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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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Avoid and Minimize 
Environmental Impacts Program 

St. Louis District - Mississippi Valley Division 
1999 Progress Report 

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 infonnation 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 bend way weirs in September 1997. Six species offish 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. 



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 hydro graph. 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 increase diversity and richness. 
Chevron dikes were shown to increase habitat diversity, not only by the placement of 
Tock, 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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Avoid and Minimize 
Environmental Impacts Program 

St. Louis District - Mississippi Valley Division 
1999 Progress Report 

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 Departrrient of Conservation (MDOC), River Industry Action Committee 
(RIAC), and the Long Term Resource Monitoring Station (LTRMlMDOC) 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 ofthe 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 
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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 ofthe 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 offish 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 offish 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 
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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 fmds that most fish species can 
traverse flows less than 2 feet per second. As flows rise above 2 feet per second the 
number offish 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 
waterfowl as water levels rise. The District is exploring ways to further enhance EPM but 
lacks basic information on fish and waterfowl 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). 

SA. 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 drawdoWll. Seed biomass data were collected on 3, 10, 
and 11 September 1999, approximately 3 weeks after reflooding. The aquatic 
macro invertebrate 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 drawdoWll. 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. 

SB. 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. 
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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 
mosquito fish, 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 hydro graph. 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 Southern Illinois 
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 hybrid 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 ofthe 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 to maximize relocations. The study fish were located in the main channel habitat 
for 39% of all relocations. Main channel 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 
temperatures 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. 
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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 river training structures. The sturgeon showed positive 
selection for, in rank order: main channel border, downstreain of island tips, between 
wing dams, and the tips of wing dams. The fish showed a negative selection for, in rank 
order, main channel, downstream of wing dams, and upstream of wing dams. Late 
information not published in the SIU-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 ifbenthic invertebrate species 
richness increased due to the construction of river training structures in the Upper and 
Middle Mississippi 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 bend way weirs near RM 
20 in 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 a 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 richness. 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 to modify and stabilize substrate, allowing debris to 
accumulate. This stabilization across the channel may prove to provide habitat above and 
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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 oflow 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 will 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 from 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% ofthe 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 right 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 material 
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 bend way weirs and to determine ifthis 
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 (Ietalurus punctatus) , blue catfish (Ictalurus furcatus) , mooneye 
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(Hiodon tergisus), and shovelnose sturgeon (Scaphirhynchus platorynchus). Although 
very few fish were captured in the main 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 (> Im/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 channel modification. 
Information gained at these two sites will aid with future A&M dike implementation 
projects. 

llA. Ohio River Confluence Site. New river 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 trawl was completed along a sandbar on the 
inside bend of the Mississippi River across the river from the Ohio 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 !urcatus), 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). Most fish were captured in trawls completed at the 5 and 10-foot 
intervals. 
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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 ofthe 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 river 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 ofthe 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 trawl (snag) was completed at the 10-foot 
interval ofthe 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, it appears that a large continuous area of gravel substrate exists offthe 
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 also 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 is 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 notched 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 mooring 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 
A void 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 
river 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 river, 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 pool 
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 middle 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 7 406 27.2 Open river 
Upper Chevron inside 12-13-99 9 1823 5 Normal pool 
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 Normal pool 
Middle Chevron below 12-13-99 5 0 5 Normal pool 
Lower Chevron below 12-13-99 4 0 5 Normal pool 
Upper Chevron outside 12-13-99 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 frorri 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 shallower 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. 



Army Corps of Engineers, St. Louis District. 19 pp. 
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Introduction 

The lllinois 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 control sites (Head of Bay Island 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 6' 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 returned 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/IS 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/IS min EF), followed by Drift Island Slough (78.64 fish/IS min EF) 
and outside the chevrons (74.10 fish/IS 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 
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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 fish/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 small mouth buffalo was highest in the 
slough followed by inside 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 largemouth 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 broader and more 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 
study 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 inside. 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 macro invertebrate 
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 valuable 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 appropriate water levels) in a reach of river where such habitat is 
limited. 

-3-



Table 1. Sampling dates and electrofishing effort for Cottonwood Island chevron dike study. 

Electrofishing 
Sampling date Station name effort (min) 

14-0ct-93 Lower Chevron Inside 9 
14-0ct-93 Lower Chevron Outside 9 
14-0ct-93 Upper Chevron Inside 9 
14-0ct-93 Upper Chevron Outside 9 
21-Jul-95 Drift Island Slough 60 

02-Aug-95 Upper Chevron Inside 14 
02-Aug-95 Upper Chevron Outside 14 
12-Sep-95 Lower Chevron Inside 16 
12-Se~-95 Lower Chevron Outside 16 
12-Sep-95 Upper Chevron Inside 16 
12-Sep-95 Upper Chevron Outside 16 
11-0ct-95 Upper Chevron Inside 14 
11-0ct-95 Upper Chevron Outside 14 
12-Aug-96 Drift Island Slouoh 60 
14-Aug-96 Lower Chevron Inside 15 
14-Au!l-96 Lower Chevron Outside 15 
14-Auo-96 Upper Chevron Inside 15 
14-Aug-96 Upper Chevron Outside 15 
09-Sep-96 Drift Island Slough 15 
09-SeQ-96 Lower Chevron Outside 15 
09-Sep-96 Upper Chevron Inside 15 
09-Sep-96 Upper Chevron Outside 15 
08-0ct-96 Drift Island Slough 15 
08-0ct-96 Lower Chevron Outside 15 
08-0ct-96 Upper Chevron Inside 15 
08-0ct-96 Upper Chevron Outside 15 
16-Jul-97 Lower Chevron Inside 15 
16-Jul-97 Lower Chevron Outside 15 
16-Jul-97 Upper Chevron Inside 10 
16-Jul-97 Upper Chevron Outside 10 

04-Aug-97 Drift Island Slough 60 
26-SeQ-97 Upper Chevron Inside 15 
26-Sep-97 Upper Chevron Outside 15 
12-Jun-98 Cottonwood MCB 20 
12-Jun-98 Lower Chevron Inside 15 
12-Jun-98 Upper Chevron Inside 15 
12-Jun-98 Upper Chevron Outside 20 
06-Aug-98 Drift Island Slouoh 60 
17-Aug-98 Lower Chevron Inside 15 
17-Aug-98 Lower Chevron Outside 15 
17-Aug-98 Upper Chevron Inside 15 
17-Aug-98 Upper Chevron Outside 15 
14-0ct-98 Head of Bay Island 20 
14-0ct-98 Upper Chevron Inside 15 
14-0ct-98 Upper Chevron Outside 15 
2S-Aug-99 Drift Island Slough 60 
26-Aug-99 Head of Bay Island 15 
26-Au~-99 Upper Chevron Inside 15 
26-Aug-99 Upper Chevron Outside 15 
23-Sep-99 Head of Bay Island 20 
23-Sep-99 Upper Chevron Inside 12 
23-Sep-99 Upper Chevron Outside 12 

Total effort to date 985 



Table 2. Compostition of fishes collected with boat electrofishing at Cottonwood Island Chevron Dikes study area, 19! 

Chevron Inside Chevron Outside Chevron Total Drift Is. SloUQh All Stations 
sampling effort (min) 280 300 580 330 910 

Species N Nl15min N Nl15min N Nl15min N Nl15min N Nl15min 

Shortnose gar 4 0.21 0 0 4 0.10 3 0.14 7 0.12 
Lonanose aar 0 0.00 0 0.00 0 0.00 5 023 5 0.08 
Bowfin 0 0.00 0 0.00 0 0.00 21 0.95 21 0.35 
American eel 0 0.00 2 0.10 2 0.05 0 0.00 2 0.03 
Skipjack herrirl~ 1 0.05 0 0.00 1 0.03 0 0.00 1 0.02 
Gizzard shad 786 42.11 153 7.65 939 24.28 281 12.77 1220 20.11 
Threadfin shad 1 0.05 0 0.00 1 0.03 0 0.00 1 0.02 
Mooneve 0 0.00 3 0.15 3 0.08 0 0.00 3 0.05 
Goldfish 1 0.05 0 0.00 1 0.03 0 0.00 1 0.02 
Caro 36 1.93 97 4.85 133 3.44 106 4.82 239 3.94 
Bighead carp 1 0.05 0 0.00 1 0.03 1 0.05 2 0.03 
Silvercaro 0 0.00 0 0.00 0 0.00 1 0.05 1 0.02 
Carp x Goldfish 0 0.00 0 0.00 0 0.00 1 0.05 1 0.02 
Central stoneroller 0 0.00 1 0.05 1 0.03 0 0.00 1 0.02 
Suckermcuth minnow 5 027 0 0.00 5 0.13 0 0.00 5 0.08 
Silver chub 7 0.38 11 0.55 18 0.47 9 0.41 27 0.45 
Spotfin shiner 82 4.39 174 8.70 256 6.62 3 0.14 259 427 
Red shiner 6 0.32 15 0.75 21 0.54 0 0.00 21 0.35 
Bluntnose minnow 4 0.21 2 0.10 6 0.16 1 0.05 7 0.12 
Bullhead minnow 420 22.50 28 1.40 448 11.59 38 1.73 486 8.Q1 
Emerald shiner 344 18.43 588 29.40 932 24.10 1 0.05 933 15.38 
Silverband shiner 1 0.05 0 0.00 1 0.03 0 0.00 1 0.02 
River shiner 46 2.46 28 1.40 74 1.91 0 0.00 74 122 
Bigmouth shiner 0 0.00 1 0.05 1 0.03 0 0.00 1 0.02 
Sand shiner 6 0.32 14 0.70 20 0.52 0 0.00 20 0.33 
Mimic shiner 64 3.43 31 1.55 95 2.46 1 0.05 96 1.58 
I Soottail shiner 4 021 0 0.00 4 0.10 0 0.00 4 0.07 
Shinerspp. 13 0.70 0 0.00 13 0.34 0 0.00 13 021 
Biamouth buffalo 17 0.91 0 0.00 17 0.44 106 4.82 123 2.03 
Small mouth buffalo 59 3.16 25 1.25 84 2.17 224 10.18 308 5.08 
Black buffalo 1 0.05 0 0.00 1 0.03 9 0.41 10 0.16 
Unidentified Carpsucker 14 0.75 0 0.00 14 0.36 0 0.00 14 023 
Quillback 14 0.75 0 0.00 14 0.36 1 0.05 15 025 
River carpsucker 73 3.91 1 0.05 74 1.91 19 0.86 93 1.53 
Sootted sucker 0 0.00 0 0.00 0 0.00 2 0.09 2 0.03 
Shorthead redhorse 4 021 9 0.45 13 0.34 2 0.09 15 025 
Golden redhorse 3 0.16 0 0.00 3 0.08 0 0.00 3 0.05 
Channel catfish 29 1.55 109 5.45 138 3.57 33 1.50 171 2.82 
Flathead catfish 4 0.21 91 4.55 95 2.46 26 1.18 121 1.99 
Freckled madtom 0 0.00 1 0.05 1 0.03 0 0.00 1 0.02 
MOSQuitofish 15 0.80 0 0.00 15 0.39 41 1.86 56 0.92 
Brook silverside 1 0.05 0 0.00 1 0.03 0 0.00 1 0.02 
White bass 32 1.71 14 0.70 46 1.19 3 0.14 49 0.81 
YellOW bass 0 0.00 1 0.05 1 0.03 0 0.00 1 0.02 
Black crappie 5 0.27 0 0.00 5 0.13 104 4.73 109 1.80 
White crappie 2 0.11 0 0.00 2 0.05 40 1.82 42 0.69 
Laraemouth bass 36 1.93 5 0.25 41 1.06 80 3.64 121 1.99 
Smalimouth bass 0 0.00 4 0.20 4 0.10 0 0.00 4 0.07 
Wanmouth 1 0.05 0 0.00 1 0.03 8 0.36 9 0.15 
Green sunfish 52 2.79 7 0.35 59 1.53 2 0.09 61 1.01 
Blueaill x Green sunfish 1 0.05 0 0.00 1 0.03 0 0.00 1 0.02 
Bluegill 133 7.13 18 0.90 151 3.91 669 30.41 820 13.52 
Redear sunfish 0 0.00 0 0.00 0 0.00 1 0.05 1 0.02 
Oral1Qespotted sunfish 56 3.00 0 0.00 56 1.45 231 10.50 287 4.73 
Sauaer 3 0.16 0 0.00 3 0.08 1 0.05 4 0.07 
Loaperch 1 0.05 1 0.05 2 0.05 2 0.09 4 0.07 
Mud darter 0 0.00 0 0.00 0 0.00 1 0.05 1 0.02 
Freshwater drum 136 7.29 48 2.40 184 4.76 70 3.18 254 4.19 

Total number fish collected 2524 135.21 1482 74.10 4006 103.60 1730 78.64 5736 94.55 
Number of species collected 41 29 48 36 54 



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

Chevrons Control sites 
Lower Inside Lower outside Upper inside Upper outside Drih I •• Slouoh H •• d of Bay Is. MCB All Stations 

samplino effort (min) 85 100 195 200 330 55 20 985 

Species 
Shortnose oar 0 0 4 0 3 1 0 7 
Lononose Qar 0 0 0 0 5 0 0 5 
Bowfin 0 0 0 0 21 0 0 21 
American eel 0 0 0 2 0 0 0 2 
Skipjack herrino 0 0 1 0 0 1 0 1 
Gizzard shad 215 41 571 112 281 6 5 1220 
Threadfin shad 1 0 0 0 0 0 0 1 
Moone~e 0 0 0 3 0 0 0 3 
Biohead carp 1 0 0 0 1 0 0 2 
Silver carp 0 0 0 0 1 0 0 1 
Goldfish 0 0 1 0 0 0 0 1 
Carp 7 27 29 70 106 37 4 239 
Carp x Goldfish 0 0 0 0 1 0 0 1 
Central stoneroller 0 0 0 1 0 1 0 1 
Suckermouth minnow 3 0 2 0 0 0 0 5 
Silver chub 0 2 7 9 9 0 0 27 
Spotfin shiner 52 57 30 117 3 20 3 259 
Red shiner 1 5 5 10 0 21 0 21 
Bluntnose minnow 1 0 3 2 1 0 0 7 
Bullhead minnow 114 7 306 21 38 5 1 486 
Emerald shiner 119 194 225 394 1 46 3 933 
Silverband shiner 1 0 0 0 0 0 0 1 
River shiner 20 13 26 15 0 0 2 74 
Biomouth shiner 0 0 0 1 0 0 0 1 
Sand shiner 0 1 6 13 0 0 0 20 
Mimic shiner 5 8 59 23 1 2 2 96 
Soottail shiner 0 0 4 0 0 0 0 4 
Shinerspp. 0 0 13 _ 0 0 0 0 13 
Bigmouth buffalo 10 0 7 0 106 7 0 123 
Smallmouth buffalo 27 8 32 17 224 1 2 308 
Black buffalo 1 0 0 0 9 2 0 10 
Quillback 5 0 9 0 1 0 1 15 
River carpsucker 30 0 43 1 19 0 3 93 
Carpsucker spp. 0 0 14 0 0 0 0 14 
Spotted sucker 0 0 0 0 2 0 0 2 
Shorthead redhorse 0 4 4 5 2 4 5 15 
Golden redhorse 1 0 2 0 0 1 1 3 
Channel catfish 8 56 21 53 33 10 2 171 
Aathead catfish 3 27 1 64 26 1 0 121 
Freckled madtom 0 0 0 1 0 0 0 1 
Mosouitofish 0 0 15 0 41 1 0 56 
Brook silverside 0 0 1 0 0 0 0 1 
White bass 14 5 18 9 3 5 1 49 
Yellow bass 0 1 0 0 0 0 0 1 
Black crappie 3 0 2 0 104 5 0 109 
White crappie 0 0 2 0 40 1 0 42 
Largemouth bass 11 0 25 5 80 4 0 121 
Small mouth bass 0 1 0 3 0 0 0 4 
Warmouth 0 0 1 0 8 0 0 9 
Green sunfish 4 0 48 7 2 0 0 61 
Bluegill 23 4 110 14 669 23 1 820 
Redear sunfish 0 0 0 0 1 0 0 1 
OranoesPOtted sunfish 23 0 33 0 231 3 0 287 
Blueoill x Green sunfish 0 0 1 0 0 0 0 1 
Sauger 0 0 3 0 1 0 0 4 
Logperch 0 0 1 1 2 0 0 4 
Mud darter 0 0 0 0 1 0 0 1 
Freshwater drum 39 18 97 30 70 10 4 254 

Total number fish collected 742 479 1782 1003 2147 218 40 6153 
Number of species collected 28 19 37 28 36 25 16 53 
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Figure 1. Total number of fish species collected with electtofishing at Cottonwood Island Chevrons, 

Drift Island Slough and Head of Bay Island, 1993 - 1999. 
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Figure 2. Total number of fish collected per 15 min of electrofishing at Cottonwood Island 

Chevrons. Drift Island Slough and Head of Bay Island, 1993 - 1999. 
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Figure 3. Total number of gizzard shad collected per 15 min of electrofishing at Cottonwood Island 

Chevrons, Drift Island Slough and Head of Bay Island, 1993 - 1999 
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Figure 4. Total number of emerald shiner collected per 15 min of electrofishing at Cottonwood 
Island Chevrons, Drift 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 Cottonwood 

Island Chevrons. Drift Island Slough and Head of Bay Island, 1993 - 1999. 
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Total number of smallmouth 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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Figure 7. Total number of channel catfish collected per 15 min of electroflshing at Cottonwood 

Island Chevrons, Drift Island Slough and Head of Bay Island, 1993 - 1999. 
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Figure 8. Total number of flathead catfish collected per 15 min of electroflshing at Cottonwood 

Island Chevrons, Drift Island Slough and Head of Bay Island, 1993 - 1999. 
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Figure 9. Total number of largemouth bass collected per 15 min of electrofishing at Cottonwood 

Island Chevrons. Drift Island Slough and Head of Bay Island. 1993 - 1999. 
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Figure 10. Total number of bluegill collected per 15 min of electrofishing at Cottonwood Island 

Chevrons. Drift Island Slough and Head of Bay Island. 1993 - 1999. 
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Figure 11. Length frequency of small mouth buffalo collected inside and outside of Cottonwood 
Island chevron dikes, 1993 - 1998. 
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Figure 12. Length frequency of smallmouth buffalo collected at Drift Island Slough, 1993 - 1998. 
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Figure 13. Length frequency of largemouth bass collected inside and outside of Cottonwood 

Island chevron dikes, 1993 - 1998. 
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Figure 14. Length frequency of largemouth bass collected at Drift Island Slough, 1993 - 1998. 
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Figure 15. Length frequency of bluegill collected inside and outside at Cottonwood Island 
chevron dikes, 1993 - 1998. 
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Figure 16. Length frequency of bluegill collected at Drift Island Slough, 1993 - 1998. 
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Figure 17. Length frequency of channel catfish collected inside at Cottonwood Island chevrons, 
1993 -1998. 
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Figure 18. Length frequency of channel catfish collected outside at Cottonwood Island chevrons, 
1993 -1998. 
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Figure 19. Length frequency of white bass collected inside at Cottonwood Island chevrons, 
1993 - 1998. 
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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 fishl15min ef) were collected on the four 
sampling runs (87 minutes total) [Table 2]. Gizzard shad and emerald shiner were the most 
frequently collected species, followed by flathead catfish and channel catfish. 

The length frequency distributions of the flathead and channel 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 concern by state and 
federal natural resources agencies. The collection of a blue sucker on each of the four sampling 
runs seem to indicate that these fishes are seeking the habitat conditions provided by these 
structures. 

Conclusion 

The data collected 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 
nver. 



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

Electrofishing 
Samplinq date effort (min) 

18-Aug-98 22 
15-0ct-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 
Small mouth 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 
BlueQili 1 0.17 
Slenderhead darter 1 0.17 
Freshwater drum 10 1.72 

Total number 256 44.14 
Number species 16 
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Progress Report: January 1999-December 1999 

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

Objectives: 

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

2) Quantify the aquatic invertebrate population response to 
increased macrophyte production. 

3) Characterize avian use of habitats produced 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 

INTRODUCTION 

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 Pool Management (EPM) , endeavors to 

increase the production of aquatic macrophytes in Pools 24, 25, 

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



mudflat:s. 

Intensive evaluation of the plant and invertebrate 

communities responding to EPM has not been conducted. The goal 

of this study is to quantify the plant food resources produced 

by wat:er level drawdowns on Pool 25 of the Mississippi River and 

evaluate invertebrate and avian response to these resources. 

This report is a summary of activities for calendar year 

1999 and contains preliminary findings, which may be subject to 

future modifications and revisions. To prevent the issuing of 

misleading information, persons wishing to quote from any of 

this report, to cite it in bibliographies, or to use it in other 

forms should first obtain permission from the Director of the 

Cooperative Wildlife Research Laboratory. 

STUDY AREA 

The study is being conducted in Pool 25 (Fig. 1), a 32-mile 

stretch 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 Management Area, hereafter referred to as Batchtown. 

Earlier work indicates water drawdowns resulted in increased 

macrophyte abur.dance at all 3 sites (Wlosinski et al. unpubl. 

data) . 
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ACTIVITIES (01 Jan - 31 Dec 1999) 

Plants 

Objective 1: Characterize the plant community associated with 

water level management and estimate seed biomass produced. 

Vegetation composition data were collected 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 0.5-m2 sample plot was 

placed along the transect at locations that corresponded to 5, 

20, 35, 50, and 75-cm water depth, relative to full pool (434.0 

ft NGVD). For each species in each plot we recorded species 

composition, percent cover, and stem density. Nomenclature 

follows Scott and Wasser (1980) and Mohlenbrock (1986). 

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 crusgalli 

and E. muricata; 80.3%), and chufa (Cyperus esculentus; 76%). 

Chufa had the highest stem density (X = 22.3 stems/0.5m2
; Fig. 

3), followed by smartweed and barnyardgrass (X = 10.4 and X = 

8.5 stems/0.5m2
, respectively). In general, percent occurrence 

was not influenced by plot elevation (Fig. 4). 

Seed biomass data were collected on 3, 10, and 11 Septe~ber 

1999, beginning approximately 3 weeks post reflood. We 
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quantified seed biomass using techniques developed by Laubahn 

and Fredrickson (1992). Seed biomass production of smartweeds, 

barnyardgrass, chufa, and rice cutgrass (Leersia oryzoides) was 

estimated to be 4,144 kg/ha. Chufa and smartweeds comprised the 

majority of the biomass (2,998 kg/ha and 1,038 kg/ha, 

respectively) . 

Invertebrates 

Objective 2: Quantify the aquatic macroinvertebrate population 

response to increased macrophyte production. 

Nektonic 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 1998 (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 Insects to 

family. 

Fifty-one 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 cm3
) and TRV plots (X = 

302.61/1415.09 3 cm , n=36, F=0.10,p=0.7565). 

Benthic sampling.--Fifteen different taxa were identified 

in benthic samples collected at Turner Island and Jim Crow 
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Island. Number of taxa identified in TBD versus TRV plots 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 treated with a commercial 

herbicide on 13 July 1999, 2 weeks post drawdown, and every 2 

weeks until reflood occurred to prevent vegetation establishment 

within the treatment plots. The devegetated plot simulated 

substrate conditions prior to water-level drawdowns occurring on 

Pool 25, (i.e. no management). The TRV plots did not 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 against the 1998 samples. 

Waterfowl 

Objective 3: Characterize avian use of habitat produced by water 

level management. 

Nine surveys were conducted between 27 February - 23 April 

1999. We conducted surveys from the bow of a boat 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 
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were conducted on foot. A route was chosen to minimize flushing 

birds to areas not yet surveyed. Wind speed (kID/h), wind 

direction, air temperature (OC), precipitation, and percent cloud 

cover (10% interval) were recorded prior to beginning surveys. 

Total number, species, and location (vegetation vs. open water) 

of waterfowl were noted during each survey period. 

Fifteen species of waterfowl were observed throughout the 

survey period (Table 2). Although we have yet to analyze these 

data, when combining all surveys, it is clear more birds were 

observed in vegetation (35,838) than in open water (2,404). In 

vegetated areas, mallards/American black ducks (Anas 

platyrhynchos/Anas rubripes) and northern pintails (A. acuta) 

were most abundant (18,432 and 16,420, respectively). American 

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 conducted during 

March-April 1999. Activity-budgets of spring migrating 

waterfowl were documented using focal-switch observations 

(Losito et ale 1989). Focal individuals were observed from 15 

to 30 minutes and behaviors were recorded at 10-second 

intervals. Observations were conducted from duck blinds present 



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

We collected 36.4 hours of time activity budget data, 32.0 

hours in vegetated areas and 4.5 hours in non-vegetated areas. 

Combining all data, waterfowl spent 39% of their time feeding 

and 32% loafing (Table 3). Based on 29.6 hours of observation, 

dabbling 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 loafing and only 14% 

of their time feeding. Mallards observed in vegetation (n = 26, 

19.85 observation hours) spent similar amounts of time feeding, 

31% as they did loafing, 39%. Pintails (n = 25, 11.43 

observation hours) spent more time feeding, 50%, than they did 

loafing, 26%. Ideally we wanted a more even distribution of 

observations between vegetated and non-vegetated areas; however, 

dabbling ducks rarely occurred in non-vegetated areas. 

DISCUSSION AND PROSPECTUS 

P~ants 

Preliminary results indicate EPM continues to produce a 

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 
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techniques. Litt:e zonation in spec~es distribution suggests a 

relatively uniform availability of food resources in the 

Batchtown area. 

Invertebrates 

The results of the first phase of the invertebrate 

experiment are encouraging. Preliminary analysis suggest there 

was no difference in total abundance and number of taxa between 

experimental plots for both sampling techniques prior to 

treatment with herbicide. We are currently processing samples 

collected in fall 1999, 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 plots than vegetated plots we may be able to 

attribute these d~fference to the macrophyte response to EPM. 

Additional analyses of the invertebrate data will focus on 

differences in abundance of a taxon between plots. 

Waterfow1 

Waterfowl surveys indicate use of vegetated areas 

predominantly by dabbling duck species. Waterfowl using 

vegetated areas spent a major portion of their time foraging in 

shallow water areas suggesting they are using plant and 

invertebrate resc~rces produced by the drawdown. However, low 

numbers of dabbli~g ducks in open water may not be an 
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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 

reflect their inability to effectively feed in relatively deeper 

water. Behavioral observations during spring 2000 will 

incorporate the devegetated plots from the invertebrate response 

experiment to characterize use of shallow open water areas. 

Further investigations will include comparing historical 

data from aerial surveys conducted by Illinois Natural History 

Survey to identify differences in numbers of waterfowl using 

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

improved habitat conditions in Batchtown we predict a 

significant increase in the abundance of waterfowl between pre­

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

the efficacy of EPM in producing quality food resources to 

migrating waterfowl. 
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Table 1. Invertebrate taxa identified in nektonic and benthic 
samples collected from paired-plots on Jim Crow Island and 
Turner Island, Pool 25, Upper Mississippi River, October 1998. 

Taxa 

Aeshnidae 
Araneidae 
Arctiidae 

Asellidae 
Baetiscidae 
Belostomatidae 
Cambaridae 
Carabidae 
Ceratopogonidae 
Chironomidae 
Cladocera 
Coenagrionidae 
Copepoda 
Cordulegastridae 
Corixidae 
Cossidae 
Culicidae 
Dolichopodidae 
Empididae 
Gammaridae 
Gerridae 
Gryllidae 
Gyrinidae 
Haliplidae 
Hebridae 
Hirudinea 
Hydrometridae 
Hydrophilidae 
Hydroptilidae 
Lestidae 
Libellulidae 
Lycosidae 
Lymnaeidae 
Macrovelliidae 
Naucoridae 

J:i.m Crow Isl.and 

Nektonic 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Benthic 

X 

X 

X 

X 

x 

X 

X 

X 

X 

Turner Isl.and 

Nektonic 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Benthic 

X 

X 

X 

X 

X 

X 



Table 1. Continued. 

Jim Crow I:s~and Turner I:s~and 

Taxa Nektonic Benthic Nektonic Benthic 

Nematoda X X X X 

Noteridae X 

Oligochaeta 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 

Scelionidae X 

Sciomyzidae 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 (86% ) 20 (14% ) 143 

Gadwall 67 (63%) 40 (37%) 107 

Green-winged teal 378 (89% ) 46 (11% ) 424 

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 

Lesser 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 loafing by waterfowl using Pool 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) 0 59 
Lesser Scaup (n = 2) 1 67 

Ring-neck duck (n == 3) 32 46 

Redhead (n = 2) 50 14 
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Figure 1. Lowerreach ofPoo125, Upper Mississippi River. 
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Project: 

Objectives: 

Progress Report: January 1999-December 1999 

Fish and water quality responses to nonpersistent wetland vegetation produced 
via Environmental Pool Management in Pool 25 of the Upper Mississippi River. 

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

2. Sample adult 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. Lo~is 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 
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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 a 2.7 -m channel (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, 25, 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 lakes, 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. 

1.H. Wlosinski, U.S. Geological Survey, and 1. Feddersen, Cooperative Wildlife Research 
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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). Our 

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 related 

to the presence OF 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 (400m2
) 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 
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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 I-m long, 500-J..lIIl 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, Jctiobus, 

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 sprayer. 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 m2
, 

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 
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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 isolated 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 (Ictalurus punctatus) and river carp sucker (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 (Amblema plicata, 

Quadrula sp., and Megalonaias nervosa) that were easy prey for raccoons (pers. observation by 

R. Adams, 1. 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 plot using a 

modified littoral sampling tube (Pennak 1962) and preserved in 5% buffered formalin. These 

samples have not been 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 
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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 Island resulted in dissolved oxygen 

values (below 4 mglL) that are generally limiting to fish (Table 1). 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 sene see and 

wind/wave action opened the vegetation allowing mixing to occur. Dissolved 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 I-m2 pop nets constructed of 1.6-mm mesh netting. Plots 

were sampled each trip with three pop nets left overnight and triggered the next day for a total of 

120 popnet samples. Two seine hauls, each 10m 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 
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"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 plot 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 overall 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 Turner 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, 
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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 low dissolved oxygen 

concentrations during years of more typical vegetation densities. Smaller patches of EPM-

induced vegetation present on Turner Island 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 (Cyprinella 

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 (Ictiobus spp.) and common 

carp (Cyprinus carpio) were the most abundant fishes collected in Batchtown based on 2.5 hrs of 

electrofishing (Table 3). Turner Island and Jim Crow Island samples were comprised mostly of 

gizzard shad and common carp (Table 4). The low number ofpiscivores 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 
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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 DC are experienced by YOY fish in winter, the availability of suitable overwintering 

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 species 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 all 

data have been processed. Maximum drawdown was reached on approximately 29 June, and 

water levels generally 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 offish were found in the 

nonpersistent vegetation compared to similar areas devoid of vegetation. These fish were mainly 

young-of-the-year 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, Turner Island, and within Batchtown. After maximum 

drawdown, we found substantial numbers ofYOY 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 Pomoxls. Extensive fall 

1999 sampling resulted 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 conditions, including fluctuating water levels (Robison and Buchanan 1988). Very 

few Pomoxis and no Micropterus were collected during seining of shallow shorelines 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, but 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 only 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 upon 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) 44.8 42.1 53.5 55.3 27.3 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 (DC) 21.4 22.3 20.7 21.1 23.1 23.2 21.7 21.9 
(18.5-27.9) (17.0-29.6) (16.2-25.8) (17.3-25.6) (17.0-31.0) (16.5-32.1) (16.7-28.5) (16.7-27.2) 

Dissolved Oxygen (mg/L) 6.2 8.2 2.6 5.7 8.7 10.2 6.8 8.6 
(0.9-10.9) (5.9-10.0) (1.1-4.4) (4.3-8.1) (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 7.8-8.4 8.2-9.1 8.0-8.7 7.3-8.8 8.3-8.8 

Conductivity (~lmhos/cm) 400-450 400-460 300-454 300-439 400-469 400-480 300~450 300-410 

Turbidity (NTU) 56.6 64.6 17.9 51 26.7 56.9 65.6 84.7 
(14-100) (21-100) (4-56) (20-72) (4-54) (8-100) (8-100) (31-100) 
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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 0 0 0 0 0 1 0 
Ctenopharyngodon idella 0 0 0 0 169 18 0 0 
Cyprinlls carpio 217 3 60 0 69 112 57 0 
Cyprinella spiloptera 25 1 58 7 58 45 998 12 
Nolemigonus crysoleucas 1 0 0 0 0 0 0 0 
Notropis atherinoides 55 220 15 94 5 49 7 246 
Nofropis blennills 0 0 0 0 0 0 63 0 
Notropis wickliffi 1 8 0 12 93 73 2104 51 
Pimephales notallis 0 0 0 0 1 0 0 0 
Pimephales vigilax 0 0 0 2 0 0 2 2 
Carpiodes carpio 0 0 1 0 1 0 0 
Jcta!urus punctatus 0 0 0 0 0 0 1 
Gambusia affinis 144 103 0 1491 355 52 0 
Labidesthes sicculus 0 0 0 7 0 0 0 0 
Lepomis humilis ~ 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 11 6 
Fish Abundance 449 259 238 126 1886 654 3289 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 Carp sucker Carpiodes carpio 12 14 
Smallmouth Buffalo Ictioblls buballls 20 13 
Bigmouth Buffalo Ictiobus cyprinellus 1 1 
Black Buffalo Ictiobus niger 4 6 
Redhorse Moxostoma sp. 2 0 
Channel Catfish I ctalunts punctatus 2 1 
White Bass Morone chrysops 1 0 
Bluegill Sunfish Lepomis macrochints 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 cepedianum 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 
Smallmouth Buffalo !ctiobliS bubalus 0 
Channel Catfish !ctalurus punctatus 2 2 
White Bass Morone chrysops 0 2 
Bluegill Sunfish Lepomis macrochinls 1 2 
Orangespotted Sunfish Lepomis humilis 0 1 
Freshwater Drum Aplodinotus grllnniens 2 3 
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INTRODUCTION 

Overview 

The pallid sturgeon Scaphirhynchus albus was listed by 

the U.S. Fish and Wildlife Service as endangered in 1990. 

The biology of this species is poorly understood, as is the 

case for many species existing in low numbers. 

Consequently, the Pallid Sturgeon Recovery Plan (Dryer and 

Sandvol 1993) identified the need to gain better 

understanding of the basic biological 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 Work Group, was principally designed to· address the 

Recovery Plan'~ .Primary Task 3.2~1, Conduct field 

investigations to describe the micro- and macro-habitat 

components of spawning, feeding, staging, and rearing areas. 

Because of its approach, the $tudy also addresses se~eral 

Recovery Plan Secondary Tasks: 1) 1.1, Reduce or eliminate 

potential and documented threats from past, present and 

proposed developments initially within recovery priority 

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 information on population status and 
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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 1998 through December 1999). 

Goal 1 during year 4 was to continue studying habitat use 

and movements of wild pallid sturgeon in the Middle 

Mississippi River. Specific objectives for Goal 1 were as 

follows. Objective A was the identification and 

quantification of macrohabitats that pallid sturgeon are 

associated with on an overall and a seasonal basis in the 

MMR. Objective B was the determination of whether or not 

pallid sturgeon select macrohabitat 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 River. 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 2 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 
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reported spawning season using a benthic dredge specifically 

designed for this purpose. 

Goal 3 during year 4 was to continue refinement of the 

character index equation created during 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 geographic 

range. 

Large River Habitats and Their Uti~ization by the Pa~~id 

Sturgeon 

The bottom-dwelling pallid sturgeon prefers large, 

swift, free-flowing mainstem rivers with high turbidity, 

such a~ th~ Missouri and Mississippi (Kallemyn 1983). To 

date there have been few investigations into habitat use and 

movements of pallid sturgeon. Clancey (1990) 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 fish 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. Of the 

four fish caught below the confluence of the Yellowstone 

River only two 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 (1996) concerning movement and 

habitat use contributed a great deal 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 rapging from 0.6 m to 14.5 m with a mean 

of 3.30 m, and bottom current velocities 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) 

JD ' "'j' 
characterized the macrohabitat of pallid sturgeon as 

"sinuous channels with islands alluvial bars present. II or 

During spring and early summer of both 1993 and 1994 he 
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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 Missouri River and its tributaries. It is not known 

whether pallid sturgeon in other portions of their 

geographic range behave similarly. 

Both 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 

its confluence with the Mississippi River by the Chain-of­

Rocks low-head dam 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, but both have been 

channelized, leveed, and contain many navigation-aid 

structures (e.g., wing dams and closing dams) (Sheehan and 

Rasmunssen 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 

processes both create and destroy aquatic habitats. Today, 

the MMR is mostly fixed in its bed by bank stabilization and 

levees, eliminating erosional processes which create and 
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restructure riverine habitats. Depositional processes 

continue, causing off-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 

periods of high water. Many researchers 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. 

Iden~irica~ion or Pa~~id S~urgeon 

No single morphological characteristic distinguishes 

pallid from shovelnose sturgeon, due to overlapping 

character values. Hybrids show characteristics intermediate 

to parental species, further complicating identification 
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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, and 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 shovelnose, 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 m~xima 

which have been reported for those characteristics (Krentz 

and Dryer 1996). The latter index was developed using 

characteristics of sturgeon collected in the northern 

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 

Mfssouri ~{v~r and the Mississippi 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 shovelnose 

sturgeon populations appear to vary across geographical 
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populations (Clancey 1990; Dryer and Sandvol 1993). Clancey 

(1990) noted that the values for OB/IB (the ratio the length 

of the outer barbels (OB) to the inner barbels (IB)) from 

five pallid sturgeon collected near the Fort Peck Darn were 

far greater than the range for this character reported by 

Bailey and Cross (1954). This was not the case for values 

for this character calculated from data reported by Carlson 

and Pflieger (1981). 

A second possible explanation for our failure to 

successfully apply the Krentz and Dryer index to the data 

from Carlson and Pflieger (1981) 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 at 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 poor fit of the Carlson 

and Pflieger (1981) data to the Krentz and Dryer index is 

that pallid sturgeon in the MMR are genetically 

introgressed. The degree of overlap in morphological 

,r~ 

~ 
characteristics and the failure of protein 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 
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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 (1983) that evolutionarily the 

pallid and shovelnose sturgeon are only recently diverged; 

about 33,QOO years ago. 

May et ai. (1997) used microsatellite primers developed 

for Acipenser sturgeon to identify 6 homologous, polymorphic 

microsatellites (both tri~ and tetranucleotide) loci in both 

Scaphirhynchus species. Although they did not focus on the 

.Scaphirhynchus species, their work demonstrated the 

feasibility of amplifying homologous microsatellites in 

these species. In addition, they illustrated the ability of 

the technique to reveal polymorphic variation in 

Scaphirhynchus spp. where other techniques have failed. 

Further, May and colleagues (Bernie May, Director, Genomic 

Diversity Laboratory, University of California-Davis) 

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 
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sturgeon. This is consistent with the observations of 

Carlson and Pflieger (1981) and others regarding the 

relatively high incidence of hybridization between pallid 

and shovelnose 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 resolve this controversy 

with any certainty. 

Given conflicting information in the literature 

regarding pallid and shovelnose sturgeon characteristics, 

the overlap in characters, the incidence 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 accuracy of identification of 
. . 

pallid ·sturgeon in the field as well as to 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. 
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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 

Missouri Department of Conservation, and sampling conducted 

by Southern Illinois University at Carbondale (SIUC). 

A procedure 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 weight were taken prior to surgery. 

Morphometric measurements taken included outer barbel length 

(OB), inner barbel length (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 

approximately ·10 minutes from removal from anesthesia to 

placement into the recovery tank. 

Sonic transmitters were surgically .implanted using the 

following 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 cfm until the fish were anesthetized 
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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 wai a pallid sturgeon. 

Once it was determined that the specimen fit pallid sturgeon 

characteristics another biologist initiated the transmitter 

surgical implantation procedure by placing the specimen on an 

adjustable "V-shaped" plexiglass surgery table designed to 

hold the fish with its ventral surface upright. Water was 

flushed over the gills and skin periodically to prevent 

drying. The transmitter and all surgical equipment were 

soaked in 70% ethanol prior to surgery, and the surgical site 

swabbed with Betadine disinfectant. A 50-rom anterior-

posterior incision was made approximately 30-rom anterior to 

the pelvi~ fins, one-eighth of body diameter lateral to the 

midlin,e. 

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 transmitter was moved posterior until its posterior 

end was approximately 20-mm past the posterior end of the 

incision. This technique was used to decrease chances of 
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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-l curved cutting 

needle. The incision and sutures were then sealed with 

cyanoacrylate 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 hydrophone 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 cbordinates were th~n taken u~ing 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 
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channel border (association with an shoreline lacking 

current-obstructing features) (MCB) , immediately upstream of a 

IF, o 
wing dam (WOU) , immediately downstream of a wing dam (WOO), 

the wing dam tip (WOT) , between two consecutive wing darns 

(WOB) , and the downstream side of an island tip (ITO). 

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 gathered using u.s. Army 

Corp of Engineer Navigation Charts. Twenty, one-river-mile 

stretches 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 involved physical examination of 

each 1-mi stretch to determine if habitats shown 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. T~ese chang~s' were transferred to the 

navigation charts. The charts were then enlarged to a scale 

of 3.5 in = 3000 ft. 

The occurrence of each macrohabitat 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 
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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 three times 

and the measurements averaged. The results were summed by 

macrohabitat type and the percentage of all available 

habitat was calculated for each macrohabitat. 

Ana~ysis 

The objectives of goal 1 were to identify macrohabitats 

used by pallid sturgeon in the MMR, to determine if MMR 

pallid sturgeon were using any given macrohabitat out-of­

proportion to its availability in the MMR, to examine the 

effects of temperature and discharge on habitat selection by 

. pallid sturgeon in theMMR, and to quantify the observed 

horne ranges and movement patterns of the pallid sturgeon in 

the MMR. 

Habitat Associations 

Macrohabitat associations were expressed as a 

proportion of relocations within each habitat type. 

Additionally, habitat associations were characterized 

according to surface water temperatures at point of 
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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. 1994, 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 Selection 

Strauss's linear selectivity index (Li) was chosen to 

examine habitat selection by pallid sturgeon in the Middle 

Mississippi River. Strauss's index was more desirable than 

othei popular selectivity indices, such as Ivlev's 

electivity index, because it is not as susceptible to 

sampling bias when the habitat type represents a small or 

minute proportion of all available habitats (Lechowicz 

1982). Li values (Strauss 1979) were 6alculated"f6r each 

macrohabitat type using the formula: 

where Li =,linear index value, ri = proportion of ith 

habitat in all relocations, and Pi = proportion of ith 

habitat in the environment. These calculations resulted in 

an Li value for each habitat ranging from -1 to 1 with 0 
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representing random use of a macrohabitat type and no 

selection occurring. Positive numbers represented positive 

selection, or selection for, the given habitat while 

negati ve numbers represented negative selection·, or 

selection against, the given habitat.. To determine 

direction of selection for each habitat, Li values were 

graphed with their 95% confidence intervals. A t-test was 

used to determine whether Li values were significantly 

different from zero (i.e., whether significant positive or 

negative selection was occurring). A chi-square test was" 

performed to determine whether the distribution 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 of temperature, Li values were 

calculated for each habitat for four temperature ranges (0-

4, 4"-10, "10-20," and abo"ve 2"0 0 C). A chi':"sq"uare goodness-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 temperature, Li 

values were grouped by temperature and habitat and graphed 

with their 95% confidence intervals. A t-test was used to 
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determine whether Li values were significantly different 

from zero. 

To examine the effects of discharge, Li index values 

were calculated for each habitat for three daily mean 

discharge ranges (Low, Medium, and High). The low, medium, 

and high discharge ranges were 0 - 165,000, 165,001 -

270,000, and above 270,00D cubic feet per second, 

respectively. These breakpoints corresponded to the 33.3% 

and 66.6% daily mean discharge for all days during the 

sampling period. All 'discharge data were obtained from the 

Chester, Illinois, U.S. Geological Survey gauging station. 

A chi-square goodness-of-fit test was used to determine if 

significant selection occurred within each discharge range. 

To examine the changes in selection for individual habitats 

due to discharge, Li values were grouped by discharge group 

and habitat and graphed with their 95% confidence intervals. 

A t-test was used to determine whether Li 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 
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study fish in addition to the calculation of a grand mean 

observed horne range. Movement patterns were visualized by 

plotting the river mile at each relocation against date for 

each fish. 

Goal 2 - Preliminary observations 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, Illinois to determine substrate type, and 

attempt to collect sturgeon eggs during the spawning season 

using a benthic egg dredge specifically designed for this 

purpose. 

The site is located on the western shore (Missouri 

Shore) of the Mississippi River directly below the automobile 

bridge at Chester, Illinois. Substrate was sampled on two 

separate days once in spring (22 April 1999) and ·once in 

early fall (27 October 1999). The fall substrate sample was 

taken due to concern, expressed by the Long Term Resource 

Monitoring Program (LTRMP) staff at Cape Girardeau, Missouri, 

that the site might be overburdened by sand at low river 

stages (5.7 Ft NGVD on 27 October 1999 at Chester, Illinois). 

The substrate was sampled using the gear described above. On 

both occasions 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 occasions 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 20° C. The benthic egg dredge 

consisted of a heavy metal sled onto which was attached a 250 

Om nylon mesh bag, a brush, and a spray nozzle. 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 ~he water spray washes the substrate allowing 

eggs, if present, and other light debris to collect within 

the mesh bag. The debris collect~d in the bag was examined 

upon retrieval of the apparatus 'to determine whether eggs 

were present. Each sampling attempt consisted of five 

deployments of the dredge. Each dredge deployment covered 

approximately 50 linear meters of river bed. 

Goal 3 -Character Index Value: Field Guide and Evaluation 

The objectives of Goal 3 were to publish a field guide 

for the character index (Cl), and to evaluate the character 

:G 
\JLY index's discriminative ability. 

The ability of two indices, the character index (Cl) 

and the morphometric character index (mCl) , to distinguish 
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between pallid sturgeon, shovelnose sturgeon and hybrids was 

evaluated using Discriminate Functions Analysis (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 ~orrect for comparisons. The five morphometric 

ratios (OB/IB, HL/IB, HL/MIB, IL/IB,and IL/MIB), and two 

meristic (AFC and DFC) were used as characters for the DFA 

analysis of the CI and for examining regional differences. 

The five morphometric ratios alone were used as characters 

for the DFA analysis of the mCl. 

A 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 pallid 

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

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

used to evaluate the mCl. A separate DFA was calculated for 

77 specimens classified as pallid sturgeon by the Cl 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 

Sturgeon In the Middle ~ssissippi 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 

(Cl) values (Sheehan et ale 1997a), 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 

to be females 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 stocked sturgeon. 

Only one fish implanted with a sonic transmitter during 

years 1-3 was relocated during Year 4. This may be due to 

the fact that transmitters implanted during earlier study 

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 O-f 

this project. 

Habitat Associations 

A total of 184 relocations 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 

years ofthi~ study to accumulate these ·relocations. ~ost 

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. 
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During each year, tracking was typically not possible 

for a short time during the late winter and early spring due 

to unsafe ice cover on the river or decreased transmitter 

range during high water periods in the spring. At river 

stages above 7.6 m at the Chester, Illinois, u.s. Geological 

Survey gauge the detection range of the transmitters 

diminished to 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 WOB habitats were used during 26% 

and 14% of all contacts, respectively. All other habitats 

comprised 1% to 9% of all relocations (Figure 5). 

Sheehan et al. (1994, 1990) -found that swimming ability 

decreased and mortality increased for some river species 

below 4 DC. For this reason, habitat associations for the 

winter season were broken down into two different 

temperature regimes: below 4 DC and -above 4 DC yet below 10 

DC. -Below 4 DC, the study sturgeon were found in 

association with current-disrupting habitat features such as 

the ITO and WOO 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 4DC 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, MCE, WDE, 

WOO, and ITO 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, which 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 WOE habitats increased greatly during the spring 

at 36% of the contacts. The ITO (16%) and WOO (11%) 

habitats were also used (Figure 8). It is notable, however, 

ihat the number of ·contacts 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 associations were similar to those 

during the rest of the year. Similar to the ~inter 4°C to 

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

and MCB comprised 28% totaling 84% of contacts(Figure 9). 

The ITO, WDT, and WDB habitats were also used at 3%,· 10%, 

and 3%, respectively. 

During the summer (surface water temperatures over 20 

°C), habitat associations were diverse and resembled the 
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overall habitat associations., The WOT macrohabitat saw its 

heaviest use during the summer months at 13%. The major 

\1)", Ii I:,,' 
habitats of use during the summer were the MCL (27%), MCB 

(32%), ITO (10%), and the WOB areas (16%) (Fig'ure 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 sample-s were taken at points where 

pallid sturgeon were relocated. Study fish were found over 

sand substrates 80.4% of the time (n 41) (Table 6). 

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 re~ocated was 

0.51 m/s (SO=0.25). 

Habitat Selection 

Habitat availability analysis indicates that the study 

area was approximately 64.85% MCL and 11.05% MCB. The ITO 

habitat comprises the smallest amount of the study area at 
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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 (Li) ranged from -

0.2158 to 0.1504 (Figure 12). All Li values were 

significantly different from zero (t-test; alpha=0.05). A 

Chi-square goodness-of-fit 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). However, 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 that 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). Li values for each habitat type at all three 

discharge regimes were significantly different from zero (t-

test; alpha=O.05). 

Observed Rome Ranges and Movements 

Observed home ranges for the study sturgeon varied 

greatly. Pallid sturgeon 2334 (with 2 contacts) was located 

along a O.4-mi stretch of river. In contrast, pallid 

sturgeon 384 was located along a 72.2-mi stretch of river in 

6 contacts (Table 9). The mean observed home range was 18.5 

mi. These 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. In addition, six study fish were' never relocated and 

seven study fish were relocated fewer than two times. These 

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

remained in ihaccessible areas and should be considered with 

care when examining the observed home range data. 

Nineteen of the 27 fish implanted with a transmitter 

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 1999 of the study period. 

Goal 2 - Prel±minary 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 1999 the 

samples consisted of some sa~d, very course sand, gravel, and 

pebbles. Sampling with the benthic egg dredge produced no 

fish eggs, sturgeon or otherwise, from this site. 

Goal 3 -Character Index Value: Field Guide and Evaluation 

Field Guide 

A field guide- (Sheehan et al. 1999) was published for 

the character index. The field guide also discusses a new 

index that was developed in a manner similar to the original 

except that only morphometric ratios were used as predictors 

(i.e., meristic characters were dropped from the regression 

equation) . This second index, the morphometric character 

index (mCl), 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 out of the 

pallid sturgeon group and reclassified as pallid-overlapping 

hybrids. No fish from the other 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 sturgeon by the CI clustered distinctly 

from individuals classified as shovelnose sturgeon (Figure 

36). The individuals classified as shovelnose-overlapping 

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 mcr 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 sturgeon by the mcr clustered distinctly 

from individual classified as shovelnose sturgeon (Figure 

37). The individuals classified as shovelnose-overlapping 

hybrids, non-overlapping hybrids, and pallid-overlapping 

hybrids form three clusters with shovelnose-overlapping 

hybrids nearer the shovelnose sturgeon cluster, pallid­

overlapping hybrids nearer the pallid sturgeon cluster, and 

hybrids in the middle. 

Examination of the plot of the first twb 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 1 - Habitat Utilization and Movements of Adult Pallid 

sturgeon In the Middle Mississippi 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 

temperatur-es 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. 
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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 sturgeon reproductive 

biology (Dryer and Sandvol 1993), data suggests that pallid 

sturgeon are hybridizing with shovelnose sturgeon (Carlson 

et al. 1985, Sheehan et al. 1997a, Sheehan et al. 1997b). 

This hybridization points to the fact that similar areas are 

probably being used by both species for spawning. 

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 ~airily sand. Furtherm6re, 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 velocities 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 with 

reduced currents. Since other reduced current habitats, 

such as the lTD (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. Habitat associations were also 

as diverse as those during any other season with the study 

fish being found in 6 different habitats. It appears that 
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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 stqrgeon were commonly found in these areas. These 

are habitat types where water use changes or habitat 

modifications need to be carefully examined for their effects 

on pallid sturgeon because of the-high probability of their 

presence. 

Habitat selection takes into account the availability 

of the habitat and compares that availability to the amount 

of use each habitat receives. Habitats that are negatively 

selected may represent areas either undesired or simply not 

used by pallid sturgeon~ " Habitats that "are positively 

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 lTD 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 

macroinvertabrates. The lTD 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 selection 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 commonly 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 of) 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 addi tion,- there were 

no shifts between habitat selection 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 DC (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 temperature or discharge 

regime where habitat use differed from the norm was during 

spring months with water temperatures between 4 and 10 0 C. 

Observed Home Ranges and Movements 

Study sturgeon showed a --large individual propensity for 

movement. However, observed horne ranges for the study 

sturgeon were lower than what has been previously reported 

for the species. Bramblett (1996) reported that pallid 

sturgeon studied in the Upp~r Missouri and Lower Yellowstone 

Rivers had an average horne range of 48.8 mi. Study fish in 

the MMR had an average horne range of only 18.5 mi, less than 
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half of the average observed by Bramblett (1996). 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 for 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 seasonal 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 
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summer months (March through July) were variable, with a few 

large movements observed in both the downstream and upstream 

direction. During the late summer and fall months (July 

through October), the study fish generally mov~d upstream. 

These seasonal periods coincide with different 

discharge regimes as well. During the winter months of 

December to March the study sturgeon made slow downstream 

movements. Daily mean discharge during these months was 

generally the lowest during the year (Figure 36). 

Logically,. these periods also had the lowest temperatures of 

the study period. Bramblett (1996) found that pallid 

sturgeon had significantly smaller home ranges during the 

winter months than during the rest of the year. Erickson 

(1992) found that pallid sturgeon movements in Lake Sharpe 

were positively correlated with temperature, 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·e~hibit decreased ~ovements 

at colder temperatures then it is logical that not only will 

sturgeon move less during the winter months, but in a 

riverine setting would move or be moved in a downstream 

direction. 

MMR pallid sturgeon movements during the spring and 

summer months of March through July were variable. These 
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were periods of high daily mean discharge in the MMR (Figure 

36). Pallid sturgeon movement rates in Lake Sharpe, SO 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 generally 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 to be affected by 

daily mean discharge, temperature, or both. During periods 

of low discharge 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, Illinois 
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It is difficult to say whether the putative spawning 

site at Chester Illinois is or could be used for spawning by 

pallid sturgeon, or even shovelnose sturgeon, based on our 

preliminary observations. This line of investigation, 

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. In cases where a higher 

degree of assuranca is needed in {dentification, such as 

hatchery programs, using fish that aren'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 are '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 geographic 

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 
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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 have.a reduced 

chance of harming pallid sturgeon populations due to 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 ITO, 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 this species. Restoration of these 

habitats would represent an increase in habitat diversity 

that could benefit many species in addition 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, lTD.= downstream island tip. 

Habitat 
WDU 
WDD 
WDT 
WDB 

lTD 
MCB 
M~ 

Standards For Delineation 
246 ft upstream and inside of tip of wingdam 
561 ft downstream and.inside of tip of wingdam 
144 ft radius around tip of wingdam 
all area between and inside tips of 
consecutive wingdams not otherwise delineated 
393 it radius around downstream tip of islands 
294 ft from shore lacking wingdams 
all area not otherwise delineated 
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Table 2. 

L C} 

Length, weight, 
r 

character index values, and 
with a sonic transmitter and released into the Middle 
(October 1998 through December 1999). 

Transmitter Length (mm) 

Number Date Weight ( g) Total Standard 

239 10/27/98 652 697 

2264 10/27/98 576 646 

2273 10/31/98 2363.6 744 799 

5--10 1/21/99 1909.0 725 770 

338 3/29/99 1636.4 730 782 

7--8 3/30/99 1318.2 673 723 

6--9 4/1/99 3273.0 836 877 

3334 4/1/99 3227.3 836 888 

284 4/3/99 3136.4 817 '864 

257 4/19/99 1590.9 672 719 

248 4/26/99 1545.5 712 762 

2363 12/29/99 1454.5 695 742 

source of pallid sturgeon implanted 
Mississippi River during Year 4 

Character 

Fork Index Value Source 

783 -1. 65 Jim Beuschel 

653 -2.00 Jim Beuschel 

878 -1.75 John Booth 

853 -0.48 John Booth 

859 -1. 21 Mike Duboise 

802 -1. 92 Jim Beuschel 

959 -1. 35 John Booth 

975 -1. 93 John Booth 

967 -1. 50 John Booth 

806 -0.26 Gene Esker 

855 -0.71 Gene Esker 

820 -2.08 Jim Beuschel 



Table 3. Meristic and morphometric measurements of pallid sturgeon implanted with a 
sonic transmitter and released into the Middle Mississippi River during Year 4. All 
measurements are in millimeters. OB = outer barbel mean length, IB = inner barbel mean 
length, H1 = head length, MIB = mouth to inner barbel distance, and 11 = interrostrum 
length. 

Transmitter Fin Ray Counts Ventral 

Number IB IB OB OB MIB 11 H1 Anal Dorsal Scutes 

239 26 26 61 59 . 32 93 208 37 26 None 

2264 19 ~7 50 51 31 82 181 41 25 None 

2273 34 33 93 96 42 97 240 41 25 Few 

5-10 48 46 79 82 41 84 208 39 26 None 

Vl 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 1,12 256 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 36 40 81 82 40 86 207 39 24 Few 

2363 29 25 62 61 31 104 225 41 28 None 



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 1L = 
interrostrum length. 

Standard 

Length(mm) 

595 

602 

564 

520 

515 

515 

632 

593 

623 

554 

541 

612 

558 

507 

548 

545 

584 

Weight 

(g) 

1045.5 

909.1 

772.7 

727.3 

590.9 

636.4 

1090.9 

863.6 

954.5 

727.3 

681. 8 

1090.9 
727.3 

545.5 

681. 8 

681.8 

300.0 

Fin Ray Counts Ventral 

OB/1B HL/1B HL/M1B 1L/1B 1L/M1B Anal Dorsal Scutes 

3.17 10.46 

1.74 6.35 

2.14 

2.35 

2.07 

9.51 

8.22 

7.81 

2.41 8.15 

2.39 7.63 

2.28 8.84 

2.31 7.85 

2.26 8.87 

3.92 13.00 

1. 94 

2.39 

2.33 

2.09 

2.45 

2.28 

5.74 

7.51 

7.38 

8.00 

7.71 

8.93 

6.10 4.51 

5.97 2.87 

6.77 

5.07 

6.22 

6.68 

6.87 

7.31 

6.38 

6.65 

5.45 

5.56 

6.34 

5.54 

7.33 

5.59 

8.35 

4.27 

3.73 

3.58 

3.66 

3.56 

3.72 

3.65 

3.90 

6.15 

2.42 

3.39 

3.43 

3.68 

3.52 

4.19 

2.63 

2.70 

3.04 

2.30 

2.85 

3.00 

3.20 

3.08 

2.97 

2.92 

2.58 

2.34 

2.86 

2.57 

3.38 

2.55 

3.91 

36 

41 

39 

39 

39 

41 

38 

42 

39 

39 

38 

39 

40 

40 

39 

39 

24 

28 

25 

29 

24 

29 

24 

34 

28 

26 

23 

26 

27 

27 

27 

27 

Few 

None 

None 

None 

None 

Few 

None 

Few 

None 

None 

None 

Many 

None 

None 

None 

Few 

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 
6 - 9 66 36.5 

9 - 12 53 29.3 
12 - 15 9 5. O. 

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 to distribution of habitat 

. available py temperature regime .. XZ > cri tical value 
indicates significant selection occurred. 

Temperature 
Regime (oC) XZ 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 distribution of habitat 
available by discharge regime. Low, medium, and high 
discharge regimes were 0-165,000; 165,001-270,000; and 
270,000+, respectively. r> critical value indicates 
significant selection occurred. 

Discharge 
Regime r df Critical Value 

Low 99.08 6 12.59 
Medium 102.58 6 12.59 

High 297.18 6 12.59 
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Table 9. Range of river miles over which individual pallid 
sturgeon were contacted. 

Transmitter 

Number 

7-8 3 

2273 
5-10 3 

239 
456 
267 

2237 
366 

2264 
2"49 
276 
294 
357 

3334 
2588 

465 
339 
375 
384 

River Mile 1 Number of 
Upstream Downstream Observations2 

117.5 
10S.S 
103.3 
117.S 
103.8 
113.7 
117.S 
107.6 
108.7 
108.6 
130.4 
123.8 

9S.5 
81.7 

109.1 
106.8 
106.3 

98.2 
32.3 

117.S 
10S.6 
104.0 
119.5 
106.0 
118.0 
126.0 
117.3 
119.9 
120.5 
142.3 
142.5 
118.4 
110.3 
141. 7 
142.0 
141.7 
142.3 
104.5 

1 

1 

2 
1 

2 

15 
8 

19 
6 

21 
1 

18 
23 

3 

17 
11 

5 
12 

6 
II Includes river mile of release site. 
~I Observations subsequent to release only. 

Miles 

o 
0.1 
0.7 

2 
2.2 
4.3 
8.5 
9.7 

11. 2 
11. 9 
11. 9 
18.7 
22.9 
28.6 
32.6 
3S.2 
35.4 
44.1 
72.2 

11 Dash indicates a two second pause in pulse cycle as part 
of the transmitter code. 
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Table 10. Jackknifed DFA Reclassification of individuals 
identified using the CI (CI Taxon) (n=222) (S=shovelnose 
sturgeon; OS= shovelnose-overlapping hybrid; H=hybrid; OP= 
pallid-overlapping hybrid; and P=pallid sturgeon) . 

Number Classified into 
Group By DFA 

Sl-o 

CI Taxon Correct S OS H OP P 

Shovelnose 78.8 52 12 2 o o 

S-Overlap 60.0 1 6 3 o o 

Hybrid 34.5 0 7 10 12 o 

P-Overlap 52.9 0 0 8 9 o 

Pallid 90.0 0 0 0 10 90 

N by DFA 53 25 23 31 90 

56 

N by CI 

66 

10 

29 

17 

100 

222 



Table 11. Jackknifed DFA Reclassification of individuals 
identified using the mCr (mCr Taxon) (n=257) (S=shovelnose 
sturgeon; OS= shovelnose-overlapping hybrid; H=hybrid; OP= 
pallid-overlapping hybrid; and P=pallid sturgeon) . 

Number Classified into 
Group by DFA 

9-
0 

mCr Taxon Correct S OS H OP P N by cr 

Shovelnose 81. 5 22 5 0 0 0 27 

S-Overlap 94.1 2 48 1 0 0 51 

Hybrid 93.8 0 2 45 1 0 48 

P-Overlap 86.4 0 0 3 38 3 44 

Pallid 89.7 0 0 0 9 78 87 

N DFA 24 55 49 4.8 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, WTU wing dam tip 
upstream, WTD = wing tip downstream, WDB = between wing 
dams, lTD = downstream island tip. 
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Figure 1. Areas (black circles) where pallid sturgeon, 
shovelnose sturgeon, and their hybrids were collected to 
evaluate discriminative ability of the character index (Cl) 
and morphometric character index (mCl) 
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Figure 3. Character index (Cr) values for pallid sturgeon captured from the Middle 
Mississippi River. Diamonds represent sturgeon surgically-implanted with a sonic 
transmitter. Triangles represent presumed pallid sturgeon 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 (1983) and used in the development of the cr . 
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Figure 4. Tracking effort expressed as the frequency 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 associations in the 
middle Mississippi River from November 1995 through 
December 1999. MCL = main channel, MCB = main channel 
border, WDU = wing dam upstream, WOO = wing dam downstream, 
WTU = wing dam tip upstream, WTD = wing tip downstream, 
WDB = between wing dams, ITO = 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 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, lTD = downstream island tip. 
N =42. 
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Figure 7. Pallid sturgeon habitat associations 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, WOU = wing darn upstream, WOO = wing darn downstream, 
WTU = wing dam tip upstream, WTD = wing tip downstream, 
WOB = between wing dams, ITO = 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, WTU = wing 
dam tip upstream, WTD = wing tip downstream, WDB = between 
wing dams, lTD = 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 1995-1999. 
MCL = main channel, MCB = main channel border, WOU = wing 
dam upstream, WDD = wing dam downstream, WTU = wing dam tip 
upstream, WTO = wing tip downstream, WDB = between wing 
dams, lTD = downstream island tip. N = 29. 
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Figure 10. Pallid sturgeon habitat associations at surface 
water temperatures at or above 20° 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 = 62. 
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Figure 11. Habitat availability in the Middle Mississippi 
River expressed as a percentage. 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, 
lTD = downstream island tip. 
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Figure 12. Strauss's linear selectivity index (Li) 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, WTD = wing tip downstream, 
WDB = between wing dams, lTD = 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 (Li) values 
for each macrohabitat by temperature regimes (OC). 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=O. 05) . 
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Figure 14. Strauss's linear selectivity index (Li) 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, 
lTD 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 1999. 
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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 through September 30, 1998. Discharge values were 
obtained from the u.S. 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, collected from throughout the sympatric geographic 

\J) range. Symbols indicate the a priori identifications made 
by the character index (eI). 
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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, collected from throughout the sympatric geographic 
range. Symbols indicate the a priori identifications made 
by the morphometric character index (mel). 
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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 geographic range. Symbols indicate the 
region of specimen origin. 
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further refined, and ranges of values for the CI 
and mCI will most probably diminish. 
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Figure 6. Ranges of mel values 

Table 4. Ranges of mCI values 

Sturgeon Type mCI Range Mean mCI 

Pallid 

Hybrid 

Shovelnose 

-1.34 to 0.22 

-0.70 to 0.83 

0.41 to 0.97 

15 

-0.69 

0.03 

0.71 



parental species and the hybrids. . . 
Designation of a hybrid within the ov~rlap 
range must be made with caution since the 
fish used to calculate the CI and mCI 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 CI and mCI 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 Missis~ippi River 
(Sheehan et al. 1997) with CI and mCI values 
more negative than the ranges provided 
herein. As the specimen data bas~ increases, 
there will 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 shovel nose characteristics 
of a sturgeon. Generally speaking, the more 
positive the CI or mCI the more shovelnose­
like the sturgeon (Figures 5 and 6; Tables 3 
and 4). Conversely, the more negative the CI 
or mCI value the more pallid-like the sturgeon. 
Note that a zone of overlap exists between the 

i 
-2 
iii 
-1 0 1 

Character Index 

i 
2 

D Pallid Sturgeon } 
Ranges and means calculated 

D Shovelno~e Sturgeon from Carlson and Pfleiger (1981) 
_ Hybrids 

Figure 5. Ranges of CI values 

Table 3. Ranges of CI values. 

Sturgeon Type CI Range Mean CI 

Pallid -1.48 to -0.09 -0.86 

Hybrid -0.45 to 0.51 -0.02 

Shovelnose 0.37 to 1.33 0.82 
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CI = 6.11 + 0.00000235(DFC) -
0.177(AFC) - 0.703(08118)-. 
1.424(HLIIB) + 1.389(HLIMIB) + 
2.878(ILIIB) - 3.258(ILIMIB) 

(n=30, r2=O. 7898, p~O.0001) 

mCI = 2.655 - 0.844(081IB)-
0.749(HLIIB) + 1.292(HLIMIB) + 
1.874(ILIIB) - 3.776(ILIMIB) 

(n=30, r2=O.6980, p~O.0001) 

12 

I ntrod uction 

Pallid sturgeon (Scaphirhynchus a/bus) and 
shovel nose sturgeon (Scaphirhynchus 
p/atorynchus) are native to the Mississippi 
River. A number of studies (e.g., Carlson 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 shovel nose sturgeon are 
morphologically similar, 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. 
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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 indices 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 (CI) uses two meristics 
(dorsal and anal fin ray counts) and 5 
morphometric ratios. We developed the 
second index, the morphometric Character 
Index (mCI), because the pallid sturgeon is an 
endangered species, and it is sometimes 
difficult to count fin rays in live specimens. 
The mCI uses only the 5 morphometric ratios. 
We recommend use of the CI whenever \ 
possible. Accurate fin ray counts can be 
obtained from live specimens using our 
methods with practice, and the CI provides a 
stronger predictive equation. We have also 
developed a computer program, the Character 

2 

The CI and mCI, 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 Carlson 
and Pflieger (1981) for sturgeon taken from 
the Middle Mississippi River. These models 
were derived by assigning five morphometric 
ratios (OBII8, HLlIB, HL/MIB, ILIIB, ILIMIB) 
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 pallid sturgeon coded 
as· -1, hybrids as 0, and shovelnose as 1 
(Note: The taxon identifications were as 
determined in Carlson and Pflieger (1981 )). 
The CI and mCI 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 morphometries 
(Table 2). 

Table 2. Morphometric ratios. 

Ratio Abbreviation 

Outer Barbel/Inner Barbel OBIIB 

Head Length / Inner Barbel 
Length H Lli B 

Head Length / Mouth-T 0-

Inner-Barbel Distance HLIMIB 

Interrostrum Length / Inner 
Barbel ILlIB 
I nterrostrum Length / Mouth-
To-Inner-Barbel Distance ILIMIB 

10 

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

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

Figure 1. Morphometric measurements. 

4 

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. 
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Figure 3. Ray rudiments. 
Note the predorsal plate 
(light triangular region) to 
the right of the ray 
rudiments. 

edge of the fin (Figure 
3). The fully formed 
rays can be 
distinguished from 
surrounding tissue by 
their segmentation 
(Figure 4). It is 
necessary to use a 
pointed stylus, such as 
a pen, to keep track of 
position while counting. 
It is helpful to have an 
assistant hold the fish 
by its caudal peduncle 

while counting, especially if the specimen is 
large. If the fish's head is left in a tub of water 
it will generally remain calm during the 
counting process. It is very helpful to count 
with a light source (e.g., the sun or flashlight) 

. , positioned so 
<~ .. , 

Figure 4. Detail of fin showing 
segmentation of rays. 

8 

that the fin is 
backlit. Care 
should 
especially be 
taken at the 
anterior and 
posterior ends of 
the fin where 
rays can be very 

Table 1. Characters needed to 
calculate the CI and mCI 

Character Abbreviation 

Inner Barbel Lengths IB 

Outer Barbel Lengths OB 

Mouth-To-Inner 
Barbel Distance MIB 

Interrostrum Length IL 

Head Length HL 

Dorsal Fin Ray Count DFC* 

Anal Fin Ray Count AFC* 

* not used for the mCI 
Meristics and morphometric measurements 
(detailed individually below) are taken using 
methods similar to Bailey and Cross (1954) . 
Some measurements are simplified to ease 
data collection in the field. All Measurements 
are taken to the nearest millimeter using 
calipers. . 

Inner Barbel Lengths (IB): Inner barbels are 
measured from the anterior point of insertion 
to the tip. Each barbel should be flattened 
against the ventral surface of the rostrum 
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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 to 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 cartilaginous ridge anterior to 
the proboscis (mouth) to 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 to the anterior 
insertion of the right outer barbel. 

6 

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 to 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 to 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 count is 
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 

7 
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ABSTRACT 

Construction and invertebrate monitoring of experimental chevron dikes (Mississippi River Mile 

[MRM] 289.5) and bendway weirs (MRM 164 and 30) was part the Avoid and Minimize (A& M) 

Program to mitigate the possi.ble environmental impacts 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 bend way weirs (MRM 20), and 

riverward of I-wall rubble. 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 a continuum of samples along both axes rather 

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

season (Factor 1), and river mile (Factor 2). Rock, whether alone or associated with a training 

structure, increased habitat and invertebrate assemblage 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 

,j]) Mississippi River resulting from construction of the second lock at the Melvin Price Locks and Dam 

(USACE,1992). Through coordinated efforts of US ACE, U.S. Coast Guard, U.S. Fish and Wildlife 

Service, Illinois 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-1I. 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-bank revetment on islands. 

A-19. Monitor bendway weirs. 

B- 8. Study reduction oftow waiting 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 1). 

The SiD introduced the idea of chevron dikes to the River Regulatory Team in 1991, and built a 

prototype of three chevron dikes in a particularly troublesome 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 bank. 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 provide substrate for invertebrate 

colonization, and food and cover for fish. When dredging is needed, material would 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 weir concept consists of a series oflevel-crested submerged rock 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, 

1992). The weir field is submerged, adding stable bottom structure, creating complex flow patterns, 

reducing velocity and turbulence on the outside bends, and reducing channel degradation (USFWS, 

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 cobble sediments of the river bed, but are now confined mostly to wing dams, 

revetted banks, other channel-training structures (Sauer and Lubinski, 1999) and unionid beds 

(Beckett et 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 objective of this study was to determine ifbenthic invertebrate species richness increased due to 

the construction of river training structures in the upper Mississippi River . 

. , 
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METHODS 

Benthic invertebrates were collected from chevron dikes near Mississippi River mile (MRM) 289.5 in 

NovemberlDecember 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 MRM 

30 during August 1996 (Figure 1; Table D. 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 

downstr.eam 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 D. 

Field Methods 

Chevron dikes (MRM 289.5) 

Rock baskets were used to sample the epilithic community of chevron dikes. Artificial samplers have 

been criticized 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 et al., 1971; Hall, 1982; Ciborowski 

and Clifford, 1984). 

Baskets were constructed from one-half of a 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 llL bucket. 

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

ponar (0.05m2). Surrounding substrate samples 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 into a 1Ljar. 

AffiM 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 April 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 265.7, and three and one chevron dikes 

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

I-wall rubble (MRM 203) 

Rock baskets were used to sample the epilithic community :fnthe 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 

samplers in 1996 and 1997, and moderate colonization of all four samplers in 1998. Baskets were 

scooped out ofthe water with a standard sieve bucket to prevent animal loss. The baskets and 

animals retained in the sieve were placed into an llL bucket. 

A standard ponar (0.05m2) was used to sample the macroinvertebrate community in river substrate 

riverward of the I-wall rubble 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 invertebrates, debris, and substrate were rinsed 

into a 2L jar. 

Bendway weirs (MRM 164, MRM 30, MRM 20) 

Bendway weirs are completely submerged 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 

chevron 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 ~e approximately 680kg (1500lb), 0.9 x 0.9 x 0.3m concrete blocks with 

W 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 success 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 placed 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 colonization and within the 

area of a 0.0929m2 (lft2) 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. Weir rocks were collected with a clam shell dredge 

on a USACE SLD work barge powered by the USCACE MV Pathfinder. A scrape sample was 

collected from rock surfaces with the greatest macroinvertebrate colonization using a 0.15m (6in) 

diameter CO.018m2) sampling frame, 10% nitric acid spray to dislodge the animals fro~ the surface, 

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

In addition to sampling in the weir field, ten concrete buoy anchors were placed near MRM 164, in a 

bendway without w~irs, upstream of the weir field. The objective was to obtain 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 att:;tched with cable to red nun buoys, and deployed parallel to 

and approximately 61m (200ft) from the left descending bank. All ten buoy aQ.chors from the 

upstream bendway were retrieved after 27 days. Scrape samples were collected as previously 

described for weir rock scrapes (0.018m2). 

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 0.57m3 (0. 75yd3
) 

, " 
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of sand and gravel substrate from the river bottom. A subsample of substrate was collected with a 

petite ponar (0.024m2
). 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. 

Laboratory 

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, oligochaetes, 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 samples were reprocessed, including at least one 

per sorter and one per sampling method. If the total number of animals in the remnant sample or 

subs ample was less than 10% of the total number of animals sorted from the origin~ 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 splitter was used for all subsampling. Very large samples (>500 animals) were 

split before sorting. However, only samples relatively free of entangling debris (biasing the 

subs ample) were split, and all rare and large animals were removed (fish, anisopterans, 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 taxa, 

were compared between the two subsamples. Counts between fractions were within 20% and 

percent similarity (PSC=100-O.52: I ai-bi I) 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-IO 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 heptagenlld mayflies, 

were early instars and could only be accurately identified to family. Likewise, most tubificid 

oligochaetes could not be identified due to sexual immaturity. 

During 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 biologist. The reference collection was checked by a second biologist. 

Data analysis 

The primary sampling objective 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 

macroinvertebrate density area on the recovered rock surfaces. The rate of invertebrate 

colonization depends on numerous factors including invertebrate drift (Waters, 1964; Townsend and 
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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; Smock, 1996), density of 

nearby invertebrate communities (Hare, 1995), detritus accumulation (Rabeni and Minshall, 1977; 

Culp et aI., 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 et al., 1992), and buoy anchors are smoother than weir rock. 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 oftaxa), diversity (Shannon-Wiener index, H'), and relative abundance 

should be similar among methods, since colonization appears to be directly related to density and 

taxa in surrounding substrate (Hare, 1995), and these parameters were used to 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 successfully used in c~mparing 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 transient rather than truly a part of the invertebrate 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 influenced by training structure), position (within the weir or dike field, or in the 

11 



Mississippi River dikes April 2000 

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 community. 

A total of 238 taxa were collected in this study (Table II). The caddisflies, Hydropsyche orris (20%) 

and Potamyia fiaua (37%), were the dominant taxa. Chironomidae comprised 18% of the fauna, and 

Rheotanytarsus sp. (9%), Glyptotendipes 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 (Table 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 to plot 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 more toward the negative end of Factor 1 and substrate samples that contained gravel 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 

JJ This pattern is more obvious 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 (Figure 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) plotted toward the middle and lower portion 

of the graph. 

The caddis flies, P. {lava and H. orris, and the chironomid Rheotanytarsus sp. tended to be the 

dominant taxa in samples collected on the exterior rock of chevron dikes, with D. polymorpha 

abundance increasing over time (Table IV). Rock dwelling eaddisflies and chironomids were replaced 

by the enchytraeidBarbidrilus paucisetus and the chironomids Robackia sp. and Chernovskiia 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 chlronomids. However, Naididae and Tubificidae were more 

abundant on rocks and in substrate, respectively. Chlronomid 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 samples. 

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,d.f=146, P<O.Ol; t=-5.477, d.f=146, P<O.Ol; 

respectively). Fall samples had significantly greater species richness (t=2.975, d.f=146, P<O.Ol) and 

diversity (t=4.653, d.f=146, P<O.Ol) than samples collected in the summer. Rock baskets collected on 

both the interior and exterior face of dikes had significantly greater species richness (F=100.594, 

d.f=144, P<O.Ol) than ponar samples on dike interiors and ponar samples collected in 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 (F=15.375, d.f=144, 

P<O.Ol). Substrate also significantly affected richness, as species richness was significantly higher 

in rock baskets than in other substrates (F=75.246, d.f=143, P<O.Ol). Diversity was also affected by 

substrate. While diversity was similar in rock, sand/gravel, siltisand, and silt substrate, it was 

significantly lower in sand substrate (F=9.787, df=143, P<O.Ol). 

In contrast to the high variability in chevron dike samples, bendway weir samples at MRM 30 and 

substrate sart:lples 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 lower 

and a few taxa overwhelmingly dominated samples in both substrate CMRM 20) and weir rock 

samples (MRM 30). Barbidrilus paucisetus (89%) dominated substrate samples, and H. orris (67%) 

and P. (lava (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, d.f=271, P<O.Ol) and diversity at MRM 

20 and 30 was less than at all other sites except MRM 265.7 (F=25.587, d.f=271, P<O.Ol). As at MRM 

289.5, species richness and diversity were significantly less in substrate samples than in samples 

associated with the rock structure (t=6.666, df=36, P<O.Ol; t=2.418, d.f=36, P<0.05). 

Samples collected within and upstream ofthe weir field at MRM 164 formed one cluster (Figure 6). 

Hydropsyche orris and P. {lava dominated all samples within and upstream of the weir field. 

Rheotanytarsus sp. was also 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, d.f=31, 

P=0.266; t=-0.674, d.f=31, P=0.506; respectively). Three methods were used to collect samples within 

the weir (rock baskets, weir rock scrapes, buoy anchor scrapes) and samples were collected from buoy 
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anchors upstream of the weir field. Method did not appear to affect diversity (F=1.43, df=30, 

P=O.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 

, ri) rocks yielding similar richness. The lack of difference within and upstream of weir samples in 
"-.JlY 

taxonomic composition, richness, and diversity is probably due to both areas being sampled with the 

same method, buoy 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 peA (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 ~ected species composition, richness, 

and diversity. Hydropsyche orris and P. {lava dominated rock basket samples, as they did at other 

sites (Table VI). However, P. {lava 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<O.Ol, F=3.017, df=36, P<O.Ol, 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<O.Ol). Species richness was also affected by substrate (F=30.934, df=34, P<O.Ol), 

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 PC A 

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, 

. , 
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B. paucisetus dominated samples (Table VII). Macrostomidae were also abundant at :MRM 265.7 

and Nematoda were also 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 

homogenous sand in MRM 265.7 samples. Although dominant species were similar at both sites, 

this substrate difference appeared to affect both richness and diversity. Species diversity (t=3.936, 

df=18, P<O.Ol) and richness (t=2.169, df=18, P<0.05) were significantly different between :MRM 

250.2 and 265.7. Richness at both sites was similar to:MRM 164 and MRM 20 and 30, whereas, 

diversity 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 currently supports a variety of habitats (Theiling, 

1999), and biodiversity in rivers is attributable to heterogeneity 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 dams, closing dams, 

dredging, dredge disposal, and navigation dams, as well as, clearing of woody debris (Theiling, 1999). 

Upper river locks and dams 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 toward the thalweg and away from side channels and 

backwater areas by dikes, and floodplain erosion and subsequent dredging to maintain a navigable 

channel have resulted in loose 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, channel 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 Lubinski, 1999). High levels of disturbance tend to result 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 high >5cm deep within sand where disturbance tends to be less 

(Soluk, 1985), sand is typically dominated by a few interstitial and burrowing invertebrates adapted 

to this particular type of substrate (Soluk, 1985), resulting in low density and species richness. For 

example, B. paucisetus apparently burrows into the sand (Seagle and Wetzel, 1982), and Robackia 

sp. and Rheosmittia sp. use silk to maintain 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 et al., 1997), as well as, interspecific competition (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 and 

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), on 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. paucisetus, 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 pool (Sauer and 

Lubinski, 1999). Oligochaetes and chlronomids 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 the upper Mississippi River were dominated 

., 
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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. (Carlson, 1967; Anderson and Day, 1986). Soft substrates in Pool 26 ofthe upper Mississippi 

River had high densities of the oligochaete worm L. hoffmeisteri, and the mayfly Hexagenia bilineata 

(Anderson and Day, 1986). 

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 dynamic 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 deeper, 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 et al., 1996). 

Substrate outside the weir fields is primarily sand (ESE, 1982; Sauer, 1999). This was the case at 

MRM 164 and 20 in this study. Barbidrilus paucisetus was the dominant species at MRM 20 and 

oligochaetes and chironomids dominated 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 :MRM 289.5 (8.4,2.0, respectively), 250.2 (7.9, 2.3, respectively), and 203 (9.9, 

1.9, respectively) (F=9.09, d.f=121, P<0.01;F=11.806, d.f=121, P<0.01, respectively). This could be 

1:-. due tc the higher disturbance rate of substrate in the lower river, as highest taxa richness should 
I Ii i.1 
\jJJ 

occur in communities subject to intermediate disturbance (Townsend et 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, and 

increase richness and diversity, since minor substrate heterogeneity seems to increase species 

richness and diversity, particle size is important in determining species composition (Smock, 1996), 

and taxonomic composition varies with substrate (Bourassa and Morin, 1995 and references therein). 

Currently rip rap, articulated concrete, lock and dam structures, and buoys provide hard substrate 

previously supplied by gravel and unionids (Beckett et al., 1996). Indeed, samples collected on rock 

structures tended to plot near the positive portion of PC A F'actor 1 and were dominated by P. {lava 

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 be 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 structures (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 pools [Anderson and Day, 1986]; or articulated concrete mattress blocks [Way et al., 19951). 

Rock apparently does not need to be associated with river training structures to increase habitat 

heterogeneity and produce a different il:lvertebrate 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, d.f=272, P<0.01). Diversity in rock substrate 
: 'I', 'i) 
\J..y (2.1) was similar to heterogeneous substrates (siltisand,2.5; sand/gravel, 2.8) but significantly 

greater than diversity in sand substrate (1.7) (F=6.4, d.f=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 . 

. , 

19 



Mississippi River dikes April 2000 

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 H. orris and P. {lava. Additionally, 

richness and diversity did not differ significantly within and upstream of the weir field at :MRM 164 

(t=1.133, df=31, P=0.266; t=-0.674, df=31, P=0.506, respectively). 

Species composition, richness, ~d 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=l, 

P<O.Ol; F=4.328, df=l, P<0.05) (Table V). Thus, similar invertebrate assemblages were found in 

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 patterns (Way et al., 1995; Hart et 

al., 1996), and alters the rate and length of particle and invertebrate retention and drift in the 

surrounding area (Lancaster et al., 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 peA Factor 1 and were dominated by P. {lava 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<O.Ol; F=1l.806, df=121, P<O.Ol). River bottom fauna appears to 

be highly 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 ofI-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 surrounding substrate, 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 maintained between the 

dikes and in backwater areas, reducmg backwater sedimentation that typically results within 

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

Bendway weirs are·in a much harsher environment, but should provide refugia and habitat 

heterogeneity for invertebrates. Indeed more taxa were found and 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 the substrate. However, the weir fields were designed to 

modify ~d stabilize substrate across the channel and weir fields should reduce the frequency of 

substrate disturbance within the weir substrate, and frequency of disturbance could be the major 

cause oflow 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 appears to 

increase with only a slight increase in substrate heterogeneity, such as found in substrates around 

dikes (MRM 289.5), at MRM 250.2, and riverward ofthe 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 CMRM 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, 
Ii"" 

~) 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 mayor 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 only provide rock structure for 

colonization, but should provide variable current conditions within and around 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 out 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. 
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Table 1. Summary of samples collected in the upper Mississippi River for the A & M Program, 1994 to 
1998. 

MRM Structure Constructed Sampled Sample type Sample size 

289.5 Chevron dikes 1992 NovlDec-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 18 
Sept-95 Standard ponar 5 
AUg/Sept-96 Rock basket 20 
Sept-96 Standard ponar 3 

289.5 1\fone NA 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 
JunelJuy-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 6 
July/Aug-96 Rock basket 3 
Sept-96 Weir rock 15 

164 None NA Sep-96 Buoy anchor 9 

30 Bendway weirs 1991 Aug-96 Weir rock 27 

20 None NA Aug-96 Petite ponar 11 
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Table II. Relative abundance (%) of macro invertebrates collected at upper Mississippi River sample sites1
, 1994 to 1998. 

MUM 
Phylum Class 'Order Family Subfamily Species 20·30 164 203 250.2 

Cnidaria lIydrazoa lIydl'oida lIytiridlle lIyellll sp. 

Platyhelminthes 'l'urbellaria 0.23 0.01 0.09 

Macros tomida Mncrostomidne 0.21 4.16 
'l'ricJudida Dcndrocoelidae Procotyla {luuiatilis 

Plnlluriidae Guru foreman;; 0.01 
Dligesia tigri1lu 4.UO 0,47 6.30 

Nematoda 2.02 1.00 0.22 31.29 

Nemalomorpha 0.00 0.01 

Mollusca Gastropoda Lymnophila Lymnacidae Psel/{u,slIccillea sp. 

Physidae Physa sp. 0.01 

Physella sp. 

Plullorbjdae Itlenelu8 sUlllpsolli 0.06 

Bivalvia Vcneroida CorLiculidae Corbicula {llImillea 0.00 

Dreisscnidae Dreisselltl polymorpha 7.47 0.11 7.63 

Sphael'iid"c 0.02 

Musculiulll sp. 

Sphaer;um sp. 0.01 

Unionidae O.oI 
Amblcminne Megalonaius nervosa O.UO 
Anodontinae Pygallo(um gmlldis 0.00 

Lnmpsilinae Leptoeletl rrugilis 0.02 
Polamilus ohiens;s 0.00 

Annelida Aphanoneura Aelosomatidn Aeolusoillotidac 

Oligochaeta lJaplotuxida Enchytrneidae 0.00 

Barbidrillls pal/cisetlls 2.69 0.02 34.41 

Nllididae Amphic/wela leydigi 

Chaelogasler diuphalll/s 0.03 

Chaelogasler diasll'Op/lIls 

Del'Odigitala 0.00 0.08 

Def'O niveu U.05 
Noi. be/lllillgi 0.13 0.07 0.02 

Nois brelscheri 

N(l;s conwlllIl;s o.no 
N(J;s elillgllis 
Nni.pnrdnli. n.03 

Nais psel/dobtl/sn 

265.7 

38.61 

2.21 

52.09 

0.08 

289.5 

0.U9 

0.26 

0.20 

0.00 

4.76 

0.20 

0.29 

0.00 

U.UO 

0.01 

0.00 

10.30 
0.00 

0.00 

0.00 

0.00 

0.00 

0.84 

0.04 

0.01 

0.18 

0.00 

0.12 

O.oI 

O.UO 

0.00 
0.20 

U.OI 

Total 

0.U5 

0.19 

0.30 

0.00 

0.00 
4.73 

0.38 

0.19 

0.00 

O.Ul 

0.U1 

0.00 

0.00 

8.58 

0.01 

0.00 
0.01 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.80 

U.OO 

0.U3 

0.00 

0.13 

0.01 

0.09 

0.01 

0.00 
0.00 

0.13 

0.00 



Table II. (continued). 

Phylum Class Order Family Subramily 

Annelida Oligochaeta lIaplulaxida Naididae 

'l'ubificidae 

Species 

Nais simplex 
Nais variabilis 
Opilidollais serpelllilla 
Paranu;s (ric; 
Pigueliellallliciligallellsis 

Pristiuo aequiseta 
Pristinu brev;selu 
Prislinaleidyi 

Prisli'lellajellkinae 

Prislillella IOllgisollla 

Prislillella osborni 

Pdslillella sima 
Slavilla appelldiculala 

Stephellsouiana triuandrol1u 
Slylaria laclIslris 

immature lU J cap. setae 
immature wlo cap. selae 
Allioddlus limllobills 

AlIloddllls piglleli 
Bronchium sowerby; 
I/yodrillls lemplelolli 
I.illlllodri/us cervix 

Limlwd,.ilus claparediwills 
Lilllllodrillls Iw/fmeisleri 

Limiwdrilus mau",eensis 
Lilllllodrilus udehemiallus 

20·3U 

MUM 

161 2U3 25U.2 265.7 289.6 'I'oUiI 

0.04 0.02 
0.02 0.01 U.IO 0.07 

0.00 O.UO 

U.OO 0.00 
0.01 0.01 om 

0.00 0.00 
0.00 0.00 

0.00 0.02 om 
0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 0.00 
O.UO 0.39 0.01 0.11 

0.00 0.00 
0.11 0.01 0.03 

0.92 0.00 0.00 
0.27 1.39 0.16 0.18 

0.12 0.01 0.01 

0.U5 0.05 0.U5 
0.00 0.12 0.02 0.01 

0.00 0.00 

0.03 0.12 O.UO 0.01 
0.00 0.00 

0.07 0.69 0.02 0.03 
0.00 0.00 

O.OU 0.46 0.00 0.00 
._---._-------------.-------------------------------------------------------------------------.---.-------.---.--.-------.---.---.---.----------------_. 

Ar1hrollooa 

. . 

Brnnchiobtlellida 

IIirudinea 

Pharynsobdellida 
HhYllchobdellida 

Arachnoidea lIyornchnellae 

Insecta Collembola 

Brpobdellidae 
Glossiphoniitlnc 

Orib,,!.i 

Entomobryidne 
Isolumitlne 

Mooreobclella fervicla 

Alboglossiplwllia/Jeteroclita 
lIelobdella siagmalis 

Plucobdella omalu 
Placobdella palYlsilica 

Bemire,."," sp. 

0.00 

0.00 0.08 

0.00 

0.00 

0.01 

0.01 
0.00 
0.00 
0.00 

0.00 

0.02 

0.00 

o.on 
om 

0.00 

0.00 

0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

0.01 

0.00 

0.00 

0.00 
O.(JO 

(J.OI 



Table II, (continued), 

Phylum Class 

Arthropoda Insm.:t.'1 

Order 

EI)hcmcroptcra 

~'amily 

Amuletidnc 

BaelhJae 

Cacnitlac 

Ephemeridne 

lIeplageniidae 

Isollychiidae 

Polymit.arcyidne 

POlamanthidae 

'l'dcorytllidac 

Odonata (Anisoptera) Corduliidae 

Odanata (Zygoptera) 

Gomphidac 

Libellulidae 

Macromiidue 

Cucnagrlonidnc 

Subfamily Species 

Allle/elus sp. 

Baetis sp. 

L(Jbiobaelis sp. 

Amercacll;s sp. 

Brae/.yserus sp. 

Caellissp. 

lIexagellia sp. 

lIexagelli(J limbata 

Pelliagellia sp. 

lIeplagell;(J sp. 

Slenacroll Sp. 

Stellollemu sp. 

Stellollemu {emorotlllU 

Stellollema integrum 
StelJonemu modestum 

lsollychia sp. 

Ep/IOIlJII sp. 

Allt/lOpotamllS sp. 

1'ricoryllood .. sp. 

Neurocordulia SfJ. 

NelllUcordllli(J molesta 

Newvcordulia uirgill;ensis 

Ar;gomplolls sp. 

Vrofllogomphus sp. 

Gomphul'us crass liS 

Oomplolll'lls Ioybridlls 

Oomplollssp. 

Gomplws cOlJsollgllis 

Gomplws spicatlls 
Stylllrtfssp. 

Stylllrlls plagiatlls 

L(Jdolla sjJ. 

Macrom;u sp. 

Argia 51'. 

ElJoll(lgl1llJ sp. 

20·30 164 

0.00 

1.36 1.63 

0.23 

0.39 

0.10 0.06 

0.00 
0.00 

0.01 om 
0.04 
0.12 

0.05 

203 

0.00 

1.34 

0.06 

0.67 

0.01 

0.00 

0.00 
0.02 

0.01 

0.64 

1.58 

0.00 

0.01 

0.02 

0.00 

0.00 

0.01 

0.00 
0.01 

0.01 

0.09 

MRM 

250.2 265.7 

0.08 

2.42 

1.27 

0.12 

289.6 Tolal 

0.03 0.02 

0.00 
0.01 0.00 

0.11 0.69 
0.28 0.18 

0.02 
0.00 0.00 

1.97 1.44 

0.00 0.00 

0.01 om 
0.01 0.01 

0.02 0.Q1 

0.13 0.09 

0.00 
0.00 0.01 

0.00 om 
0.00 0.00 

0.46 0.43 
0.01 0.00 

1.64 1.44 

0.00 

0.00 0.00 
0.23 0.15 

0.00 0.00 

0.01 0.01 

0.00 

0.00 0.00 

0.01 0.00 

0.00 0.00 
0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 

0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.01 0.01 

0.14 0.11 
0.03 O.O:! 



Table II. (continued). 

Phylum Class 

Arthropoda Insecta 

Order 

Plecoptera 

Hemiptera 

Coleoptera 

Family 

Chlol'Operlidne 

Perlidae 

I'erlodidae 

Taenioplerygidae 

Corixidae 

Saldidae 

Cllrabidae 

Chrysomelidae 
Dryopidne 
Elmillae 

lIeleroeendae (larvae) 

lIydrophilidae 
Lnmpyntlne 
11enebrionidae (larvae) 

Subfamily Species 

lIaploperla brevis 

Acrolleur;a sp. 
Neoperla sp. 

Perlesta sp. 

Perlesta placida 

[soperla sp. 

Taeniopteryx sp. 

Trie/lOeorixa sp. 

DisOllyeila sp. 

IIelie/llls basalis 

Stelle/Illis sp. 
Dllbimpilia sp. 

BeroslIssp. 

20·30 164 

0.00 

0.01 

0.01 

MUM 
203 250.2 265.7 

0.00 

0.12 

0.00 

0.03 

289.5 

0.10 
0.00 
0.03 

0.00 
0.00 

0.03 

0.02 
0.02 

0.21 

0.08 

0.07 
0.00 

0.00 

0.00 
0.00 
0.04 
0.00 
0.00 

0.00 

0.00 
0.00 

Total 

0.06 
0.00 
0.02 

0.00 
0.00 

0.02 
0.00 

0.01 

O.oI 
0.13 

0.06 

0.00 
0.05 
0.00 

0.00 

'0.00 
0.00 
0.03 
0.00 

0.00 
0.00 

0.00 
0.00 

------~-----------------------------------------------~----------------------------------------------------- ---._-----------._-----_. 

Megaluplera Corydnlidae Coryc/aills sp. 0.01 0.00 

Iliptern (pupn) 0.05 2.31 0.41 0.27 
Ccratopogonidne 0.12 0.01 0.Q1 

Bezzia sp. 0.46 0.04 0.03 
Caticoides sp. 0.00 0.00 
Nilobezzia sp. 0.00 0.00 

Probezzia sp. 0.46 0.23 0.01 0,01 

Sphaeromias sp. 0.00 0.00 

Chaobondae Chaoborus sp. 0.00 0.00 

Chironomidae 0.01 0.01 0.32 0.12 0.53 1.69 1.14 
Chironominao 0.01 0.00 0.00 

Axarussp. 0.12 0.01 0.00 
Chemovskiiasp. 0.26 2.08 1.07 0.26 0.24 
Chironomini 0.01 0.00 
CllirollolUlIS sP. 0.01 0.20 0.13 



6 ~-' b 

Table II. (continued). 

MHM 
Phylum Clnss Order Fllmily Subfomily Species 20-30 161 203 250.2 265.7 289.5 Total 

Arthropoda Insecta Diptera Chironomidac Chironominne Gladolanylar,,,, 'p. 0.13 0.08 
Gryplochironolllu, ,p. 0.01 0.05 1.73 0.03 0.04 
Dierolendipes sp. O.UO 0.0,1 0.12 0.22 0.15 

Glyplolendipes sp. 0.U2 0.10 4.32 2,73 
Hartlisehia sp. 0.01 0.00 0.00 

Upiniel/a sp. 0.10 0.06 
lrlicropsectru sp. 0.00 0.00 

Parachironolllus sp. 0.00 0.13 0.08 

Paraciadopelllla sp, 0.00 0.00 

Paralaulerbortliell" sp. 0.00 0.00 

Paralanylaf'SlIs Sp. 0.00 0.00 

Paralendipes sp. 0.02 0.01 2.19 0.69 0.09 0.07 
Polypedilulll sp. 0.12 0.04 0.02 
PoiypecUllI1II CO/ll1ictum 2.97 6.02 1.87 1.81 2.22 
PolypedilulII {allux gmllp 0.00 0.00 

Polypedi/alll illinoense 0.05 0.05 0.06 0.05 
Polypedi/alll sealaelwlIl 0.02 0.29 0.09 0.13 
Rheolanylarsus sp. 0.82 3.48 2.45 0.08 13.56 9.45 
Robackia sp. 0.07 0.01 0.00 0.35 2.36 0.22 0.15 
Saelheria sp. 0.02 0.01 
Sl;doc"irollomus SJ1. 0.00 0.00 
Tauylarslls Sp. 0.01 0.00 0.12 0.08 

Ol'thuclndiinae 0.04 0.00 0.30 0.00 0.01 

Corylloneura sp. 0.01 0.01 
Gricolopus sp. 0,12 0.00 0.00 

Crieolopus bicinelus gmup 0.14 0.09 

Cricolopus sylveslris gmup 0.14 0.09 

Cricolopus lre",ulus group 0.01 0.01 
Eukiefferiella claripellllis Croup 0.00 0.00 
lIydmbaellUs 'p. 0.01 0.00 
Lopescladius sp. 0.02 0.01 
Nal/ocladius sp. 0.02 0.03 0.34 0.21 0.22 
Pamkie{{eriella sp. 6.00 1.07 0.00 0.02 

Procladius sp, 0.00 0.00 

Pseudoslllilli" sp. 0.00 0.00 

Rileosmillia sp. 0.07 0.35 0.08 0.00 0.01 

Thienem(wl/iella sp. 0.01 0.01 0.01 

Tonypodinac 0.01 0.00 

AbiabesIllY;" sp. 0.55 0.12 0.08 0.20 

Coelol(wyplIs sp, 0.12 0,01 0.01 

Gorynoneum sp. 0.00 0.00 

Labf'lllldinia sp, 0.01 0.00 
Lars;a sp, 0.00 0.00 

Paramer;lIu sp. 0.00 0.00 
7'hiellcm(JIlllimyiu SjJ. group 0.16 0.07 1.27 0.67 0.76 

--------------------------------------.----.-------------------------.,-------------------------------------------_. 



Table II, (continued), 

Phylum Class Order 

Arthropoda Insecta Diplora 

Trichoptera 

CrustAcea Allll,ilipo{la 

IsoJlodn 

DccapOlla 

Family 

EDlpididae 

Simulidnc 

1'anydcridne 

Tipulidne 

llydropsychidae 

llydroptilidnc 

Leptoccridnc 

Il)Iilopotamidne 

Polycentropodidae 

Cl'flIlgOllycti(lac 

GUlnmalidae 

Tllltriduc 

Ascllida. 

Camhnridac 

Subfamily Species 

lIemerodmmia sp. 

Simulium sp. 

1'allyderidae 

(pupa) 

Cllellma/ops),che sp. 

Ilydrops),ehe sp. 

Ilydropsyehe bidens 
llydropsyehe orris 

llyelropsyehe simu/ans 

Potamyia /lava 

Ilydroptila sp. 

Mayo/riehia sp. 
Neo/riehia sp. 

Nee/opsyche sp. 

Oeee/is sp. 

Triaelloeles sp. 
Dolophilieles sp. 

Cymellus {ratemus 

Neureclipsis sp. 
Po/yeell t/"O}JlIS sp. 

Galll/1I0rrlS [asc;u/rls 

GUllJlIJorlls /acustris 

Gomluarus IlI;nUS 

Gummarus /rog/ophi/us 

Ilyn/el/a azteca 

Asel/lls ill/erllledills 

Cuecielotea sp. 

Lircetls (oll/illalis 

Ol'colIC!ctes III teus 

OrcolJecles tlirilis 

20-30 

0.01 

0.51 
0.07 

0.04 

64.66 

0.02 
10.86 

1.19 

om 

164 

0.03 

1.42 

33.41 

0.04 
61.36 

0.00 

0.00 

203 

0.00 

3.94 

0.00 

0.03 

om 
29.11 

0.10 
37.55 
0.00 

0.04 

0.14 

0.00 
1.21 
0.04 

0.00 

0.00 
0.01 
0.00 

MUM 
250.2 265.7 

1.15 0.38 

1.27 0.08 
0.12 

289.5 

0.14 

0.22 

0.01 

0.00 

0.26 

0.08 

0.33 

0.00 

13.14 

0.11 
35.68 

0.13 
0.56 

0.31 
0.03 

0.00 
0.01 
0.00 
0.16 

0.01 
0.05 

0.01 
0.01 

0.00 
0.00 

0.00. 
0.00 

0.00 

0.00 

0.03 

0.00 
(J.OI 

0.00 

Toml 

0.09 

0.14 

om 

0.00 

0.00 

1.33 

0.05 

0.22 

0.00 

0.00 
20.02 

0.10 
36.95 

0.08 
0.34 
0.01 
0.02 

0.23 
0.02 

0.00 
0.01 

0.00 
0.41 

0.02 
0.03 

0.01 
0.00 
0.00 

0.00 

0.00 
0.00 

0.00 

0.00 
0.02 

0.00 

0.00 
0.01 
0.00 



Table II. (continued). 

MRM 
Phylum Clnss Order Family SuLramily Species 20-30 164 203 250.2 265.7 289.5 Total 

'fotal 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
0 0 0 0 0 0 0 

No. taxa «otall 38 40 104 34 17 203 238 

No. taxa hnenn±2SE) 6.3±1.3 8.9±1.4 20.0±3.4 7.9±2.0 5.0±1.7 16.5±1.8 

SW Index (I"tall 2.04 1.84 2.85 2.95 1.62 3.46 3.33 
-SW Index (mcan±2SE) 0.95.0.19 1.59.0.21 2.23.0.19 2.26.0.43 1.18.0.39 2.4.0.14 

No. samples 38 33 38 10 10 148 

'Sites correspond to Figure 1-1 



Table III. Pearson correlation matrix of peA factor scores and sample attributes. 

Factor 1 

Factor 1 1.000 

Factor 2 <0.001 

Substrate 0.779 

Structure 0.697 

Position -0.347 

Season 0.270 

River mile -0.155 

Significant correlations «0.001) are bolded 

Factor 2 

1.000 

-0.124 

0.142 

0.113 

0.128 

0.603 



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

Date Nov.lDec. 1994 

Structure lliule Chevron dikes 

Substrate' SdlStJClIminor Gr Rock SdlSt 

Sample location River substrate Interior rock Int. substrate 

Sample type Ponar Rock basket Ponar 

Sample size (n) 17 4 3 

Taxonomic ri~hness (total) 31 60 22 

Taxonomic richness (mean±2SE) 7.3±1.5 28.3±10.2 11.3±4.1 

Diversity (SW-total) 2.57 4.34 3.24 

Diversity (SW-mean±2SE) 1.94±0.29 3.31±0.73 2.50±0.30 

Dominant taxa (%) B. pauci$tlu. (43) NO;3 var;abili. (14) Tubilicidae (50) 

MSlTOstomldae (16) [hrodigitata (4) Dao digilata (8) 

Dugesio tiglillo (JG) Clado/allylar,u, (13) 

ClltrllOvs1tiia 'p. (15) 

Robackia 'p. ( 111 

Date SeptJOct. 1995 

Structure Nwle Chevron dikes 

Substrate' Sdlminor Gr Rock Gr/S(IISt 

Sample loca tion Hiver substrote Interior rock Int. substrate 

Sample type Ponar Rock basket Ponar 

Sample size (n) 10 5 5 

Taxonomic richness (total) 18 43 31 

Taxonomic richness (mean±2SE) 5.6±2.2 22.8±3.1 13.0±4.1 

Diversity (SW-total) 1.38 3.09 3.63 

Diversity (SW-mean±2SE) 1.49±O.45 2.83±0.55 3.04±OA6 

Dominant taxa (%) B. paucisclus (BO) Duges;a tigrina (2B) TubifichJne (20) 

Gb'ptotelldipe. sp. (28) PolypedilulII sp. (25) 

Dicmlelldipe, sp. (17) C/czdotOIl}'tUI"SflS sp. (10) 

lGr=gravel, Sd=sand, St=silt, CI=c1ay, Det=detritus 

Rock 

Exterior rock 

Rock basket 

16 

93 

28.1±4.6 

4.32 

3.50±0.21 
R/lealOllylal"u, ,po (5) 

lIydroptlla ,po (15) 

/soper/tJ sp. (12) 

Polant)'ia {lava (10) 

Rock 

Exterior rock 

Rock basket 

13 

59 

23.7±4.9 

2.26 

2.66±O.50 
Pololllyia /lam (50) 

Jlydropsycllt orr;, (27) 

nt.eotallytarius sp. (10) 

May/June 1995 

lliule Chevron dikes 

Sdlminor Gr Rock SdlStJClJDet 

River substrate Interior rock Int. substrate 

Ponar Rock basket Ponar 

10 3 5 

19 53 20 

6.2±1.8 29.7±8.2 7.4±2.1 

2.17 2.50 3.60 

1.09±0.48 2.57±0.63 2.24±OAO 
Nematoda (4til Caell;. sp. (61) Tubificidae (21) 

B. paUcisetUB (28) Dugnia ligrillo (11) B. pauciselU8 (19) 

Porate1uliptB 'p. (11) Nematoda (17) 

AugJSept. 1996 

Sdlminor Gr Rock 

River substrate Interior rock 

Ponar Rock basket 

20 6 

42 62 

9.4±2.2 26.0±5.8 

3.47 1.94 

2.20±O.36 1.85±0.30 
Clltrnouskiia sp. (23) Glyplotelldipes 'p. (64) 

Roback/a sp. (22) Dugcsia ligl'ina (21) 

D. poiymorplla (17) 

Chevron dikes 

SdlStJDet 

Int. substrate 
Ponor 

10 

37 

11.4±2.6 

3.07 

2.34±0.26 
C/zil"01l0mUB sp. (3U 

Lip;lliella sp. (29) 

Rock 

Exterior rock 

Rock basket 

7 

54 

21.1±7.7 

2.08 

1.84±0.70 
PotUIII)'ia flam 163l 

IIJdropl~"e orr;, (12) 

Exterior rock 

Rock basket 

14 

88 

28.0±2.1 

3.07 

2.59±0.17 
Polam)'ia /lalla (27) 

Rlltotall}'tarsu. 'p. (22) 

D. polymorplm (19) 

Ilydrops)'che orris (12) 



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

Date Aug. 1996 AuglSept-96 

Structure Nllrul Bendway weir Nllrul Bendway weirs 

Substrate Sand Rock Rock/sand Rock Rock Rock 

Sample location Bend w/o weirs On weirs Bend w/o weirs On weirs On weirs On weirs 

MRM 20 30 164 164 164 164 

Sample type Clam shelVponar Weir rock Buoy anchor Rock basket Buoy anchor Weir rock 

Sample size (n) 11 27 9 3 6 15 

Taxonomic richness (total) 7 34 22 25 22 22 

Taxonomic richness (mean±2SE) 1.5±O.7 8.3±1.2 7.7±2.2 15.0±5.0 9.8±2.9 8.1±1.8 

Diversity (SW -total) 0.68 1.88 2.15 1.49 1.88 2.18 

Diversity (SW-mean±2SE) 0.59±0.40 1.09±O.19 1.70±0.24 1.09±O.52 1.40±O.31 1.70±0.39 

Dominant taxa (%) Barbidl ilUB paucistlus (89) lIydrol1syclJe or,.;s (67) Polulllyia (1ol0 (38) PoIofllyia /lava (63) llydropsyclle orris (44) lIydropsyclle orris (60) 

Potalll),;n flat," (11) RlU!otollytu'"fu, .p. (26) Il)'dlops),clle orris (27) Potolllyia {lellJo (39) Polmnyia {looo (26) 

J/)'dropB)'che orr;, (26) 



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

Date 

Structure 

Substrate' 

Sample location 

Sample type 

Sample size (n) 

Taxonomic richness (total) 

Taxonomic richness (mean±2SE) 

Diversity (SW-total) 

Diversity (SW·mean±2SE) 

Dominant taxa (%) 

July/Aug. 1996 

I-wall rubble 

Rock 

On rubble 

Hock basket 

10 

57 

26.4±2.5 

2.49 

2.41±0.24 

Potalllyia {lam (40) 

'Gr=gravel, Sd=sand, St=silt, Cl=clay, Det=detritus 

June/July. 1997 

I-wall rubble 

Rock 

On rubble 

Rock basket 

8 

62 

31.3±3.9 

2.86 

2.71±0.26 

Potwllyin/1(/I!oI31> 

D,.eissena poiYllIorplm l171 

lJugcsia ligrillu (13) 

June/July 1998 

I-wall rubble 

Rock 

On rubble 

Rock basket 

4 

43 

21.8±7.9 

1.61 

1.88±0.53 

Po/amyla /lava (781 

July 1997 

None 

Gr/Sd/SUzebs 

Riverward of rubble 

Ponar 

4 

34 

16.5±4.5 

2.65 

2.50±0.47 

PololJlyia {lOIXJ (60) 

Vre;sscllo polymorpllQ (19) 

July 1998 

None 

Sd/Cl 

Riverward of rubble 

Ponar 

12 

31 

7.7±1.5 

2.55 

1.75±0.28 

Chel'llOt1sJria 8p. 139) 

MpLTI)stomidne (31) 



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

Ds.te 

Structure 

Substrate 

Sample location (MRM) 

Sample type 

Sample size (n) 

Taxonomic richness (total) 

Taxonomic richness (mean±2SE) 

Diversity (SW-total) 

Diversity (SW-mean±2SE) 

Dominant taxa (%) 

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

Apr-96 

None 

ScI/GrIStlCI 

250.2 

Ponar 

10 

34 

7.9±2.0 

2.95 

2.26±0.43 

Barbidrilus paucisetus (34) 

Nematoda (31) 

. Apr-9G 

None 

Sand 

265.7 

Ponar 

10 

17 

5.0±1.7 

1.62 

1.07±0.42 

BarbidriZus paucisetus (52) 

Macrostomidae (39) 



Figure 1. Macroinvertebrate sites within the upper Mississippi River, 1994 to 1998. 

:lJ Figure 2. Approximate location of chevron dikes, Mississippi River mile 289.5. 

Figure 3. PCA plot of macro invertebrate samples, MRM 20 to 289.5. 

Figure 4. PCAplotofmacroinvertebrate samples from MRM 289.5,1994 to 1996. 

Figure 5. PCA plot of macro invertebrate samples from MRM 20 and 30,1996. 

Figure 6. PCA plot of macroinvertebrate samples from MRM 164, 1996. 

Figure 7. PCA plot of macroinvertebrate samples from MRM 203, 1996 to 1998. 

Figure 8. 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 
ohiensis) 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 
Mississippi River. This represents approximately 73% of the 33 
native species known to occur in the Upper Mississippi River 
reported by Hornbach et al. (1992). 

INTRODUCTION 

The Middle Mississippi River is the reach of the Mississippi 
River between its'confluence with the Ohio River (River Mile 0) 
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 1976). With the 
exception of mussel collections made at three sites by Oesch 
(1984), the Middle Mississippi River has been poorly studied. 
Perry (1979) 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 (1979, Table 
20), which calls into the question the remainder of 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 poor 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. Collecting in this heavily silted 
lower portion of the Mississippi lS usually possible only in 
sloughs along shore." 

MATERIALS AND METHODS 

Field collections were made during the period December 19, 
1988, through April 7 ,1989. The majority of collections were made 
on January 11 and 19, 1989, when collectors were ferried to 
sidechannel, backwater, and borrow pit sites along the Middle 
Mississippi River by helicopter. The collection 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 in 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 unique opportunity to 
make surface collections of recently 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 taxonomic 
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 collection site 
description: river mile, right or left bank, name of the side 
channel or chute, general location information, county, state, and 
collection date. Site locations are referenced by river miles, as 
this is the standard unit of measure used by the U.S. A~my 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 ,0 

S Hartford, IL. St. Louis Co., MO. 1/11/89. 

Site 2. 
City, IL. 

River Mile 185.0-188.5 L; Mosenthein Chute, at Granite 
Madison Co., IL. 1/11/89. 

Site 3. River Mile 166.4-168.8 L; Jefferson Barracks Chute, 
opposite South St. Louis, MO. Monroe County, IL. 3/24/89. 

Site 4. River Mile 144.6-146.5 Li Osborne Chute, 3 mi S Crystal 
City, MO. Monroe Co., IL. 12/19/88. 

Site 5. River Mile 139.5-140.5 L; Durfee Bar backwater/slough. 
Monroe 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. 1/5/89. 

Site 7. River Mile 130.0-132.3 R; Establishment Chute, 3 ml SSW 
Prairie Du Rocher, IL St. Genevieve Co., MO. 1/11/89. 

Site 8. River Mile 120.0-122.3 L; Moro Chute, 2 miles S St. 
Genevieve, MO. Randolph Co., IL. 1/11/89. 

Site 9. 
Island. 

River Mile 110.5-116.5 R; Old channel around Kaskaskia 
Randolph Co., IL. 1/11/89 

Site 10. River Mile 116.4-118.5 R; Kaskaskia Chute; Randolph Co., 
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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, Illinois, 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, 
IL. Randolph Co. IL. 1/11/89. 

Site 15. 
1/19/89. 

River Mile 95.1-98.3 R; Jones Chute. Perry· Co., MO. 

Site 16. River Mile 76.4-78.8 L; Tower Island Chute, 1.5 mi S 
Grand Tower, IL. Perry Co., MO. 1/19/89. 

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 / 89 . 

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, l10E Levee 
Road and 900N 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 species 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). The species was 
widespread, 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 qrandis, 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, Potarnilus 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 ohiensis) 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. 
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DISCUSSION 

Oesch (1984) reported six species, Ellipsaria lineolata, 
Lampsilis cardium [ventricosa per Oesch1, Megalonaias nervosa, 
Obliquaria reflexa, Quadrula pustulosa, and Truncilla donaciformis, 
from the Middle Missis·sippi River that were not collected during 
this survey. Al though Lampsilis cardium appears on Oesch's 
distribution map (page 222), the species was not on his field notes 
and apparently was in error (Oesch, personal communication). Perry 
(1979) also reported both Truncilla donaciformis and Megalonaia 
nervosa from the Middle Mississippi River. with the addition of 
the five additional species collected by Oesch (1984), 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 Hornbach et al. 
(1992). Hornback et al. (1992) did not collect either Potamilus 
purpuratus which is a southern species rarely found above the 
confluence of the Mississippi and Ohio rivers (Cummings and Mayer 
1992) or Uniomerus tetralasmus which most frequently inhabits 
ponds, sloughs, lakes, and quiet stretches of rivers where it is 
generally uncommon and only very locally does it become numerous 
(Parmalee 1967) . 

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 159, 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 question the 
reliability of Perry's data summary for the remainder of the Middle 
Mississippi River. 

Eight species, Anadonta grandis, Anodonta irnbecillis, Anodonta 
suborbiculata, Quadrula metanevra, Quadrula nodulata, Toxolasma 
parvus, Truncilla truncata, and Uniomerus tetralasmus, collected 
during this survey were not previously reported by Oesch (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 Oesch's collections were 
made in lotic habitat along the main channel border (Oesch, 
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 floodplain lakes, sloughs, 
and oxbows (Parmalee 1967, Oesch 1984, and Cummings and Mayer 
1992) . 
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The flat floater, Anodonta suborbiculata, was the fourth most 
abundant species collected during our survey. Oesch (1984) 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 
observed large numbers of 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. 
Oesch's (1984) data sheets contain a record of an oyster shell 
collected at Brickeys, River Mile 135.9 in St. Genevieve Co., MO 
(Site 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 
(Fusconaia 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 water 
with current(Parmalee 1967, Oesch 1984). The remaining fourteen 
species are common wide-spread species that are either habitat 
generalists or show a preference for sluggish water found in 
floodplain lakes, sloughs, and oxbows (Parmalee 1967, Oesch 1984, 
and Cummings and Mayer 1992). The mussel fauna reflects the 
modified 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 pools behind closing structures. 
This presented ideal conditions to collect 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 van der 
Schalie (1950) indicated that Mississippi 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 
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is usually possible only in sloughs along shore. 11 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 outcrops with crevices that 
supported mussel populations. 

The four borrow pit lakes surveyed supported 12 species of 
native unionids. Natural, 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 Mississippi 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. 1989; 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 8 9 10 11 12 13 
------------------------------------------------------ ------------------------------------~--

Amblema plicata 11 

Anadonta grandis 1 46 4 2 6 1 17 9 137 184 

Anodonta imbecillis 2 10 1 2 1 5 7 

Anodonta suborbiculata 1 1 1 1 

Arcidens confragosus 1 1 4 

Fusconaia ebena 8 

Lampsilis teres 6 

Lasmigona complanta 1 3 2 4 2 

Leptodea fragilis 13 2 35 9] 8 13 1 141 9 4 205 

Obovaria olivaria 1 3 

Potamilus alatus 1 1 3 2 18 

Potamilus ohiensis 30 3 14 25 86 10 26 19 23 19 23 

Potamilus purpurata 1 

Quadrula metanevra 1 

Quadrula nodulata 1 

Quadrula quadrula 1 1 1 1 1 1 
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Toxolasrna parvus 22 1 

Truncilla truncata 

Uniornerus tetralasrnus 

EXOTICS 

Corbicula flurninea 19 273 90 19 25 11 53 23 2 23 2 252 

Rangia cuneata 61 

# Species 6 4 7 6 5 6 4 3 5 9 9 4 13 
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Table 1 (Continued) . 
---------------------------------------------------------------------------------------------
Species Collection Sites 

14 15 16 17 18 19 20 21 22 23 24 Total 
---------------------------------------------------------------------------------------------
Amblema plicata 1 5 17 

Anadonta grandis 1 57 63 30 16 2 39 29 644 

Anodonta imbecillis 28 

Anodonta suborbiculata 1 1 1 1 7 21 36 

Arcidens confragosus 1 7 

Fusconaia ebena 8 

Lampsilis teres 1 1 8 

Lasmigona complanta 3 3 16 34 

Leptodea fragilis 27 54 8 6 1 49 46 715 

Obovaria olivaria 7 11 

Potamilus alatus 1 2 3 2 33 

Potamilus ohiensis 16 124 2 20 3 20 13 476 

Potamilus purpurata 1 

Quadrula metanevra 1 

Quadrula nodulata 1 

Quadrula quadrula 2 3 3 14 
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Toxolasma parvus 3 1 1 28 

Truncilla truncata 2 2 

Uniomerus tetralasmus 0 

EXOTICS 

Corbicula fluminea 31 190 14 31 39 1 6 1 L 105 

Rangia cuneata 1 62 

# Species 6 9 6 7 4 11 5 1 1 3 4 
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Table 2 . Mussel species collected from borrow pit lakes along the 
Middle Mississippi River. 

------------------------------------------------------------------
Species Collection Sites 

25 26 27 28 Total 

() ------------------------------------------------------------------
i 1 Anadonta grandis 52 143 10 53 258 

Anodonta imbecillis 4 4 

Anodonta suborbiculata 57 1 58 

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 parvus 4 4 

Uniomerus tetralasmus 9 9 

EXOTICS 

Corbicula fluminea 13 5 18 

# Species 3 10 8 3 
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Status Report - Bolters Bar Micro Model Study 
U. S. Army Corps of Engineers, St. Louis District . 



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 in 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 $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 rep€titive. 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: 

• A 1200 foot 10ngitudinalldeflectQr dike near river mile 226.2R* 
• Four chevron structures; each with a length of270 feet and a width of200 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 
• 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 is shown in the 
base test. It also showed that a better alignment is achieved for downbound navigation 
approaching the head of Iowa 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 Iowa 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. ill 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 ]Jid 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 evaluated. 

The final Micro Model Technical Report detailing the study is currently underway. 

Dave Gordon 
Hydraulic Engineer 
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Trip Reports 
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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 1/8th 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 included the following: 601 Channel Catfish (Ietalurus 
punctatus), 182 Speckled Chub (Macrohybopsis aestivalis), 79 Blue Catfish (Ietalurus 
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 1 and 2. Bathymetry of the area appeared to be fairly shallow until 
nearing the main channel markers on the lower part of the sandbar, however near transect 
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 in the attached figure. 

On September 22nd and 23rd the area was surveyed by the M.V. Boyer. Bathymetry, 
velocity, substrate, and hydroacoustic fisheries information was collected at that time. 

Eric Laux 
Fisheries 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 1/8th 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 22nd and 23rd 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 channel of the Ste. Genevieve Bend of the 

Mississippi River to determine what fish might be present in this area before channel 

modification using hendway weirs and to evaluate the potential of using bottom trawling in the 

unimpounded reach of the river. B rue catfish and shovelnose sturgeon dominated the trawl. 

catch. One sickle fin chub, a species of special concern in this part of the Mississippi River, also 

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. 
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Introduction 

At the request of the U.S. Army Corps of Engineers (USACE) and the U.S. Fish and 

Wildlife Service, the Illinois Natural History Survey (INHS) was invited to evaluate the fish 

community near the Ste. Genevieve Bend of the Mississippi River (River Miles 118-120) before 

construction of bend way 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 channel fish community. 

Methods 

We used a rockhopper trawl to sample for fish in the main channel and main channel 

borders of the Ste. Genevieve Bend of the Mississippi River (River Miles 118-120 above its 

confluence with the Ohio River). The trawl dimensions included a footrope length of 10.2 m and 

a headrope length of8.0 m. Mesh of the trawl mouth arid cod end consisted of#21 nylon twine 

with a bar-measure mesh size of2.54 cm. The length of the cod end was approximately 2.4 m, 

and the total length from the wings 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 

appropriate (e.g., low wind and waves), and then released. Each run lasted 20 minutes unless 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 mis, with a reading near the 
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outside bend of 1. 75 mls. Outside the navigation channel on the inside bend, flow rates were 

about 1.35 mls. 

We attempted to use a 3.6-m frame midwater trawl to sample any pelagic fishes present 

in the water column. However, this net was ineffective in preliminary sampling on August I I 

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 trawl from fishing without twisting and 

tangling. 

We collected 35 fish of six species during 8 rockhopper trawl runs at the Ste. Genevieve 

Bend during 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 Ietalums 

punctatus, blue catfish Ietalums Jurcatus, mooneye Hiodon tergisus, and shovelnose sturgeon 

Scaphirhynchus platorynchus. Blue catfish (14) and shovelnose sturgeon (16) comprised over 

85% of the total catch. Both blue catfish and shovelnosesturgeon 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 concern other than sicklefin chub. 
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Discussion 

The vessel and gear worked acceptably in parts of the open river. We do not 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 pooled 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 complete 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 navigation 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 habitat for both shovelnose and 

pallid 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 channel, we believe that the inside bend 

channel border could be a major source of habitat for both juveniles and adults of these two 
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speCIes. It also could be an important habitat for other fish species, but our sampling 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 composition. 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 mls and 

preferably less than 1.0 mls. Under no circumstance should this equipment be used when surface 

cu.rrent velocities exceed 1.4 mls because 1) the trawl win be ineffective and 2) the strong risk of 

gear loss and/or loss 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 all fish of each species collected at the Ste. Genevieve Bend during August 12-13, 1997. 

Species Scientific name Length (mm) Weight (g) 

Blue catfish Ictalurus furcatus 42 2 

53 NA 

58 NA 

68 4 

72 NA 

72 4 

80 5 

88 8 

90 5 

96 7 

166 38 

167 36 

230 101 

427 667 

Channel catfish Ictalurus punctatus 437 662 

Common carp Cyprinus carpio 360 615 

552 NA 

Mooneye Hiodon tergisus 107 7 

Sicklefin chub Macrhybopsis meeki 92 7 

Shovelnose sturgeon Scaphirhynchus platorhynchus 110 5 

195 26 
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Species Scientific name Length (mm) Weight (g) 

Table 1, Continued 

Shovelnose sturgeon 446 304 

447 273 

457 273 

482 394 

484 370 

502 430 

529 526 

532 645 

546 609 

578 671 

591 985 

622 990 

637 1016 

674 1290 
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