inside 16
12-Sep-95 | Lower Chevron Quiside 16
12-Sep-95]Upper Chevron Inside 16
12-Sep-95{ Upper Chevron Qutside 16
11-0ct-95 | Upper Chevron Inside 14
11-0¢ct-95| Upper Chevron Qutside 14
12-Aug-98| Drift Island Slough 60
14-Aug-96 | Lower Chevron Inside 15
14-Aug-56|Lower Chevron QOutside 15
14-Aug-86{ Upper Chevron Inside 15
14-Aug-961 Upper Chevron Qutside 15
09-Sep-961 Drift 1sland Slough 15
(09-Sep-96iLower Chevron Quiside 15
(08-Sep-98 | Upper Chevron Inside 15
09-Sep-36 1 Upner Chevron Quiside 15
08-Oct-86 | Drift Island Slough 15
08-0Oct-96 | Lower Chevron Qutside : 15
08-Cct-86| Upper Chevron Inside 15
08-Oct-96| Upper Chevron Outside 15
16-Jul-97 [ Lower Chevren Inside 15
16-Jul-97 { Lower Chevron Cutside 15
18-Jul-97 {Upper Chevron inside 10
16-Jul-97 { Upper Chevron Cutside 10
04-Aug-97 1 Drift Island Slough 60
26-Sep-97 {Upper Chevron Inside 15
26-Sep-97 | Upper Chevron Outside 15
12-Jun-98|Cottonwood MCB 20
12-Jun-58|Lower Chevren Inside 15
12-Jun-98 [ Upper Chevron Inside is
12-Jun-98 1 Upper Chevron Outside 20
06-Aug-G8| Drift Island Slough 60
17-Aug-98iLower Chevron Inside 15
17-Aug-98! Lower Chevron Outside 15
17-Aug-98iUpper Chevron Inside 15
17-Aug-981{Upper Chevron QOutside 15
14-Oct-98{Head of Bay Island 20
14-Qct-88 | Upper Chevron Inside 15
14-Dct-98 Upper Chevron Ouiside 15
25-Aug-29Drift Island Slough 60
26-Aug-99tHead of Bay Island 15
26-Aug-98 Upper Chevron Inside 15
26-Aug-98 | Upper Chevron Qutside 15
23-Sep-99{Head of Bay Istand 20
23-5ep-8%{ Upper Chevron Inside 12
23-Sep-99| Upper Chevron Cutside i2
Total effort to date 585
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Table 2. Compostitton of fishes collected with boat alectrofishing at Cottonwood Island Chevron Dikes study area, 1%

Chevron Inside jChevron Qutside | Chevron Total Drift Is. Siough | All Stations
sampiing effort {min) 280 300 580 330 910
Species N IN15min N __IN15Smin N NASmin N |NASmin N NASmin
Shormose gar 4 0.21 0 [¢] 4 0.10 3 0.14 7 0.12
tonqnose gar 0 .00 9 0.00 [+) 0.00 5 0.23 5 .08
Bowfin [{) .00 i .00 0 0.00 21 0.95 21 0.35
Arnerican eel 0 0.00 2 0.10 2 0.05 a 0.00 2 0.07
Skipjack herring 1 0.05 8] 0.00 1 0.03 5] 0.00 1 0.07
Gizzard shad 786 4214 153 7.65 938 24.28 281 12.77 1220 20.11
Threadfin shad 1 0.05 [1) 0.00 -1 0.03 7] 0.00 [ 0.02
Mooneya ] 0.00 3 Q.15 3 2.08 o] .00 3 .05
Goldfish 1 0.05 i) 0.00 1 0.03 0 .00 [ 0.02
| Camp 36 1.93 57 4.85 133 344 105 4.82 239 3.84
Bighead camp i 0.05 i) 0.00 1 .03 [ 0.05 2 0.03
Sitvercarp 4] c.0o 4] 2490 [+ 0.00 1 8.05 1 0.02
Carp x Goldfish_ 1) 0.00 0 0.00 0 0.00 1 0.05 i .02
Central stonerclier 0 2.00 1 0.05 1 0.03 0 0.00 1 092
Suckermcuth minnow ) 027 4] 0.00 5 0.13 2 0.00 5 008
Silver chub 7 0.38 11 Q.55 18 .47 g 0.41 27 0.45
Spotfin shiner 82 439 174 8.70 256 £.52 k 0.94 258 427
Red shiner [ 2.32 15 0.75 21 .54 7] .00 21 0.35
Bluntnose minnow 4 0.21 2 Q.10 &8 0.16 1 0.05 7 Q.12
Bullhead minnow 420 22,50 28 1.40 448 11.58 38 1.73 486 8.0
Emerald shinar 344 18.43 588 29.40 gaz 24.10 1 0.05 933 15.38
Silverband shinar 1 (.05 ) 0.00 0.03 [ 0.00 1 0.0z
River shiner 46 2.46 28 .40 74 1.81 [ 0.00 74 1.2
Bigmouth shiner 0 0.00 i 0.08 1 0.03 [+ 0.00 1 .02
Sand shiner 8 032 14 0.70 20 0.52 g .00 20 0.33
Mimic shiner 64 3.43 31 1.55 95 2.46 1 0.05 56 1.58
Spettail shiner 4 021 i) 0.00 4 0.10 7} 0.00 4 0.07
Shiner spo. 13 0.70 0 0.00 13 0.34 0 .00 13 0.21
Bigmouth buffaio 17 0.91 i 0.00 17 Q.44 106 4.82 123 2.03
Smallmouth buffaio 59 2.16 25 1.25 84 217 224 10.18 308 508
Black buffato [ 0.05 [ 2.00 3 0.03 g G.41 10 0.16
Unidentified Carpsucker 14 .75 0 000 14 0.36 0 0.00 14 6.23
Quillhack 14 0.78 0 0.00 14 236 1 0.05 15 (.25
River carpsucker 73 3.91 [ 0.05 74 1.51 19 0.86 93 1.53
Sootted sucker [v) 0.00 0 0.00 g .00 2 0.09 2 0.03
Shorthead redhorse 4 021 ] 0.45 13 0.34 2 .09 15 0.25
Golden redhorse 3 0.16 0 0.00 3 0.08 [ 000 3 0.05
Channe] catfish 29 1.55 109 545 138 3.57 33 1.50 171 2.82
Flathead cattish 4 a.21 91 455 g5 2. 4¢ 26 1.18 121 1.99
Freckled madiom [¥) 0.60 1 0.05 1 0.0 0 0.00 0.02
Mosquitofish i5 0.80 [ 0.00 i5 0.39 41 1.86 36 0.92
Broak siverside 1 0.05 1) 00 1 5.03 [i} 0.00 1 0.02
White bass az 1.71 14 8.70 46 .19 3 0.14 49 0.81
Yeliow bass 0 .00 1 0.05 1 0.03 Q £.00 1 0.02
Black crappia 5 0.27 [V} 0.00 5 0.13 104 4.73 109 1.8¢
White crappie 2 0.11 0 0.00 2 005 40 1.82 42 .68
Largemauth bass 36 1.83 5 0.25 41 1.06 80 3.64 121 1.98
Smallmouth bass 0 0.00 4 0.2C 4 0.10 0 0.00 4 0.07
Warmouth 1 0.95 0 0.00 1 0.03 0.36 g 0.15
Green sunfish 52 279 7 0.35 Sg 1.53 0.08 51 1.04
Bluegill x Green sunfish 1 005 0 0.00 3 0.03 0 0.00 i 0.02
Bluegik 133 7.3 18 6.90 151 3% 568 30.4% 820 13.52
Redear sunfish [1] 0.00 5] 0.00 0 0.00 1 0.05 1 0.02
Crangespotied sunfish 56 3.00 7] 0.00 56 1.45 231 10.50 287 4.77
Sauger 3 0.16 [7) 000 3 0.08 1 0.05 4 0.07
|Logperch [ 0.05 [ .05 2 0.05 2 0.09 4 0.07
Mud darter 5 0.00 Q 0.00 7] 0.00 1 .05 [ 0.02]
Freshwater drum 136 7.2 43 2.40 184 475 70 318 254 4.19
Total number fish collected 2524 135.21 1482 7410 4006 103.60 1730 76.64 5736 94.55
Number of species collected 47 25 48 36 54




Table 3. Summary of fishes collected with boat eiectrofishing at. Cottonwood Island Chevron Dikes study area, 1993 - 1999,

Chevrons Control sites
Lower Ingide Lower Suthide Lioymr iichy Unoar cutexds Dﬂl!ls.S_bn_m Faad ot Bay la. NCR AY Stations
sampling effort {min} 85 100 185 200 330 55 20 985
Species
Shortnose gar Y] 0 4 0 3 1 2 7
Longnose gar 0 { 4] Q 5 4] ¢ 5
Bowfn o] 2] 4] 4] 21 0 4] 21
American eel 0 Q 4 2 0 ¥ s, 2
Skipjack heming 4] 0 1 o] ¢ 1 4] 1
Gizzard shad 215 41 571 112 281 8 S 1220
Threadiin shad 1 O o] 4] o] 0 3] 1
Moonaye 0 ¥ 0 3 0 0 8] 3
Bighead camp 1 0 0 0 1 J 0 2
Siiver carp 0 ¥ 0 3] 1 0 4] 1
Goldfish 4] o] 1 0 o] 0 0 1
Carp 7 27 29 70 108 37 4 238
Carp x Goldfish 0 4 O ¥ 1 O 4] 1
Central stoneroller 0 0 g 1 0 1 0 1
Suckermmouth minnow 3 Y 4 y; o 0 0 5
Silver chub 0 2 7 g g 0 2] 27
Spotiin shiner 52 57 30 117 3 20 3 253
Sed shiner 1 5 5 10 4] 21 4] 21
Bluntnese minnow 1 s 3 2 1 0 G 7
Bullhead minnow 114 7 306 21 38 5 i 485
Emerald shiner 119 1384 225 384 1 48 3 933
Silverband shiner 1 0 o] 0 0 g ¥ 1
River shiner 20 13 26 15 o] 9] 2 74
Bigmouth shiner ¢ 0 ¢] i D % 0 1
| 8and shiner G 1 -] 13 0 0 0 20
Mimic shiner 5 a 58 23 1 2 2 96
Spottail shiner 4] g 4 0 0 ¥ G 4
Shiner spp. 0 g 13 _ D 4] o] o] 13
Bigmouth buffals 10 3] 7 ¢] 106 7 o] 123
Smalimouth buffaio 27 ) 32 17 224 1 2 308
Black buffalo_ 3 0 G C 9 2 0 1c
Quilthack 5 0 g 4] 1 0 1 15
River carpstickar 36 0 43 1 1S 0 3 93
Camsucker spp. 0 9 14 G o 0 G 14
Spotied sucker 0 0 0 0 2 0 4 2
Shorthead redhorse 4] 4 4 5 2 4 5 15
Galden redhorse 1 4] 2 0 0 1 1 3
| Channel catfish 8 56 21 53 33 10 2 171
Flathead catfish 3 27 1 B4 26 1 0 121
Freckied madtom ¢ 0 0 1 4 0 ¢ 1
Mosguitofish 4] 2 15 o] 41 1 4] 58
Brook silverside o o) 1 0 ¢ 0 ¥ 1
White bass 14 5 18 $ 3 5 1 459
Yeiiow bass 0 1 0 0 0 4] QO 1
Black crappie 3 [ 2 g 104 5 0 109
White crappie Y o 2 0 40 1 o 42
Largemouth bass 11 C 25 5 80 4 O 121
Smalimouth bass [y, 1 0 3 0 v Q 4
Warmauth Q ¢] 1 0 8 ¢ 0 g
Green sunfish 4 4] 48 7 2 8] 3] g1
Bluegill 23 4 110 14 669 23 1 820
Redear sunfish o 0 o] 0 1 G g 1
Orangespotted suntish 23 Q 33 0 231 3 0 287
Bluegill x Green sunfish 0 0 1 0 0 G Q 1
Sauger 3 ¢ 3 0 1 Q 0 4
Logperch 0 ¢ 1 1 2 G ¢ 4
Mud danter 0 4] 0 0 1 o] Q 1
Freshwater drum 39 i8 97 30 70 10 4 254
Total number fish collected 742 479 1782 1003 2147 218 40 65153
Number of species coliected 28 18 37 28 36 25 16 53
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Figure I. Towl number of fish species coilected with electrofishing at Cottonrwood Isiand Chevrons,
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Figure 2. Totl number of fish collected per 15 min of electrofishing at Cottenwood Island
Chevrons, Drift Istand Slough and Head of Bay Island, 1993 - 1999,
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Total number of emerald shiner collected per 13 min of electrofishing at Cottonwood
Island Chevrons. Dritt Island Slough and Head of Bay island, 1993 - 1999.
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Figure 5. Total number of bullhead minnow collected per 15 min of electrofishing at Cotronwood
istand Chevrons. Drift Island Slough and Head of Bay Island, 1993 - 1999,
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Figure 6. Totwl number of smalimouth buffalo collected per 15 min of electrofishing at Cottonwood
Island Chevrons, Drift Island Slough and Head of Bay Island, 1993 - 1999.
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7. Total number of channel catfish collected per 15 min of elecoofishing at Cottonwood
isiand Chevrons, Drift [sland Slough and Head of Bay Island, 1993 - 1999,
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Figure 8. Total number of flathead catfish collected per 15 min of elecunfishing at Cottenwood

Island Chevrons, Drift Island Slough and Head of Bay [sland, 1993 - 1959,
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Figure 9. Total number of largemouth bass collected per 15 min of elecuofishing at Cottonwood

Istand Chevrons, Drift Island Slough and Head of Bay Island, 1993 - 199%.
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Figure}0. Total number of bluegill collected per 15 min of electrofishing at Cortonwood Island
Chevrons, Drift Isiand Slough and Head of Bay [sland, 1993 - 1999.
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Introduction

The Illinois Department of Natural Resources, Division of Fisheries, Boundary Rivers Program
has collected four fish samples with A.C. electrofishing (EF) on the Multiple Round Point
Structures constructed by the St. Louis District, Corps of Engineers at Mississippi River mile
256.6L, in 1998 and 1999 (Figure 1). The sampling was conducted in order to obtain
information on the composition of fishes utilizing these structures.

Methods

The electrofishing {ef) unit and the sampling methodology used in this sampling effort is the
same as that used in the chevron dike study. Each sampling run involved electrofishing around
each of the six round points and collecting all fish stunned within the range of the dip net and
circling around in attempt to capture stunned fishes originally out of range.

Results and Discussion

A total of 256 fish representing 16 species (44.14 fish/15min ef) were collected on the four
sampling runs (87 minutes total) [Table 2). Gizzard shad and ermnerald shiner were the most
frequently collected species, followed by flathead catfish and channel catfish.

The length frequency distributions of the flathead and channe! catfishes collected in the
sampling effort indicate that both young of year and older individuals of these species are
utilizing these structures .

A notable species collected in this effort is the blue sucker. This big river species is presently
uncommon in the Mississippi River and is considered a species of special concem by state and
federal natural resources agencies. The collection of a blue sucker on each of the four sampling
runs seern to indicate that these fishes are seeking the habitat conditions provided by these
structures.

Conclusion

The data collecred in this preliminary evaluation suggest that multiple round point structures are
providing useful and valuable habitat for a variety of riverine fishes. Collection of blue suckers
may indicate these structures are providing a unique habitat type, once more common in the
river.



Table 1. Sampling dates and electrofishing effort for
Pool 25 Muitiple Round Point Structures.

Electrofishing
Sampling date |effort (min)

18-Aug-98 22
15-Oct-98 15
07-Sep-99 20
22-Sep-99 30

Total 87




Table 2. Composition of fishes collected with A.C. electrofishing
at Pool 25 Multiple Round Point Structures, 1998-1999.

Species Number | No./15min ef
Gizzard shad 58 10.00
Carp 20 3.45
Red shiner 1 0.17
Emerald shiner 81 13.97
Mimic¢ shiner 4 0.69
Smallmouth buffalo 6 1.03
Blue sucker 9 1.55
Shorthead redhorse 10 1.72
Channel catfish 14 2.41
Flathead catfish - 37 6.38
Stonecat 1 0.17
White bass 1 0.17
Green sunfish .2 0.34
Blueqill 1 0.17
Slenderhead darter 1 0.17
Freshwater drum 10 1.72
Total number 256 44,14
Number species 16




APPENDIX C.

Environmental Pool Management

1) 1999 Progress Report - Effects of water level
management on waterfow] food production in
Pool 25, Upper Mississippi River. Southern
Illinois University Carbondale, Cooperative
Wildlife Research Laboratory.

2) 1999 Progress Report - Fish and water quality
responses to nonpersistent wetland vegetation
produced via Environmental Pool Management in
Pool 25 of the Upper Mississippi River.

Southern Illinois University Carbondale,
Fisheries Research Laboratory.



Progress Report: January 1999-December 1999

Project: Effects of water level management on waterfowl food
production in Pocl 25, Upper Mississippi River.

Objectives:

1) Characterize the plant community associated with water
level management and estimate seed biocmass produced.

2} Quantify the agquatic invertebrate population response to
increased macrophyte production.

3) Characterize avian use of habitats prcduced by water
level management.

Funding Source: U.S. Army Corps of Eng., U.S. Fish & Wildl.
Serv., Coop. Wildl. Res. Lab.

Principal Investigator: Bruce D. Dugger

Graduate Research Assistants: Jamie C. Feddersen

INTRCDUCTICON

Since the late 1800’s, anthropogenic influences on the
Mississippi River ecosystem have substantially changed system
structure and function. To increase habitat availability, the
Upper Mississippi River Conservation Committee (UMRCC) and
United States Army Corps of Engineers (USACE)} developed a water
level management plan to increase the health of the Mississippi
River ecosystem by enhancing fish and wildlife habitat while
maintaining a 9-ft. navigation channel. The management plan,
called Environmental Pocl Management (EPM), endeavors to
increase the production of agquatic macrophytes in Pools 24, 25,

and 26 ky lowering pool water levels 0.2 - 1.0 m to expose



mudflacts.

Intensive evaluation of the plant and invertebrate

or

communities responding te EPM has not been conducted. The goal

of this study i1s to guantify the plant food resources produced

by water level drawdowns on Pool 25 of the Mississippi River and
evaluate invertebrate and avian response to these resources.

This report 1s a summary of activities for calendar year
1999 and ccntains preliminary findings, which may be subject te
future modilications and revisions. To prevent the issuing éf
misleading information, persons wishing to quote from any of
this report, tec ¢ite it in bibliograpnies, or to use it 1n other
forms should first obtain permission from the Director of the
Cocperative Wildlife Research Laboratory.
STUDY AREA

The study is being conducted in Pocl 25 (Fig. 1), a 32-mile
stxetch of the Mississippi River between Lock and Dam 25 (river
mile 241.4) and Lock and Dam 24 (river mile 273.4). Study sites
are located in side channel and backwater areas of Jim Crow
Island, Turner Island, and the Batchtown State Fish and
Waterfowl Manacement Area, hereafter referred to as Batchtown.
Earlier work indicates water drawdowns resulted in increased

macrophyte aburdance at all 3 sites (Wlosinski et al. unpubl.

data).



ACTIVITIES (01 Jan - 31 Dec 1999)
Plants
Objective 1: Characterize the plant community associated with
water level menagement and escimate seed Liomass prcduced.
Vegetation composition data were coliected beginning 3
weeks post-drawdown, during 24-25 July and 13 August 1999,
Sixteen transects were placed perpendicular to the shoreline and
followed an elevation gradient. A single O.5—m25ample plct was
placed along the transect at locations that corresponded tc 5,
20, 35, 50, and 75-cm water deptn, relative o full pool {434.0
ft NGVD). For each species in each plot we reccorded species
cemposition, percent cover, and stem density. Nomenclature
follows Scott and Wasser (1980} and Hohlenbrock (19886) .
Preliminary results of vegetation composition (Fig. 2)
indicate 15 species responded to river drawdown. Based on
percent occurrence, the most common species were smartweeds
(Polygonum spp.; 93%), barnyardgrasses (Echinochloa crusgaill

and E. muricata; 80.3%), and chuia (Cyperus esculentus; 76%).
Chufa had the highest stem density (X = 22.3 stems/0.5m"; Fig.

3), followed by smartweed and barnyardgrass (X = 10.4 and X =
8.5 stems/0.5m%, respectively). In general, percent occurrence
was not influenced py plot elevation {(Fig. 4).

Seed bicmass data were collected on 3, 10, and 11 September

1899, beginning apprroximately 3 weeks post reflood. We

{ad



quantilied seed biomass using techniques developed by Laubeahn
and Fredrickson {1992). Seed biomass production of smartwesds,
barnyardgrass, chufa, and rice cutgrass (Leersia oryzcides) was
estimated to be 4,144 kg/ha. Chufa and smartweeds comprised the
majority of the biomass (2,598 kg/he and 1,038 kg/ha,
respectively).

Invertebrates

Objective 2: Quantify the aguatlic macrcinvertebrate population
respense to increased macrophyte produiction.

Nektornic sampling.-- During 1999, we processed all samples
collected in 1998 from our plots designated to-be-devegetated
(TBD) and to-remain-vegetated (TRV}) during fall 1898 (Prog. Rep.
Oct.-Dec. 1998). Organisms were identified using Pennak (1989)
and Merritt and Cummins (1996). Annelids were identified to
class, Crustaceans to order or family, Mollusks and Insecis to
family.

Fifty-cne different taxa were identified in nektonic
samples collected at Turner Island and Jim Crow Island in 1998
(Table 1). We identified 39 and 45 taxa in TBD and TRV plots,
respectively. Mean abundance per sample did not differ between
TBD plots (X = 318.17/1,497.15 cm’) and TRV piots (X =
302.61/1415.09 cr’, n = 36, F = 0.10, p = 0.7565).

Benthic sampling.--Fifteen different taxa were identified

in penthic samples collected at Turner Island and Jim Crow
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Island. Number of taxa identified in TBD versus TRV plcts was
12 and 15, respectively. Mean abundance per sample did not
differ between control (X = 62.00) and treatment plots (X =
46.50, n = 36, F = 0.01, p = 0.9106}.

To-be-devegetated plots were treatecd with a commercizl
herbicide on 13 Juiy 19938, 2 weeks post drawdown, and every 2
weexs until reflocd occurred to prevent vegetation estaclishment
within the treatment plcts. The devegetated plot simulated
substrate conditions prior to water-level drawdowns occurring on
Pool 25, (i.e. no management). The TRV plots did nct have
herbicide applied and are intended to represent current
conditions in drawdown areas of Pool 25.

On 4 October 1999 we collected 9 nektonic samples and 9
benthic samples in each of 4 vegetated and 4 devegetated plots
{n = 144). These samples are currently being processed to
compare agalinst the 1998 sampies.

Waterfowl
Obhjective 3: Characterize avian use of habitat produced by water
level management.

Nine sﬁrveys were conducted between 27 February - 23 April
1999, We conducted surveys from the bow of a becat in all main
channel, side channel, and backwater areas downstream of Jim
Crow Island and in vegetated areas of Batchtown. Surveys of the

slough on Jim Crow Island and the impoundment on Turner Island



-

were conducted on foot. A rcute was chosen to minimize flushing

birds to areas not yet surveved. Wind speed (km/h), wind

direction, air temperature {°C}, precipitation, anc

i ¢

cover (1J% interval) were recorded prior to beginning surveys.
Total number, species, and location (vegetatiocn vs. open water!
of waterfowl were noted during each survey period.

Fifteen species of waterfowl were observed throughout the
survey period (Tablé 2}. Although we have yet to analyze these
data, when combining all surveys, it is clear more birds were
cbserved in vegetation {35,8328) than in o¢pen water (2,404). 1In
vegetated areas, mallards/American black ducks (Anas
platyrhynchos/Anas rubripes) and northern pintails (A. acuta)
were most abundant (18,432 and 16,420, respectively). BAmerican
wigeon (A. americana) was the only species observed in the
vegetation not observed in open water. Compared to dabbling
ducks, diving ducks were more abundant in open water. Lesser
scaup (Aythya affinis) was the most abundant species in open
water (1,102) and the only species not observed in vegetation.

Waterfowl behavior observations were ccnducted during
March-April 1999. Activity-budgets of spring migrating
waterfowl were documented using focal-switch observations
(Losito et al. 1989). Focal individuals were observed frcm 15

to 30 minutes and behaviors were recorded at 10-second

intervals. Observations were conducted from duck blinds present

[a}}
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within the study area using a 20-60x spotting scope.

We ccllected 36.4 hcurs of time activity budget data, 32.0
hours in vegetated areas ancd 4.5 hours in non-vegetated areas.
Combining all data, waterfowl spent 39% of their time feeding
and 32% loafing (Table 3). Based crn 29%9.6 hours of observaticn,
dabpling ducks in the vegetation fed 41% of the time and loafed
30% of the time. Diving ducks in the open water (3.35
observation hours; spent 56% of their time lcafing and only 14%
of their time feeding. Mallards observed iIn vegetation (n = 26,
'18.85 observation hours) spent similar amounts of time feeding,
31% as they did icafing, 39%. Pintails {(n = 25, 11.43
observation hours) spent more time feeding, 50%, than they did
loafing, 426%. Ideally we wanted a moxe even distribution oI
observations between vegetated and non-vegetated areas; however,
dabbling ducks rarelv occurred in non-vegetated areas.
DISCUSSION AND PROSPECTUS

Plants

iminary results indicate EPM continues to produce a

}=i

Pre
plant community comprised mainly of moist~soil species that
provide food for waterfowl. Percent occurrence for barnyard
grasses and chufa in our study were similar to those reported by
Wlosinski et al. {unpublished data) but was twice as high for
smartweeds. These changes may not reflect temporal changes in

the plant community but rather differences in sampling

B |



tecnnigues. Little zonation in species distribution sugges:ts a
relatively uniform availapility of food resources in the
datchtown aresz.
Invertebrates

The results of the first phase of the invertebrate
experiment are enccouraging. Preliminary analysis suggest Zhere
was no diflerence in tetal abundance and number of taxa betwesn
experimental plots for both sampling technigues prior to
treatment with herbicide. We are currently processing samples
collected in fall 19899, after the herbicide treatment. When
these data become available comparisons will be made with the
1998 data to see if differences in relative abundance exist
between plots and years. If abundance is significantly lower in
non-vegetated plcts than vegetated plots we may be able to
attribute these difference to the macrophyte response to EPM.
Additional analyses of the invertebrate date will focus on
differences in abundance of a taxcon between plots.
Waterfowl

Waterfowl surveys indicate use cf vegetated areas
predominantly by dabbling duck species. Waterfowl using
vegetated areas spent a major portion of their time foraging in
shallow water arezs suggesting they are using plant and

invertebrate rescurces produced by the drawdown. However, low

numoers of dabbling ducks in open water may not be an



appropriate indicator of the importance of the vegetation
produced by EPM. Dabbling ducks feed in relatively shallow

water (Bellrose 1976 and their paucity in open water may

Al

y feed in relatively deeper

=

reflect thelr inability to efiective

water. Behavioral observations during spring 2000 will

incorpeorate the devegetated plots from the invertebrate response

exXperiment tC characterize use of shallow opben water areas.
Further investigations will include comparing historical

date from zerial surveys conducted by Illinois Natural History

Survey to identify differences in numbers of waterfowl using

Batchtown before and since the inception of ZPM. If EPM has

improved habitat conditions in Batchtown we predict a

significant increazse in the abundance of waterfowl between pre-

and post-EPM. This will assist us in developing conclusions to

the efficacy of EPM in producing gquality food resources to

migrating waterfowl.
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Table 1. ZInvertebrate taxa

identified in nektonic and benthic

samples collected from paired-plots on Jim Crow Island and

Turner Island, Pool 25,

Upper Mississippl River, October 1998.

Jim Crow Island

Turner Island

Taxa

Nektonic

Benthic

Nektonic

Benthic

beshnicae
Araneidae
Arctiidas
Asellidae
Baetiscidae
Belostomatidae
Cambaridze
Carabidae
Ceratopogonidae
Chironcomidae
Cladocera
Coenagrionidae
Copepcda
Cordulegastridae
Corixidae
Cossidae
Culicidae
Dolichopodidae
Enpididae
Gammaridae
Gerridae
Gryllidae
Gyrinidae
Haliplidae
Hebridae
Hirudinea
Hydrometridae
Hydrophilidae
Hydroptilidae
Lestidae
~Libellulidae
Lycosidae
Lymnaeidae
Macrovelliidae
Naucoridae
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Taple 1. Continued.

Jim Crow Island Turner Island
Taxa Nektonic Benthic Nektonic Benthic
Nemzatcda X X X X
Noteridae X
Cligeochaeta X X X X
Ostracoda X X X X
Physidae X X X X
Pisauridae X X
Planorbidae X X X
Saldidae X X X
Scelionidase X
Sciomyzideae X
Sisyridae X X
Staphylinidae X
Stratiomyidae X X
Tabanidae X
Talitridae X
Tipulidae X




Table 2. Total waterfowl observed during 9 surveys (27 Feb - 23 April 1999) on lower
Pool 25, Upper Mississippi River.
Habitat

Species Vegetation Open water Total
Canada goose 236 (77%) 70 (23%) 306
American wigeon 30 {100%) 0 (0%) 30
Blue-winged teal 123 (B6%) 20 (14%) 143
Gadwall 67 (63%) 40 (37%} 107
Green-winged teal 378 (B89%) 46 (11%) 4214
Mallard/American black duck 18,432 {(98%) 444 (2%) 18,876
Northern pintail 16,420 (99%) 167 (1%) 16,587
Northern shoveler 57 (66%) 30 (34%) 87
Wood duck 22 (65%) 12 {35%) 34
Canvasback 38 (68%) 18 (32%) 56
lLesser scaup 0 (0%) 1,102 (100%) 1,102
Redhead 20 (24%) 65 (76%) 85
Ring-neck duck 15 (4%) 390 (96%) 405
Total 35,838 (94%) 2,404 (6%) 38,242




Table 3. Percent time devoted to foraging and lcafing by waterfowl using Pcol 25, Upper
Mississippi River during spring 1999.

Vegetation Open Water
Species Feeding Loafing Feeding Loafing
Green-winged teal {(n = 11} 42 13 - -
American wigeon (n = 5} 91 0 - -
Gadwall {n = 3} 0 64 - -
Mallard (n = 26) 31 39 - -
Northern pintail {(n = 25,3} 51 25 43 36
Northern shoveler (n = 3} 8 80 ' - -
Canvasback (n = 2} C- - 0 59
Lesser Scaup (n = 2) - - 1 67
Ring-neck duck {n = 3) - — 32 46

Redhead (n = 2) 50 14 - -
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Progress Report: January 1999-December 1999
Project: Fish and water quality responses to nonpersistent wetland vegetation produced
via Environmental Pool Management in Pool 25 of the Upper Mississippi River.

Objectives:

1. Examine fish use of nonpersistent vegetation with seine and popnet samples from
vegetated and experimentally devegetated plots.

2. Sample aduit fish in vegetated areas to determine benefits of increased food availability (e.g.,
forage fish) due to vegetation production.

3. Study benefits to young fish of residual vegetation in spring.

4.  Monitor the effects of vegetation on water quality
and zooplankton.

Funding Agencies: St. Louis District, U.S. Army Corps of Engineers and U.S. Fish and
Wildlife Service

Principal Investigators: Robert J. Sheehan and Brooks M. Burr

Graduate Research Assistant: Reid Adams

Introduction

Water levels in Pool 25 are currently managed at a midpool control point located near
Mosier Landing at river mile 260.3 by the U.S. Army Corps of Engineers, St. Louis District. To
maintain a 2.7-m navigation channel, water levels are managed between 434 - 437 ft at Mosier
Landing and from 429.7 - 434 ft at Lock and Dam 25 over a specific range of discharges. During a
moderate flood pulse, the pool becomes “tilted” when gates are lifted to maintain water levels at
the midpool control point; tilting can result in the dewatering of backwaters in lower reaches of

pools (Sparks 1995). When discharge exceeds values manageable through operation of Lock and



Dam 25 (often occurring during spring high water events) all gates at the dam are raised out of the
water and the river is said to be at “open river.” Spring flood waters may recede to an elevation
of 429.7 at Lock and Dam 25; this elevation, also referred to as “maximum drawdown,” is the
maximum drop in water level that will still allow navigation in 2 2.7-m channei (Wlosinski and
Hill 1995). Herein, “drawdown” is synonymous with the maximum drawdown which generally
follows spring floods. Under current operating procedures, the St. Louis District has no control
over the timing or magnitude of the drawdown that follows spring open river conditions.
However, some flexibility in how water levels are managed may be realized during the return of
the river to the target pool elevation. Since 1994, the time period conducive to management has
ranged from approximately 38 to 57 days during the summer months.

The major goal of Environmental Pool Management (EPM) is to maintain relatively low,
stable water levels following drawdown in the spring. The management scheme prolongs the dry
phase during the growing season of backwaters located primarily in the lower reach of the pool.
The St. Louis District implemented EPM in 1994 on Pools 24, 235, and 26. Investigations of
mudflats exposed via EPM showed lush production of nonpersistent wetland vegetation
(Dalrymple et al. 1996).

Many studies document fish interactions with aquatic macrophytes in laklas, reservoirs,
and small streams (Dibble et al. 1996), and Janecek (1988) reported 107 fish species in the Upper
Mississippi River utilize aquatic plants for reproduction, nursery habitat, cover, and as feeding
grounds. Environmental Pool Management on Pools 24, 25, and 26 produces nonpersistent,
emergent, wetland vegetation consisting mainly of millet, chufa, and smartweeds (pers. comm.

J.H. Wlosinski, U.S. Geological Survey, and J. Feddersen, Cooperative Wildlife Research



Laboratory, SIUC). Seine hauls in vegetated and adjacent nonvegetated areas in Pools 24, 25, and
26 during fall of 1997 demonstrated EPM-induced vegetation was providing habitat for small
forage fish, particularly the emerald shiner, Notropis atherinoides (Heidinger et al. 1998). Qur
main objective was to quantify fish use of EPM-induced vegetation versus nonvegetated areas
having similar depths and water velocities; therefore, differences in use could be directly reiated

to the presence or absence of vegetation.

Activities

In conjunction with the SIUC Cooperative Wildlife Research Laboratory, four study sites
were chosen in Fall of 1998: Jim Crow Island, Turner Island, and two sites within the
Batchtown State Wildlife Management Area (Batchtown East and Batchtown West). A
vegetated plot and a plot to be devegetated (400m?) during summer 1999 were designated at each
site. This enabled a comparison of vegetated and devegetated plots within a range of riverine

habitats: viz., a semi-isolated slough, an island tip, and an extensive backwater area.

Spring 1999 - prior to drawdown

Four sampling trips were made after ice-out to determine if young, newly hatched fish
were using residual vegetation (if it existed) as nursery habitat. Moderate amounts of residual
vegetation remained in the sites, but the amount of attached stems/detritus remaining, particularly
in Batchtown, was substantially reduced due to the combination of thawing ice and scouring

spring flood waters. Three complete bouts of sampling were conducted at each site/plot



combination from 21 May - 15 June. Water quality, zooplankton, and fish samples were
collected each trip. Five fish samples were taken in each plot (vegetated and plot designated to

be devegetated) with a 1-m long, 500-um mesh larval fish seine. Additional fish samples were

taken in the plots with a 1.6-mm mesh seine. Fish samples have been rough sorted and await
identification, along with zooplankton samples. Preliminary examination indicated the vegetated
areas, particularly on Jim Crow and Turner Island, provided nursery habitat for many young fish,
including the following genera: Lepisosteus, Hiodon, Dorosoma, Carpiodes, Ictiobus,
Moxostoma, Morone, Lepomis, Percina, and Aplodinotus. Additional fish samples were collected

near Stag Island and within Batchtown for comparison with study sites.

Summer 1999 - following maximum drawdown

The four study sites (Jim Crow Island, Turner Island, Batchtown East, and Batchtown
West) were visited following maximum drawdown to prepare devegetated plots.. All plots to be
devegetated were cleared of woody debris, and vegetation remaining from the previous year was
removed on 7 July. With the assistance of Ken Dalrymple (Missouri Department of
Conservation) and Jamie Feddersen (SIUC Cooperative Wildlife Research Laboratory) one plot

at each site was treated with Rodeo® herbicide on 13 July with a backpack sprayef. Two

additional applications were made on 24 July and 13 August. Prior to reflood, devegetated plots
were completely devoid of vegetation. Our goal was to achieve devegetated plot sizes of 400 m?,
and we sprayed an additional 5 meters around the perimeter to minimize an edge bias during fall

sampling. Also, plots at Turner Island, Batchtown East, and Batchtown West were devegetated



out to the adjacent open water area so that water quality parameters (e.g., turbidity) would better
reflect the absence of vegetation. Additional spraying was not required to attain the desired
conditions at Jim Crow Island.

We noted the stranding of many fish in isclated pools within the Batchtown area. Fish
were probably initially isolated in late June, during the maximum drawdown that followed open
river conditions. These fish were trapped in deep channels that traverse Batchtown during
periods of high flow. Thousands of dead fish were observed on 24 July, encompassing at least
11 species, mostly YOY channel catfish ({etalurus punctatus) and river carpsucker (Carpiodes
carpio). The cause of death was probably extremely high midday water temperatures and low
dissolved oxygen. The deep channels also contained many stranded mussels (dmbiema plicata,
Quadrula sp., and Megalonaias nervosa) that were easy prey for raccoons (pers. observation by

R. Adams, J. Feddersen, and K. Dalrymple).

Fall 1999 - following reflood
Water quality, zooplankton, and fish were sampled at each site and plot on five sampling
trips from 28 August to 14 October. Vertically integrated zooplankton samples, ranging from the
water surface to 10 cm above the substrate, were taken in triplicate from each ploi using a
modified littoral sampling tube (Pennak 1962} and preserved in 5% buffered formalin. These
samples have not béen processed, but zooplankton was not conspicuous to the unaided eye in

the field or in sample containers. Dissolved oxygen, pH, water temperature, conductivity,

turbidity, and water depth were recorded at a minimum of two stations per plot each sampling



trip. Dissolved oxygen and water temperature were measured near the surface and bottom when
depth exceeded 30 cm. Water velocity was negligible in all plots during sampling.

Vegetated and devegetated plots tended to have similar water depth, water temperature,
pH, and conductivity, but dissolved oxygen and turbidity varied among plots (Table 1); although,
statistical analyses have not yet been conducted. Higher turbidity was consistently recorded in
the devegetated plots, but vegetated plots tended to have lower dissolved oxygen. Dense
vegetation at Batchtown East, Batchtown West, and Turner [sland resulted in dissolved oxygen
values (below 4 mg/L) that are generally limiting to fish (Table I). Low dissolved oxygen within
the vegetation was probably due to a combination of low atmospheric mixing and the oxygen
demand of decomposing plant material. Low dissolved oxygen in the vegetation was a chronic
problem at Batchtown East throughout our fall sampling. Dissolved oxygen values became more
favorable to fish at Batchtown West and Turner Island when plants began to senesce and
wind/wave action opened the vegetation allowing mixing to occur. Dissoived oxygen was also
monitored at the deep outer edge of the vegetated plots throughout fall and found to be similar to
concentrations in the devegetated plot.

Corresponding with water quality measurements, fish were sampled with a 3.66-m seine,
having a mesh size of 1.6 mm, and 1-m? popnets constructed of 1.6-mm mesh ner‘ting. Plots
were sampled each trip with three popnets left overnight and triggered the next day for a total of
120 popnet samples. Two seine hauls, each 10 m long, were made in devegetated plots, and five
kicksets were made in vegetated plots each trip. A series of stationary kicksets was the best
method for sampling with a seine in the dense emergent vegetation. Kicksets were accomplished

by holding the deployed seine stationary while the area immediately in front of the seine was



“kicked” vigorously. Seine hauls were also made along the deep outer edge of the vegetation and
kept separate from other samples. Mean number of species and relative abundance were
calculated from replicate popnet samples in a respective plot per trip and analyzed using
Analysis of Variance tests (ANOVA). Seine hauls and kicksets within a respective piot per trip
were pooled into one sample for analysis. Seine and popnet samples have been processed for
three of the five sampling trips. The overall model was a three-way ANOVA with Site, Plot, and
Capture Method as independent variables and either mean number of species or fish abundance
as dependent variables. These analyses did not include fish captures at the deep outer edge of the
vegetation. Though analysis of available data are preliminary, the following results are indicative
of o;werall trends.

Sixteen species, including nine members of the family Cyprinidae, were collected with
popnets and seine hauls in the vegetated and devegetated habitats (Table 2). Collections were
‘dominated numerically by the channel shiner, Notropis wickliffi. Based on 7, 214 fish, mean
number of species captured and fish abundance were significantly higher in vegetated plots for
both capture methods (P < 0.001). Also, species richness and abundance were higher in seine
samples.in comparison with popnet samples (P < 0.001). For both dependent variables, Site was
a significant factor, and the Site X Plot interaction had a significant effect on mean number of
species. Post-hoc analyses indicated that higher numbers of fish and species were collected at
Jim Crow Island and Tumner Island, and there was no difference between vegetated and
devegetated plots in mean number of species collected at Jim Crow (Student Neuman-Keuls test).

Fish samples reflected macrohabitat differences among sites. Fish abundance and mean

number of species were lowest at Batchtown West and Batchtown East, sites in the extensive,



shallow backwater area comprising the majority of vegetation acreage in Pool 25. Vegetated plots
at these sites were dominated by species tolerant of low dissolved oxygen such as mosquitofish
(Gambusia affinis) and common carp (Cyprinus carpio) (Table 2). Vegetation production was
very high in 1999, and further research is needed to determine the extent of lov;f dissolved oxygen
concentrations during years of more typical vegetation densities. Smaller patches of EPM-
induced vegetation present on Turner [sland and Jim Crow Island had less of a dissolved oxygen
problem and provided suitable habitat for more fish. Vegetation on Turner Island harbored
young-of-the-year of numerous species, including channel shiners and spotfin shiners (Cyprinelia
spiloptera). Total length has been recorded on every specimen, and length frequency
distributions of common species will be compared among sites and plots.

Electrofishing was conducted on 14 October 1998_ and 21 October 1999 in Batchtown and
adjacent to Turner Island and Jim Crow Island to sample large fishes. Gizzard shad (Dorosoma
cepedianum), river carpsucker (Carpiodes carpio), buffalofishes (lctiobus spp.) and common
carp (Cyprinus carpio) were the most abundant fishes coliected in Batchtown based on 2.5 hrs of
electrofishing (Table 3). Tumer Island and Jim Crow Island samples were comprised mostly of
gizzard shad and common carp (Table 4). The low number of piscivores captured near the

vegetation has impeded documentation of direct benefits of increased forage fish availability.

Current Trends and Considerations

By influencing reproduction and recruitment processes, water level management

(Midpool control point management and Environmental Pool Management) can affect the fish



community composition of Mississippi River pools, since fish species may respond differently
to a particular hydrologic regime. Spring spawning species, already facing restricted access to
quality floodplain habitat, may suffer from a shortened spawning season if drawdown is too
early in the year. Year-class strength will also be affected if the drawdown strands or forces
newly hatched young from backwater nursery areas before they are fully prepared for life in river
channel habitats. Reproduction of centrarchids in late spring/early summer is known to be
detrimentally impacted by fluctuating water levels during nest building (Kohler et al. 1993;
Raibley et al. 1997), and recruitment will be further impacted by subsequent stranding or reduced
access to backwaters following drawdown. In fall, the young of some species (particularly late
summer spawners) will probably benefit substantially from the presence of newly flooded
vegetation whose growth and density depends on drawdown parameters. The influence of
macrohabitat and vegetation characteristics on ambient water quality may allow some young fish
to utilize more of the vegetated acreage than others. At latitudes where water temperatures lower
than 4 °C are experienced by YOY fish in winter, the availability of suitable oveminteﬁng
habitats is a major determinant of recruitment {Sheehan et al. 1990). As a response to critically
low water temperatures, some fish bury- in substrates {Crawshaw et al. 1982, Cunjak 1986).
Residual vegetation and resulting detrital layers may aid recruitment of some spec':ies by
providing favorable overwintering habitat. Water level management affects fish communities
through many potential avenues of influence on recruitment processes throughout the year.
Trends in fish response to the hydrologic regime of 1999 are apparent, although not al}
data have been processed. Maximum drawdown was reached on approximately 29 June, and

water levels generaily remained below 430 ft until reflooding began 12 August. The summer
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hydrologic regime exposed mudflats in lower Pool 25 for extended periods of time and was very
successful in producing nonpersistent vegetation. Based on quantified sampling and two
collection methods in fall, more species and a higher abundance of fish were found in the
nonpersistent vegetation compared to simiiar areas devoid of vegetation. These fish were mainly
young-of-the-vear and recently hatched cyprinids. The young of late spawning channel shiners,
spotfin shiners, and river shiners heavily utilized vegetation on Turner Island as nursery habitat,
therefore benefiting from the presence of vegetation. Unlike most other species, mosquitofish
and juvenile common carp were able to utilize vegetated areas with low dissolved oxygen in
Batchtown. Including aforementioned cyprinids, these species appeared to be the main
benefactors of.increased nursery habitat attributable to the presence of vegetation.

Maximum drawdown typically corresponds to the final receding of spring flood waters,
and the timing is very crucial to recruitment of spring and early summer spawning fishes. Similar
to Pool 25 drawdowns in 1994 - 1996, the drawdown of 1999 began in early to mid June.
Evidence of reproduction by many spring spawning fishes was found prior to the 1999
drawdown at Jim Crow Island, Tumer Island, and within Batchtown. After maximum
drawdown, we found substantial numbers of YOY fish stranded in the slough on Jim Crow Island
and within Batchtown. Stranding may have been exacerbated in summer 1999 because water
levels had to be held abnormally low due to elevated discharges upstream. Further research is
needed to assess recruitment losses due to the stranding of young within backwaters during
maximum drawdown. Also, it is not clear if the young are being forced from nursery areas

prematurely.
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The response of nest-building centrarchids to water level management (Midpool control
point management and EPM) in Pool 25 is unclear at this time. During our spring 1999 sampling
of the designated study sites and additional backwaters on Stag Island and within Batchtown, we
found very little evidence of reproduction by Lepomis, Micropterus, or Pomoxis. Extensive fall
1999 sampling resuited in the capture of very few centrarchids; samples were dominated by the
orangespotted sunfish (Lepomis humilis) which is reported to be tolerant of a wide range of
environmental conditlons, including fluctuating water levels {Robison and Buchanan 1988). Very
few Pomoxis and no Micropterus were collected during seining of shallow sﬁoreiines in Pools 24,
25, and 26 in fall of 1997 {Heidinger et al. 1998). Observed trends may be due to a low number
of adults in the population, low survivorship of young, or spawning failure due to fluctuating
water levels during reproduction (Raibley et al. 1997). Environmental Pool Management reduces
water level fluctuations following maximum drawdown, b-ut suitable spawning and rearing habitat
may not be available when water levels are below full pool. Additional data collection and
analysis of historical collections are needed to determine the effect of water level management on
centrarchids in Mississippi River pools.

Although Environmental Pool Management was cnly partially implemented in 1999, we
did document benefits to fish of the presence of nonpersistent vegetation (which is produced

when EPM is practiced). Other aspects of EPM that may influence fish reproduction and early

‘life history need to be studied. When EPM is implemented, the impact of dampening water level

fluctuations following maximum drawdown in spring is not clear. For instance, rising water levels
may rescue or provide relief to fish and mussels stranded in off-channel habitats after drawdown

by restoring benign water quality conditions. On the other hand, additional fish may enter the
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habitats during reconnection, exacerbating the fish stranding problem. Further study of how fish
respond to water level fluctuations, including a determination of controlling water elevation
(elevation upcn which the habitat becomes reconnected with the main river) for important off-
channel areas in lower Pool 25, is needed. Water level fluctuations in lower reaches of pools due
to tilting are known to impact the biotic communities of these habitats (Sparks 1995; Theiling et
al. 1996). Data further describing the extent of this problem are needed. Environmental Pool
Management appears to benefit some fish, but more research is needed to determine how it can

be optimized for both fish and waterfowl.
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Table 1.

- Water quality values in vegetated (Veg) and devegetated (DeVeg) plots at four sites in Pool 25 of the Mississippi River. Means, with
ranges in parentheses, are based on five sampling trips during fall 1999. Only ranges are provided for pH and conductivity.

Batchtown West

Batchtown East

Jim Crow Island

Turner Island

Veg DeVeg Veg DeVeg Veg DeVeg Veg DeVeg
Water Depth (cm) 448 42.1 53.5 553 . 273 28.5 24.5 27.5
(38.0-49.0) (33.0-51.0)  (39.0-66.0) (45.5-64.0) (21.5-35.0) (19.0-39.0) (16.0-28.0) (26.5-32.0)
Temperature (°C) 214 223 20.7 211 23.1 232 21.7 219
(18.5-279) (17.0-29.6) (16.2-25.8) (17.3-25.6) (170-31.0) (16.5-321) (16.7-285) (16.7-27.2)
Dissotved Oxygen (mg/L) 6.2 8.2 2.6 5.7 8.7 10.2 6.8 8.6
(09-10.9) (5.9-10.0) {(1.1-44) (43-8.1) (5.7-12.3} (5.8-12.7) (0.7-14.1) ({6.3-11.4)
pH 7.8-8.7 8.1-8.7 7.4-8.0 7.8-84 8.2-9.1 8.0-8.7 7.3-88 8.3-8.8
Conductivity (umhos/cm) 400-450 400-460 300-454 300-439 400-469 400-480 300-430 300-410
Turbidity (NTU) 56.6 64.6 17.9 51 26.7 56.9 65.6 847
(14-100)  (21-100) (4-56) (20-72) (4-54) (8-100) (8-100} (31-100)




Table 2.

Species abundance and richness in vegetated (Veg) and devegetated (DeVeg) plots at four sites in Pool 25 of the Mississippi River.
Numbers represent pooled seine and popnet samples based on three sampling trips during fall 1999.

Batchtown West

Batchtown East

Jim Crow Island

Turner Island

Species Veg DeVeg Veg . DeVeg Veg DeVeg Veg DeVeg
Dorosoma cepedianum 1 0 0 0 0 0 1 0
Ctenopharyngodon idella 0 0 0 0 169 18 0 0
Cyprinus carpio 217 3 60 0 69 112 57 0
Cyprinella spiloptera 25 I 58 7 58 45 698 12
Notemigonus crysoleucas 1 0 0 0 0 0 0 0
Notropis atherinoides 55 220 15 94 5 49 7 246
Notropis blennius 0 0 0 0 0 0 63 0
Notropis wickliffi 1 8 0 12 93 73 2104 51
Pimephales notatus 0 0 0 0 ! 0 0 0
Pimephales vigilax 0 0 0 2 0 0 2 2
Carpiodes carpio 0 1 0 I 0 1 0 0
Ictalurus punctatus 0 0 0 0 0 0 1 1
Gambusia affinis 144 i 103 0 1491 355 52 0
Labidesthes sicculus 0 0 0 7 0 0 0 0
Lepomis humilis 5 25 2 3 0 1 3 1
Lepomis macrochirus 0 0 0 0 0 0 1 0
Totals: _

Number of Species 8 7 5 7 7 8 i1 6

Fish Abundance 449 259 238 126 1886 654 3286 313



Table 3.

Electrofishing results from the Batchtown State Wildlife Management Area 1998-1999. Numbers
are based on 1-1.5 hrs of electrofishing in 1999 and 1998, respectively.

Common Name Scientific Name October 1998 October 1999

(Gizzard Shad Dorosoma cepedianum 144 141
Common Carp Cyprinus carpio 17 7
Emerald Shiner Notropis atherinoides 5 0
River Carpsucker Carpiodes carpio i2 14
Smallmouth Buffalo Ictiobus bubalus 20 ]
Bigmouth Buffalo Ictiobus cyprinellus I 1
Black Buffalo Ictiobus niger 4 6
Redhorse Moxostoma sp. 2 0
Channel Catfish lctalurus punctatus 2 1
White Bass Morone chrysops 1 0
Bluegill Sunfish Lepomis macrochirus 4 0
Orangespotted Sunfish Lepomis humilis 4 1
Warmouth Sunfish Lepomis gulosus 1 0
Freshwater Drum Aplodinotus grunniens 2 0




Table 4.

Electrofishing results from Turner Island and Jim Crow Island in October 1998. Numbers are

based on 30-min electrofishing runs at each site.

Common Name Scientific Name Jim Crow Island ' Turner Island
Skipjack Herring Alosa chrysochloris 0 1
Gizzard Shad Dorosoma cepediarnum 14 88
Common Carp Cyprinus carpio 6 10
Grass Carp Ctenopharyngodon idella 0 1
Emerald Shiner Notropis atherinoides 3 2
River Carpsucker Carpiodes carpio -1 0
Smalimouth Buffalo Ictiobus bubalus 1 0
Channel Catfish Ictalurus punctatus 2 2
White Bass Morone chrysops 0 2
Bluegill Sunfish Lepomis macrochirus I 2
QOrangespotted Sunfish Lepomis humilis 0 1
Freshwater Drum Aplodinotus grunniens 2 3
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INTRODUCTION

Overview

The pallid sturgeon Scaphirhynchus albus was listed by
the U.S. Fish and Wildlife Service as endangeréd in 1990.
The bioleogy of this species is poorly understood, as is the
case for many species éxisting in low numbers,
Consequently, the Pallid Sturgeon Recovery Plan (Dryer and
Sandvol 1983) identified the need to gain better
understanding of the basic biclogical characteristics of the

species.

The present study, funded by the U.S. Fish and Wildlife
Service (USFWS) and U.S. Army Corps of Engineers (USACE) and
recommended with high priority by the Central States Pallid
Sturgeon Werk Group, wés principally designed té'address the
Recovery Plan’s Primary Task 3.2.1, Conduct field
investigations to describe the micro- and macro-habitat
components of spawning, feeding, staging, and rearing arezs.
Because of its épproach, the stpdy aiso addre;ses seqeral
Recovery Plan Secondary Tasks: 1) 1.1, Reduce or eliminate
potential and documénted threats from past, present and
proposed developments initially within recovery pricrity
areas; 2) 3.1, Obtain information on life history of the
pallid sturgeon; 3} 3.3, Obtain information on genetic
makeup of hatchery-reared and wild Scaphirhynchus stocks;

and 4} 3.4, Obtain informatior on population status and



trends. Sonic telemetry techniques were used to determine
the movements, locations, and habitat use of pallid sturgeon
in the middle Mississippi River (MMR); i.e., the River

between the mouths of the Missouri and Ohio Rivers.

This report describes our activities during the fourth
year of the study (October 13898 through December 1998} .

Goal 1 during year 4 was to continue studying habitat use
and movements of wild pallid sturgecn in the Middle
Mississippi River. Specific objectives for Goal 1 were as
follows. CObjective A was the identification and
quantification of macrohabitats that pallid sturgeon are
associated with-on an overall and a seasonal basis 1n the
MMR. Objective B was the determiﬁation of whether or not
pallid sturgeon select macrcohabitat types out of proportion
to their availability in the MMR. Objective C was to examine
the effects of temperature and discharge on habitat selection
by pallid sturgeon in the Mississippi Riveér. Objective D was
to quantify home ranges and movement patterns exhibited by
pallid sturgeon in the MMR.

Goal 2 during year 4 was to make preliminary
observations of habitat at a site in the MMR near Chester,
Illinois, considered to be a putative sturgeon-spawning site
by local fishers. Objective A of Goal Z was to collect
substrate samples from the site. Objective B of Goal 2 was

to attempt to collect sturgeon eggs at this site during the



reported spawning seascn using a benthic dredge specifically
designed for this purpose.

Goal 3 during year 4 was to continue refinement of the
character index equation created durihg year 1, Objective A
of Goal 3 was to publish a'field guide for the application
and interpretation of the character index so that others
working with pallid sturgeon could use it effectively.
Objective B of Goal 3 was to evaluate the character index
.using the data base of meristics and morphometrics collected
from pallid sturgeon, shovelnose sturgeon, and putative
hybrids captured throughout their sympatric gecgraphic

range.

Large River Habitats and Their Utilization by the Pallid

Sturgeon

The bottom~dwelling pallid sturgeon prefers large,
swift, free-flowing mainstem rivers with high turbidity,
such as-the Missouri and Mississippi (Kallemyn 1983). To
date there have been few investigations into habitat use and
movements of pallid sturgecon. Clancey (1980) tracked the
movements of six pallid sturgeon in the Missouri River near
Fort Peck and down stream of the Yellowstone River using a
combination of radio and sonic telemetry. Two £ish caught

by SCUBA, tagged with combination radio/sonic tags, and
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released in the tailwaters of the Fort Peck Dam remained
there for an unspecified period during which they appeared
to prefer the deeper (»15 ft) areas of the tailrace. O©f the
four fish caught below the confluence of the Yellowstone
River only twe were relocated, both "within a mile or so of
their original capture site." Watson and Stewart (1991)
described the capture site of a single pallid sturgeon'from
the Yellowstone River as being on the upstream side of a
gravel bar ("gravel and rock with some large rocks in deeper
water"”) on a bend with depths down to ten feet on the

outside edge.

A study by Bramblett (19%6) concerning movement and
habitat use contributed a great déal to our knowledge of the
biology of the pallid sturgeon in the northwestern portion
of its geographical range. He found they favored habitats
with a diversity of depths, current velocities, and
substrates. His results showed that pallid sturgeon used
areas with depths ranging from 0.6 m to 14.5 m with a mean
of 3.30 m, and bottom current velocitiés.ranging'between 0
to 1.37 m/s with a mean 0.65 m/s. They appeared to use sand
and avoided gravel-cobble substrates. They ranged as far as
331.2 km and moved up to 21.4 km/d. Bramblett (1996)
characterized the macrohabitat of pallid sturgeon as
"sinuous channels with islands or alluvial bars present."

During spring and early summer of both 1%93 and 1994 he



documented aggregations of pallid sturgeon, which included a
female known to be gravid when tagged, in the lower 12 km of
the Yellowstone River. He surmised that these aggregations

were related to spawning,

Bramblett (1996) focused on pallid sturgeon found in
the Missouril River and its tributaries. It is not known
whether pallid sturgeon in other portions of their

geographic range behave similarly.

Beth the Mississippi and Missouri Rivers have been
greatly modified by man, but the characteristics of the two
differ substantially. The Missouri River is impounded at
S its confluehce with the Mississippi River by the Chain-of-
Rocks low-head daﬁ and in its upper reaches by a series of
flood-control reservoirs. The lower reach of the Missouri
River is channelized and stabilized. The MMR and lower
Mississippi River are free flowing, bﬁt both have beén
channelized, leveed, and contain many nhavigation-aid
structures (e.g., wing dams and closing-dams)(Sheehan and

Résmﬁnssen 1993;.

Habitats available to fish have become reduced in
diversity and abundance due to influence of modifications
man has made on the MMR. Under natural conditions, fluvial
processeslboth create and destroy aguatic habitats. Today,
the MMR is mostly fixed in its bed by bank stabilization and

ievees, eliminating erosional processes which create and



restrugture riverine habitats. Depositional processes
continue, causing ocff-channel habitats to become eliminated
or aggraded (Sheehan and Rasmunssen 1993). These changes
may have affected pallid sturgeon spawning habitat, perhaps
forcing them into spawning areas of the closely related
shovelnose sturgeon S. platorynchus (Carlson and Pflieger

1981).

Perhaps the most severe anthropogenic impact upon the
ecology of the MMR results from the extensive drainage and
leveeing of floodplain wetlands {(Sheehan and Konikoff,
1998): Isolation of the River from its historical
floodplain reduces river/floodplain interactions during
peridds of high water. Many reseérchers believe the so-
called flood pulse is crucial to the trophic dynamics, and
fishes of large floodplain rivers ({see reviews in Bioscience
Volume 45, 1995}. It is not known to what extent MMR pallid
sturgeon population size and growth is affected-by this

reduction in floodplain inundation.

Identification of Pallid Sturgeon

No single morphological characteristic distinguishes
pallid from shovelnose sturgeon, due to overlapping
character values. Hybrids show characteristics intermediate

to parental species, further complicating identification



problems. Consequently, biologists have used sets of

characteristics to identify Scaphirhynchus specimens.

Carlson and Pflieger (1981) concluded that 4,036 of the
4,062 sturgeon they examined were shovelnose, énd hybrid
sturgeon (15) were about equal in number to pallid sturgeon
{11). They devised a mathematical "Character Index,"” a
composite of 13 characteristics, to identify the two species
and the presumptive hybrids. There were 10 shovelnecse, 12
hybrids, and 8 pallid sturgeon in the Carlson and Pflieger
{1981} data set. A similar technique for distinguishing

pallid sturgeon broodfish from shovelnose and hybrids uses

‘standardized characteristics based on the minima and maxima

which have been reported for thosé characteristics (Krentz .
and D;yer 1996). The latter index was developed using
characteristics of sturgecon collected in the northérn
reaches of the Missouri River. We applied the Krentz and
Dryer (1996) index to data (reported in Carlson and Pflieger
1981} for Scaphirhynchus specimens from the Middle and Lower
Missouri River andlthe Miésiséippi River, and it failed to
distinguish between pallid, shovelnose, and the presumed
hybrids. There are at least three possible explanations for
the lack of success with the Krentz and Dryer index when
applied to the Carlson and Pflieger (1981) data. First,
morphological characteristics for pallid and shovelnocse

sturgeon populations appear to vary across geogfaphical



populations {Clancey 1990; Dryer and Sandvel 1993). Clancey
(1990) noted that the values for OB/IB (the ratio the length
Iof the ocuter barbels (OR} to the inner barbels (IB)) from
five pallid sturgeon ccollected near the_Fort Peck Dam were
far greater than the range for this character reported by
Bailey and Cross (1954}. This was nct the case for values
for this character calculated from data reported by Carlson

and Pflieger (1981).

A second possible explanation for éur faiiure to
successfully apply the Krentz and Dryer index to the data
from Carlson and Pflieger {(1881) is the possibility that all
indices which have been developed to date have used data
sets in which some specimens have_been misidentified. It is
not possible aF this time to say with certainty whether

specimens identified as species are not in actuality

~genetically introgressed. Misidentification would cause

more overlap in character values for the two species.

A third possible reason for the poér fit of_the Carlson
and Pfliegerh(1981)ldata té the Kféntz and Dryer index 1is
that pallid sturgeon in the MMR are genetically
introgressed. The degree of overlap in morphological
characteristics and the failure of prbtein electrophoresis
to distinguish between pallid sturgeon and shovelnose
sturgeon (Phelps and Allendorf 1983} have led some to

question if pallid and shovelnose sturgeon should be



recognized as distinct species (Campton et al. 1995). Using
DNA sequencing of the mitochondrial DNA (mtDNA) control
region Campton et al. (1995) were unable to distinguish
between the pallid and shovelnose sturgeons, but they
claimed to be able to distinguish them from the Alabama
sturgeon S. suttkusi. The degree of difference in mtDNA
haplotypes which they did document supports the contention
of Phelps and Allendorf (1883) that evolutionarily the
pallid and shovelnose sturgeon are only recently diverged;

about 33,000 years ago.

May et al. (1997) used microsatellite primers developed
for Acipenser sturgeon tc identify 6 homologous, polymorphic
migrosatellites {(both tri- and te£ranucleotide) loci in both
Scaphirhynchus species. Although they did not focus on the
.Scaphirhynchus species, their work demonstrated the
feasibility cf amplifying homclogous microsatellites in
these species. In addition, they illustrated the ability of
the technique to reveal poiymorphic variation in
Séaphirhynchﬁé.spp. wheré other techniqués have féilea.
Further, May and colleagues (Bernie May, Director, Genomic
Diversity Laboratory, University of Califqrnia—DavisJ
analyzed tissue samples from sturgeon collected in the lower
Mississippi River and found that specimens which were
thought to be hybrid sturgeon showed microsatellite allelic

frequencies that were intermediate to pallid and shovelnose



sturgeon. This 1s consistent with the observations of
Carlson and Pflieger (1981) and others regarding the
relatively high incidence of hybridization between pallid
and shovélnose sturgeon. However, hybridization is a
controversial issue; Mayden and Kuhajda (1997) contend that
there is no empirical evidence indicating that hybridization
between the two species is common. ©Only the development of
a genetic technique which definitively discriminates between
pallid and shovelnose sturgeon will resclve this controversy

with any certainty.

Given conflicting information in the literature
regarding pallid and shovelnose sturgeon characteristics,
the overlap in characters, the inéidence of hybrids in field
collections, and the apparently recent divergence between
the two species, we believed that identification of pallid
sturgeon in the field would not be an easy task. Therefore,
during Year 1 of the study a character index was developed
to aid.in the efficiency and accufacy of identification of
péllid'sturgéon in the field as well assfo help.distinguish
possible pallid X shovelnose sturgeon hybrids (Sheehan et
al. 1997a). This index was used in Years 2, 3, and 4 to
differentiate pallid sturgeon, shovelnose sturgeon, and

hybrid sturgeon caught by commercial fishers.



Methods
Goal 1 - Habitat Utilization and Movements of Adult Pallid
Sturgeon In the Middle Mississippi River

Pallid sturgeon used to study habitat use.and
movements {(Goal 1} were obtained from commercial fishers, the
Migsouri Department of Conservation, and sampling conducted
by Scuthern Illinois University at Carbondale (SIUC).

A ?rocedure was developed for taking meristic counts
and morphometric measurements while simultaneously
surgically implanting sonic transmitters while the study
specimens were anesthetized. Total length, standard length,
fork length;-and welght were taken prior Lo surgery.
Mbrphometric measurements taken_ihcluded outer barbel length
(CB}, inner barbel lengthI(IB), mouth to inner barbel
distance (MIB), interrostrum length (IL), and head length
(HL) . Meristic counts including anal and dorsal fin ray
counts (AFC and DFC respectively) were taken upon placement
into the recovery tank. Surgery techniques took
apprOXimateiy'lo minutes ffém removal from anesthesia to
placement into the recovery tank.

Sonic transmitters were surgically .implanted using the
followiﬁg procedures. The fish were placed in a 114-L ice
chest one-half full of fresh river water oxygenated to
supersaturation. Carbon dioxide gas was bubbled into the

water at a rate of 3.0 <¢fm until the fish were anesthetized



to the surgical plane (loss of equilibrium and diminished
struggling when captured by hand). Oxygenation was continued
throughout anesthetization. The average time of carbon
dioxide exposure was 4.5 min (maximum was 5.8 min; minimum
was 3.5 min}. The anesthetized fish were removed from the
ice chest, and examined to make a qualitative decision
regarding whether or not the specimen was a pallid sturgeon.
Once it was determined that the specimen fit pallid sturgeon
characteristics another biclogist initiated the transmitter
surgical implantation procedure by placing the specimen on an
adjustable "V-shaped™ plexiglass surgery table designed to
held the fish with its ventral surface upright. Water was
flushed over the gills and skin periodically to prevent
drying. The transmitter and all surgical équipﬁent weré
socaked in 70% ethanol prior to surgery, and the surgical site
swabbed with Betadine disinfectant. A 50-mm anterior-
posterior incision was made approximately 30-mm anterior to
the pelvic fins, one-eighth of body diameter lateral to the
midline.

The transmitter was then inserted pushing toward the
anterior using a slight rolling motion with the fingers and
following the ventral portion of the lateral body wall. The
inserted transmittér was moved posterior until its posterior
end was approximately 20-mm past the poesterior end of the

incision. This technigque was used to decrease chances of



transmitter expulsion and to relieve any pressure.on organs
that might have occurred during insertion. The incision was
closed with simple interrupted sutures using Ethilon® 3/0
monofilament nylon suture attached to a FS-1 cufved cutting
needle. The incision and sutures were then sealed with
cyancacrylate resin to prevent contamination of the incision
and to prevent suture knot failure. Following surgery fish
were placed in oxygenated river water to recover for
approximately 30 min. Wild fish used for goal 1 were
released as close to their capture site as possible.

Transmitters used for the study were 18 mm in diameter
and 90 mm in length, 12 g, transmitted at 40 khz, and were
uniquely pulse—coded, Estimated life of the transmitters.was
13 months. Fish locations were taken with a Sonotronics USR-
91 receiver with a dual hydéophone array. Fish were located
.by tracking downstream at boat velocities of 11 to 13 km/h.
After initial contact was made, a series of additional passes
were made to triangulate and fix the location of the fish.
Location coordinates were then taken using a differential
global positioning system, and the position was recorded on
U.S. Corp of Engineer Navigation Charts. Depth was taken by
sonar and surface temperature was measured at each location a
fish was found. Macrohabitat type was determined from a list
of habitat classifications {Table 1, Figure 1). These

habitat classifications included: main channel (MCL}, main



channel border ({(association with an shoreline lacking
current-obstructing features) (MCB), immediately upstream of a
wing dam (WDU}, immediately downstream of a wing dam (WDD),
the wing dam tip (WDT}, between two consecutive wing dams
(WDB}, and the downstream side of an island tip (ITD).
Beginning in the summer of 1997, substrate samples were taken
at points of relocation using a sampler constructed from a
length of 15.2-cm diameter steel pipe.

Habitat availability data were gathéred using U.S. Hrmy
Corp of Engineer Navigation Charts. Twenty, one-river-mile
' stfetches were randomly chosen from the river stretch
occupied by the study fish. The navigation charts of these
20 stretches were ground-truthed to ensure up-to-date
accuracy. Ground~truthing inﬁolved physical examination of
each 1-mi stretch to determine if habitats shbwn on the
charts had been modified, added, or removed. Changes
typically included the addition or removal of wingdams and
the disappearance of small islands, presumably due to
erosional processes. These changés-were-traqsferred to the
navigation charts. The charts were then enlarged to a scale
of 3.5 in = 3000 ft.

The occurrence of each macrchabitat type in each one-
mile stretch was outlined according to the parameters in
Table 1. These parameters were derived from the average of

measurements taken in the field using a prismatic



rangefinder. Three different examples of each habitat were
arbitrarily selected. At three arbitrary locations in each
of these areas two measurements were taken from the edge of
that particular habitat.

The delineated areas on the charts were then measured
using a planimeter. Each habitat was measured tﬁree times
and the measurements averaged. The results were summed by
macrohabitat type and the percentage of all available

habitat was calculated for each macrohabitat.

Analysis

The objectives of goal 1 were to identify macrohabitats
used by pallid sturgeon in the MMR, to determine if MMR
palliid sturgeoﬁ weré using aﬁy given macrohabitat out-of-
broportion to its.évailability in the MMR, to examine the
effects of temperature and discharge cn habitat seléction by
-pallid sturgeon in the MMR, and to quantify the observed
home ranges and movement patterns of the pallid sturgeon in

the MME.

Habitat Associations

Macrohabitat associations were expressed as a
éroportion of relocations within each habitat type.
Additionally, habitat associations were characterized

according to surface water temperatures at point of



relocation. Macrohabitat associations were separated into
groups with surface water temperatures at point of contact
below 4° C, between 4° and 10° C, between 10° and 20° C
(during both spring and fall months), and above 20° C.
Increased mortality and decreased swimming ability have been
shown in some fishes at temperatures below 4 °C {Sheehan et.
al. 1954, Sheehan et. al. 1990). The other temperature
ranges were chosen to represent the remainder of the winter

season, spring and fall, and summer, respectively.

Habitat Selectiocon
Strauss’s linear selectivity index (L;} was chosen to

examine habitat selection by paliid sturgeon in the Middle

Mississippi River. Strauss’s index was more desirable than

other popular selectivity indices, csuch as Ivlev’s
electivity index, because it 1s not as susceptible to
sampling bias when the habitat type represents a small or
miﬁute proportion of all available habitats {(Lechowicz
1982) . L; values (Strauss 1979) were calculated for each
macrohabitat type using the formula:

Ly = ry - pi

where L; =.linear index value, r; = proportion of 1th
habitat in all relocations, and p; = proportion of ith
habitat in the environment. These calculations resulted in

an L; value for each habitat ranging from -1 to 1 with O



representing random use of a macrchabitat type and no
selection occurring. Positive numbers represented positive
selection, or selection for, the given habitat while
negative numbers represented negative selection, or
selection against, the given habitat. To determine
direction of selection for each habitat, L; values were
graphed with their 95% confidence intervals. A t-test was
used tc determine whether L; values wére significantly
different from zero (i.e., whether significant positive or
negative selection was occurring). A chi-square test was-
performed to determine whether the distfibution of habitat
use by the study fish was significantly different from the
distribution of habitat available in the stretch of MMR

studied.

Effects of Temperature and Discharge

To examine the effects cof temperature, L; values were
calculated for each habitat for four temperature ranges (0-
4, 4—10,'10~20; and above 20° C). A chi-square goodneés—of—
fit test was used to determine if significant selection
occurred within each temperature range. To examine changes
in selection for individual habitats due to température, L;
values were grouped by temperature and habitat and graphed

with their 95% confidehce intervals. A t-test was used to



determine whether L; values were significantly different
from zero.

To examine the effects of discharge, L; index values
were calculated for each habitat for three daiiy mean
discharge ranges (Low, Medium, and High)}. The low, medium,
and high discharge ranges were 0 - 165,000, 165,001 -
270,000, and above 270,000 cubic feet per second,
respectively. These breakpoints corresponded to the 33,3%
and 66.6% daily mean discharge for all aays during the
sampling period. All ‘discharge data were obtained from the
Chester, Illinois, U.S. Geological Survey gauging station.
A chi-sguare goodness-of-fit test was used to determine if
significant selection occurred within each discharge range.
To examine the changes in seléction for individual habitats
due to discharge, L; values were grouped by discharge group
and habitat and graphed with their 95% confidence intervals.
A t-test was used to determine whether L; values were

significantly different from zero.

Observed Home Ranges and Movements

Observed home ranges for individual study fish were
calculated by subtracting the river mile at the lower-most
relocation from the river mile at the upper-most relocation.
The location of release sites were included in home range

calculations. Observed home ranges were reported for each



study fish in addition to the calculation of a grand mean
observed home range. Movement patterns were visualized by
plotting the river mile at each relccation against date for

each fish.

Goal 2 - Preliminary cbhservations on habitat of sturgeon
spawning site near Chester, Illinois
The objectives of Goal 2 were to make preliminary

observations of the habitat of a purported sturgeon spawning
site near Chester, Illincis to determine substrate type, and
attempt to collect sturgeon eggs during the spawning season
using a benthic egg dredge specifically designed for this
purpocse.

| IThe site is located on the western shore {(Misscuri
Shoré) of the Mississippi River directly below the automobile
bridge at Chester, Illinocis. Substrate was sampléd on two
separate days once in spring (22 April 1939) and once in
early fall (27 October 1998)., The fall substrate sample was
taken due to concern, expressed by thérLong Term Reséﬁrde
Monitbring Program (LTRMP} staff at Cape Girardeau, Missour:i,
that the site might be overburdened by sand at low river
stages (5.7 Ft NGVD on 27 October 1999 at Chester, Illincis}.
The substrate was sampled using the gear described above. On

both cccasions three drags of approximately 50 m were made
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within the purported site and the substrate characterized
visually.

An attempt was made on three occasiocns during the
spring of 1999 on 4 April 1999, 14 May 1999, and 17 May 1999
to collect eggs from the alleged spawning site using a
benthic egg dredge. Water.temperature during this sampling
period was between 14.5° C and 205 C. The benthic egg dredge
consisted of a heavy metal sled onto which was attached a 250
Um nylon mesh bag, a brush, and a spray ﬁozzle. During
operation .a water pump in the boat pumped water down to the
dredge through the spray nozzle. The action of the brush in
concert with the water spray washes the substrate allowing
eggs, 1f present, and other light_debris to_collect_within
the mesh bag. The debris collected in the bag was examined
upon refrieval of the apparatus to determine whefher eggs
were present. Each sampling attempt consisted of five
deployments of the dredge. Each dredge deployment covered

approximately 50 linear meters of river bed,

Geoal 3 -Character Index Value: Field Guide and Evaluatien
The objectives of Goal 3 were to publish a field guide
for the character index (CI), and to evaluate the character
index’s discriminative ability.
The ability of two indices, the character index (CT)

and the morphometric character index (mCI), to distinguish
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between pallid sturgeon, shovelnose sturgeon and hybrids was
evaluated using Discriminate Functions Anaiysis {DFA) .
Jackknifed classification was used to reduce the bias that
individual specimens have on prediction of group membership.
Output of the DFA includes graphs depicting clustering of
individuals, and the percentage of a priori group membership
assignments made by the CI or mCI that match the DFA
classifications. The assumption made in the classification
analyses was that group membership assignments based on the
DFA were correct for compariscons. The five morphometric
ratics (OB/IB, HL/IB, HL/MIB, IL/IB,and IL/MIB}, and two
meristic (AFC and DFC) werelused as characters for the DFa
analysis of the CI and for examining regional differences.
The five morphdmetrié ratios aléne weré used as charécters

for the DFA analysis of the mCI.

& total of 257 Scaphirhynchus including pallid
sturgeon, shovelnose sturgeon and hybrids, were collected
from throughout the sympatric range of the pallid sturgeon
and the shovelnose sturgeon with the help of other péllid
sturgeon researchers and members of the Pallid Sturgeon
Recovery Team (Figure 2). Index values were calculated for
each of these specimens and they were then classified into
one of five groups; shovelnose sturgeon, shovelnose-
overlapping hybrids, non-overlapping hybrids, pallid-

overlapping hybrids, and pallid sturgeon {Figure 3). A



total of 222 of these specimens included fin ray count data,

. and were used to evaluate the CI. All 257 specimens were

used to evaluate the mCI. A separate DFA was calculated for
77 specimens classified as pallid sturgeon by the CI in
order to explore whether any clustering, related to regional
differences, was apparent that would limit the indices use
throughout the sympatric range of pallid sturgeon and

shovelnose sturgeon.

Results

Goal 1 - Habitat Utilization and Movements of Adult Pallid
Sturgecon In the Middle Mississippi River

Twelve additional pallid sturgeon were obtained from
commercial fishers and implanted with sonic transmitters
during Year 4. Ten of the fish had high character index
(CI) values (Sheehan et al. 198%7a), one was in the pallid
sturgeon hybrid overlap range, and one was in the hybrid
range (Tables 2, 3 and Figure 3). Two of the 12 fish
implanted with a transmitter (3334 and 6-9) were confirmed
td be femaies with-eggs during the implantation surgery.

Seventeen other pallid sturgeon were examined but not
implanted with sonic transmitters due to their small size
(Table 4). Nine of these fish had a scar at the base of the
left pectoral fin, and one carried a Missouri Department of
Conservation (MDOC) floy tag. The scarred fish were

presumably from the group stocked by the MDOC. The MDOC
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floy tagged each of the pallid sturgeon stocked. The scars
on their pectoral fins were probably caused by a floy tag,
yet since no tag was observed, we could not confirm that
these were MDOC'S_étocked sturgeon..

Only one fish implanted with a sonic transmitter during
vears 1-3 was relocated during Year 4. This may be due to
the fact that transmitters implanted during earlier stﬁdy
years had reached the end of their battery life. Contacts
from seven pallid sturgeon were added to the study data
during Year 4. The following analysis is a synopsis of all
relocation data gathered throughout Years 1, 2, 3, and 4 of

this project.

Habitat éssbciations

A total of 184 relocaticns of the study fish were made
from November 13, 1995 to December 31, 1998. These 184
contacts were all made during daylight hours. Approximately
2655 miles of tracking effort were exerted during the four
vears of this study to accumulate these'relocationé; Most
tracking effort was expended between river miles 81 and 151
(Figure 4). This was the portion of the study area that was
occupied by the sturgeon for the majority of the study and
effort was focused in this stretch in order to maintain

contact with the study fish and maximize relocations.



During each year, tracking was typically ncot possible
for a short time during the late winter and early spring due
fo unsafe ice cover on the river or decreased transmitter
range during high water periods in the spring.- Atlriver
stages above 7.6 m at the Chester, Illinois, U.S. Geological
Survey gauge the detection range of the transmitters
diminished tco less than 3 meters making it impractical to
track the study fish.

The study sturgeon were located in the MCL 39% of all
relocations. The MCB and WDB habitats were used during 26%
and 14% of all contacts, respectively. All other habitats
comprised 1% teo 9% of all relpcations (Figure 5}.

Sheehan et al. (1994, 199%0) found that swimming ability

decreased and mortality increased for some river species
below 4 °C. For this reason, habitat associations for the
winter seascn were broken down into two different

temperature regimes: below 4 °C and above 4 °C yet below 10

°C- -Below 4 °C, the study sturgeon were found in
assoéiation with current-disrupting habitat features such as
the ITD and WDD more frequently than during the study as a
whole (12% and 10%, respectively). However, the MCL (49%)
was still used most often (Figure 6). The MCB (14%} was
used less frequently than at other temperature regimes.

Habitat associations below 4°C were as or more diverse than

any other season with 6 of the 7 habitats being used.
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Once winter temperatures rose above 4 °C, study

sturgeon were found in association with the MCL, MCB, WDB,
WDD, and ITD habitats. However, the MCL (54%) and the MCB

(28%) together comprised 82% of all relocations (Figure 7).

Habitat associations at temperatures above 10 °C but

below 20 °C during the spring months deviated from those
during_the rest of the year. The MCL habitat, whilch was
used heavily during the rest of the year, comprised only 11%
of the relocations during the spring (Figure 8). Use of the
MCB (26%) habitat remained similar to most other seasons.
Use of the WDB habitats increased greatly during the spring
at 36% of the contacts. The ITD (1¢%) and WDD (11%)
habitats were also used {(Figure 8). It is notable, however,
that the number of .conteacts during this period was low (n =

19) due to tracking difficulties during spring flooding.

During the fall months at temperatures at or above 10°C
but below 20°C, habitat assoccilations were similar to those
during the rest of the year. Similar to the winter 4°C to

10°C period, MCL associations comprised 56% of the contacts

and MCB comprised 28% totaling 84% of contacts(Figure 9).
The ITD, WDT, and WDR habitats were also used at 3%, - 10%,
and 3%, respectively.

During the summer (surface water temperatures over 20

°C}, hablitat associations were diverse and resembled the
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overall habitat associations.  The WDT macrchabitat saw its
heaviest use during the summer months at 13%. The major
habitats of use during the summer were the MCL (27%), MCB
(32%), ITD (10%}, and the WDB areas (16%) (Figure 10).

Maximum water depths at the point of relocations could
be important as pallid sturgeon are generally considered to
be a benthic species. The study sturgeon_Were found in
locations with water depths ranging from 1.82 to 19.17 m.
They were found most often (88.5% of all relocations) in
water with maximum depths from 3 to 12 m (Table 5)}. The
study sturgeon were primarily found in the MCL and MCB
habitats, where depths in this range are common.

Fifty-nine substrate samples wefe taken at peints where
pallid sturgeon were relocated. Study fish weré found over
sand substrates 80.4% of the time (n = 41) (Table &).
Sturgeon were found over sand/gravel substrates 9.8% of the
time (n=5). Fish were located over mud/silt substrates 5.9%
of the time {(n = 3}. The mean surface velocity measurement
taken at points where pallid sturgeon were relocated was

0.51 m/s {(5D=0.25).

Habitat Selection
Habitat availability analysis indicates that the study
area was approximately 64.85% MCL and 11.05% MCB. The ITD

habitat comprises the smallest amount of the study area at



0.67%. The other macrohabitat types, WDD, WDB, WDU and WDD,
comprise 8.73%, 7.82%, 3.71%, 3.04% and 8.73% respectively
{Figure 11).

Strauss’s selectivity index values (L;} ranged from -
0.2158 to 0.1504 (Figure 12). All L; values were
significantly different from.zero {t-test; alpha=0.05). A
Chi-square.goodness—ofﬂfit test indicated that the

distribution of habitat use was significantly different from
the habitat availability (* = 154.90, critical value with 6
df = 12.59). The study sturgeon showed positive selection
for, in rank order: MCB, ITD, WDB, and WDT habitats. The
study fish.exhibited negative selection for, in rank order:

MCL, WDD, WDU (Figure 12}.

Effects of Temperature and Discharge

A Chi-square goodness-of-fit test indicated that the
distribution of habitat use was significantly different from
the habitat availability at each temperature regime (Table
7. Howeﬁér, only two habitats ShOWed a change in direction
of selection. WDT habitats were positively selected for
during each temperature regime except at 4-10°C. Selection
of WDD habitat was not significantly different from zero
during the 0-4 ° C temperature range {(t-test;

alpha=0.05) {Figure 13).
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A Chi-square goodness—-of-fit test indicated thét the
distribution of habitat use was significantly different from
the habitat availability at the low, medium, and high
discharge regimes {(Table 8). Selection direction did not
change for any habitat during the three discharge regimes
(Figure 14). L; values for each habitat type at all three
discharge regimes were significantly different from zero (t-

test; alpha=0.05).

Observed Home Ranges and Movements

Cbserved home ranges for the study sturgeon varied
greatly. Pallid sturgeon 2334 (with 2 contacts} was located
along a 0.4-mi stretch of river. In contrast, pallid
sturgeon 384 was located along a 72.2-mi stretch of river in
6 contactsl(Table 8). The mean observed home range was 18.5
mi . Thgse observed home ranges represent the minimum range
occupied by the study fish since they may have moved in and
out of the observed range between consecutive tracking
trips. 1In addition, six study fish were never relocated and
seven study fish were relocated fewer than two times. These

fish may have died, moved cutside the study area, or

remained in inaccessible areas and should be considered with

care when examining the observed home range data.
Nineteen of the 27 fish implanted with a transmittex

were relocated at least one time during the four years of
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this study. The longest period of contact on a fish to date
was fish 2237 at approximately 19 months (Figure 15}. The
observed movements of each of these fish are depicted in
Figures 16-34. Figure 35 provides annual discharges from 1

January 1996 through 30 September 18389 of the study period.

Goal 2 - Preliminary observations on habitat of sturgeon
spawning site near Chester, Illinois

The substrate samples taken below the automobile bridge
at Chester, Illinois on 22 April 1999 consisted of very
course sand, gravel, and pebbles. ©On 27 October 1889 the
samples consisted of some sand; very course sand, gravel, and
pebbles. Sampling with the'benthic egqg dredge produced no

fish eggs, sturgeon or otherwise, from this site.

Goal 3 —Chafacter Index Value: Field Guide and Evaluation
Field Guide

A field guide- (Sheehan et al. 1999) was published for
thé charaéter inde%. Thé fiela guidé also diécussés a ﬁew
- index that was developed in a manner similar to the original
except that only morphometric ratiocs ﬁere used as predictors
{i.e., merilstic characters were dropped from the regression
equation). This second index, the morphcometric character
index (mCI}, was developed in response to field workers

desire to avoid collection of fin ray counts, that can be
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difficult under some circumstances. A copy of the field
guide is included with this report. The field guide was
printed on water resistant paper and distributed to

researchers working with pallid sturgeon.

Evaluation of the Character Indices

The DFA analysis indicated that 90.0% of fish
classified as pallid sturgeon by the CI were consistent with
classifications made by the jackknifed classification
procedure (Table 10). Ten fish were shifted cut of the
pallid sturgeon group and reclassified as pallid-overlapping
hybrids. No fish from the other groups were reclassified as
pallid sturgecn.

Examination of the plot of the first two canonical
variables producéd by the DFA revealed that individuals
classified as pallid sturgeon by the CI clustered distinctly
from individuals classified as shovelnose sturgeon {(Figure
36). The individuals classified as shovelnose-cverlapping
hybrids, non-overlapping hybrids, and pallid—overlapping
hybrids form a third cluster in between the shovelnose
sturgeon and pallid sturgeon clusters with shovelnose-
overlapping hybrids nearer the shovelnose sturgeon cluster,
pallid-overlapping hybrids nearer the pallid sturgeon

cluster, and hybrids in the middle.
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The DFA analysis indicated that 89.7% of fish
classified as pallid sturgeon by the mCI were consistent with
classifications made by the jackknifed classification
procedure (Table 11). Nine fish were shifted out of the
pallid sturgeon group and reclassified as pallid-overlapping
hybrids. Three fish from the pallid-overlapping hybrid group
were reclassified as pallid sturgeon. No fish from the other
three groups were reclassified as pallid sturgeon.

Examination of the plot of the first two canonical
variables produced by the DFA revealed that individuals
classified as pallid sﬁurgeon by the mCI clustered distinctly
from individual classified as shovelnose sturgeon (Figure
37). The individuals classified as shovelnose-overlapping
hybrias,.nonéoverlappihg hybrids, and pallid—oveflappiﬁg.
hybrids form three clusters with shovelnose-overlapping
hybrids nearer the shovelnose sturgeon cluster, pallid-
overlapping hybrids nearer the pallid sturgecn cluster, and
hybrids in the middle.

Examination of fhe plot of the first two.canonical
variables produced by the DFA based on sampling region
revealed that pallid sturgeon from all regions form a single

cluster with only minor regional sub-clustering (Figure 38).
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Discussion

Goal-l - Habitat Utilization and Movements of Adult Pallid
Sturgeon In the Middle Mississgippi River
Habitat Associations

Overall, study fish were contacted most often in the
MCL. The study sturgeon were also often found in association
with the MCB and the WDB macrohabitats. The only
temperature regime (i.e., season) that this trend did not
hold was during the spring months when surface water
temperatures were at or above 10°C but below 20°C. During
these periods, the WDB habitat was used most frequently.
This was the only obvious seasonal difference in the habitat
associations. |

There are several possible explanations for the
decreased use of MCL areas and higher use of WDB areas
during the spring. During the high water periods in the
spring, telemetry efficiency may'have been higher in the WDB

areas than in the other habitats, resulting in a sampling

' bias. While no evidence exists to support or disprove such

a bias, it is doubtful that such a bias would favor the WDB
areas rather than habitats such as the MCB. Therefore, the

increased use of WDB habitats and reduction in the use of

MCL habitats during the spring months is likely an accurate

depiction.



Pallid sturgeon are generally thought to be late spring
spawners, although in all practicality nothing is known
about their reproductive behavior. If the pallid sturgeon
spawning period does occur during spring water temperatures
between 10°C and 20°C, then the shift to using WDB habitats

over MCL and MCB habitats may represent areas used for
spawning or staging by pallid sturgeon. While no
information is known about pallid sturgecon reproductive
biology {Dryer and Sandvol 1993), data éuggests that pallid
sturgéon are hybridizing with shovelnose sturgeon (Carlson
et al. 1885, Sheehan et al. 1997a, Sheehan et al. 1887b).
This hybridization points to the fact that similai areas are
probably being used by both species for quwning.
Examination of shovelnose sturgeon reproductive biology
shows that shovelnose sturgeon typically spawn over rock,
rubble, and gravel in the main channel or on rip-rap wing
dams (Moos 1978, Helms 1974). Shovelnose spawning habitat,
therefore, seems to be distinctly different than that in the
WDB areas that are mainly sand. Furthermore, pallid
sturgeon produce adhesive eggs, i.e., an eggs type that
fishes typically release over a flat firm substrate such as
rock or gravel. WDB habitats, by contrast, typically have
sandy unstable substrates. The increased use of WDB
habitats during the spring does not appear to be consistent

with inferred spawning migrations.
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Another possible explanation is that pallid sturgeon
may use the WDB habitats as feeding stations during the high
spring flows. Most of the sandbar depositions in the WDB
areas are underwater at high river stages and the water
current cuts away at the sand substratum. This may help in
exposing benthic invertebrates common in the pallid sturgeon
diet (Carlson et al. 1985), creating favorable feeding areas
in the WDB habitats.

The most likely explanation, however, may be that
pallid sturgeon were using the WDB habitats during high
spring flows as velocity refugia. The WDB areas may provide
lower velccities than the MCL and MCB areas that were more
commonly used than the WDB habitat during the other seasons.
It should be noted, however, that if this is the case, study
fish were apparently not seeking zero-current habitats such
as the WDD areas. Rather, they were seeking areas Qith
reduced currents. Since other reduced current habitats,
such as the ITD (20%), were also being used to a greater
extent during the spring, this explanation seems the most
plausible.

Habitat associations during the winter (water
temperature less than 4°C) did not differ from those found

during the rest of the year. HKabitat associations were also
as diverse as those during any other season with the study

fish being found in 6 different habitats. It appears that



winter temperatures did not have an effect on habitat use by
the study fish as they continued to be found in association

with the high-current MCL and MCB habitats.

Habitat Selection

A distinction needs to be made between habitat use and
habitat selection. Habitat use, in the context of this
study, refers to the areas where study sturgeon were located.
Areas of high use are important simply for the fact that
pallid sturgeon were commonly found in these areas. These
are habitat types where water use changes or habitat
medifications need to be carefully examined for their effects
on pallid sturgeon because of the high probability of their
-presénce. | |

Habitat selection takes into account the availabiiity
of the habitat and compares that availability to the amount
of use each habitat receives. Habitats that are negatively
selected may represent aréas either undesired or_simply not
used by pallid sturgeon;' Habitats that are posifively'
selected represent areas preferred by pallid sturgeon and may
be important their survival. Habitats that were positively
selected may represent the types of habitat that should be
created for the benefit of pallid sturgeon;

MCB, ITD, BWD, and WDT areas are important areas of

habitat selection as their confidence intervals all fall
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above zero. These areas would seem to be preferred by MMR
pallid sturgeon and may represent important pallid sturgeon
habitat. |

The ITD represents 1% of the habitat available in the
MMR. While this is not a common habitat, pallid sturgeon
seemed to prefer this habitat. This could be due to its
characteristics providing a prime feeding area, much as the
MCB may be during high.river flows. River flows cut away at
embankments of side channels, potentially exposing benthic
macrcinvertabrates. The ITD habitats could function much as.
do feeding focal points of trout {(Hunter 1991) with the
sturgeon using these habitats as breakwater structures with
lower velocities while feeding on invertebrates and small
fish being swept out of the side channel.

While the study sturgeon were found most often in the
MCL, the study fish exhibited eelection against the MCL more
than any other habitat. This is not surprising considering

the MCL comprised 64.85% of the available habitat (Figure

11). . The MCL habitat would seem to be an area where pallid

sturgeon are commenly found, yet it may not be a preferred

macrohabitat for pallid sturgeon.
Effects of Temperature and Discharge

For the most part habitat selection did not change with

changes in temperature regimes. Combined with the fact that
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habitat use at even extreme winter temperatures (0-4 °F) did
not deviate from the norm, temperature did not appear to
have a substantial effect on either habitat use or habitat
selection by MMR pallid sturgeon. In additibn; there were
no shifts between habitat selecfion and avoidance at the
three different discharge regimes.

Temperature and water velocity are two environmental
factors that greatly affect behavior and habitat use of many
riverine fishes. Temperature can severely affect swimming
ability and mortality of riverine fishes at winter
temperatures less than 4 °C (Sheehan et al. 1994, Sheehan et
al. 1990). Habitat use and selection by pallid sturgeon,

- however, appeared to be minimally affected by temperature
and-discharge in the MMR. The only teﬁperaﬁufe or discharge
regime where'habitétluse differed from the nofm was during

spring months with water temperatures between 4 and 10°C.

Observed Home Ranges and Movements

Study sturgeon showed a"largé individual propensity for
movement. However, observed home ranges for the study
sturgeon were lower than what has been previously reported
for the species. Bramblett (1996} reported that pallid
sturgeon studiea in the Upper Missouri and Lower Yellowstone
Rivers had an average home range of 48.8 mi. Study fish in

the MMR had an average home range of only 18.5 mi, less than
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half of the average observed by Bramblett (193%6). The study
sturgeon that were not relocated might have had
substantially-larger home ranges as they moved beyond the
study area. However, these fish would have had to have
observed home ranges of almost 200 miles in order for the
average MMR pallid sturgeon home range to be near that found
by Bramblett (1996). Movements of this magnitude have yet
to be reported for the species in the literature.

Bramblett (1996) described a variety of habitat and
riverine conditions in his study area ranging from near-
pristine stretches of the Yellowstone to more lentic
stretches of the Missouri that have been impacted by Fort
Peck Dam. With different habitats available, larger
movements and home ranges may be beneficial for sturgeon as
they could efficiently search fbr preferred areas. Habitat
in the MMR is extremely uniform as the river has been highly
channelized and has“relatively few islands, sidechannels,
and backwaters (Dryer and Sandvol 1993). Large movements
and home ranges may not be as beneficial to fish in the MMR
as in Bramblett’s area as it is unlikely that study fish may
happen across new ‘habitats.

Some seascnal trends were observed in the movements of
the study fish. Study fish appeared to slowly move
downstream during the winter months (December through

March). Movements of study fish during the spring and



summer months (March through July) were variable, with a few
large movements cbserved iﬁ both the decwnstream and upstream
direction. Duriﬁg the late summer and fall months (July
through October), the study fish generally moved upstream.

These seasonal periods coincide with different
discharge regimes as well., During the winter menths of
December to March the study sturgeon made slow downstream
movements. Dally mean-discharge during these months was
‘'generally the lowest during the year (Figure 36).
Logicalljt these pericds also had the lowest temperatures of
the study pericd. Bramblett (13896} found that pallid
stufgeon had significantly smaller home ranges during the
wintér months than during the rest of the year. Erickson
(1982} fdund that pallid-stufgeon.movements in Lake Sharpe
weré.positivély correlated with.temperaturé, and pallid
sturgeon moved the least during November through April.
Erickson’s study was conducted in a mostly lentic
environment. MMR pallid sturgeon live in a lotic
environment.. If pallid sturgeon 'exhibit decreased movements
at colder temperatures then it is logical that not 6nly will
sturgecn move less during the winter months, but in a
riverine setting would move or be moved in a downstream
directicn.

MMR pallid sturgeon movements during the spring and

summer months of March through July were variable. These



were periods of high daily mean discharge in the MMR (Figure
36). Pallid sturgeon movement rates in Lake Sharpe, 3D were
highest during the months of June through August (Erickson
1992).

Upstream movements were noticed in MMR pallid sturgeon
during the months of August through October. These were
months of mid-level discharge values. In addition, daily
mean discharge values generélly decreased throughout this
period.

As previously discussed, temperature and daily mean
discharge levels did not seem to affect habitat selection in
MMR pallid sturgeon. However, seasonal movement patterns
observed in MMR pallid sturgeon appear tc be affected by
daily mean discharge, temperature, or both. During periods
of low dischafge and low temperatures, i.e., in winter,
study fish appeared to move downstream. During.periods of
high discharge, i.e., in spring and summer, study sturgeon
movements were highly variable with large movements taking
place. Finally, during periods of mid-level, decreasing
discharges, i.e., in late summer and fall, MMR pallid

sturgeon tended to move upstream.

Goal 2 - Preliminary observations on habitat of sturgeon

spawning site near Chester, Illincis
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It is difficult to say whether the putative spawning
site at Chester Illinecis is or could be used for spawning by
pallid sturgecn, or even shovelnose sturgeon, based on our
preliminary observations. This line of investigaticn,
however, may be important in locating sites and identifying

habitat characteristics needed for spawning.

Goal 3 —Character Index Value: Field Guide and Evaluation
Both the CI and the mCI classified more than 89% of
pallid sturgeon correctly based on the DFA, and thus can
provide reliable means for differentiating them from
shovelnose sturgeon and hybrids. 1In cases where a higher
degree of assurance is needed in identification, such as
hatchery programs, using fish that érén’t near the overlap
zones would be advisable. The DFA analysis showed widely
separate clusters for pallid sturgeon and shovelnose sturgeon
with hybrids clustering in the intermediate area. This
evidence supports the validity of the pallid sturgeon as a
species, and the contention that they aie'hybridizing with
shovelnose sturgeon in the natural setting. The lack of
distinct regional clustering of pallid sturgeon based on CI
identifications indicates that the CI is a viable tool for
identification of pallid sturgeon throughout their gecgraphic

range. Geographic specificity has been an impediment to the
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application of other identification indices proposed in the

past.

Management Implications

Habitat loss and alteration is believed to be the
primary cause of the decline of the pallid sturgeon. Both
the Missouri and Mississippi River have been highly altered
by the placement of hydrological and navigation dams as well
as having been highly channelized (Dryer.and Sandvol 1993).
With very little natural, pristine habitat still available it
is difficult to determine critical habitat needs for pallid
sturgeon.

Habitat use and habitat selection are both important
pieces of information., Low habitat use does not mean such
habitat is not of importance to pallid sturgeon while areas
of positive habitat selection may also be areas of high
habitat use. Areas of high use should therefore be viewed as
areas to be protected for the benefit of pallid sturgeon
commonly located there while areas of positive habitat
selection should be the type of areas considered for habitat
creation projects.

In the MMR river, pallid sturgeon are often found in
the MCL and MCB habitats. The high use of these areas make
any changes to these habitats potentially harmful to pallid

sturgeon. - Any changes in use of these habitats or



alterations to them should be examined before future projects
are undertaken. Likewise, the three wingdam habitats
represent the low-use habitats examined in this study. Any
alterations or changes to these habitats would hHave a reduced
chance of harming pallid sturgeon populations due ﬁo their
infrequent use of these areas.

While the MCL is the area of highest use by MMR pallid
sturgeon, the habitat selectivity analysis presented here
indicates that the ITD, MCB, and WDB areas may actually
represent preferred habitats. These habitats should be given
consideration for any future projects aimed at creating
pallid sturgeon habitat as they may be of critical importance
for the rejuvenation of thils species. Restoration of these
habitats.would représent an increése in habitat diﬁeréity. |
that could benefit many‘species.in addifion to the endangered

pallid sturgeon.
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Table 1. Distances used in delineating borders between
different macrohabitats for habitat availability analysis.
MCL = main channel, MCB = main channel border, WDU = wing
dam upstream, WDD = wing dam downstream, WTU = wing dam tip
upstream, WTD = wing tip downstream, WDB = between wing
dams, ITD = downstream island tip.

Habitat Standards For Delineation

WDU 246 ft upstream and inside of tip of wingdam
WDD 561 ft downstream and _ inside of tip of wingdam
WwDT 144 ft radius around tip of wingdam

WDB all area between and inside tips of

_ consecutive wingdams not otherwise delineated
ITD 393 ft radius around downstream tip of islands
MCB 294 ft from shore lacking wingdams

MCL all area not otherwise delineated
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Table 2. Length, weight, character index values, and source of pallid sturgeon implanted
with a sonic transmitter and released into the Middle Mississippl River during Year 4
(October 1998 through December 1999).

Transmitter Length {mm) , Character

Number Date Weight (g} Total Standard Fork Index Value Source
239 10/27/98 -— 652 697 . 783 ~1.65 Jim Beuschel
2264 10/27/98 - 576 646 653 -2.00 Jim Beuschel
2273 106/31/98 2363.6 744 799 878 -1.75 John Booth
5--10 1/21/99 1909.0 725 770 853 -0.48 John Booth
338 3/29/99 1636.4 730 782 859 ~1.21 Mike Duboise
7--8 3/30/99 1318.2 673 723 802 -1.92 Jim Beuschel
6—-9 4/1/98% 3273.0 836 877 959 -1.35 John Booth
3334 4/1/98 3227.3 836 888 975 -1.93 John Booth
284 4/3/89 3136.4 817 864 367 -1.50 John Booth
257 - 4/19/99  1590.9 672 719 806 ~0.26 Gene Esker
248 4/26/99  1545.5 712 762 855 -0.71 Gene Esker
2363 12/29/89 1454.5 695 742 820 ' -2.08 Jim Beuschel
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Table 3. Meristic and morphometric measurements of pallid sturgeon implanted with a
sonic transmitter and released into the Middle Mississippil River during Year 4. All
measurements are in millimeters. OB = outer barbel mean length, IB = inner barbel mean

length, HL = head length, MIB = mouth to inner barbel distance, and IL = interrostrum
length. '

Transmitter ' Fin Ray Counts Ventral
Number IB IB OB OB MIB. I HL Anal Dorsal Scutes
239 26 26 61 5% - 32 93 208 37 26 None
2264 19 17 50 S1 31 . 82 181 11 25 None
2273 34 33 83 96 42 97 240 41 25 Few
5-10 48 46 79 82 41 84 208 39 26 None
338 35 33 63 63 37 98 208 40 27 None
7—8 22 22 60 58 38 - 104 221 39 26 None
6—9 47 45 112 116 47 112 256 41 26 Few
3334 27 33 87 . 84 49 114 260 40 25 Few
284 44 41 110 110 43 111 249 40 26 None
257 36 36 55 57 32 80 188 33 24 Many
248 30 40 81 82 40 B6 207 39 24 . Few

2363 29 25 62 61 31 104 225 41 28 None
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Table 4. Meristic and Morphometric measurements for the pallid sturgeon captured in the
Middle Mississippi River during Year 4 and not implanted with a sonic transmitter. All
measurements are in millimeters and grams. OB = outer barbel mean length, IB = inner
barbel mean length, HL = head length, MIB = mouth to inner barbel distance, and IL =
interrcostrum length. '

Standard Weight _ Fin Ray Counts Ventral

Length (mm) (g} OB/IB HL/IB HL/MIB IL/IB IL/MIB Anal ©Dorsal Scutes
595 1045.5 3.17 10.4e¢ 6.10 4.51 2.63 36 214 Few
602 909.1 1.74 6.35 5.97 2.87 2.70 11 28 None
564 772.7  2.14 9.51 6.77  4.27 3.04 39 25 None
520 727.3  2.35 8.22 5.07 3.73 2.30 -- -- None
515 590.9 2.07 7.81 6.22 3.58 2.85 39 29 None
515 636.4 2.41 8.15 6.68 3.66 3.00 39 24 Few
632 1090.9 2.39 7.63 6.87 3.56 3.20 a1 29 None
593 g63.6 2.28 8.84 7.31  3.72 3.08 38 24 Few
623 954.5 2.31 7.85 6.38 3.65 2.97 42 34 None
554 727.3 2.26 8.87 6.65 3.90 2.92 39 28 None
541 681.8 3.92 13.00 5.45 6.15 2.58 39 26 None
612 1090.9 1.94 5.74 5.56 2.42 2.34 38 23 Many
558 727.3  2.39%9 7.51 6.34 3.39 2.86 39 26 None
507 545.5 2.33 7.38 5.54 3.43 2.57 40 27 None
548 - 681.8 2.09 8.00 7.33 3.68 3.38 40 27 None
545 681.8 2.45 7.71 5.59  3.52 2.55 33 27 Few
584 300.0 2.28 B8.93 8.35 4.18 3.81 39 27 None




Table 5. Maximum water depths at locations where pallid
sturgeon were found.

Depth ({(m) Contacts Percent

<3 9 5.0

3 -6 41 22.7
& - 9 66 36.5

9 -~ 12 53 29.3
12 - 15 - 9 5.0
15 - 18 1 0.6
>18 2 1.1

Table 6. Substrate type at locations where pallid sturgeon
were found in the Middle Mississippi River.

Substrate Type Observations Percentage

Mud/Silt 3 : 5.9
Sand 41 80.4
Course Sand . 1 2.0
Sand/Gravel 5 9.8
Gravel - 1 2.0

Table 7. Chi-square goodness-of-fit results comparing
distribution of habitat use teo distribution of habitat
available by temperature regime.. z* > critical value
indicates significant selection occurred.

Temperature

Regime (°C) 7 df Critical Value
0-4 187.96 6 12.59
4-10 33.95 6 12.59
10-20. 230.80 6 12.59
20+ 194.99 6 12.59
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Table 8. Chi-square goodness-of-fit results comparing
distribution of habitat use to distributicn of habitat
available by discharge regime. Low, medium, and high
discharge regimes were 0-165,000; 165,001-270,000; and
270,000+, respectively. z*> critical value indicates
significant selection occurred.

Discharge _
Regime 12 df Critical Value
Low 99.08 6 12.58
Medium 102.58 6 12.59
High 297.18 6 12.59
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Table 8. Range of river miles over which individual pallid
sturgeon were contacted.

Transmitter River Mile' Number of
Number ‘Upstream Downstream Observations? Miles
7-8° 117.5 117.5 - 1 0
2273 105.5 105.6 1 0.1
5-10° 103.3 104.0 2 0.7
239 117.5 119.5 1 2
456 103.8 106.0 2 2.2
267 113.7 118.0 15 4.3
2237 117.5 126.0 8 8.5
366 107.6 117.3 19 9.7
2264 108.7 119.9 . 6 11.2
249 108.6 120.5 21 11.9
276 130.4 142.3 1 11.5
294 123.8 142.5 18 18.7
357 85.5 118.4 23 22.9
3334 81.7 110.3 3 28.6
2588 2109.1 141.7 17 32.6
465 106.8 142.0 11 35.2
339 106.3 141.7 5 " 35.4
375 98 .2 142.3 12 44,1
384 32.3 104.5 19 . 72.2

.

Includes river mile of release site.

Observations subseguent to release only. .
Dash indicates a two second pause in pulse cycle as part
of the transmitter code. '

T ko |
o
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Table 10. Jackknifed DFA Reclassification of individuals
identified using the CI (CI Taxon) (n=222) {S=shovelnose
sturgeon; 0S= shovelnose-overlapping hybrid; H=hybrid; OP=
pallid-overlapping hybrid; and P=pallid sturgeon).

Number Classified into
Group By DFA

g
k)

- CI Taxon Correct 3 0S H OP P N by CI

Shovelnose 78.8 52 12 2 0 0 66
S-Overlap 60.0 1 6 3 0 0 10
Rybrid 34.5 0 7 10 12 0 29
P-Overlap 52.8 0 0 8 9 0 17
Pallid S0.0 0 0 0 10 20 1od
N by DFA 53 25 23 31 20 222
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Table 11. Jackknifed DFA Reclassification of individuals
identified using the mCI (mCI Taxon) (n=257) (S=shovelnose
sturgeon; 0S= shovelnose-overlapping hybrid; H=hybrid; OP=
pallid-overlapping hybrid; and P=pallid sturgeon).

Ndmber Classified into
Group by DFA

o
B

mCI Taxon Correct S 0S H oP P N by CI
Shovelnose 81.5 22 5 0 0 0 27
S-Overlap 84.1 2 48 1 0 0 51
Hybrid 93.8 0 2 45 1 0 48
P-Overlap B6.4 0 0 3 38 3 44
Pallid 89.7 0 0 0 9 78 87
N DFA 24 55 49 48 81 257
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Figure 1. Macrohabitat classifications used when
describing the location of pallid sturgeon. MCL = main
channel, MCB = main channel border, WDU = wing dam
upstream, WDD = wing dam downstream, WIU = wing dam tip
upstream, WTD = wing tip downstream, WDB = between wing
dams, ITD = downstream island tip.
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Figure 1. Areas (black circles} where pallid sturgeon,
and their hybrids were collected to

shovelnose sturgeon,
evaluate discriminative ability of the character index (CI)
and morphometric character index {(mCI).
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Figure 3. Character index (CI) values for pallid sturgeon captured from the Middle
Mississippi River. Diamonds represent sturgeon surgically-implanted with a sonic
transmitter. Triangles represent presumed pallid sturgecn that were not implanted with a
sonic transmitter. Circles represent shovelnose sturgeon specimens from the Middle
Mississippi River. Ranges were calculated from pallid, hybrid, and shovelnose sturgeon
collected by Carlson and Pflieger (19283) and used in the development of the CI.
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Figure 4.

Tracking effort expressed as the freguency that

each river mile in the study area was tracked from November
1995 through December 1999.
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Figure 5. Pallid sturgeon habitat associatiocns in the
middle Mississippili River from November 1995 through
December 1999. MCL = main channel, MCB = main channel
wing dam upstream, WDD = wing dam downstream,
™, WTU = wing dam tip upstream, WTD = wing tip downstream,

border, WDU =

b WDB = between wing dams, ITD = downstream island tip.

N = 184.
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Figure 6. Pallid sturgeon habitat associations at surface
water temperatures at or below 4° C in the middle
Mississippi River from November 1995 through December 19985.
MCL = main channel, MCB = main channel border,

WDU = wing dam upstream, WDD = wing dam downstream,

WTU = wing dam tip upstream, WTD = wing tip downstream,
WDB = between wing dams, ITD = downstream island Itip.
N =42.
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Figure 7. Pallid sturgeon habitat asscciations at surface

water temperatures at or above 4° C and below 10° C in the
middle Mississippi River from November 1995 through
December 1999. MCL = main channel, MCB = main channel
border, WDU = wing dam upstream, WDD = wing dam downstream,
WTU = wing dam tip upstream, WTD = wing tip downstream,
WDB = between wing dams, ITD = downstream island tip.

N = 32.
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Figure 8. Pallid sturgeon habitat associations at surface
water temperatures at or above 10° C and below 20° C in the
middle Mississippi River during spring months during 1996-
1999. MCL = main channel, MCB = main channel border, WDU =
wing dam upstream, WDD = wing dam downstream, WIU = wing
dam tip upstream, WTD = wing tip downstream, WDB = between
wing dams, ITD = downstream island tip. N = 19.
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Figure 9. Pallid sturgeon habitat associations at surface
water temperatures at or above 10° C and below 20° C in the
middle Mississippi River during fall months of 1%95-1999.
MCL = main channel, MCB = main channel border, WDU = wing
dam upstream, WDD = wing dam downstream, WTU = wing dam tip
upstream, WID = wing tip downstream, WDB = between wing

dams, ITD = downstream island tip. N = 29.
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Figure 10. Pallid sturgecon habitat associations at surface
water temperatures at or above 20° C in the middle
Mississippi River from November 1995 through December 19859.
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N

= main channel, MCB = main channel border,
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= between wing dams, ITD = downstream island tip.
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Figure 11. Habitat availability in the Middle Mississippi

0 River
Ay MCB =
WDD =

WTD =

ITD =

WDU

ITD
1%

expressed as a percentage. MCL = main channel,
main channel border, WDU = wing dam upstream,
wing dam downstream, WTU wing dam tip upstream,
wing tip downstream, WDB = between wing dams,
downstream island tip.
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Figure 12. Strauss’s linear selectivity index (L;) values
for each macrohabitat. Positive values represent selection
for a habitat while negative values represent selection
against a habitat. MCL = main channel, MCB = main channel
border, WDU = wing dam upstream, WDD = wing dam downstream,
WTU = wing dam tip upstream, WID = wing tip downstream,

WDB = between wing dams, ITD = downstream island tip.
Values indicated by an “*” are not significantly different

from zero (t-test; alpha=0.05).
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Figure 13. Strauss’s linear selectivity index (L;} values

for each macrchabitat by temperature regimes (°C). Positive
values represent selection for a habitat while negative
values represent selection against a habitat. Error bars

represent 95% confidence interval. MCL = main channel,
MCB = main channel border, WDU = wing dam upstream,

WDD = wing dam downstream, WTU = wing dam tip upstream,
WTD = wing tip downstream, WDB = between wing dams,
ITD = downstream island tip. Values indicated by an
are not significantly different from zerc ({(t-test;
alpha=0.05).
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Figure 14. Strauss’s linear selectivity index (L;) values
for each macrohabitat by discharge regimes. Positive
values represent selection for a habitat while negative
values represent selection against a habitat. Error bars
represent 95% confidence interval. MCL = main channel,

MCB = main channel border, WDU = wing dam upstream,

WDD = wing dam downstream, WTU = wing dam tip upstream,

WTD = wing tip downstream, WDB = between wing dams,

ITD downstream island tip. Values indicated by an “*” are
not significantly different from zero {(t-test; alpha=0.05).
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Figure 15. Contact period (date of release to last contact
date) for each fish with at least one post-release contact
from October 1995 through December 1998.
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Pages Missing

The published 1999 A & M Report did not include figures 16 - 34 of this report



Figure 35. Daily mean discharge values from January 1,
1996 thrcugh September 30, 1998. Discharge values were
cbtained from the U.S3. Geological Survey and taken at the
Chester, IL gauging station on the Mississippi River.
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Figure 36. Plot of the first two canonical variables
generated by the DFA analysis of Scaphirhynchus specimens,
including shovelnose sturgeon, pallid sturgeon, putative
hybrids, ccllected from throughout the sympatric geographic
range. Symbols indicate the a priori identificaticns made
by the character index (CI}.
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Figure 37.

Plot of the first two canonical variables

generated by the DFA analysis of Scaphirhynchus specimens,

including shovelnose sturgeon,

pallid sturgeon, putative

hybrids, ccllected from throughout the sympatric geographic

range. Symbols indicate the a

pricori identifications made

by the morphometric character index (mCI).
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Figure 38. Plot of the first two canonical variables
generated by the DFA analysis of pallid sturgeon collected
from throughout the gecographic range. Symbols indicate the
region of specimen origin.
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further refined, and ranges of values for the Cl
and mCl will most probably diminish.
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Figure 8. Ranges of mCI vaiues

Table 4. Ranges of mCl values

Sturgeon Type  mCl Range  Mean mCl

Pallid - -1.3410 0.22 -0.69
Hybrid -0.7010 0.83 0.03
Shovelnose | 0.41t0 0.97 0.71
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parental species and the hybrids. _

Designation of a hybrid within the overlap

range must be made with caution since the

~ fish used to calculate the Cl and mC! were

more subjectively identified as hybrids or pure
species by Carlson and Pfleiger (1981).

~ Specimens that score more strongly negative

or more strongly positive can be assumed to

be pallid sturgeon or shovelnose sturgeon,

~ respectively, with a higher degree of certainty.

Such specimens would be more suitable for

applications such as brood stock for artificial

propagation of the two species.

The ranges of C{ and mClI values for pallid
sturgeon (Figures 5 and 6; Tables 3 and 4)
are based on the relatively small number of
specimens examined by Carlson and Pflieger
(1981). We have obtained pallid sturgeon
specimens from the Middle Mississippi River
(Sheehan et al. 1997) with Cl and mCl values
more negative than the ranges provided
herein. As the specimen data base increases,
there witl be a tendency for the ranges to
increase. On the other hand, once genetic
methods are developed to definitively
determine the proper placement of
Scaphirhynchus specimens into appropriate
taxa, the multiple regression equations can be
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Character Index Interpretation

The character Index values quantify the
strength of pallid or shoveinose characteristics
of a sturgeon. Generally speaking, the more
positive the Cl or mCI the more shovelnose-
like the sturgeon (Figures & and 6; Tabies 3
and 4). Conversely, the more negative the ClI
or mCl value the more pallid-like the sturgeon.
Note that a zone of overtap exists between the

Character Index

Hanges and means caicuiated

[ Shovelnose Sturgeon @ o oo orr and Plieiger (1881)

|:| Pallid Sturgacn }
Il Hybrids

Figure 5. Ranges of Cl values

Table 3. Ranges of Ci values.
Sturgeon Type Cl Range Mean ClI

Pallid - -1.48t0-0.09 -0.86
Hybrid : -0.45 to 0.51 -0.02
Shovelnose 0.37 t0 1.33 0.82

13
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Cl =6.11 + 0.00000235(DFC) -
0.177(AFC) - 0.703(0B/IB)-
1.424(HL/IB) + 1.389(HL/MIB) +
2.878(IL/IB) - 3.258(IL/MIB)

(n=30, r*=0.7898, p<0.0001)

mCl = 2.655 - 0.844(0B/IB)-
0.749(HL/IB) + 1.292(HL/MIB) +
1.874(IL/IB) - 3.776(IL/MIB)

(n=30, r=0.6980, p<0.0001)

12

Introduction

Pallid sturgeon (Scaphirhynchus albus) and
shovelnose sturgeon (Scaphirhynchus
platorynchus) are native to the Mississippi
River. A number of studies (e.g., Carison et
al. 1985) suggest that these two species are
hybridizing in the Mississippi River, based on
the meristic and morphometric characteristics
of sampled specimens. However, natural,
interspecific hybridization has yet to be
confirmed in Scaphirhynchus; currently, no
genetic technique is available that
discriminates among pallid sturgeon,
shovelnose sturgeon, and their hybrids.

Pallid sturgeon and shovelnose sturgeon are
morphologically simitar, making it difficult for
the untrained observer to distinguish between
them. The potential for hybrid sturgeon to
appear in collections makes identification of
specimens even more problematical. There is
a need to develop methods to identify
Scaphirhynchus specimens, based on the
best available information, for field studies and
artificial propagation programs.



Carlson and Pflieger (1981) reported meristic
and morphometric characteristics for sturgeon
specimens they categorized as pallid
sturgeon, shovelnose sturgeon, or hybrids.
This information has been used by us to
develop two indices that quantitatively
describe how Carlson and Pflieger (1981)
placed specimens into the three categories.
The indicés are in the form of multiple
regression analysis equations that can be
programmed into a hand-held calculator. We
have found them useful for tentatively
identifying Scaphirhynchus specimens in the
field (Sheehan et al. 1997).

The Character index (Cl) uses two meristics
(dorsal and anal fin ray counts) and 5
morphometric ratios. We developed the
second index, the morphometric Character
Index (mCl), because the pallid sturgeon is an
endangered species, and it is sometimes
difficult to count fin rays in live specimens.
The mCl uses only the 5 morphometric ratios.
We recommend use of the Cl| whenever "
possible. Accurate fin ray counts can be
obtained from live specimens using our
methods with practice, and the Cl provides a
- stronger predictive equation. We have also
developed a computer program, the Character

The Cl and mCl, and their

Calculation

Multiple regression techniques were used to
develop predictive models with weighted
characteristics that statistically account for the
variability observed in characteristics for
presumptive pallid sturgeon, shovelnose
sturgeon, and their hybrids. The models were
developed from data presented by Carison
and Pflieger (1981) for sturgeon taken from
the Middle Mississippi River. These models
were derived by assigning five morphometric
ratios (OB/IB, HL/I1B, HL/MIB, IL/IB, IL/MIB)
and two meristics in the case of the Ci (AFC
and DFC) as independent variables in multiple
regression analyses. The variable, taxon, was
treated as the dependent variable in the
regression analysis with pailid sturgeon coded
as -1, hybrids as 0, and shovelnose as 1
(Note: The taxon identifications were as
determined in Carlson and Pflieger (1981)).
The Cl and mCl values are generated by
entering each of the appropriate meristic
values and/or morphometric ratios into the
equations:

11



Morphometric Ratios

Five morphometric ratios are calculated by
simple division of the various morphometrics
{Table 2).

Table 2. Morphometric ratios.

Ratio Abbreviation

Outer Barbel / inner Barbel OB/IB
Head Length / Inner Barbel

Length HL/IB
Head Length / Mouth-To-
inner-Barbel Distance HL/MIB
Interrostrum Length / Inner

Barbel IL/IB

Interrostrum Length / Mouth-
To-Inner-Barbel Distance IL/MIB

10

Index Calculator (CIC), to aid in calculating
and interpreting Cl values. The program can
be used in the field if a laptop computer is
available.



Characters Used for the Index

Five morphometric ratios, derived from seven
morphometrics (Figure 1; Table 1) and two
meristics (dorsal and anal fin ray counts) are
needed to calculate a Cl value.

Figure 1. Morphometric measurements.

close to each other. Count several times until
a consistent count is achieved.

Anal Fin Ray Count {AFC): Counts are
made in the same manner as the dorsal ray
counts. Once again all fully formed and
rudimentary rays are counted, but the preanal
plate at the anterior edge of the fin is not.



&>

edge of the fin (Figure Table 1. Characters needed to

Ray 3). The fully formed
Rudiments [RSOURNNESN calculate the Cl and mCl
| distinguished from Character Abbreviation
surrounding tissue by
their segmentation inner Barbel Lengths B
(Figure 4). It is Outer Barbel Lengths OB
necessary to use a _
pointed stylus, such as r|\3dm;)th}~'{59-{nner MIB
s arbel Distance
Figure 3. Ray rudiments. a pe,r:]‘ to kgep traCk_ of
Note the predersal plate position while counting. Interrostrum Length IL

{light trianguiar region) to Itis he}pful to have an

the right of the ray assistant hold the fish Head Length S H
- by its caudal peduncle Dorsal Fin Ray Count DFC
while counting, especially if the specimen is Anal Fin Ray Count AFC
farge. If the fish's head is left in a tub of water
it will generally remain calm during the . * not used for the mCl
counting process. itis very helpful o count Meristics and morphometric measurements
with a light source (e.g., the sun or flashlight) {detailed individually below) are taken using
positioned so methods similar to Bailey and Cross (1954).
that the fin is | Some measurements are simplified to ease
backlit. Care data collection in the field. All Measurements
should are taken to the nearest millimeter using
especially be calipers. '
taken at the
anterior and Inner Barbel Lengths {IB): inner barbels are
B posterior ends of measured from the anterior point of insertion
- Figure 4. Detail of fin showing the fin where fo the tip. Each barbel should be fiattened
segmentation of rays. rays can be very against the ventral surface of the rostrum



facing toward the posterior of the fish. Both
barbels are measured and their average
length used for calculation (conspicuously
damaged barbels are not used for the
calculation).

Outer Barbel Lengths (OB): Outer barbels
are measured from the anterior point of
insertion fo their tip. Each barbel should be
flattened against the ventral surface of the
rostrum facing toward the posterior of the fish.,
Both barbels are measured, and their average
length used for calculation (conspicuously
damaged barbels are not used for the
calculation).

Mouth-To-Inner Barbel Distance (MIB):

This measurement is taken from the midline of
the edge of the cartitaginous ridge anterior to
the proboscis (mouth) fo the anterior insertion
of the right inner barbel. The edge of the
cartilaginous ridge can be felt with the tip of
the calipers. :

interrostrum Length (IL) (a.k.a Nose to
outer barbel): This measurement is taken
from the tip of the rostrum fo the anterior
insertion of the right outer barbel.

Head Length (HL): The head is measured in
two increments due to the maximum length of
a standard set of calipers. The first increment
extends from the tip of the rostrum fo the
extent of the calipers measurement ability -
(this point can be marked temporarily by
gently pressing the point of the caliper into the
flesh creating an indentation). The second
increment extends from the point where the
prior measurement ended fo the posterior
margin of the operculum. The sum of these
measurements is the head length.

Figure 2. Base of the dorsal fin showing unbranched rays.

Dorsal Fin Ray Counts (DFC): A countis
made of all the rays in the dorsal fin. The
count is made at the base of the fin where the
rays have not begun to branch (Figure 2).
Both the fully formed rays throughout the fin
and the rudimentary rays at the anterior end of
the fin are counted; care should be taken not
to count the predorsal plate at the anterior
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ABSTRACT
Construction and invertebrate monitoring of experimental chevron dikes (Mississippi River Mile
IMRM] 289.5) annd bendway weirs (MRM 164 and 30) was part the Avoid and Minimize (A & M)
Program to mitigate the possible environmental irnpacts of increased navigation traffic in the upper
Mississippi River resulting from construction of the second lock at the Melvin Price Locks and Dam.
The monitoring objective was to determine if benthic invertebrate species richness was increased
near the river training structures compared to the river substrate. Benthic invertebrates were
collected from chevron dikes (MRM 289.5; rock baskets), bendway weirs {MRM 164 and MRM 30;
rock baskets, buoy rocks, and weir rocks), and I-wall rubble (MRM 203; rock baskets) between 1994
and 1998. Samples were also collected from substrate around and within chevron dikes, near
proposed training structures at MRM 265.7 and 250.2, downstream of bendway weirs (MRM 20), and
riverward of I-wall rubblé‘ Principal Component Analysis {PCA) and comparison of species richness,

diversity and composition were used to determine the relationship of macroinvertebrate communities

in the study area.

The study area (MRM 289.5 to MRM 20) appears to support a species rich invertebrate community,

as 238 taxa were collected. PCA analysis resulted in 2 continuum of samples along both axes rather

than distinct clusters, and axes were significantly correlated with substrate, structure, position, and

season (Factor I), and river mile (Factor 2). Rock, whether alone or associated wﬁth a training

structure, increased habitat and invertebrate assembiage heterogeneity. Additionally, species
richness in substrate within dikes and near rubble tended to be higher than in areas without these

| structures. With time, substrate and therefore invertebrate assemblage heterogeneity should

increase within the river cross section containing the training structure.
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INTRODUCTION
The U.S. Army Corps of Engineers (USACE) established the Avoid and Minimize (A & M) Program
to mitigate the possible environmental impacts of increased navigation traffic in the upper
Mississippi River resulting from construction of the second locis at the Melvin Price Locks and Dam
(USACE, 1992). Through coordinated efforts of USACE, U.S. Coast Guard, U.S. Fish and Wildlife
Service, [llinois Department of Natural Resources, Missouri Department of Conservation, and the
towing industry, 43 A & M measures were identified in four categories:
A. Operations of the locks and navigation channel.
B. Measures related to towing operations.
C. Measures related to induced development.
D

. Measures to rectify impacts.

Eight measures were selected for implementation:

A- 3. Designate lock approach waiting area or provide special mooring sites.

A-10. Reduce open water dredge material disposal by creating beaches.

A-11. Reduce open water dredge material disposal through wetland creation.

A-13. Place dredge material in the thalweg.

A-16. Continue dike conﬁguration studies {i.e., notched dikes, chevrons and bullnose dikes).
A-17. Place off-hank revetment on islands.

A-19. Monitor bendway weirs.

B- 8. Study reduction of tow waifing times.

Since 1994, the USACE St. Louis District {(SLD) has monitored invertebrate use of experimental
chevron dikes (Mississippi River Mile [MRM] 289.5) and bendway weirs (MRM 164 and 30) as part of .
the A & M Program (Figure D).

The SLD introduced the idea of chevron dikes to the River Regulatory Team in 1991, and builta
prototype of three chevron dikes in a particularly froublesome spot in Pool 24, near MRM 289.5 in

1993 as part of Measure A-16 (Figure 2). This area consists of a split channel with a point bar
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encroaching on the thalweg. Annual dredging was required and dredge material was disposed in the
open water of the channel border along the left descending hank. Establishing chevron dikes in this
area diverts flow into the thalweg while allowing flow into the side channel and reducing open water
dredge disposal (USACE, 1992). The dike structures should p.rovide substrate for invertebrate
colonization, and food and cover for fish. When dredging is needed, material woul& be placed behind
the dikes, creating islands. After islands have formed and are colonized by vegetation, they should
reduce barge wave impacts on nearby islands and riverbanks. Subsequently, experimental
roundpoint dikes were constructed near MRM 265.7 in 1998, one chevron dike was constructed near

MRM 250.2 in 1996, and three chevron dikes were constructed near MRM 266.0 in 1998 (Figure 1).

The bendway welr concept congists of a series of level-crested submerged tock weirs built around a
bend to increase the effective width of the Mississippi River navigation channel by scouring the
channel at the outer edge and reducing point bar development on the inner side of the bend (USACE,
1892). The weir field is submerged, adding stable bottom structure, creating coraplex flow patterns,
reducing velocity and turbulence on the outside bends, and reducing channel degradation (JSFWS,
1992). SLD has constructed 17 bendway weirs as part of measure A-19 since 1990. A prototype weir
field was constructed in 1990 near Dogtooth bend, nine weirs were constructed around Price’s Bend

{(MRM 30) in 1991, and five weirs were constructed at the Carl Baer Bendway, near MRM 163.5 in
April 1996 (Figure 1).

Epilithic communities in the unmodified river would have been found on woody debris, on boulders
in rapids, and on cohble sediments of the river bed, but are now confined mostly to wing dams,
revetted banks, otber channel-training structures (Sauer and Lubinski, 1999) and unionid beds
(Beckett ef al., 1996). Although recent river training structures were built to reduce channel

maintenance needs, they should also enhance fish and benthic resources (USFWS, 1992).

The cbjective of this study was to determine if benthic invertebrate species richness increased due to

the construction of river £raim'ng structures in the upper Mississippl River.
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METHOCDS
Benthic invertebrates were collected from chevron dikes near Mississippi River mile {MRM) 289.5 in
November/December 1994, May/June and August/September 1995, and August/September 1996;
bendway weirs near MRM 164 during July/August/September 1996; and bendway weirs near MEM
30 during August 1996 (Figure 1; Table I). Benthic invertebrate samples were also collected from
Mississippi River substrate around chevron dikes in November 1994, June and September 1995, and
September 1996; near proposed training structures at MRM 265.7 and 250.2 in April 1996; and
downstream of bendway_weirs near MRM 20 in August 1996 (Figure 1; Table I}. Since rock
structures appeared to provide invertebrate habitat, rubble from the 1996 demolition of the Lock &
Dam 26 I-wall (MRM 203) was left in the river. Rubble was monitored for invertebrate colonization
in July/August 1996, June/July 1997, and June/July 1998. Mississippi River substrate riverward of

the rubble was sampled in July 1997 and July 1998 (Figure 1; Table I).

Field Metheds

Chevron dikes (MRM 289.5)

Rock baskets were used to sample the epilithic community of chevron dikes. Artificial samplers have
been criticizéd because they may not reflect natural substrate, and collected animals may not
represent the native community (Anderson and Mason, 1968). However, they appear to be the best

method of sampling difficult habitats, such as large rock {Dickson ef al., 1971; Hall, 1982; Ciborowski
and Clifford, 1984).

Baskets were constructed from o‘ne-half of 2 standard minnow trap. Each basket was filled with 35
rocks of approximately the same size. Baskets were covered with 6mm hardware cloth secured with
plastic ties. Baskets were anchored to the dikes and were allowed to colonize for 30 days. Baskets
were scooped out of the water with a standard sieve bucket {no. 30 mesh) to prevent animal loss.

The baskets and animals retained in the sieve were placed into an 11L bucket,.

Inundated areas within each dike and substrates surrounding dikes were sampled with a standard

ponar (0.05m?. Surrounding substrate semples were from a variety of flow and substrate conditions.
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Samples were rinsed in a standard sieve bucket (no. 30), and the remaining invertebrates, debris,

and substrate were rinsed inte a 1L iar.

MRM 265.7 and MRM 250.2

Substrate samples were collected within the left descending channel border,. downstream of a small
island near MRM 265.7, and within the left descending channel border between Willow Bar Island
and the navigation channel near MRM 250.2 in A}Srﬂ 1996. At the time of sampling, round point
dikes and chevron dikes were proposed at MRM 265.7 and 250.2, respectively. The objective of
sampling was to characterize the invertebrate assemblage prior to construction. Ten samples were
collected with a standard ponar, sieved in a standard sieve bucket and rinsed into a 1L jar.
Subsequently, round point dikes were constructed near MRM 263.7, and three and one chevron dikes

were constructed at MRM 266 (right descending bank) and 250.2 (left descending bank), respectively.

I-wall rubble (MEM 203)

Roﬁk baskets were used to sample the epilithic community in the I-wall rubble. Rock baskets were
constructed as described above, deployed in the rubble, and allowed to colonize for 30 days. Twelve
rock baskets were attached to the shoreward lock wall on the Illinois side of the river and placed onto
the Lock and Dam 26 I-wall rubble near MRM 203. The contour of the river bottom from the
remaining lock wall to the I-wall rubble was observed with a depth finder, and the rock baskets were
released where the bottom elevation was highest (presumably on the remaining I-wall and rubble)._

The samplers were placed in approximately 9m of water, and distributed upstream to downstream

within the I-wall rubble.

Twelve samplers were deployed in an effort to obtain ten samples in 1996, and eight samples in 1997
and 1998 for analysis. Baskets were attached to the remaining lock wall with 3.2mm galvanized
steel cable, and bolted to an eye-bolt in the lock wall. Cinder blocks were used to hold the cable at

the base of the lock wall and the rock baskets within the I-wall rubble.

Baskets were deployed 25 July 1996 and retrieved 23 August 1996, deployed 26 June 1997 and
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retrieved 25 July 1997, and deployed 17 June 1998 and retrieved 22 July 1998 for a colonization
period of at least 30 days in all three years. All 12 baskets were retrieved in 1996 and 1997, and 10
and 8, respectively, were randomly selected for analysis. In 1998, high discharge occurred between
basket setting and retrieval, and drifting debris became entangled in the cables securing the baskets

to the I-wall. Only four baskets were retrieved in 1998.

Visual examination upon retrieval revealed substantial macroinvertebrate colonization of all 12
saraplers in 1996 and 1997, and moderate colonization of all four samplers in 1998, Baskets were
scooped out of the water with a standard sieve bucket to prevent animal loss. The baskets and

animals retained in the sieve were placed into an 11L bucket.

A standard ponar (0.05m?) was used to sample the macroinvertebrate community in river substrate
riverward of the I-wall ruhble in 1997 and 1998. Samples were collected parallel to each set of three
rock basket samplers, but in the river channel adjacent to the I-wall rubble. Samples were rinsed in

a standard sieve bucket {no. 30}, and the remaining inverte}orates, debris, and substrate were rinsed

into a 2L jar.

Berdway weirs (MEM 164, MRM 30, MRM 20)

Bendway weirs are completely suhmerged and are located in areas with swift current, rendering
sampling of epilithic communities difficult. A variety of methods were used at the MRM 164 site;
rock baskets, buoy anchors, and weir rocks (Table I). In an effort to duplicate methods used at
chewon dikes, rock baskets were constructed as above, attached to buoy anchors to hold them
stationary and deployed in the weir field. However, only four of the 18 deployed baskets were

retrieved intact, and one of these was devoid of animals apparently as a result of sedimentation.

Buoy anchors, which are approximately 680kg (15001b), 0.9 x 0.9 x 0.3m concrete blocks with
reinforced rebar eyes on the top and one side for lifting, were considered an appropriate artificial
substrate for weir rock sampling, because of their size and similarity to weir rocks. Groups of three

buoy anchors were placed on and adjacent to three of the five weirs near MRM 164 with the
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assistance of the USACE M. V. Pathfinder. Sample retrieval was attempted after 35 days of
colonization, however retrieval snccess was low. Several buoy anchor cable lines became entangled
with lines from other samplers and with bottom debris, or were buried in the sediment, causing

- dangerous tension in the cable lines and forcing abandonment of ten buoy anchors. Recovery of buoy
anchors was highest closer to the bank (75%}), with only 33% of the buoy anchors piaced furthest
from the bank retrieved. Overall, 17 of the 26 deployed buoy anchors were retrieved, but 11 of those
were apparently sand blasted or had been buried, and only six yielded macroinvertebrate scrape _
samples. Samples were scraped from the rock surface with the highest célonjzation and within the
area of a 0.0929m? (1ft*) Surber sampler. To ensure minimal damage to the animals, a 10% nitric
acid solution spray was used to dislodge macroinvertebrates. and their cases from the rocks. The

animals were lightly brushed and rinsed into the sampler, and transferred to 1L plastic jars.

Since rock baskets and buoy anchors proved less than successful, 14 scrape samples were collected
from weir rocks at both MRM 164 and MRM 30, Weil_‘ rocks were collected with a clam shell dredge
on a USACE SLD work barge powered by the USCACE MYV Pathfinder. A scrape sample was
collected from rock surfaces with the greatest macroinvertebrate colonization using a 0.15m (6in)
diameter (0.018m?) sampling framne, 10% nitric acid spray to dislodge the animals from the surface,

and a pan to catch the falling debris. Samples were washed 'mfo plastic 1L jars.

In addition to sampling in the weir field, ten cone¢rete buoy anchors were placed near MRM 164, in a
bendway without weirs, upstream of the weir field. The objective was to obtein comparable samples
within and upstream of the weir field to assess the weir field’s influence on species composition and
colonization rate. Buoy anchors were attached with cable to red nun buoys, and deployed parallel to
and approximately 61m (200ft) from the left descending bank. All ten buoy anchors from the
upstream bendway were retrieved after 27 days. Scrape samples were collected as previouslj,-r

described for weir rock scrapes (0.018m?).

Substrate samples were collected from Thompson's Bend (MRM 20). A clamshell dredge on the

USACE SLD work barge powered by the USACE MV Pathfinder was used to collect 0.57m® (0.75yd®)
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of sand and gravel substrate from the river bottom. A subsample of substrate was collected with a

petite ponar (0.024m?). Samples were collected at approximately 91.5m {300ft} intervals along

transects and washed into plastic 2L jars.

All samples were preserved in 10% formalin stained with rose bengal and transported to the

laboratory for processing.

Labgratorv

Each sample was rinsed through a no. 30 sieve to remove preservative and a portion was placed in a
white pan. Samples with many animals were subsampled. Animals were sorted from debris with
the aid of a magnifying lamp or dissection microscope, and placed in scintillation vials containing

75% alcohol. Abundant groups (chironomids, oh’gochaétes, trichopterans, and ephemeropterans)

were sorted into separate vials.

Sample debris was searched until all animals were retrieved. The remaining debris was rinsed into

the original sample container, preserved in 75% alcohol, and marked with the sorters initials and

sorting date.

To ensure sorting efficiency, 10% of the remnant sampies were reprocessed, including at least one
per sorter and one per sampling method. If the total number of animals in the reranant sample or
subsample was less than 10% of the total number of animals sorted from the original sample or
subsample, the sorting effort was accepted. If the above criteria were not met, samples were
resorted and rechecked until quality assurance criteria were met or exceeded. Sorting efficiency was

over 99% for all samples and no resorting was required.

A Folsom sample splitier was used for all subsampling. Very large samples (>500 animals) were
split before sorting. However, only samples relatively free of entangling debris (biasing the
subsample} were split, and all rare and large animals were removed (fish, aniscpterans, non-

hydropsychid caddisflies) before splitting. Samples (or fractions thereof) were split into at least four
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subsamples, and two subsamples were processed and checked against each other to ensure unbiased
splits. The total number of sorted animals identified per sample was at least 250, and, if available,
in proportions of 50 to 100 chironomids and oligochaetes, 70 trichopterans, and 70 ephemeropterans

per sample. Unprocessed subsamples were preserved in 75% alcohol, labeled appropriately, and

stored.

To determine splitting efficiency and individual estimate accuracy, at least two subsample fractions
were processed for each split sample. The number of individuals, as well as the similarity in faxa,
were compared between the two subsamples. Counts between fractions were within 20% and

percent similarity (PSC=100-0.5Z | a;-b; | ) between fractions exceeded 90% for all split samples.

Animals were identified to lowest practical taxon, species in most cases. Chironomids and
oligochaetes were mounted in CMC-10 mounting media and identified using a compound microscope.

Other animals were identified with the aid of a dissection scope.

Several representatives of some groups, such as hydropsychid caddisflies and heptageniid mayflies,
were early instars and could only be accurately identified to family. Likewise, most tubificid

olipochaetes could not be identified due to sexual immaturity.

Duiring the identification and enumeration process, a reference collection of all taxa was prepared.
Reference specimens were preserved in 75% alcohol and labeled with name, date, location of

collection and identifying hiologist. The reference collection was checked by a second biologist.

Data analysis

The primary sampling ohjective was to evaluate taxonomic composition within training structures
and substrates, rather than invertebrate density. Therefore, scrape samples were not randomly
collected from weir rocks and buoy anchor rocks, but were biased toward the highest
macroinvertehrate density area on the recovered rock surfaces. The rate of invertebrate

colonization depends on numerous factors including invertebrate drift (Waters, 1964; Townsend and

10
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Hildrew, 1976; Ciborowski and Clifford, 1984), substrate (Kirk and Perry, 1992; Smock, 1996),
distance from colonizing source {Sheldon, 1977; Kirk and Perry, 1992; Smo&, 1996), density of
nearby invertebrate communities (Hare, 1995), detritus accumulation (Rabeni and Minshall, 1977;
Culp et al., 1983), and species specific colonization rates (Sheldon, 1977; Ciborowski and Clifford,
1984; Peckarsky, 1986; Smock, 1996), and artificial substrates are unlikely to yield an accurate
representation of density (Casey and Kendall, 1997). Density estimates for rock baskets are further
hindered by the inability to accurately quantify rock surface area. Rock texture also affects
colonization, as more textured rock tends to provide more refugia from physical disturbance and area
for attachment {Clifford e¢ qi., 1992), and buoy anchors are smoother than weir rack. Total density
and density of particular taxa in artificial samplers and in scrap samples, therefore, may not
accurately reflect density of rock structures. Whereas, parameters such as taxonomic composition,
species richness (number of taxa}, diversity (Shannon-Wiener index, H'), and relative abundance
should be similar among methods, since colonization appears to be directlj.r related to density and

taxa in surrounding substrate (Hare, 1995), and these parameters were used o compare samples.

Multivariate analysis techniques are better at detecting obscure relationships among variables
(Maxon et al., 1997}, such as changes in invertebrate community composition, than standard
invertebrate indices such as diversity, since they use each species as a variable {Cao et al., 1996).
Principal Component Analysis (PCA) was used to determine the relationship of macroinvertebrate
communities in the study area. PCA is a type of ordination analysis, which compares samples based
on similarity of taxa and has been succes sfully used in comparing invertebrate samples and relating
species composition to environmental variables (e.g., Leland et al., 1986; Delucchi, 1987; Knorr and
Fairchild, 1987; Cao et al., 1996; Yule, 1996). Since methods and sample sizes differed among study
sites, analysis was based on relative abundance of taxa rather than density. Data were transformed
(Log (x+1)) prior to analysis. Species occurring in less than 5% of the samples were excluded, as they
may be I.;ransient rather than truly a part of the mvertebrate community, and may skew results
{(Gauch, 1982). PCA factor scores were correlated with measured variables using Pearson
Correlation. Variables used in the correlation matrix include substrate, river mile? structure

(influenced or not influénced by training structure), position {(within the weir or dike field, or in the
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surrounding area), and sampling season. Significance of correlation was determined using the

sequential Bonferroni technique (Rice, 1989).

ANOVA (one and two way) followed by Tukey's multiple range tests and student’s t-tests were used

to detect differences in species richness and diversity.

RESULTS
The study area (MRM_289.5 to MRM 20) appears to support a species rich invertebrate c'om.rnun.ity.
A total of 238 taxa were collected in this study (Table II). The caddisflies, Hydropsyche orris (20%)
and Potamyia flava (37%), were the dominant taxa. Chironomidae comprised 18% of the fauna, and
Rheotanytarsus sp. (9%}, Glypéctendipes sp. (3%, and Polypedilum convictum (2%} were the three
most common chironomids. Other abundant taxa included Dreissena polymorpha (9%}, the

turbellarian Dugesia tigrina (5%}, and the mayflies Caenis sp. (1%) and Isonychia sp. {1%).

Taxonomic composition appears to be related to substrate, structure, season, and river mile. PCA
analysis resulted in a continuum of samples along both axis rather than distinct clusters (Figure 3).
Factors 1 and 2 represented 19.3% and 10.9% of the variability in samples, respectively. Sample
attributes that significantly correlated with Factor 1 included substrate, structure, position, and

season. Factor 2 was significantly correlated with river mile (Takle III).

Samples collected from river substrate and away from rock structures tended to cluster on the
negative portion of Factor 1, while those associated with rock tended o pldt toward the positive end.
Samples from substrate near rock structure and rock baskets on the interior of chevron dikes tended
to plot toward the center of the graph. A few of the rock basket samplers that filled with sand or silt
plotted mere toward the negative end of Factor 1 and substrate samples that contained gravei and
larger substrate tended to plot toward the positive side of Factor 1. Lower (free flowing) river sites
tended to plot toward the negative end of Factor 2 and upper river (pooled) sites tended to cluster
more toward the positive portion of Factor 2. However, samples collected on the exterior and interior

of dikes at MRM 289.5 plotted toward the negative and positive end of Factor 2, respectively. This
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suggests that current velocity may also influence sample distribution, however current velocity was

not measured at sample sites and could not be incorporated in the model.

This pattern is more cbvious when each sample site is considered separately. MRM 289.5 samples
tended to scatter across the PCA more so than other sites, as samples were collected from three
seasons and over three years, and species relative abundance varied with time as well as substrate
and flow, In general, rock basket samples plotted on the positive side and substrate samples on the
negative side of Factor 1 (Fig;ure 4}, Samples (both rock basket and substrate) collected on the inner
face of the dike (slower flow) plotted in the upper half of the graph, while samples collected from

exterior dike faces and exterior substrate (swifter flow) plotied toward the middie and lower portion

of the graph.

The caddis flies, P. flava and H. orris, and the chironomid Rhkeotanytarsus ép. tended to be the
dominant taxa in samples cclected on the exterior rock of chevron dikes, with D. polymorpha
abundance increasing over time (Table IV). Rock dwelling caddisflies and chironomids were replaced
by the enchytraeid Barbidrilus paucisetus and_the chironomids Robackia sp. and Chernouvskiia sp.,
which prefer sandy substrates, in the predominantly sand substrates surrounding the dikes.

However, D. polymorpha was also dominant in the river substrates in 1996.

The substrate and rock baskets, which were within dikes and protected from the current, tended to
be dominated by oligochaetes and chironomids. However, Naididae and Tubificidae were more
abundant on rocks and in substrate, reépectively. Chironomid species also varied with substrate,
and Glyptotendipes sp. was the dominant chironomid on rocks, while Chironomus sp.,
Cladotanytarsus sp., and Polypedilum sp. were more abundant in the substrate. Dugesia tigrina was
also abundant on interior rock basket samples and Caenis sp. (mayfly) was particularly abundant in -

the summer 1995 sampies.

Sampling method, season, position with respect to the dike, and substrate, also influenced species

richness and diversity near MRM 289.5. Rock basket samples had significantly greater species
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richness and diversity than ponar samples (t=-17.033, df=1486, P<0.01; t=-5.477, df=146, P<0.01,
respectively), Fall samples had significantly greater species richnesé (£=2.975, df=146, P<0.01) and
diversity (1=4.653, df=148, P<«0.01) than samples collected in the sﬁmmer. Rock baskets collected on
both the interior and exterior face of dikes had significantly greater species richness (¥'=100.594,
df=144, P<0.01) than ponar samples on dike interiors and ponar samples collected m river substrate.
However, diversity was similar between rock baskets on the interior and exterior dike faces and
ponar samples on the interior of dikes, but differed from river substrate samples (I'=15.375, df=144,
P<0.01). Substrate also significantly affected richness, as species richness was significantly higher
in rock baskets than in other substrates (F'=75.246, df=143, P<0.01}). Diversity was also affected by
substrate. While diversity was similar in rock, sand/gravel, silt/sand, and silt substrate, it was

significantly lower in sand substrate (F=8.787, df=143, P<0.01).

In contrast to the high variability in chevron dike samples, bendway weir samples at MRM 30 and
substrate samples from MRM 20 formed fairly tight clusters (Figure 5). Dominant taxa at MRM 20
and 30 were similar to substrate and rock at MRM 289.5, however, species richness was much lewer
and a few taxa overwhelmingly dominated samples in both substrate (MRM 20} and weir rock
samples (MRM 30). Barbidrilus paucisetus (89%) dominated substrate samples, and H. orris (67%)
and P. flava (11%) dominated weir rock scrape samples (Table V). Species richness was significantly
less at MRM 20 and 30 than at RM 289.5 and 203 (F=15.551, df=271, P<0.01) and diversity at MRM
20 and 30 was less than at all other sites except MRM 265.7 (F=25.587, df=271, P<0.01). As at MRM
289.5, species richness and diversity were significantly less in substrate samples than in samples

associated with the rock structure (t=6.668, df=36, P<0.01; t=2.418, df=36, P<0.05).

Samples collected within and upstream of the weir field at MRM 164 formed one cluster (Figure 6},
Hydropsyche orris and P. flava dominated all samples within and upstream of the weir field. |
Rheotanytarsus sp. was alsc abundant on the buoy anchors placed upstream of the weir field.
Richness and diversity were also similar between weir and upstream samples {t=1.133, df=31,
P=0.266; t=-0.674, df=31, P=0.506; respectively). Three methods were used to collect samples within

the weir (rock baskets, weir rock scrapes, huoy anchor scrapes) and samples were collected from buay
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anchors upstream of the weir field. Method did not appear to affect diversity (F=1.43, df=30,
P=0.255). However, method did have a significant effect on species richness (F=4.813, df=30,
P<0.05); with rock basket samples having the highest average richness, and buoy anchors and weir
rocks yieldjng similar richness. The lack of difference within and upstream of weir samples in
taxonomic composition, richness, and diversity is probably due to both areas being sampled with the
same method, buo:} anchors. Thus it appears that weir field rocks and isolated rocks placed

upstream of the weir were similarly colonized.

Samples collected within rubble and riverward of rubble at MRM 203 tended to form a continuum
(Figure 7) similar to MRM 289.5 samples in the PCA (Figure 4). Rock basket samples plotted toward
the positive end of the Factor 1 axis, and ponar samples collected riverward of the rubble plotted
toward the center of Factor 1, similar to the interior chevron dike samples. Substrate riverward of
the rubble varied with year, consisting of a mixture of gravel, sand, silt and zebra mussel shells in
1997, and primarily sand or silt in 1998. This change in substrate most likely was due to the high
river discharge experienced prior to sampling in 1998, and affected species composition, richness,
and diversity. Hydropsyche orris and P. ﬂaﬁa dominated rock basket samples, as they did at other
sites (Table VI). However, P. flava was also dominant in riverward substrate in 1997, probably due
to the gravel substrate and abundance of D. polymorpha riverward of the rubble, as D. polymorpha
shells provide hard substrate for invertebrate colonization and tend to change the species
composition of the community (Stewart et al., 1998). Both richness and diversity were significantly
greater in rock basket samples collected within the rubble than in substrate riverward of the rubble
(t=9.326, df=36, P<0.01, F=3.017, df=36, P<0.01, respectively). Diversity in sand, silt, gravel
substrate was similar to rock basket diversity, but differed from diversity in sand and in silt
(F=8.153, df=34, P<0.01). Species richness was also affected by substrate (F=30.934, df=34, P<0.01),

however only rock basket diversity was significantly higher than other substrate types.

Substrate samples collected near MRM 250.2 and 265.7 clustered toward the negative end of PCA
Factor 1 (Figure 8), similar to substrate samples collected downstream of weirs at MRM 20 and

substrate surrounding dikes at MRM 289.5 (Figures 4 and 5). As with most other substrate samples,



Mississippi River dikes April 2000

B. paucisetus dominated samples (Table VII). Macrostomidae were also abundant at MRM 265.7
and Nematoda were alsoc abundant at MRM 250.2. Substrate was somewhat more heterogeneous at
MRM 250.2, consisting of some gravel, silt, and clay in addition to sand. Whereas, substrate was
homogencus sand in MRM 265.7 samples. Although dominant species were similar at both. sites,
this substrate difference appeared to affect béth richness and diversity. Species diversity {t=3.936,
df=18, P<0.01) and richness (t=2.169, df=18, P<0.05) were signjﬁcantly different between MRM
250.2 and 265.7. Richness at both sites was similar to MRM 164 and MRM 20 and 30, whereas,
difersity at MRM 265.7 was similar to MRM 20 and 30 and MRM 164, and diversity at MRM 250.2
was similar to MRM 203 and 289.5.

- DISCUSSION
The upper Mississippi River historically and cﬁrrently supports a variety of habitats (Theiling,
1999), and biodiversity in rivers is attributable to heterogeﬁeity on the habitat scale (Wise and
Molles, 1979; Bourassa and Morin, 1995; Death and Winterbourn, 1995; Ward, 1998). Current
habitat conditions vary from those historically found in the river due to wing darms, closing dams,
dredging, dredge disposal, and navigation déms, as well as, clearing of woody debris (Theiling, 1999).
Upper river locks and darns have inundated some of the floodplain, creating numerous backwaters.
Hard substrate in the now pooled portion of the upper river was at one time available as gravel and
cobble substrates and in unionid beds (Beckett et al., 1996). However, sedimentation has filled many
of the backwater areas in the past few decades and shallow rocky areas have been covered with sand
(Bertrand, 1997). Flow has been directed towai-d the thalweg and away from side channels and
backwater areas by dikes, and floodplain eresion and Isubéequent dredging to maintain a navigable
channel have resulted in icose sandy substrate in much of the channel border. Habitats currently
existing within the study area, based on differences in substrate and hydrology, include main
channel, channe! border {inside bend, outside bend, straight reach}, dike field (stone and pile dike),
side channel, slough, river lake, natural littoral zone, revetted littoral zone, navigation pool,

tailwater, mouth of tributary, and downstream end of island (ESE, 1982).

Shifting sand is often the dominant substrate type in lowland rivers (Soluk, 1985) and the
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Mississippi River is no exception to this {Sauer and Lubinski, 1999); as loose sand was the major
river substrate in all areas sampled in this study. This substrate type generally supports a low
density of macroinvertebrates due to the dynamic nature of the substrate and low retention of
organic matter (Sauer and Lubkinski, 1999). High levels of disturbance tend to resuit in low density
and diversity (Sanders and Baker, 1984; Death and Winterbourn, 1995; Lancaster et al., 1996; Casey
and Kendall, 1997), and low organic matter availability tends to limit biomass (Soluk, 1985).
Although density is apparently fairly bigh >5cm deep within sand where disturbance tends to be less
(Scluk, 1985}, sand 1s typically dominated by 2 few interstitial and burrowing invertebrates adapted
to this particular type of substrate (Scluk, 1985}, resulting in low density and species richness. For
example, B. pauciseiis appafentiy burrows into the sand (Seagle and Wetzel, 1982), and Robackia

sp. and Rheosmittia sp. use silk to maintein a hold in sand substrate {Soluk, 1985).

Species richness and diversity tend to increase with substrate heterogeneity and stability,
apparently due to interaction of disturbance and habitat patchiness (Death and Winterbourn, 1995;
Townsend ef al., 1997), as well as, interspecific comp etition_(Death and Winterbourn, 1995).
Substrate surrounding chevron dikes at MRM 289.5, riverward of rubble at MRM 203, and at MRM
250.2 and MRM 265.7 was primarily sand. However, some substrate heterogeneity still exists a:_ld
the pooled portion of the river still supports a more diverse benthic fauna than the lower river (ESE,
1982); as gravel, silt, and clay were found in the channel border at MRM 289.5, MRM 250.2, and
MRM 203 and at sites sampled by ESE (1982). Sauer (1999), or the other hand, found most upper

Mississippi River substrates were dominated by silt and clay.

Dominant species at MRM 289.5, 264.7, 250.2, and 203 were similar and tended to be those typical of
sand substrate in swift current (B. paucisefus, Macrostomidae, Nematoda). However, taxa tended to
vary on a local scale within the study. This is expected, as invertebrate communities do not tend to
respond to natural or human activities as a single unit, even within a single pboi {Sauer and
Lubinski, 1999). Oligochaetes and chironomids were the most abundant groups collected by ESE
(1982). Barbidrilus paucisetus was also one of the dominant taxa in Pool 26 channel border samples

(Seagle and Wetzel, 1982). Soft substrates in Pool 19 of thie upper Mississippi River were dominated

17



Mississippi River dikes April 2000

by high densities of the fingernail clams Musculium transversum (Carlson, 1967; Anderson and Day,
1986} and Sphaerium striatinum (Anderson and Day, 1986), and the burrowing mayfly Hexagenia
sp. {Carison, 1967; Anderson and Day, 1986). Soft substrates in Pool 26 of the upper Mississippi

River had high densities of the cligochaete worm L. hoffmeisteri, and the mayfly Hezagenia bilineata
{(Anderson and Day, 19863,

Richness and diversity were significantly affected by substrate in this study {excluding rock samples-
F=8.171, df=122, P<0.01; F=6.571, df=122, P<0.01, respectively), Richness and diversity tended to be
less in sand (6.8 and 1.7, respectively), than in silty sand {12.4 and 2.5, respectively) and sandy
gravel {(10.8 and 2.8, respectively). This pattern was significant with respect to diversity, but
richness was only significantly different between silty sand and sand in this study. Thorp (1992)

found highest invertebrate diversity in substrates with gravel and silt/gravel, and lowest diversity in

sand.

The river downstream of St. Louis was historically more dyhamic than the upper reaches, with
increased flow, higher sediment load, and a more meandering channel, but is now primarily
contained by dikes, which direct flow into the thalweg (Theiling, 1999). Habitat types currently
include main channel, channel border {inside bend, outside bend, straight reach}, side channel,
natural and revetted littoral areas, and pile and stone dikes (ESE, 1982). Many of the dike fields
have filled with sediment, narrowing the river and creating a deep.er, swifter channel {Bertrand,
1977). Physical heterogeneity in stream channels imparts resilience and resistance to indigenous

communities, and simplifying river channels alters hydraulic transport properties and influences

river ecosystems (Lancaster ef al., 19986).

Substrate outside the weir fields is primarily sand (ESE, 1982; Sauer, 1999}, This was the caée at
MREM 164 and 20 in this study. Barbidrilus paucisetus was the dominant species at MRM 20 and
oligochaetes and chironomids dorninated in ESE (1982) studies, whereas Beckett et al. {1983) found
lower Mississippi River sand substrates were dominated by chironomids. Species richness {1.5) and

diversity (0.68) were lowest at MRM 20. Species richness and diversity in the primarily sandy
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substrate at MRM 20 (1.5, 0.6, respectively) were significantly lower than in the sand with some
gravel, silt, and clay at M.RM 289.5 (8.4, 2.0, respectively), 250.2 (7.9, 2.3, respectively), and 203 (9.9,
1.9, respectively) (F=9.09, df=121, P<0.01; F=11.8086, df=121, P<0.01, respectively). This could be
due tc the higher disturbance rate of substrate in the lower river, as highest taxa richness should
cccur in communities subject to intermediate disturbapce (Townsend ef al., 1997). Sauer and

Lubinski (1999} also noted substrate preferences in the upper river, with higher densities in silt and

clay than in sand or silt.

Increasing substrate diversity by adding rock to the river should change species composition, aﬁd
increase richness and diversity, since minor substrate heterogeneity seems to increase species
richness and diversity, particle size is important in determining species composition (Smock, 1296),
and taxonomic composition varies with substrate (Bourassa and Morin, 1995 and references therein).
Currently rip rap, articulated concrete, lock and dam structures, and huoys provide hard substrate
previously supplied by gravel and unionids (Be'ckett et al., 1996). Indeed, samples collected on rock
structures tended to plot near the positive portion of PCA Factor 1 and were dominated by P. flave
and H. orris (although this varied with season and flow). Hydropsyche orris is often common in large
rivers with fast current (Fremling, 1960) and tends to he more abundant in late summer and early
fall than in winter and early spring (Beckett, 1982). Hydropsychid caddisflies appear to dominate
the macroinvertebrate community at most Mississippi River siructures (e.g. stone dikes [Hall,1982;
Mathis_et al., 1982; Payne et al., 1989 in Way et al., 1995; Payne and Miller, 1996]; hard substrates

in peols [Anderson and Day, 19861; or articulated concrete mattress blocks [Way et al., 1995]).

Rock apparently does not need to be associated with river training structures {o increase habitat
heterogeneity and produce a different invertebrate assemblage. Simply adding rock to the existing
substrate seems to increase habitat heterogeneity. Species richness was significantly greater in rock
substrate (19.3) than in other substrates (F=34.253, df=272, P<0.01). Diversity in rock substrate
(2.1) was similar to heterogeneous substrates (silt/sand,2.5; sand/gravel, 2.8} but significantly

greater than diversity in sand substrate (1.7) (F=6.4, df=272, P<0.01). In this study, results from

buoy anchors placed in a bend without weirs (MRM 164) did not differ substantially from samples |
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collected within the weir (Table V). Both positions (within and upstream of weir field samples)
plotted in the same cluster (Figure 6) and were dominated by I. orris and P. flava. Additionally,
richness and diversity did not differ sigﬁiﬁcantly within and upstream of the weir field at MRM 164
(t=1.138, df=31, P=0.266; t=-0.674, df=31, P=0.5086, respectively).

Species composition, richness, and diversity were also similar among weir field samples at MRM 164
and MRM 30, and samples upstream of the weir field at MRM 164. However, the invertebrate _
assemblage collected from substrate samples downstream of the weir field at MRM 20 differed {Table
V). Barbidrilus paucisetus overwhelming dominated the samples, and species richness and diversity
were significantly lower than in the weirs and on buoy anchors upstream of weirs (F=8.058, df=1,
P«0.01; F=4.328, df=1, P<0.05) {Table V). Thus, similar invertebrate assemblages were found m
both weir fields as well as on buoy anchors placed in a bend without weirs, and this assemblage
differed from substrate samples in a bend without weirs. However, substrate was not collected in

the bend without weirs at MRM 164, where samples were collected from buoy anchors.

Placement of rock in the river creates complex and variable flow patterms (Way ef al., 1995; Hart et
al., 1996), and alters the rate and length of particle and invertebrate retention and drift in the
surrounding area {(Lancaster ef a_l., 1996). Substrate within dike fields in the pooled and open
reaches of the river harbor the highest diversity of any of the habitats samples by ESE (1982),
presumably due to variability in depth, substrate, and flow (ESE, 1982; Miller, 1988; Payne and
Miller, 1996). Leaving the I-wall rubble in the river at MRM 203, placing chevron dikes at MRM
289.5, and building weirs in bendways appears to have increased habitat heterogeneity. In this
study, samples from within the I-wall rubble, dikes, and bendways tended to plot toward the positive

end of PCA Factor 1 and were dominated by P. flave and H. orris.

The placement of rock in the river, whether or not it is associated with river training structures may
influence the invertebrate assemblage in the nearby substrate. Rubble is providing greater habitat
heterogeneity than nearby substrate. Additionally, invertebrate assemblages in nearby substrate

seem to be influenced by assemblages in the rubble, as species richness and diversity in substrate |
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near the rubble were significantly greater than in substrate at MRM 20 and MRM 265.7, which was
primarily sand (F=9.090, df=121, P<0.01; F=11.806, df=121, P<0.01). River bottom fauna appears to
be bighly influenced by density and taxonomic composition in nearby substrate (Sheldon, 1977; Kirk
and Perry, 1992; Smock, 1996). Substrate samples collected near rock structures {interior dike
substrate at 289.5, substrate riverward of I-wall rubble at 203) tended to plot near the center of
Factor 1 and were generally dominated by a combination of burrowing and clinging taxa. In
contrast, substrate not associated with rock structure tended to plot toward the negative end of
Factor 1 and tended to be dominated by B. paucisetus, Nematoda, and Macrostomidae {see Figure 3,
and Tables IV, V, VI, and VII). ESE (1982) also found substrate, which provided or was close to hard

or stable substrate was more productive and diverse than other substrates.

Alternatively, habitat and invertebrate community heterogeneity in this substrate near I-wall rubble
may have been present before I-wall demolition, as substrate and invertebrate community
characteristics previous to the I-wall demolition are not known. Pre-construction substrate samples
were collected at MRM 250.2 and MRM 265.7, and post construction substrate sampling in these

areas could yield insight into this hypothesis.

Rock structures such as bank revetment and wing dikes do provide some solid substrate for
invertebrate colonization in both the pooled and free flowing upper river (ESE, 1982, Sanders and
Baker, 1984; Sauer and Lubinski, 1999). However, most of the current river training structures

divert flow from side channels, channel borders, and back channels and reduce habitat heterogeneity
in these habitats (Theiling, 1999),

Chevron dikes, bendway weirs and other river training structures may improve habitat
heterogeneity in the surrcunding substfate, as well as within the training structures. The
structures sampled in this study divert water toward the thalweg, however, they also assist with
maintaining or perhaps increasing rather than reducing habitat heterogeneity in surrounding
habitats. The shape of both chevron dikes and bendway weirs provide a variety of hard substrate

microhabitats for invertebrate colonization by altering flow, and creating turbulent and quiet water
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areas. Chevron dikes divert water toward the thalweg, reducing the need for dredging in the
channel and dredge placement in the channel border. Dredge material from dredging that is needed
is placed behind the dikes rather than in the channel border, eventually creating islands that will
provide habitat for terrestrial animals, wading birds, reptiles, and amphibians, and that will serve
as a breaker for boat wakes, protecting the shoreline. Additionally, flow is majntaiﬁed between the
dikes and in backwater areas, reduciﬁg backwater sedimentation that typically results within

backwater areas near standard dike fields (USACE, 1992).

Bendway weirs arein a much harsher environment, but should provide refugia and habitat
heterogeneity for invertebrates. Indeed more taxa were found a.nd diversity was higher on samples
collected within both weirs than in the substrate at MRM 20. However, the buoy anchor placed
within the bend without weirs near MRM 164 was colonized by a similar number of species (22) and
diversity was similar (2.15), as the buoy anchor samples collected from within the weir field; 22 taxa
and diversity of 2.17. This suggests that any rock placed in the open river will provide substrate for
invertebrate colonization and that the weir field does not appear to provide additional habitat
heterogeneity over rock simply placed on ;he substrate. However, the weir fields were designed to
modify é.nd stabilize substrate across the channel and weir fields should reduce the frequency of
substrate disturbance within the weir substrate, and freqﬁency of disturbance could be the major
cause of low invertebrate diversity in the free flowing river. This process will take time and habitat

heterogeneity not only within the weir field, but also across the channel may increase with time.

CONCLUSIONS
Dams and river training structures have depleted habitat heterogeneity in the study area.
Invertebrate species richness and diversity is dependent on habitat heterogeneity. Shifting sand
substrates support few species, and diversity and richness of the invertebrate assemblage api:ears to
inerease with only a slight increase in substrate heterogeneity, such as found in substrates around
dikes (MRM 289.5), at MRM 250.2, and riverward of the I-wall rubble (MRM 203). Rock placed in
the river appears to increase species richness and diversity, regardless of whether it is in the form of

chevron dikes {MRM 289.5), bendway weirs {(MRM 164 and MRM 30), rubble pile (MRM 203}, or
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placed singly (MRM 164). River training structures, at least in the case of chevron dikes, not only
provide rock habitat, but also increase habitat heterogeneity in substrate within the structure, such
as in dike interiors. Species composition in dike interiors, both in the substrate and on rocks,
differed from the assemblages on dike exteriors, resulting in a much higher species richness at MRM
289.5 than at other sites. Substrate within weir fields was not sampled, and species richness within

weir fields may or may not be higher than indicated by simply sampling rocks.

Channel maintenance will be necessary as long the commercial shipping continues on the
Mississippi River. However, channel maintenance does not necessarily need to decrease habitat
heterogeneity. Both chevron dikes and bendway weirs should not on.ly provide rock structure for
colonization, but should provide variable current conditions within and arcund the structures and
should stabilize habitat in the surrounding area. This study demonstrates that rock increases
invertebrate assemblage richness over nearby river substrate. With time, substrates riverward of
the bendways and around chevron dikes should become more heterogeneous. Existing dredge
material near the chevron dikes should be gradually flushed cut of the area and variable flow
patterns around dikes should result in variable substrate mixtures. Similarly, weirs in bendways
should gradually cause a wider, shallower channel and provide greater substrate stability for aquatic
organisms {USACE, 1992; Stucky and Farabee, 1992). Eventually flow will be spread more evenly
across the channel, resulting in less channel and outside bend degradation and less channel border

aggregation (USACE, 1992, Stucky and Farabee, 1992).

Rock, whether alone or associated with a training structure, increases habitat and invertebrate

assemblage heterogeneity. Species richness in substrate within dikes and near rubble tends to be
higher than in areas without these structures. Training structures should also increase substrate
and therefore invertebrate assemblage heterogeneity within the river cross section containing the

training structure, However, further study is needed to demonstrate this benefit.

ACKNOWLEDGEMENTS

Funds for this study were provided by Parsons Harland Bartholomew & Associates under contract

23



Mississippi River dikes April 2000

with the U.8, Army Corps of Engineers (USACE), St. Louis District as part of the Avoid and
Minimize Program. The authors would like to thank Mr. Charles Theiling, Mr. Eric Nelson, Ms.
Mary Furman, and Ms. Melissa Moore for providing valuable assistance ﬁm field work, sample
processing, and data analysis, and Mr. Bernard Sietman and Mr. Paul Marangaloe for assistance with

data analysis. We would also like to thank Dr. Barry Poulton for kindly reviewing the manuscript.

LITERATURE CITED
_ Anderson, J. B. aﬁd Mason, W.T.Jr. 1968. ‘A comparison of benthic macroinvertebrates collected

by dredge and basket sampler’, Journal of Water Pollution Control Federation, 40, 262-259.

Anderson, R. V. and Day, D. M. 1986. ‘Predictive quality of macroinvertebrate - habitat associations

in lower navigation pocls of the Mississippi River’, Hydrobiclogia, 136, 101-112.
Beckett, D. C. 1982. ‘Phenology of Hydropsyche orris (Trichoptera: Hydropsychidae) in the Ohio

River: changes in larval age structure and substrate ¢olonization rates’, Environmental

Entomology, 11, 1154-1158.

Beckett, D. C., Bingham, C. R., and Sanders, L. G. 1983. ‘Benthic macroinvertebrates of selected

habitats of the lower Mississippi River’, Journal of Freshwater Ecology, 2, 247-261.

Beckett, C. C., Green, B. W., Thomas, S. A., and Miller, A. C. 1996. ‘Epizoic invertebrate

communities on upper hﬁésissippi River unionid bivalves’, Americarn Midland Naturalist,

185, 102-114.

Bertrand, B. A. 1997, ‘Changes in the Mississippi River fishery along Illinois, 1976-1996°, Journal

of Freshwater Ecology, 12, 585-597.

Bourassa, N. and Morin, A, 1995. ‘Relationships between size structure of invertebrate assemblages

24



Mississippi River dikes Aprtil 2000

and trophy and substrate composition in streams’, Journal of N orth American Benthological

Society, 14, 393-403.

Carlson, C. A. 1967. ‘Summer bottom fauna of the Mississippi River, above dam 19, Keokuk, Jowa’,
Ecology, 49, 162-169.

Capo, Y., Bark, A. W., and Williams, W. P. 1996, ‘Measuring the responses of macroinvertebrate

communities to water pollution: a comparison of multivariate appreaches, biotic and

diversity indices’, Hydrobiologia, 341, 1-19.

Casey, K. J., and Kendall, 8. A, 1997. ‘Sample number and colonization patterns of benthic

macreinvertebrates and organic material on artificial and natural substrata’, Journal of

Freshwater Ecology, 12, 577-584.

Ciborowsls, J. J. J., and Clifford, H. F.. 1984. ‘Short-term colonization patterns of lotic

macroinvertebrates’, Canadian Journal of Fisheries and Aquatic Sciences, 41, 1626-1633.
Clifford, H. F., Casey, R. J., and Saffran, K. A. 1992. ‘Short-term colonization of rough and smooth
tiles by benthic macroinvertebrates and algae {chlorophyll a} in two streams’, Journal of the
North American Benthological Society, 11, 304-315.
Culp, J. M., Walde, S. J., and Davies, R. W. 1983. ‘Relative importance of substrate partiéle size and

detritus to stream benthic macroinvertebrate microdistribution’, Canadian Journal of

Fisheries and Aquatic Sciences, 40, 1568-1574.

Death, R. G., and Winterbourn, M. J. 1995. ‘Diversity patterns in stream benthic invertebrate

communities: the influence of habitat stability’, Ecology, 76, 1446-1460.

Delucchi, C. M. 1987. ‘Comparison of community structure among streams with different temporal

25



Mississippi River dikes April 2000

flow regimes’, Canadian Journal of Zoology, 66, 579-568.

Dickson, K. L., Caimns, J. Jr., and Arnold, J. C, 1971, ‘An evaluation of the use of a basket-type

artificial substrate for sampling macroinvertebrate organisms’, Transactions of the American

Fisheries Society, 3, 553-539.

Environmental Science and Engineering, Inc. (ESE). 1982. Final report, GREAT III ecological and
habitat characterization, submitted to St. Lowis District, Army Corps of Engineers and Fish

and Wildlife Work Group, Contract No. DACW43-81-C-00865.

Fremling, C. O. 1960. ‘Biclogy and possible control of nuisance caddisflies of the upper Mississippi
River’, Agriculture, Home, Economic Experiment Station Iowa State University Resource
Bulletin 483, 856-879. cited from Beckett, D. C. 1982. ‘Phenology of Hydropsyche orris
{Trichoptera: Hydropsychidae) in the Ohio River: changes in larval age structure and

substrate colonization rates’, Environmental Entomology, 11, 1154-1158.

Gauch, H. G., Jr. 1982. Multivariate analysis in community ecology, Cambridge Univ. Press,

Cambridge, England.

Hall, T. J. 1982. ‘Colonizing macroinvertebrates in the upper Mississippi River with a comparison of

basket and multipiate samplers’, Freshwater Biology, 12, 211-215.

Hare, L. 1995. ‘Sediment colenization by littoral and profundal insects’, Journal of the North
American Benthological Society, 14, 315-323.

Hart, D. D., Clark, B. D., and Jasentuliyana, A, 1996. Fine-scale field measurement of benthic flow

environments inhabited by stream invertebrates’, Limnology and Oceanography, 41, 297-
308.

26



Mississippi River dikes April 2000

Kirk, E. J., and Perry, S. A. 1992. ‘Differences in macroinvertebrate taxa richress and density
between samplers located along the shoreline and inside the navigation channel of the

Kanawha River, West Virginia', Journal of Freshwater Ecology, 8, T7-80.

Knorr, D. F., and Fairchild, G. W. 1987. ‘Periphyton, benthic invertebrates and fishes as biological
indicators of water quality in the East Branch Brandywine Creelk’, Proceedings of the

Pennsylvania Academy of Science, 61, 61-66.

Lancaster, J., Hildrew, A. G., and Gjerlov, C. 1996. ‘Invertebrate drift and longitudinal transport

processes in streams’, Canadian Journal of Fisheries and Agquatic Sciences, 53, 572-582.

Leland, H. V., Carter, J. L., and Fend, 3. V. 1988. ‘Use of detrended correspondence analysis to

evaluate factors controlling spatial distribution of benthic insects’, Hydrobiologia, 132, 113-
123.

Mathis, D. B., Bingham, C. R., and Sanders, L. G. 1982. Assessment of implanted substrate
samplers for macroinvertebrates inhabiting stone dikes of the lower Mississippt River,

Miscellaneous Paper E-82-1. U.S. Waterways Experimental Station, Vicksburg, Mississippi.
Maxon, C. L., Barnett, A. M., and Diener, D. R. 1997. ‘Sediment contaminants and biclogical effects
in southern California: use of a multivariate statistical approach to assess biological impact’,

Environmental Toxicology and Chemistry, 18, 775-784.

Merritt, R. W. and Cummins, K W. 1996. Trophic relations of macroinvertebrates, Pages 453-474

in Hauer, F. R., and Lamberti, G. A. (eds). Methods in. stream ecology, Academic Press, Inc.

Miller, A. C. 1988. “Mussel fauna associated with wing dams in pool 7 of the Mississippi River,

Journal of Freshwater Ecology, 4, 299-30%.

27



Mississippi River dikes April 2000

Payne, B. S., Bingham,. R. B., and Miller, A. C. 1989. Life history and production of dominant
larval insects on stone dikes in the Lower Mississippi River. Lower Mississippi River
Environmental Program, Report 18, Mississippi River Commission, Vicksburg, Mississippi.
cited from Way, C. M., Burky, A. J., Bingham, C. R., and Miller, A. C. 1995, ‘Substrate
roughness, velocity refuges, and macroinvertebrate abundance on artlﬁmal substrates in the

lower Mississippi River’, Journal of the North American Benthological Society 14, 510-518.

Payne, B. S. and Miller, A. C. 1996. ‘Life history and production of filter-feeding insecis on stone

dikes in the lower Mississippi River’, Hydrobiologia, 319, 93-102.

Peckarsky, B. L. 1986. ‘Colonization of natural substrates by stream benthos’. Canadian Journal of

Fisheries and Aquatic Sciences, 43, 700-709.

Rabeni, C. ¥., and Minshall, G. W. 1977. ‘Factors affecting microdistributien of stream benthic

insects’, Oikos, 29, 33-43.
Rice, W. R. 1989. ‘Analyzing tables of statistical tests’, Evolution, 43, 223-225.

Sanders, L. G., and Baker, J. A, 1984, Influence of dikes and revetments on biota of the Arkansas

River, U.S. Army Corps of Engineers Waterways Experiment Station. EWQOS Infermation
Exchange Bulletin Vol E-84-2.

Sauef, J.S. 1999. Annual status report, 1998: Mecroinvertebrate sampling, UU.S. Geological Survey,

- Upper Midwest Environmental Sciences Center, La Crosse, WI. LTRMP 99-002.

Sauer, J. 8. and Lubinski, K. 1999. ‘Macroinvertebrates’, Pages 10-1 to 10-11 in U.S. Geological
Survey. Ecological status and trends of the upper Mississippi River system 1998: A report of
the Long Term Resource Monitoring Program, U.S. Geological Survey, Upper Midwest

Environmental Sciences Center, La Crosse, WL. LTRMP 93-T0CL.

28



Mississippi River dikes April 2000

Seagle, H. H., and Wetzel, M. 8. 1982, ‘Range extension of Barbidrilus paucisetus Loden and Locy

{Oligochaeta; Enchytraeidae), Freshwater Invertebrate Biology, 1, 52-53.

Sheldon, A. L. 1977. ‘Colonization curves: application to stream insects on semi-natural substrates’,

Oikos, 28, 266-261,

Smock, L. A. 1996. Macroinvertebrate movements: drift, colonization, and emergence’, Pages 371-

390 ir Hauer, F. R., and Lamberti, G. A. (eds). Methods in stream ecology, Academic Press,
Ine.

Soluk, D. A. 1985. ‘Macroinvertebrate abundance and production of psammophilous Chironomidae

in shifting sand areas of a lowland river’, Canadien Journal of Fisheries and Aquatic Science,

42, 1296-1302.

Stewart, T. W, Miner, J. G., and Lowe, R. L. 1998. Macroinvertebrate communities on hard
substrates in western Lake Erie: structuring effects of Dreissena, Journal Great Lakes

Research, 24, 868-879.

Stucky, N., and Farabee, G. 1992. ‘An evaluation of designated lock approach waiting areas and
bendway weirs’, Appendix B in USACE. Melvin Price Locks and Dam, Upper Mississippi
River basin Mississippi River - Missouri and Illinois. Design mermorandum no. 24, avoid and

minimize measures, St. Louis District, U.S. Army Corps of Engineers, St. Louis, Missouri.

Theiling, C. 1999. ‘River geomorphology and ficodplain habitats’, Pages 4-1 to 4-21 in U.S.
;) Geological Survey. Ecological status and trends of the upper Mississippi River system 1998: A
':. E
report of the Long Term Resource Monitoring Program, U.S. Geoclogical Survey, Upper

Midwest Environmental Sciences Center, La Crosse, WL. LTRMP $9-T001.

29



Mississippi River dikes April 2000

Thorp, J. H. 1992. Linkage between islands and benthos in the Ohio river, with implications for

riveri.ne_ management’, Canadian Journal of Fisheries and Aquatic Sciences, 9, 1873-1882.

Towmsend, C. R. and Hildrew, A. G. 1976. ‘Field experiments on the drifting, colonization and

continuous redistribution of stream benthos’, Jourral of Animal Ecology, 45, 759-772.

Townsend, C. R., Scarshrook, M. R., and Doledec, S. 1997, ‘Quantifying disturbance in streams:
alternative measures of disturbance in relation to macroinvertebrate species traits and

species richness’, Journal of the North American Benthological Society, 16, 531-544.

U.S. Army Corps of Engineer (USACE). 1992. Melvir Price Locks and Dam, Upper Mississippi
River basin Mississippi River - Missouri and Illinois. Design memorandum no. 24, avoid and

minimize masures., St. Louis District, U.S. Army Corps of Engin.eers. St. Louis, Missouri.

U.5. Fish and Wildlife Service (USFWS). 1992. ‘An evaluation of natural resource benefits likely to
occur from the implementation of measures to avoid and minimize navigation impacts’, in
U.8. Army Corps of Engineer (USACE). 1992. Melvin Price Locks and Dam, Upper
Mississippi River basin Mississippi River - Missouri and Illinois. Design memorandum no.
24, avoid and minimize measures, 3t. Louls District, U.S. Army Corps of Engineers, St.

Louis, Missouri.

Ward, J. V. 1998. ‘Riverine landscapes: biodiversity patterns, disturbance regimes, and aquatic

conservation’, Biclogical Conservation, 83, 269-278.

Waters, T. F. 1964. ‘Recolonization of denuded stream bottoﬁ areas by drift’, Transactions of the

American Fisheries Society, 93, 311-315.

Way, C. M., Burky, A. J., Bingham, C. R., and Miller, A. C. 1995. ‘Substrate roughness, velocity

refuges, and macroinvertebrate abundance on artificial substrates in the lower Mississippi

30


http:benth.os

Mississippi River dikes April 2000

River’, Journal of the North American Benthological Society, 14, 510-518.

Wise, D. H, and Molles, M. C. Jr. 1979. ‘Colonization of artificial substrates by stream insects:

\L} influence of substrate size and diversity’, Hydrobiologia, 65, 69-74.

Yule, C. M. 1996. ‘Spatial distribution of the invertebrate fauna of an aseasonal tropical stream on

Bougainvilie Island, Papua New Guinea’, Archives Hydrobiologia, 137, 227-249.

31



Table I. Summary of samples collected in the upper Mississippi River for the A & M Program, 1994 to

1998.

MRM Structure Constructed Sarmpled Sample type Sample size

289.5 Chevron dikes 1992 Nov/Dec-94 Rock basket - 20

Nov-94 Standard ponar 3

May/June-95 Rock basket 10

June-95 Standard ponar 5

Sept/Oct-95 Rock basket 15

Sept-95 Standard ponar ]

Aug/Sept-96  Rock basket 20

Sept-96 Sfandard ponar 3

289.5 None NaA Nov-94 Standard ponar 17

June-95 Standard ponar 10

Sept-95 Standard ponar 10

Sept-96 Standard ponar 17

265.7 None NA Apr-96 Standard ponar 10

250.2 None NA Apr-96 Standard ponar 10

203 I-wall rubble 1995 July/Aug-96  Rock basket 10

June/July-97 Rock basket 8

June/Juy-98  Rock basket 4

203 None NA. July-97 Standard ponar 4

July-98 Standard ponar 12

164 Bendway weirs 1996 July/Aug-96  Buoy anchor 8

July/Aug-96  Rock basket 3

Sept-96 Weir rock 15

164 None NA Sep-98 Buey anchor 9

30 Bendway weirs 1991 Aug-96 Weir rock 27

20 None NA Aug-96 Petite ponar 11




Table II. Relative abundance {%) of macroinvertebrates collected at upper Mississippi River sample sites!, 1994 to 1998,

BEA
Phylun Class Order Family Sublfamily Species 20-30 ifi4 203 2002 265.T 2895 Tolal
Cnidaria liyirazon Hydroida Hytlridne Hydra sp. Q.0 b
Elatyhelminlies Turbellada 023 U0t 0.0y 026 0y
Muncrestamitla Macrostomidan 0.21 4.16 JE.G1 0.20 0.0
Tricladida 11emdrocoelidae Frocotyla fluiatifis 0.00 .00
Plunadiidae Cura foreminni 0.0l 0.04
Dgesin tigring 4.00 0A7 6.30 4.76 4.74
Nematoda 202 1.00 0.22 at.29 2.21 0.20 038
Nemalemorghn 0.04 .01 (.29 0.19
Molusca Gastropoda Lynnophila Lymmagidne Psendosuccinen sp. G.an 0.00
Physilae Physa sp. ¢.a1 a.ap 0.01
Physclia sp, 0.01 ol
Planurbispe Menetus snmpsoni 0.0g 0.0
Tivalvia Venoreidn Corbiculitne Carbicufa fTunines .00 Q.40 .00
Direissenidie divissenn polymorpha 747 11 763 £0.30 B.6B
Sphaerindoe Q.02 .00 om
Musculinin sp, 0.00 040
Sphueriiem sy, 0.04 0.00 0.01
Linioniilise . 0.0f 0.410
Anbleninge Megalonoias rervosa 0.0 G.06
fnedonlinae Pypanodan grandis 0.00 0.0
Lampsilinae Leproden fiugilis 002 Q.00
_ Potamilug oliienisis 0.00 0.0¢G
Annelida Aphanoneura Aclusemalida Aeolosmnalidae 000 000
igochacla Hoplobaxida Enchytraeidae .00 0.00 G.00
Rarbidrifus punciselis 259 noz2 ' Jd.4 52.09 0.84 0.80
Haididae Amphiichdeta teydigi 008 - u.0¢
Chaoetugaster diuphanos 0.03 ’ 0.04 0.03
Chaeloguster diustropfies 201 0.00
Dero digitala .00 .08 .18 0.13
Dero niven .05 Q.00 001
Nais behafngi 13 .07 0.02 G.l2 0.09
Nais bretscheri Ul om
Nuis commnnis 0.00 LATH 040
Meis elinpiiis 0.00 o.0u
MNais pandafis 03 0.2 Q.13

Nais pseidobinsg 0ol [P




Table II. (continued).

MM

Phylum Clasg Orier Fainily Sublumily Specics 20.30 164 $03 2502 2657  2B9.6  Tota)
Annclida Oliguchanla Haplotoxida Naididug Nuis simpex d 0.04 002
. Nals variubiliz 0.02 .61 .10 007

Ophidonais serpentina 0.00 Gl

Purannis frici u.0n Q40

Piguetielle michiganensis 001 001 00l

Pristina uequiseia 0.00 0.00

Pristina brevisetn 400 0.00

Pristing teidyi .00 0.02 0.01

Pristinellc jonkinae 0.00 0.00

Pristinelfa longisoina Q.06 0.00

Pristinelfu vsborni 0.00 0.00

Pristinelln sima .00 000

Slaving eppendiculatn 0400 0.39 041 0.11

Stephensoniana trivandrono Q.00 0.00

Stylaria lacnsiris 0.1l 0.0l 0.03

Tuhificidae ipnature wf oo selag 0,92 200 0.00

immature wio cop. sefne 0.27 448 0.6 o.1a

Aulodrifus limnalius 12 0.01 001

Anlodrilus pigueti 05 0.05 0.05

Iiranchinra sowertyi 0.0 0.12 0.02 0.01

Ryodritus ternpletont . G.00 000

Limnodritus cervix 003 012 ubo GOl

Limnodritus cloparedianus 2.00 0.00

! Limnodrilus hoffmeisteri - 0.07 0.69 0.02 .03

Limuodrilug maumeensis 000 0.0G

Livwiodrilus wdvkemifonus 0.e0 .46 0.00 0.00

Branchioldellidn 0.00 0.00
Hirudinen .00 008 .00
Plhimyasobdellida Erpsbdellidae Mouoreabdelly fervida 0.1 0.00

Hhynchebdellida Gloasiphaniidae . 0.00 0.0¢
Atboglossiphoniaheterocfitn 0.0q 000

telobdelin stagmalis oy o 00

FPlucobdelle arnain 0.00 , 0.0

Placabidella purasitica 0.0u a.qn

Arthropoda Arachnuiden Nydruchnellae 0.02 041
Oribalei 0.00 0.0u

Insecta Collembaula 0.00 0.00
Entomoliryidne ol ' [iX1Y]

lsvtamidoe (L 000

Sewmfrerin sp. au LYY




Table II. {continued).

MitM
Thylizm Clasa Orefer Pamily Subfamily Speties 20.30 164 201 2562 286.7 289.5 Taolal
Arltlhiropodn Inscela Cphemeroptorn 2.03 042
Ainclelidne Amelotus sp, 0.8 G.00
Hactidae 0.00 Q.1 {00
Baetis sp. 136 163 1.4 011 059
Lubiobuctis sp. 028 .18
Sreuidae Anercaenis sp. 0.23 .66 Uz
Drachyserus sp. [eA+1H) XM
R Caeriis sp. .48 0.67 068 1.H7 1.44
Ephemeridne 000 ¢.o0
Hexageniu sp. Q.01 Gul
Hezagenia limbata Do 242 1491 a0l
Pentagenia sp. 946 1.27 Q.02 a4t
Heplopeniidaa .10 008 0.13 Q.08
Heptugenia sp. 0.0y LRI 008
Stenavron sp. o ez [EXEH] a.¢l
Stenonena sp. [EXi} 007 aul [EXHE a6l
Stenenemu fomorgton [LX15] {60 G
Stezoneme infegrunt 0,12 4.4 046 043
Stenvnema modestum 0.0l oun
Isanychiidize Isonyehia sp. 085 1.E8 1.64 L44
Polymitircyidne Ephoron sp. a.40 o0
Polamanthidae Anthopotuntis sp. .06 0.00
Trcorythidac Tricaryliodes sp. 0.0 0,23 215
Celonatn tA erel  Cuorduliid MNeurpcosednulia sp. 000 0.00
Mearocorgduiiu molesta 002 LRI} 201
Newrvcordndia viginiensis o6 060
Goaphidae 0.12 000 .00
Arigomphus sp, Q.01 A1
Livemogomyils sp. 200 4.0 Q4G
Comphurus crassus Ul .00
Gowmiphtorus hybridus [EAEH) D00
Gomplins sp. am sov [EX1H)
Clomphies consanguis 0,04 .00
Gomphis spicutus Nt o.80
Stylurus sp. Gae 000
Styfuras plaginins g A1)
Libelulidae Ladony sp. [ 044
Mucromiidoe Mucromia sp. o860 0.4
{rdonata (Aygopiera) & 3 I FENH| 601 ik
Avgier 5. 445 {0 0.1
oul {.02

Enallugmu sp.




Table II. {continued).

M
Phylum Class Order . Pumily Sublamily Spucies 20-3¢ 164 208 280.2 265.7 283.5 Total
Arthropada " Insecin Pleewjtera g0 0.10 0.08
Chloreperlidae 000 .00
Haplaperla brevis 903 .02
Perlidae GO0 6.60
Acroneurio sp. 006 G.60
Meoperia sp. 0.03 002
Perlesta sp. 0.00 190
Pertestu plucida 002 601
Perlodidae 062 08}
Taoperta sp. 0,12 9.21 0.13
Taenispteryyidae Tuenioplerye sp. .08 2.06
Hemipters Cerixidas .00 0.00
Trichocoriza sp. 0.07 0.45
Soldidae 0080 000
Coleaplers Carabidas £0.00 0.00
Chrysmnelidas Disouyehy sp. ' 000 (100
Diryopidne Helichus bissalis 0.00 G.00
Elmnilae Stenelinis sp. (LA 0.e3 0.01 G033
Dubiraphia sp. [ERiTH ago
Telerseeridae (lurvae} 0.0u Q.0
Hydrophilidae Berosus sp. .04 0.00
Lamypyridae 4.00 G.60
Tenchrionidae {Jarvae} ' 0.01 940 0.60
Mogrluplera Corydalilae Lorycalius sp. Q.04 0.00
Diptern . {pupal 0.G6 2.31 g4t .27
Ceratopogonidae .12 3.0t 2401
Bezzia sp. 0.46 0.04 063
Culicoides sp, .00 Q.00
Wilobezzia sp. 0.60 LY+
Probezzia sp, 46 .23 0.91 .01
Sphaercatins sp. 0406 .00
Chaolwridae Chagharus sp. 0.00 .00
Chirehomidae .01 0.Gi .32 9.12 ¢.63 1.89 1.14
Chironominaa i .01 0.00 0.00
Azarus sp. , 12 06.01 2.06
Chiernoushiia sp. 026 2.08 107 0.28 0.24
Chivenensini 8.01 o.up

Chironscmus sp. 1IR3 0,20 G.13




Table II. {continued),

MEM
Fhytuin Cluss Oriler Fanily . Subfamily Species 20-30 164 203 2602 85,7 269.5 Tolal
Arlhropeda Insecla Diplera Chironomidae Chironominae Clodotunytursaiss sp. .13 008
Crypochironomus sp. 0.01 008 1.73 0.03 04
Dicrafendipes sp. 0.04 .04 0.12 .22 0.15
Clyplotendipes spr. 0oz ol 4,32 .73
Harnischia sp. ool 0.00 0.00
Lipiniella sp. 0.10 0.06
Micropsectra sp. 0.00 0.00
Paruchironomus sp. 0.00 0.13 0.08
Puracladopelma sp. 0.00 0.00
Paraluaterbarniefl sp. 0.00 0.00
Paralaytarsus sp. 0.00 LiRi]
Faratendipes sp. 0.02 001 2.19 0.62 0.49 007
Palypedilium sp. 013 004 0.02
FPolypediftimn coniictiint 297 g.02 187 1.8 222
Patypediliem: fouffes gronp .0 oy
Potypedilum illincense . Q0.UB .05 0.06 046
Palypedifim sealoenum 0.2 0.20 0.09 LAES
Rheotanytersus sp. n.§2 348 2.45 0.08 13.66 9.45
Robuackiu sp. .07 {.01 [FTH 035 2.6 0.22 0.16
Suaethieria sp. 0.02 a0t
Stictockironomus sp. ¢.0n 0.6¢
Tunyfarsns sp. 0.01 .00 012 098
{retheeladiinae o4 .0 0.30 0.00 .01
Corynomnenin sp. 0l 0ol
' Cricotapus sp. Cobe 0.00 000
Cricotopus Dicinctis gronp .14 049
Cricotopus sylvestris group 0.14 0.09
Cricotopus tremidus graup : 0.0l 0.01
Eukicfferieltu claripetinis group 0.00) ’ 0.00
Hydrobuenies sp. ¢l 000
Lapesclodins sp, 0.02 001
Nanoctudins sp. D02 0.09 .34 0.21 042
Paruhicfferieltu sp. 6.00 1.07 000 002
Proctudius sp. 0.00 0.00
Pseucosmitiin sp, 0.00 0.00
Rheosraittio sp. au? .36, 0.08 000 Dol
Thienemunniefla sp. 201 001 0401
Tanypodinae 0.0l 0.00
Ablabesimyia sp. 0.55 Q.12 0.08 0.20
Coelotanypis sp. 012 0.01 0.01
Corynonatru sp. 000 Q00
Labrundinia sp. iR} 0.00
Larsio sp. 0.0 0.00
Puramerina sp. (.00 0.00

Thieneinuennimyio sp. gioup 0.16 a.ur 1.27 0.67 3G




Table II. (continued).

MRM
Pliyham Class {Onder Family Subfamily Species 20-30 164 203 260.2 2657 2856  ‘Tolal
Arthropoda Lnsecla Diplera Emphdidae 914 c.ug
Hemerodromia sp. (X131 003 022 .14
Simutidae Siuilium sp. 2.00 901 0.0t
Tanyderddne Panyderidue 115 .18 G40
‘Fipubidae .00 0.00
Trichoplers {pupal .61 142 iR .26 1.33
¥ydropaychidas a.n7 .49 G.48 0.05
Chenmatopsyche sp. 003 1.27 o8 043 022
Hydropsyche sp. .04 012 a.00 ¢80
Hydropsycehe bidens 0.0 G490
Hydropsyehe orris B4.56 3341 28,31 13.14 20.02
Hydropsyche siulans [EX1 33 a4 0.1 i1 g.in
FPotamyia fluve 1686 61.36 3765 35.68 3886
Hydroptilidgne .00 G313 co8
- Hydroptitu sp. 09.56 0.34
Mayutrickiu sp. 4T 131}
. MNeotrichia sp, 115 0.62
f.eptocenilne MNectopsyche sp. 0,14 [Hi 3 023
Oecetis sp. o.03 0.02
Friaenotdes sp. D.00 (3114
Philogrutamidoe . Dalophilides ap. 001 .0t
Polyeentropudidae 0400 0.00 a0n
Cyrretlus fraternus 1.21 .16 041
Newreclipsis sp. .00 0.04 001 202
Tolycen tropmis 5in .05 0.43
Cruatncea Aaphipuda Cranggonyethine daol 041
Gommanridae Cantmoris fasciwtus : G0l ANt
Gaintpares lachisiris 0.00 a.00
Gaguimaras minus 9.1 [ER L] 0.60
Gunnmarts froglophilies (LoD . 0.00
Tubtrithie Hyulella azteca .00 R4
Isaparda Asgcllidie 0.0 0.60
Aseflus intermeding 0.00 o.00
Cuecidotea sp. b.p3 a0z
Lircens fontinatis o 0.60 600
Decapoda Canmtburidae 4.0 a4 0.
Cyeonertes utens 401 Dol [EX1}
Greoatectes virilis ’ 0. .08 4.0t




Table II. {(continued).

MM
Phylun Closa Order Fainily Subfamily Bpecies 20-30 i64 203 2602 285.7 289.5 Telal
Tolal 1G0.0 tof o 1009 1000 1600 1600 0.0
0 0 b3 0 0 G

Na. Laxa {tolal)

Ma. e Onerne28E)
SW Index (tatal)

SW index lmean+25E)
No. samples

0

38 40 164 3d 17 203 238
63213 B.8:1.4 20034 79£30 5017 166218
204 1.84 2.85 2.5956 162 3.46 3.33
90520 3% 1602021 2085o0.09  22Gs043 L16:039 242014
38 aa 38 (] ¢ 148

'Silea correspend W Figure §-1



Table ITl. Pearson correlation matrix of PCA factor scores and sample attributes.

Factor 1 Factor 2

Factor 1 1.000

Factor 2 <0.001 1.000
Substrate 0.779 -0.124
Structure 0.697 0.142
Position -0.347 0.113
Season 0.270 - 0.128
River mile -0.155 0.603

Significant correlations (<0.001) are bolded



Table IV. Invertebrate community parameters associated with upper Mississippi River chevron dikes, MRM 289.5, 1994 to 1996.

Date

Structura
Substrate!
Sample focetion
Sample type

Sample size {n}

Taxonomic richness (total}
Taxonomic richuess {mean+28E}
Diversity {SW-total)

Diversity (SW-menn+25E}
Dominant taxa (%)

Date

Structure
Subatrate'
Sample location
Sample type

Sample size (o}

Taxonromie richness {total}
"Taxonomic richness (mean:2SE}
Diversity (SW-1otal}

Diversity {SW-mean+25E)
Dominant texa {%)

Nov./Dec. 1994

MayiJune 1995

Moue

Sd/SYClminor Gr

River substrate
Ponar

17
31
7.3:156
2.67
1.94+020
A powcisciup (430
Mocrostomidac L15)
Dugesia tigeing (16}
Chernovshiia sp. {15)

Robuckia ag, £11)

Clievron dikes

Rock
Interior rock
Rock basket

4
60
283£102
4.34
3.3110.73
Maiz varinbifin 134
Ly cligitate {147

Cledotanylaraus 113}

SdiSt
Int. subsirate
Pouar

3
22
11.3+4.1
3.24
2.50+0.30
Tobifictdae (50}

frera figitnta (18)

Sept fOct. 1985

Rock
Exterior rock
Rock bashet

16
23
28.1x4.6
4.32
3.50+0.21

Rfteotauytarmoe s, (16}
Mydrepttie sp. (16
Fsoperiie sp L E2}
Fotargla flave {30}

Nann
Sd/miner Gr
River substrate
Ponar

10
18
B.2:£1.8
2.17

1.09+0.48
Memntoda (463

" B, paucisetun (283

Poraleredipes 551111

Chevron dikes

Rock Sd/St/ClDet Rock
Interior rock Int. substrete Exterior rock
Rock baskst Pouar Rock basket

3 5 ki
53 20 54
29.7:8.2 T.4+2.1 21.111.7
2.50 360 2.08
2.67+0.63 2.2410.40 1.84£0.70
Caenie p. 101 Tubificidea (213 Potanyis flave 163}

Degesia figeinn {11}

B. pouciseiue {15}
Merintedn 171

Aug fSept. 1996

Hiydropayche orein 142

None Chevron dikes Moue Chievron dikes
Sdiminor Gr Rack Gr/S:d/5t NMock Sdfminor Gr Rock Sd/St/Det
River subatrate Interior rack Int. substrate Exterior rock River substrate 1unterior rock litt. substrate Exterior rock
Ponar Rock beeket Ponar Rock Losket Panar Rock baaket Ponar Rock basket
10 B 5 13 20 G 10 14
18 43 31 59 42 G2 37 B3
5.622.2 22.8£3.1 13.0+4.1 23.7+4.9 9.4£2.2 26.0+5.8 11.4+2.6 28.0+2.1
i.38 3.09 3.63 2.26 347 1.94 3.07 3.07
1.49+0.45 2.83:0.55 3.04+£0.46 2.66:0.60 2.20£0.38 1.85+0.30 2.3410,26 2.5910,17
B, prucisciug (B0} Ditgesia tigrina (20} Tubilictdae 1261 Foleuyia flava G0 Chernapshiia sp. 1237 Glymtotendipes sp, (G} Chironomug 3p, 1311 Potemyia flota 1271
Clyptotendipry ap. 128 Folpgmditum ep, (258 Hydiopryehe orrie {27} Rebuckia ap, (22) Duigesia tigrina (21} Liginieitu sp, (20} Aheolauytorauesp {22}
Diergrendipes ¢p. (1T) Cladotanybursus sp. 116 it rlarsud B 110} D. polysmorgha {173 1L polymorpfia {193

Myelrapsyohe oreis L12)

IGr=gravel, Sd=sand, St=silt, Cl=clay, Det=detritus


http:2.59�0.17
http:2.34�0.26
http:1.85�0.30
http:2.20�0.36
http:2.66�0.50
http:3.04�0.46
http:D.,g,.io
http:2.83�0.55
http:1.49�0.45

Table V. Invertebrate community parameters associated with upper Mississippi River bendways, MRM 20, 30, and 164, 1996.

Date Aug. 1986 Aug/Sapt-26

Straciure Hone Bendwey weir Mone Bendway weirs

Substrate Send Rock Rocl/sand Rack Rock Rock
Sample location Bend wio weira On weirs Bend w/o weirs On weirs On weirs On weirs
MH_M 20 a0 164 164 1G4 1G4
Sample iype Claw sheil¥ponar Weir rock Buoy anchor Rochk basket Buoy anclior Weir rock
Sample size (n} 11 27 9 3 6 15
Taxonomic richness (fotnl) T 34 22 25 22 22
Taxonomic richnesa (means+2SE} 1.5+0.7 B.3+1.2 T742.2 16.0+5.0 9.8+249 8.1x18
Diversity (.S\;u'-l,ctal) .68 1.88 2.16 1.49 1.88 2.18
Diversity {SW-mean+28%) 0.59+0.40 1.05+0.19 1.7020.24 1.00:0.52 1.40£0.31 1.70+0.39

Dominant taxs {%)

Borbidi ilue poascisetu (89)

Myl gusyedre orvis 1613

Pataryin flaw {111

Fotansyra fleva 138)

ftheotanytaraye ap 1263

Aiydropsyelie orvie (20}

Fotoweyia fape 163

Hydrepaychie orria 81T

Iyciopeyche orrie (44)

Potaunyio fluve 1390

Hiydropsyche orrie (B0

Podetreyio flave (26}



http:l.70�0.39
http:1.40�0.31
http:9.8�2.fl
http:l.09�0.52
http:1.70�0.24
http:1.09�0.19
http:0.59�0.40

Table VI. Invertebrate community parameters associated with upper Mississippi River I-wall rubble, MEM 203, 1996 to 1998,

Date JulyfAug. 1996 Junefduly. 1987 JunefJuly 1998 July 1987 July 1998
Structure I-wall rubble L-wal rubble I-wall rubble None None
Substrate' Rock Rock Rock Gr/Sd/St/zebs Sd/CH
Sample location On rubble On rubble On rubble Riverward of rubble Riverward of rubble
Saniple type Rock basket Rock basket Rock basket Ponar Ponar
Sample size (n) 10 8 4 4 12
Taxonomic richness (total) 57 62 43 34 a1
Taxonomic richness (mean+25E) 26.442.5 31.3x3.9 21.8+7.9 165445 77xl5
Diversity (SW-lotal} 2,40 2.86 1.61 2.G65 2.55
Diversity (SW-meanz25E} 2.47+0.24 271026 1.88+0.53 2.60+0.47 1.750.28

Dominant taxa (%)

Potuniyia flnoa M0

Hyelropayehc oreis (36}

Lotgnagfee e 130

Mydrepsyehie orifs (241

Breissena potyarerpha 1174

Heegesta tigrine (13)

Fufoniyia fava (T84

Fotanyin flave (B0

Deeinzena palyrmiorphio (1)

Lhrerigrogkin gp, 138

Moerpatonl o i34

Nematadn 112}

'Gr=grave!, Sd=sand, Sti=silt, Cl=clay, Det=detritus


http:1.75�0.28
http:2.50�0.47
http:1.88�0.53
http:2.47�0.24

Table VIL. Invertebrate community parameters associated with upper Mississippi River substrate,
MEM 250.2 and 265.7, 1996.

Date Apr-96 - Apr-9G
Stmcfure None ~ None
Substrate Sd/Gr/St/ClL Sand
Sample location (MEM) 250.2 265.7
Sample type Ponar Ponar
Sample size (n) 10 10
Taxonomic richness {(total) 34 17
Tazonemic richness (mean+2SE) 7.9x2.0 5.0£1.7
Diversity (SW-total} 2.95 162
Diversity (SW-mean+25E) 2.26+0.43 1.07+0.42

Dominant taxa (%)

Barbidrilus paucisetus {34)
Nemateda (31)

Barbidrilus paucisetus (52)

Macrostomidae {(39)

Sd=sand, Gr=gravel, St=silt, Cl=clay


http:1.07�0.42
http:2.26�0.43

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Macroinvertebrate sites within the upper Mississippi River, 1994 to 1998,
Approximate location of chevron dikes, Mississippi River mile 289.5.

?CA plot of macroinvertebrate samples, MRM 20 to 289.5.

PCA plot of macroinvertebrate samples from MRM 289.5, 1994 to 1996.
PCA plot of macroinvertebrate samples from MRM 20 and 30, 1996.

PCA plot of macroinvertebrate samples from MRM 164, 1996.

PCA piot of macroinvertebrate samples from MRM 203, 1996 to 1998.

PCA plot of macroinvertebrate samples from MRM 250.2 and 265.7, 1996.
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ABSTRACT

A total of 2,536 specimens of 19 native unionid species was
collected during the survey. Eighteen species were collected from
24 sidechannels sampled, while 12 species were found in four borrow
pit sites surveyed. The three numerically most abundant species
collected (Anadonta grandis, Leptodea fragilis, and Potamilus
ochiensis) made up 87.5% of the total number of specimens collected.
With the addition of species previously reported in the literature
(Oesch 1984), 24 native species are known to occur in the Middle
Mississippli River. This represents approximately 73% of the 33
native specles kKnown to occur in the Upper Mississippi River
reported by Hormbach et al. (1892).

INTRODUCTION

The Middle Mississippi River is the reach of the Mississippi
River between 1ts’' confluence with the Qhio River (River Mile O)
and the Missouri River (River Mile 195.25). This section of the
Mississippi River has been highly modified for navigation and much
of the floodplain has been isolated from the river by agricultural
levees (Stevens et al. 1975, Strauser and Long 1376). With the
exception of mussel collections made at three sites by Oesch
{(1984), the Middle Mississippl River has been poorly studied.
Perry (1879} summarized data from a number of collectors for 18
sites (data for three of the sites were provided by Oesch) on the

Middle Mississippi River. However, two of the three data sheets
provided by Oesch were improperly transcribed by Perry (1879, Table
20), which calls into the question the remainder cf the data

summary. Van der Schalie and Van der Schalie (1950} noted that
"Below the mouth of the Missouri River, the Mississippi River has
been peoor in mussel producton [sic] because of the tremendous loads
of erosion silt carried into it from the extensive treeless plains
drained by the Missouri River. Cocllecting in this heavily silted
lower portion of the Mississippi is usually possible only in
sloughs along shore.™

MATERIALS AND METHODS

Field ccllections were made during the period December 139,
1988, through April 7, 198%. The majority of collections were made
on Januvary 11 and 19, 19885, when cocllectors were ferried to
sidechannel, backwater, and borrow pit sites along the Middle
Mississippi River by helicopter. The ceollection period followed
.the drought of 1988 when large areas of sidechannels and backwaters
dried, either killing the mussel fauna by desiccation or making
them extremely vulnerable to predation. Two collectors walked as
much of the collection area as possible 1n a 3-4 hour period making
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surface collections of mussels that had died during the drought of
1988. The low water conditions provided a unigque opportunity to
make surface collections of recantly dead mussels. Collectors were

instructed to collect all surface shells encountered while walking
the dewatered areas.

Taxonomic names follow Cummings and Mayer (1992) which updated
the nomenclature used by Turgeon et al. (1988) based on taxcnomic
revisions since the publication of the 1988 list. Subspecies are
not recognized in this publication. Voucher specimens are housed
in the Illinois Natural History Survey (INHS).

The following information is provided for each ccllection site
description: river mile, right or left bank, name of the side
channel or chute, general location information, county, state, and
collectlion date. Site locations are referenced by river miles, as
this is the standard unit of measure used by the U.S. Army Corps of
Engineers (COE 1978). Right and left refer to right and left
descending banks.

COLLECTION SITES

Site 1. River Mile 194.1-195.0 R; Duck Island Side Channel, 2 ,o0
S Hartfeord, IL. St. Louls Co., MO. 1/11/89.

Site 2. River Mile 185.0-188.5 L; Mosenthein Chute, at Granite
City, IL. Madison Co., IL. 1/11/85. : :

Site 3. River Mile 166.4-168.8 L: Jefferson Barracks Chute,
cpposite South St. Louils, MO. Monroe County, IL. 3/24/89.

Site 4. River Mile 144.6-146.5 L; Osborme Chute, 3 mi S Crystal
City, MO. Monroe Co., IL. 12/18/88. '

Site 5. River Mile 139.5-140.5 L; Durfee Bar backwater/slough.

 Monroce Co., IL. 1/6/89.

Site 6. River Mile 132.3-134.4 L; Fort Chartres Chute, 3 mi W
Prairie du Rocher. Randolph Co., IL. 1/5/88.

Site 7. River Mile 130.0-132.3 R; Establishment Chute, 3 mi SSW
Prairie Du Rocher, IL St. Genevieve Co., MO. 1/11/893. '

Site 8. River Mile 120.0-122.3 L; Moro Chute, 2 miles § St.
Genevieve, MC. Randolph Ce., IL. 1/11/89.

Site 9. River Mile 110.5-116.5 R; 01d channel around Kaskaskia
Island. Randolph Cec., IL. 1/11/88

Site 10. River Mile 116.4-118.5 R; Kaskaskia Chute; Randelph Co.,

3



IL. 1/11/89.

Site 11. River Mile 109.5-110.8 R; Chester Bridge Side Channel at
Horse Island; Perry Co., MO. 3/17/89.

Site 12. River Mile 109.7-110.2 R; Side Channel just below Chester
Bridge, opposite Chester, Illincis, Perry Co., MO. 3/17/89.

Site 13. River Mile 104.2-105.6 R; (Crains Chute, 3 miles SE
Chester, Randolph County, IL. 1/19/88.

Site 14. River Mile 99.9-102.8 L; Liberty Chute, 1 mi W Rockwood,
IT.. Randolph Co. IL. 1/11/89.

Site 15. River Mile 95.1-98.3 R; Jones Chute. Perry Co., MO.
1/19/89.

Site 16. River Mile 76.4-78.8 L; Tower Island Chute, 1.5 mi §
Grand Tower, IL. Perry Co., MO. 1/15/88.

Site 17. River Mile 71.6-73.7 L; Crawford Chute, 3.5 mi NW Wolf
Lake. Union Co., IL. 1/19/89,.

Site 18. River Mile 67.0-69.1 L; Vancill Towhead dike field,
across from Trail of Tears State Park, MO. Union Co., IL.
1/19/89.

Site 19. River Mile 57.0-62.8 R; Schenimann Chute, 2 mi W

Reynoldsville, IL. Cape Giradeau Co., MO. 1/19/89.

Site 20. River Mile 54.6-60.8 L; Picayune Chute, 2 mi N Cape
Girardeau, MO. Union/Alexander Co., IL. 1/19/89. :

Site 21. River Mile 50.8-51.3 L; Cape Bend Chute, near Cape
Girardeau, MO. Alexander Co., IL. 1/19/89.

Site 22. River Mile 47.8-50.5 L; Cape Bend Chute, 2 miles SE of
Cape Girardeau, MO. Alexander Co., IL. 1/19/89.

Site 23. River Mile 38.9-39.5 R: Commerce dike field. Scott Co.,
MO . 1/19/88.

Site 24. River Mile 35.5-37.6 L; Chute between Burnham and Goose
Island (Santa Fe Chute Interior}). Alexander Co., IL. 1/19/89.

Site 25. River Mile 147.3; Borrow pit near Mitchie, 110E Levee
Road and S00N Mitchie Road. Monroe Co., IL. 3/22/89.

Site. 26. River Mile 117; Kaskaskia Island borrow pits. Randolph
Co., IL. 1/11/89.

Site27. River Mile 110.5 R; Borrow pits along old main channel,
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just west of Horse Island, Perry Co., MO. 4/7/89.

Site 28. River Mile 110.0 R; Borrow pit on Horse Island, opposite
Chester, IL. Perry Co., MO. 3/17/89.

RESULTS

A total of 2,536 specimens of 19 native unionid species was
collected during the survey. Eighteen species were collected from
24 sidechannels sampled (Table 1), while 12 spacies were found in
four borrow pit sites surveyed (Table 2}. :

The Asian clam, Corbicula fluminea, an exotic species, was the
most abundant species collected (1,123 specimens). Thne species was
wildespread, occurring in 20 sidechannels and two borrow pit lakes.
Weathered dead shells of the brackish water, mactrid clam, Rangia
cuneata, were found in Horse Island Side Channel (Site 11, 61
specimens) and Liberty Chute (Site 14, 1 specimen}.

The giant floater, Anadonta grandis, was numerically the most
abundant native species (902 specimens) collected during the
survey. It was the second most abundant species collected from
sidechannel habitat (644 specimens} and the most abundant species
in the borrow pit lakes (258 specimens).

The fragile papershell, Leptodea fragilis, was the second most
abundant native species (800 specimens). It was the most abundant
species in sidechannel habitat (715 specimens) and the second most
abundant species in borrow pits (85 specimens).

The pink papershell, Potamilus ohiensis, was the third most
abundant native species collected {518 specimens). It was the
third most abundant species in sidechannels and the fourth most
abundant species in borrow pits.

The flat floater, Anodonta suborbiculata, a species classified
as rare in Missouri, was the fourth most abundant native species
{94 specimens}. It was found in ten sidechannels and in two borrow
pit lakes.

The three numerically most abundant native species (Anadonta
grandis, Leptodea fragilis, and Potamilus chiensis) made up 87.5%
of the total number of specimens collected. Each of the species
was found in eighteen sidechannels. Anadonta grandis and Potamilus
ohiensis occurred in all four borrow pit lakes, while Leptodea
fragilis was found in three.



DISCUSSION

ODesch (1984) reported six species, Ellipsaria lineolata,
Lampsilis cardium [ventricosa per Oesch], Megalonalas nervosa,
Cbhliguaria reflexa, Quadrula pustulosa, and Truncilla donaciformis,
from the Middle Mississippi River that were not collected during

this survey. Although Lampsilis cardium appears on Qesch’s
distribution map (page 222}, the species was not on his field notes
and apparently was in error {(Cesch, personal communication}. Perry

{1979) also reported both Truncilla donaciformis and Megalonaia
nervosa from the Middle Mississippi River. With the additicn of
the five additional species collected by Oesch (13%84), 24 native
species are known to occur in the Middle Mississippi River. This
represents approximately 73% of the 33 native species known to
occur in the Upper Mississippi River reported by Hormbach et al.
{1982). Hormnback et al. (1992) did not collect either Potamilus
purpuratus which is a southern species rarely found above the
confluence of the Mississippi and Chio rivers (Curmings and Mayer
1952) or Uniomerus tetralasmus which most frequently inhabits
ponds, sloughs, lakes, and guiet stretches of rivers where it is
generally uncommon and only very locally does it become numerous
(Parmalee 13967).

Perry {(1979) incorrectly transcribed data for Table 20 {(Site
153 and 159} from two of the three data sheets provided to him by
Oesch. For example, Perry {(1979) indicated that no mussels were
present at site 1539, where Oesch had collected 9 species. He
further indicated on Table 20 that the specimens collected from
site 159 were dead. Oesch collected 9 species from site 153, and
Perry transcribed 10 species, incorrectly adding Truncilla
truncata. These transcription errors call into guestion the
reliability of Perry’s data summary for the remainder of the Middle
Mississippi River.

Fight species, Anadonta grandis, Anodonta imbecillis, Ancdonta
suborbiculata, Quadrula metanevra, Quadrula nodulata, Toxolasma
parvus, Truncilla truncata, and Unicmerus tetralasmus, collected
during this survey were not previously reported by Cesch (1984)
from the Middle Mississippi River. The difference in species
composition between the two studies reflects the habitat types
sampled and individual species’ habitat preference. The present
survey concentrated on lentic habitat ({side channels with little
flow, sloughs, and borrow pit lakes) while OCesch’s collections were
made 1in lotic habitat along the main channel border (Cesch,
personal communication).

The three numerically most abundant native species {(Anadonta
grandis, Leptodea fragilis, and Potamilus ohiensis) are all common
wide-spread species that are either habitat generalists or show a
preference for sluggish water found in flecodplain lakes, sloughs,
and oxbows f(Parmalee 1867, Cesch 1984, and Cummings and Mayer
1582) . :
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The flat floater, Ancdonta suborbiculata, was the fourth most
abundant species collected during our survey. Oesch (1884) noted
that the flat floater was one of the rarest naiades in Missouri,
having been found in only two locations during his State survey.
The species was wide-spread in the study area, occurring at twelve
sites. It was most abundant at Site 26, a borrow pit lake, where
57 specimens were collected. The senior author has previously
ocbhserved large numbers ¢f the species on mud flats in the lower
reaches of Pool 26, when the pool was drawn down. Parmalee (1967}
indicated that the species was "locally abundant in the floodplain
lakes, sloughs, and oxbows of the Mississippi" River which agrees
with our findings.

The weathered dead shells of Rangia cuneata, found in Horse
Island Side Channel (Site 11, 61 specimens) and Liberty Chute (Site
14, 1 specimen) were probably transported to the site by humans,
either by Native Americans (Parmalee 1958) or in historic times.
Qesch’s {1984) data sheets contain a record of an oyster shell
collected at Brickeys, River Mile 135.9 in St. Genevieve Co., MO
{Sice 15, Perry 1979).

Sidechannel habitat supported 18 native mussel species. Only
four of the species collected from this habitat type are typically
associated with flowing water conditions. The ebony shell
(Fusconala ebena - 8 specimens, 1 site), hickorynut (Obovaria
olivaria - 10 specimens, 3 sites}, monkey face (Quadrula metanevra
- 1 specimen, 1 site) and deertoe (Truncilla truncata - 2
specimens, 1 site) generally show a habitat preference for wakter
with current(Parmalee 1867, Oesch 1984). The remaining fourteen
species are common wide-spread speciles that are either habitat
generalists or show a preference for sluggish water found 1in
floodplain lakes, sloughs, and oxbows {(Parmalee 1967, Oesch 1884,
and Cummings and Mayer 1992}). The mussel fauna reflects the
medified hydraulic conditions of the sidechannels in the Middle
Mississippi River. Many of the sidechannels surveyed have closing
structures restricting flow, thus diverting water to the
mainchannel to support a 9-foot navigation channel.

- Although the diversity of mussels is high in side channels and
chutes of the Middle Mississippi River, the density is extremely
low. For example, during this survey, Osborne Chute {Site 4) was
dry with the exception of plunge poocls behind closing structures.
This presented ideal conditions to cecllect all of the recently dead
mussels in the side channel. However, only 66 specimens of five
native species were collected. The bottom substrate in Osborne
Chute was entirely sand which provides little habitat for mussels
during flowing water conditions. Van der Schalie and wvan der
Schalie {1950) indicated that Mississippil River, below the mouth of
the Missouri River, was "poor in mussel production because of the
tremendous loads of erosion silt carried into it from the extensive
treeless plains drained by the Missouri River. They indicated that
"Collecting in this heavily silted lower portion of the Mississippi

7



is usually possible only in sloughs along shore.” The bottom
substrate of the Mississippi River below the confluence of the
Missouri River is predominantly sand. The Middle Mississippi River
main channel has large sand waves that move downstream (Claude
Strauser, U.S. Army Corps of Engineers, personal communication)
which would cover and kill mussels. The three channel border sites
surveyed by Oesch (1984) were all rock ocutcrops with crevices that
supported mussel populations. ' S

The four borrow pit lakes surveyed supported 12 species of
native unionids. Watural, floodplain lakes have been drained and
filled for agriculture and the natural regime of regular, moderate
flooding of the floodplain has been disrupted by construction of
agricultural levees along the Middle Mississippil River. Flooding
as an integral, beneficial part of natural river ecosystems, best
expressed by the flood-pulse concept, has been eliminated. The
predictable advance and retraction of water on the floodplain which
is the principal agent controlling the adaptations of the biota, in
particular fish populations {Junk et al. 198%; Bayley 1991 1995}
and glochidia dispersal, has been eliminated except on the river-
side of agricultural levees. Borrow pit lakes, on the river-side
of agricultural levees, provide habitat for lucustrine mussel
species similar to natural floodplain and oxbow lakes that have
been eliminated from the floodplain.
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Table 1 Mussels species collected from Middle Mississippi sidechannels and chutes.
species ~ collection Sites
1 2 3 4 5 6 7 B 9 10 11 12 13
amblema plicata L L L LT T T
Anadonta grandis 1 - 46 4 2 6 1 -— 17 9 137. -- 184
Anodonta 1mbecillis Lo 2 10 1 2 1 - - -- -~ 5 -- 7
Anodonta suborbiculata -- - 1 -- - —- - - 1 - 1 - 1
Arcidens coﬁfragosus - -- -— - - - - - - - 1 1 - 4
Fusconaia ebena 8 -~ -- - -= -~ ~-- - - -— = - -—
Lampsilis teres - - - -- -- -- - - - -— -— .- 6
Lasmigona complanta - — - - — 1 - -— 3 2 4 - 2
Leptodea fragilis 13 2 -- 35 93 - 8 13 1 141 9 4 205
Obovaria olivaria - -— -- -- -— - - -- -- - 1 -— 3 -
Potamilus alatus 1 -- 1 - - ~= -= - -- 3 - 2 18
Potamilus ohiensis 30 3 14 25 8 10 26 19 -- 23 19 -- 23
Potamilus purpurata -— -- -— - - -— - - —_— - -— i 1
Quadrula metanevra - - -- - -~ -- ~-= - -~ -- -~ --
Quadrula nodulata 1 -— - -— -= - -- —— - - -—— == -
Quadrula quadrula | R 1 o-- -



Toxolasma parvus
Truncilla truncata

Uniomerus tektralasmusg

EXOTICS -
Corbicula fluminea

Rangia cuneata

# Species

12

61

252

13



Table 1 {Continued)}.

Species Collection Sites

14 i5 16 17 18 19 20 21 22 23 24 Total
Amblema plicata 1 - s 17
Anadonta grandis ' 1 57 - - 63 30 16 2 - - 39 29 644
Anodonta imbecillis - - - -— - - - . _—— ~— - 28
Anodonta suborbiéulata - 3 -- 1 1 1 - -— -= 7 21 36
Arcidens confragosus -— -— -=- - - 1 - - - - - 7
Fusconaia ebena -— - -- - -— —_— - - . - —_— 8
Lampsilis teres - - 1 - -- 1 - o - - - 8
Lasmigona complanta - - 3 - 3 - 16 - - - . . 34
Leptodea fragilis 27 54 8 6 1 49 46 - -— -— -— 715
Obovaria olivaria -- -- 7 - —— - - - - - o 11
Potamilus alatus 1 -- | 2 - - 3 2 —— - - - 33
Potamilus ohiensis 16 124 2 20 3 20 13 -- - -~ -- 476
Potamilus purpurata | -— -- - - - - - - - e B 1
Quadrula metanevra -~ _— —— - - - -—— - __ o - 1
Quadrula nodulata e - - _— S - __ __ - 1
Quadrula guadrula - 2 - 3 - 3 _; S —— - - 14



Toxolasma
Truncilla

Uniocmerus

parvus
Cruncata

tetralasmus

EXOTICS

Cerbicula

fluminea

Rangia cuneata

# Species

14

11

1 1,105



Table 2. Mussel species collected from borrow pit lakes along the
Middle Mississippi River.

Species .Collection Sites

25 26 27 28 Total
Anadonta grandis 52 143 0 53 258
Anodonta imbecillis ~- 4 - -- 4
anodonta suborbiculata -- 57 1 —-- S8
Arcidens confragosus —-= 1 -- -~ 1
Lampsilis teres 1 -- 3 -- 4
Lasmigona complanta - 2 1 - 3
Leptodea fragilis 3 81 - 1 85
Potamilus alatus -- 3 -- -- 3
Potamilus ohiensis 5 34 1 2 42
Quadrula quadrula -- 1 -— -— 1
Toxolasma parvﬁs - -- 4 —-— 4
Uniomerus tetralasmus -= -~ 9 -- 9

EXOTICS

Corbicula fluminea - 13 5 -- 18
# Species 3 10 8 3
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U.S Army Corps of Engineers, St. Louis District
Avoid & Minimize Environmental Program

Bolters Bar Micro Model Study
Status Report, June 24, 1999
Applied River Engineering Center

The Bolters Bar reach of the Upper Mississippi River is located in Pool 26 approximately
25 miles northwest of Downtown St. Louis. A Micro Model study was initiated to
address the repetitive maintenance dredging that occurs in the reach. The Micro Model
covered Mississippi River Miles 232 to 222 and the study specifically addressed the
sedimentation problems between River Miles 227.5 and 224.5.

Of the three pools 1n the St. Louis District, the Bolters Bar reach is one of the most
troublesome, in terms of dredging frequency and groundings. During an 18 year time
period, between 1979 and 1996, over 3.9 million cubic yards of material was dredged in
the reach at a cost of over 8$5.1 million. The average per year equals nearly 220,000
cubic yards and $290,000. This reach consists of two main areas of repetitive dredging.
The most troublesome reach has been between miles 226.0 and 224.8, just upstream of
Iowa Island. This reach has also been the most repetitive. It is has been dredged at least
once a year in 16 of the past 18 years. Of the dredging volume and costs previously
stated, 77% is attributed to this area or 170,000 cubic yards and $220,000 per year.

The Micro Model of this reach was calibrated and verified using current and historical
hydrographic survey information. After the model was calibrated, nine design
alternatives were studied in an attempt to reduce or eliminate dredging. The designs
tested included several structural configurations, consisting of chevrons and dikes, that
would transfer flow from the side channels to the main channel and realign areas of the
main channel. The desired effect was to increase depths in the main channel without
decreasing depths in the side channel complex.

The most effective and economical alternative included the following structural

- modifications:

e A 1200 foot longitudinal/deflector dike near river mile 226.2R¥*

e Four chevron structures; each with a length of 270 feet and a width of 200 feet near
miles 225.7R, 225.5R, 225.3R, and 225.1R*

* Removal of the remnants of dikes 226.0R, 225.8R, 225.6R, and 225.4R

e Raise and notch closure structure 226.3R

*All structures will be built to an elevation of +2 feet referenced to normal pool.



Figures 1 and 2 show the bathymetry of the base test and the chosen design, Alternative 1.
This design significantly reduced the shoaling in the main channel, which 1s shown in the
base test. It also showed that a better alignment 1s achieved for downbound navigation
approaching the head of lowa Island. Figure 3 is a comparative elevation difference map
of the same area. This diagram shows where both deposition and degradation occurred in
the micro model as a result of the design alternative as compared to the Base Test. The
survey shows that some deposition occurred along the right descending bankline while
degradation occurred throughout the middle of the navigation channel. It also showed
that the chute between Jowa and Bolter Islands remained relatively unchanged.

Although traditional dike structures produced favorable results in the micro model,
chevrons were the chosen structure for this design. Chevrons act as detached dikes that
not only provide a protected area for dredge disposal, they also have immense
environmental benefits. Each chevron provides aquatic habitat at variable depths, natural
sandbars isolated from the mainland, plunge pools, and increased wetted perimeter.
Studies on existing chevrons in Pool 24 have found an abundance of fish species and
macro invertebrates as well as very favorable water quality conditions. In addition to
these environmental benefits, recreationists thoroughly enjoy the sandbars each chevron
provides, '

The estimated cost of constructing the longitudinal dike and the 4 chevrons is
approximately $700,000. Funding for this work will be secured in the future. The work
on closure structure 226.3R has been designed and bid and is scheduled to be completed
in 2000. The removal of the four dikes recommended might be completed at a later date
after the longitudinal dike and chevrons are constructed and evatuated.

The final Micro Model Technical Report detailing the study is currently underway.

Dave Gordon
Hydraulic Engineer
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Trip Reports
Ohio Mouth and Greenfield Bend Sampling - U.S. Army
Corps of Engineers, St. Louis District.



Ohio Mouth Sampling Trip Report

Date: 04 October 1999
Purpose: To collect fish habitat use data prior to installation of new 500 foot
long dikes along the right bank at MRM .6 and MRM .3 that will alter

sandbar habitat.
Participants: Eric Laux, Brian Johnson, and T. Miller

Summary:

Sampling was performed at the confluence of the Ohio River and the Mississippi River
(approx. MRMO) on September 13 and 14, 1999. Method used for collection was a 16
foot Otter Trawl modified with 1/8" inch mesh to enhance collection of smaller species.
Sampling is typically conducted along three transects beginning near shore and extending
out from the upper, lower and middle portions of a sandbar. Along each transect, four
trawl] hauls are completed when possible at each 5 foot deep contour interval up to 20
feet. At this site, conditions allowed for all 12 trawling attempts to be taken. No large
snags were encountered at the site, however a tear in the net had to be repaired after
taking the 5 foot trawl on the middle transect. The tear did not appear to impact gear
effectiveness.

Numbers and species collected inciuded the following: 601 Channel Catfish (Jctalurus
punctatus), 182 Speckled Chub (Macrohybopsis aestivalis), 79 Blue Catfish (Ictalurus
furcatus), 84 Freshwater Drum (Aplodinotus grunniens), 17 Shovelnose Sturgeon

- (Scaphirhynchus platorynchu), eight Gizzard Shad (Dorosoma cepedianum), three White

Bass (Morone chrysops), two Silverband Shiners (Notropis shumardi), one Emerald
Shiner (Notropis atherinoides), one Striped Bass (Morone saxatilis), one Goldeye
(Hiodon alosoides) one Sauger (Stizostedion canadense), and one Sicklefin Chub
(Macrohybopsis meeki).

The sandbar sampled was extremely large (approximately one mile long). Substrate
consisted predominantly of sand but some gravel and organics were picked up in the
trawl on transect ! and 2. Bathymetry of the area appeared {o be fairly shallow until
nearing the main channel markers on the lower part of the sandbar, however near fransect
2 the slope of the bottom was steeper extending out from the bank. The bottom was
fairly uniform with no obvious deep scour holes or drop off areas. The site is
summarized 1n the attached figure.

On September 22™ and 23™ the area was surveyed by the M.V. Boyer. Bathymetry,
velocity, substrate, and hydroacoustic fisheries information was collected at that time.

Enc Laux

Fishenes Biologist

Planning, Programs, and Project
Management Division

Environmental and Economics Branch

Environmental Section
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Greenfield Bend Sampling Trip Report

Date: 04 October 1999
Purpose: To collect fish habitat use data prior to modification of the bendway weir
field (additional weirs extending from right bank MRM 4.2 and MRM 4.0).

Participants: Eric Laux, Brian Johnson, and T. Miller

Summary:

Sampling was performed at Greenfield Bend (approx. MRM4) on September 27 and 28, 1999.
Method used for collection was a 16 foot Otter Trawl modified with 1/8" inch mesh to enhance
collection of smaller species. Sampling is typically conducted along three transects beginning
near shore and extending out from the upper, lower and middle portions of a sandbar. Along
each transect, four trawl hauls are usually completed at each 5 foot deep contour interval up to 20
feet. At this site, the middle transect was deleted because thalweg conditions existed directly at
the edge of the shoreline, so sampling this area with a trawl was impractical. Because of river
substrate conditions, including snags and substrate type, only three successful trawl hauls were
completed on the upper transect at 10, 15, and 20 feet. One unsuccessful trawl (snag) was
attempted at the five foot interval of the upper transect, and one other unsuccessful trawl (snag)
was completed at the 10 foot interval of the lower transect. No other sampling was completed on
this trip.

Fish species collected included speckled chub, shovelnose sturgeon, channel catfish and a blue
catfish and one stonecat. The stonecat was collected in the unsuccessful trawl over the cobble
substrate on the upper transect. Stonecats are not widely distributed throughout the river,
occurring primarily in areas with both flow and rocky crevices. Its capture points to the
uniqueness of this site.

Contrary to the poor sampling results, the site appeared to have diverse habitat, and a change to
sampling methods more appropriate for the site (i.e. seines and trammel nets) could reveal a
more diverse group of fishes. Habitat able to be sampled included mostly sand substrate. Other
habitats that were unable to be sampled included gravel and cobble substrates, as well as a large
deep, scour hole off the end of the last weir. The site is summarized in the attached figure.

On September 22™ and 23™ the area was surveyed by the M.V. Boyer. Bathemetry. velocity.
substrate, and hydroacoustic fisheries information was collected at that time. Based on field
observations it appears that a large continuous area of gravel substrate exists off the ends of the
weirs. The hydroacoustic equipment indicated that there was a substantial number of fish using
the deep hole of the end off the last weir. Based on the present configuration of the sandbar. it
appears that this hole is largely sheltered from channel flows.

Eric Laux

Fisheries Biologist

Planning, Programs, and Project
Management Division

Environmental and Economics Branch
Environmental Section
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Abstract

Bottom trawling was conducted in and near the main channetl of the Ste. Genevieve Bend of the
Misstssippi River to determine what fish might be present in this area before channel
modification using bendway weirs and to evaluate the potential of using bottom trawling in the
urimpounded reach of the river. Blue catfish and shovelnose sturgeon dominated the traw!
catch. One sicklefin chub, a species of special concern in this part of the Mississippi River, aiso
was collected. Fish do appear to use the Ste Genevieve Bend area. However, our equipment was
not powerful or large enough to conduct efficient trawling operations in the heart of the main
channel to determine the exact usage of this habitat. This trawling gear would be better suited
for work in channel border and side channel areas of the unimpounded river where surface flow

rates are less than 1.2 m/s.

O]



Introduction

At the request of the U.S. Aﬁny Corps of Engineers (USACE) and the U.S. Fish and
Wildlife Service, the Hiinois Natural History Survey (INHS) was invited to evaluate the fish
COMMmunity near the Ste. Genevieve Bend of the Mississippi River (River Miles 118-120) before
construction of bendway weirs. INHS operated a 24-foot research trawling vessel (R/V
Quillback) in conjunction with the USACE and the U.S. Geological Survey to conduct
evaluations of the main channe! fish community.
Methods

We used a rockhopper trawl to sample for fish in the main channel and matin channel
borders of the Ste. Genevieve Bend of the Mississippi River (River Miles 118-120 above its
confluence with the Ohioc River). The trawi dimensions included a footrope length of 10.2 m and
a headrope length of 8.0 m. Mesh ofthe traw] mouth and cod end consisted of #21 nylon twine
with a bar-measure mesh size 0f2.54 cm. The length of the cod end was approximatety 2.4 m,
and the total length from the wir'lgs to the cod end was approximately 10.7 m. Sampling:
occurred during August 12-13, 1997, All fishes collected were immediately removed from the
net, measured (nearest mm TL; FL for sturgeons), weighed (nearest g) if conditions were
appropnate (e.g., low wind and waves), and then released. Each run lasted 20 minutes uﬁless the
trawl snagged an object.
Results

Water temperatures ranged from 24.5 to 27.6 C, with Secchi disk readings about 45 cm.

In the navigation channel, surface flow rates always exceeded 1.5 m/s, with a reading near the



outside bend of 1.75 m/s. Outside the navigatién channel on the inside bend, flow rates were
about 1.35 mys.

We attempted to use a 3.6-m frame midwater traw! to sample any pelagic fishes present
in the water column. However, this net was ineffective in preliminary sampling on August 11
and was not used as part of the evaluation of the Ste. Genevieve Bend fish assemblage. The
current was sufficiently strong to prevent this midwater traw!l from fishing without twisting and
tangling.

We collected 35 fish of six species during 8 rockhopper trawl runs at the Ste. Genevieve
Bend duning August 12-13, 1997 (Table 1). Two trawls taken in the navigation channel toward
the outside bend of the river yielded no fish; all other trawls collected at least one fish. We
collected one adult sicklefin chub Macrhybopsis meeki (92 mm TL) in the heart of the navigation
channel; all other fish were collected either toward the inside bend of the navigation channel or
outside of the navigation channel on the inside bend side of the river. In fact, 80% of all fish
collected at the bend were-collected outside the navigation channel toward the inside bend. In
addition to sicklefin chub, we collected common carp Cyprinus carpio, channel catfish Jetalurus
punctatus, blue catfish leralirus furcatus, mooneye Hiodon tergisus, and shovelnose sturgeon

Scaphirhiynchus platorynchus. Blue catfish (14) and shovelnose sturgeon (16) comprised over

. 85% of the 1otal catch. Both blue catfish and shovelnose sturgeon likely spawn in or near the

Ste. Genevieve Bend because we found small individuals of each species present during our

sampling (Table 1). We collected no species of special concem other than sicklefin chub.



Discussion

The vessel and gear \#orked acceptably in parts of the open river. We do no£ believe that
the vessel is sufficiently large or has sufficient power to employ it regularly in the heart of the
navigation channel of the open river. When trawling at the inside bend of the river, we could
maintain forward speeds similar to those we typically can generate in the pocled portion of the
river only by using maximum throttle. With the vessel at maximum throttle in the navigation
channel, our forward speed was much reduced and we believe that our capture efficiency suffered
accordingly. Given the gear limitations, we cannot provide a compiete assessment of how
diverse or abundant the fish community may be in the main channel of the Ste. Genevieve Bend.

Despite these shortcomings, we did document the presence of adult sicklefin chub in the
navigation channel at Ste. Genevieve Bend. We also collected several shovelnose sturgeon on
the inside of the bend outside of the naviéation channel. At the very least, these sturgeon are
using habitat very close to the navigation channel. Because of our inability to collect many fish
within the navigation channel boundaries, we do not know whether sturgeon are also present in
the navigation. channel. Given the relatively large number of shovelnose sturgeon collected, the
inside of river bends near the tail of islands may be suitable hab-itat for both shovelnose and
pailid sturgeon.

Blue catfish and shovelnose sturgeon both may spawn in or near the Ste. Genevieve
Bend. The size structure of both these fish reveals both young-of-year and adult sizes present in
the area during our sampling. Because most of these fish were collected in the inside bend
channel border or on the inside margin of the navigation chan.ne.i, we believe that the inside bend

channel berder could be a major source of habitat for both juveniles and adults of these two



species. It also could be an important habitat for other fish species, but our sz;mpling did not
allow us to make conclusions about other fishes.

One potential way to effectively estimate fish biomass in the main channel in the open
river would be to use hydroacoustic gear. This gear has the advantage of not deploying large
nets into the current that generate tremendous drag for the vessel to overcome. However,
hydroacoustic gear will provide only estimates of total fish biomass and size structure, not
species compositicn. We believe that this option has strong potential for estimating fish
biomass, and could be combined with other methods to estimate the species composition of fish
present.

We believe that if trawling equipment is used in the open river that it must be used only
under the proper circumstances and with extreme caution. In particular, we believe the
equipment should not be used unless surface current velocities are less than 1.2 m/s and
preferably less than 1.0 m/s. Under no circumstance sﬁould this equipment be used when surface
current velocities exceed 1.4 m/s because 1) the trawl will be ineffective and 2} the strong risk of
gear loss and/or [oss of life if a boat positioning mistake is made and/or the trawl is snagged.
Likely, then, the areas of greatest potential utility for trawling in the open river would include
side channels, inside bends, and selected main channel sites with low surface current velocities.
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Table 1. Length {(mm), measured as per LTRMP procedures (Gutreuter et al. 1995} and weight

(g) of ail fish of each species collected at the Ste. Genevieve Bend dunng August 12-13, 1997.

Species Scientific name Length (Imm) Weight (g)
Blue catfish Ictalurus furcatus : 42 . 2
53 NA
58 NA
68 4
72 | NA
72 4
g0 5
88 8
S0 5
96 _I 7
166 38
167 36
230 101
427 667
Channel catfish Ictalurus punctatus 437 662
Common carp Cyprinus carpio 360 613
552 NA
Mooneye : Hiodon tergisus 107 7
Sicklefin chub Macrhybopsis meeki 92 7
Shoveinose sturgeon  Scaphiriiynchus platorhiynchus 110 5
| 195 26



Species Scientific name Length (mm) Weight (g}

Table 1, Continued

Shoveinose sturgeon 446 '304
447 273
457 273
482 394
484 370
502 430
529 526
532 645
546 609
578 671
591 B85
622 990
637 1016
674 1290
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