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I.  INTRODUCTION 
 

 During 1988, an extremely low-water year, it was realized that there were a 

number of rock pinnacles and rock shelves that were a potential hazard to commercial 

navigation traffic on the Middle Mississippi River.  These rock hazards were removed 

during 1988-1999 using explosive removal.  Validation of safe elevations was done with 

the use of an I-beam attached to two cables.  The I-beam was used to sweep the removal 

areas after an area was lowered.  The equipment used to delineate obstructions and to 

verify their removal was primitive by today’s standards.  Almost twenty years later, with 

the potential for another extremely low-water period looming, new state-of-the-art 

hydrographic surveys were conducted and a number of new rock pinnacles and rock 

outcroppings were found that pose a potential hazard to commercial boat traffic (safety 

hazard), a threat to close the navigation system due to low water (economic impact), and 

a threat to the environment (hazardous spill) if there were a towboat grounding.  The 

purpose of this Environmental Assessment is to provide the public with information 

concerning the proposed new rock removal project and to assess the impacts of the 

proposed project.  

 

II. PROJECT AUTHORITY 

 

The project is authorized under the Regulating Works Project that was authorized 

by the River and Harbor Acts of 1910, 1927, and 1930.  The project provides a safe and 

dependable navigation channel.  It consists of a navigation channel 9-feet deep and not 

less than 300 feet wide with additional width in bends, from the mouth of the Ohio River 

to the mouth of the Missouri River, a distance of approximately 195 miles.  Project 

improvements are achieved by means of dikes, revetment, construction dredging, and 

rock removal. 

 

III. PROJECT NEED 
 

The 9-Foot Navigation Project, as authorized, is to provide project dimensions at 

a flow rate of 40,000 cfs.  A Low Water Reference Plane (LWRP) was developed.  The 

LWRP is used to determine what the elevation and/or river stage would be at a particular 

location for a specified flow rate.  Over the years, river training structures have been 

constructed and maintenance dredging has been performed to maintain project depth 

below LWRP.  Prior to 1955-1956, the flow rate used at St. Louis was 40,000 cfs.  With 

the completion of the Missouri reservoir system, the flow rate used was increased to 

54,000 cfs due to supplemental flows.  At St. Louis, the zero LWRP used is at -3.5 feet.  

LWRP is an approximation and is used only as a guide. 

 

The flow rate used for LWRP was increased.  However, the authorized flow rate 

was not increased.  The current rating table (river stage for a corresponding flow rate) 

from the USGS shows that 54,000 cfs is -4.4 ft and 40,000 cfs is -7.0 ft on the St. Louis 

gage.  A 9 ft depth for navigation at a -7.0 ft stage gives a required bottom elevation of  

-16.0 ft on the St. Louis gage.  The -16.0 ft bottom elevation is equivalent to about -13 ft 

LWRP. 
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We have been in drought conditions since 2000.  The average period of record 

(Jan 1861 to present) river stage at St. Louis is 11.2 ft.  Figure 1 provides a visual of the 

low flows that have occurred during 2006.  The average river stage for 2006 is 4.2 ft.  We 

are 7.0 ft below average.  The concern is not that we are below average; it is that we are 

closer to the period of record lows.  And if the drought continues we have an opportunity  

to go even lower.  The River stages for 11-13-2006 are:  

 

-St. Louis, MO            -1.7 ft  (0.0 ft) 

-Chester, IL   0.7 ft (-0.1 ft) 

-Cape Girardeau, MO  6.5 ft  ( 0.1 ft) 

 

As the river stages get lower, natural rock outcroppings (pinnacles and rock 

shelves) within the navigation channel will obstruct navigation and the St. Louis District 

will not be able to provide the authorized project dimensions.  This rock is an 

unavoidable obstruction, it poses a risk to both the navigation industry and the 

environment (should a grounding occur), and its removal has been determined to be 

absolutely necessary. 

 

Figure 1:  Maximum, Minimum, Average, and 2006 (Current Year) Water Level 

                Stages Compared to the Low Water Reference Plane (LWRP = -3.5,  

                Channel Depth Would be 9 Foot) and Flood Level (30.00 feet). 
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IV. PROJECT SCHEDULE 

 

 The project would begin as soon as environmental compliance is completed.  

Currently, compliance with the Endangered Species Act has the longest review period.  

Based on the U.S. Fish & Wildlife Service’s commitment to complete their review within 

90 days of receipt of the Biological Assessment, the contract could be awarded on 

February 9, 2007.  The total length of the project (mobilization, work, demobilization) is 

45 days.  Based on a 45 day work period, the work would be completed prior to March 

26, 2007.  Should water levels continue to drop, with a high potential of closing the 

navigation channel, an “emergency” would be declared and the contract would be 

awarded immediately and would be completed within 45 days. 

 

V. ALTERNATIVES CONSIDERED 

 

Two basic courses of action are available (1) NO FEDERAL ACTION, or (2) Provide a 

safe and dependable navigation channel by removing potential rock obstructions.  The 

first alternative course of action is unacceptable inasmuch as the Corps could not provide 

a safe and dependable channel as authorized.  In addition, the rock obstructions present 

potential hazards to navigation and an economic loss to the Navigation Industry.   

 

There are three basic engineering solutions (plans) to provide a safe and 

dependable navigation channel.  The first alternative plan would be to use explosives to 

remove rock obstructions.  This is the Recommended Alternative.  The second plan 

would be to use alternative methods other than explosive demolition (i.e., cutter head 

dredge, punch holes in the rock with a chisel or ram-rod) to remove the rock.  Based on 

work conducted in 1988-1989, it was determined that the rock was too hard to use 

mechanical dredging and rock punching or chiseling was ineffective.  Because of the 

hardness of rock and the inability to remove it with alternative methods, this alternative 

plan was eliminated.  The third plan would involve increased rock removal and increased 

depth of removal to remove any rock in and adjacent to the channel that could potentially 

pose a future navigation hazard.  Although this alternative would be more expensive in 

the short term, should greater depth or width be required in a future low-water event, the 

future cost of initiating a new contract, mobilization, demobilization, and inflationary 

costs would be saved.  This alternative plan was eliminated because of the potential for 

increased environmental effects and increased cost.  The Corps met with industry 

representatives and the minimum amount of rock removal to provide a safe and 

dependable navigation channel was determined.  Therefore, this minimum effort 

requiring explosive demolition is the recommended plan.  

 

VI. RECOMMENDED PLAN 

 

Amount of Material to be Removed:  The total volume of rock pinnacles and shelf 

outcroppings to be removed amounts to approximately 4,600 to 4,700 cubic yards.  To 

put this value in perspective, a chevron dike constructed on the Middle Mississippi River 

for either channel maintenance or environmental purposes requires 5,500 cubic yards per 
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structure.  Five barges would be filled to a depth of three feet with 4,600 cubic yards of 

rock.  The amount of material is minimal. 

 

Project Location:  Rock Removal Areas:  In the Grand Tower Reach, UMR miles 81-78, 

there are two primary rock removal locations.  A location is a box around a defined area 

requiring rock removal.  At UMR mile 80, there is an obstruction (with a 9 ft draft) at a 

St. Louis stage of -7.0 ft or a Chester Stage of -4.1 ft.  At UMR mile 79, there is an 

obstruction at a St. Louis stage of -5.0 ft or a Chester Stage of -2.1 ft. 

 

In the Thebes Gap Reach, UMR miles 46-38, there are 11 primary rock removal 

locations.  At two locations, there is an obstruction (with a 9 ft draft) at a St. Louis stage 

of -4.0 ft or a Cape Stage of 3.8 ft.  At six locations, there are obstructions at a St. Louis 

stage of -5.0 ft or a Cape Stage of 2.8 ft.  At two locations, there are obstructions at a  

St. Louis stage of -6.0 ft or a Cape Stage of 1.8 ft. 

 

Proposed rock removal will remove primary rock within the navigation channel 

down to a bottom elevation of about -13.0 ft LWRP.  This would then provide 9 ft of 

depth when the stage for St. Louis is -7.0 ft.  Location of the rock removal sites, 

descriptions of the rock to be removed, and amounts are provided on Figure 2 through 

Figure 16. 

 

Figure 2:  Aerial Photograph of work sites at River Mile 80.0 and River Mile 79.0 (Grand 

Tower/Cottonwood Island Area) 
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Figure 3:  Work Area GT1P is located at approximately River Mile 80.0.  This work area 

consists of limestone pinnacle rock.  All material above an elevation of 311.5 ft NGVD 

1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 

removed is 2 cubic yards. 

 
 

Figure 4: Work Area GT2P is located at approximately River Mile 79.0.  This work area 

consists of hard, dense limestone shelf rock.  All material above an elevation of 309.7 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 562 cubic yards.  
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Figure 5:  Aerial Photograph of work sites between River Miles 46 and 38 (Thebes Gap 

Reach). 

 
 

 

Figure 6:  Work Area TR1P is located at approximately River Mile 45.7.  This work area 

consists of limestone pinnacle rock.  All material above an elevation of 291.9 ft NGVD 

1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 

removed is 54 cubic yards.   
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Figure 7:  Work Area TR2P is located at approximately River Mile 45.5.  This work area 

consists of both limestone shelf rock and pinnacle rock.  All material above an elevation 

of 291.7 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of 

material to be removed is 457 cubic yards. 

 

 
 

 

 

Figure 8:  Work Area TR3P is located at approximately River Mile 45.2.  This work area 

consists of both limestone shelf rock and pinnacle rock.  All material above an elevation 

of 291.6 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of 

material to be removed is 269 cubic yards.   
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Figure 9:  Work Area TR4P is located at approximately River Mile 44.5.  This work Area 

consists of limestone pinnacle rock.  All material above an elevation of 291.3 ft NGVD 

1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 

removed is 663 cubic yards.  

 

 
 

Figure 10:  Work Area TR5P is located at approximately River Mile 43.5.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 290.8 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 327 cubic yards.   
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Figure 11:  Work Area TR6P is located at approximately River Mile 43.4.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 290.3 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 183 cubic yards.   

 

 
 

 

Figure 12:  Work Area TR7P is located at approximately River Mile 43.2.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 290.3 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 32 cubic yards.   
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Figure 13:  Work Area TR8P is located at approximately River Mile 42.8.  This work 

area consists of both limestone shelf rock and pinnacle rock.  All material above an 

elevation of 290.1 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated 

quantity of material to be removed is 187 cubic yards.  

 

 
 

Figure 14:  Work Area TR9P is located at approximately River Mile 41.0.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 289.1 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 115 cubic yards.  
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Figure 15:  Work Area TR10P is located at approximately River Mile 40.2.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 288.4 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 28 cubic yards.   

 

 
 

Figure 16:  Work Area TR11P is located at approximately 38.5.  This work area consists 

of limestone pinnacle rock.  All material above an elevation of 287.7 ft NGVD 1929 (-13 

ft design plane) is to be removed.  The estimated quantity of material to be removed is 

1776 cubic yards.   
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Removal and Disposal Requirements:  The project requires the Contractor to remove all 

sediment, rock and disposal debris to the excavation depths and limits as shown on the 

plan drawings.  The contours (disposal areas) shown in Figure 17 are taken from high 

resolution multi-beam surveys conducted by the St. Louis District.  All sediment, rock 

and disposal debris excavated in a particular work zone box may be scraped, placed, or 

moved into adjacent deeper areas within that work zone box no higher than 2 feet below 

the specified design grade of removal for that work zone.  Per discussions with the 

Service, Missouri Department of Conservation, and Illinois Department of Natural 

Resources (Telephone Conference, 10/6/06), rock excavated in the Thebes Gap, if there 

is enough depth, would be left where it drops.  If rock must be excavated and moved, it 

will be placed in nearby disposal areas (See Figure 17).  Rock disposal will be in a non-

uniform manner to create bathometric diversity which should provide habitat diversity for 

aquatic invertebrates and fish.  In the Grand Tower Reach, material will be moved to the 

head of a sand bar near the Owl Creek hardpoints at about River Mile 84.5(R) (See 

Figure 18).  The head of the bar currently has gravel and it is hoped that the added rock 

rubble will provide a gravel/rubble riffle area and create fish spawning habitat.  

Approximately 560 cubic yards will be placed in this area. 

 

Figure 17:  Potential disposal areas for the Thebes Gap Reach (River Miles 46-38). 
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Figure 18:  Disposal area for material excavated from the channel area adjacent to 

Cottonwood Island (Thebes Gap Reach).  The material is to be used to create a 

gravel/rubble area at the head of an existing bar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VII. IMPACT ASSESSMENT: ALTERNATIVE PLANS 
 

 

NO ACTION ALTERNATIVE 

 

The “No Action” Alternatives implies that there is no Federal interest in the 

project and there would be no Federal action.  As such, the existing conditions would 

remain the same.  However, there is one environmental area of concern.  If water levels 

were to fall to the point that navigation would be endangered then the Coast Guard, in 

coordination with the Corps of Engineers, would shut down the navigation channel.  

Residual traffic on the system would continue to move for some short period of time.  

During this period there is the potential for a towboat or barge grounding with the 

potential for a spill if the barge hull is ruptured.  Although the risk is probably minimal, 

the environmental impacts could be catastrophic, depending on the cargo.   

 

 



 15 

There are potential major economic implications of the No Action Alternative 

should the navigation channel close due to rock obstructions during low flow.  Table 1 

provides an analysis of the economic impacts of shutting the 9-foot navigation channel 

down due to rock obstructions within the channel. 

 

Table 1:  Project Economic Losses for 7, 14, and 30 Day Periods Should the 

                Navigation Channel on the Middle Mississippi River be Closed.  

Navigation Channel 

Shutdown (Days) 

Average Nov/Dec 

Economic Losses 

Average Jan/Feb 

Economic Losses 

7 $15,990,000 $8,507,000 

14 $31,983,000 $17,015,000 

30 $68,536,000 $36,461,000 

 

The use of alternative rock removal methods other than explosive demolition (i.e., 

cutter head dredge, punch holes in the rock with a chisel or ram-rod) was eliminated from 

further consideration because it was determined that the rock was too hard to use 

mechanical dredging and rock punching or chiseling was ineffective.  If these alternative 

methods had been feasible, the project impacts would have been the same as the 

recommended plan, with the exception that there would not have been any impacts 

associated with the explosive demolition.  As such, impacts would have been less (See 

Discussion of Recommend Plan). 

 

The plan that involved increased rock removal and increased depth of removal 

was eliminated from further consideration because of the potential for increased 

environmental effects and increased cost.  If this plan had been put into effect the impacts 

would have been similar to those of the recommended plan but they would have been 

much more extensive because more areas would have been blasted and there would have 

been increased volumes of material disposal. 

 

VIII. IMPACT ASSESSMENT: RECOMMENDED PLAN 
 

A.  BIOLOGICAL IMPACTS 

 

Explosive Demolition Methods:  Bore holes would be drilled, most likely using a drill rig 

or multiple drill rigs mounted on the side of a barge.  The drill holes would then be 

loaded with explosives and stemmed with angular rock.  The holes would be initiated 

with shock tube strung above the water surface leading to detonation cord at each hole.  

The detonation cord would connect the shock tube at the water surface to the charge 

beneath the stemming in the hole in the vicinity of the shot pattern.  No additional 

mortality radius for aquatic organisms or fish would be caused by the detonation cord, as 
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the detonation cord would only be used within the shot pattern (which has a larger 

mortality radius).   

 

In order to determine the amount of explosive used for each bore hole to conduct 

an impact assessment, the following assumptions were made.  The diameter of a pinnacle 

cone could vary from a flat cone with a 20-foot diameter at -13 feet LWRP to a sharp 

cone with a four-foot diameter at -13 feet LWRP.  The area of the cone at -13 feet LWRP 

would determine the number of shot holes to remove a rock pinnacle.  One hole, even off 

center, is estimated as all that would be needed for a cone to a six-foot diameter (at -13 

feet LWRP) or smaller.  For a cone of twenty-foot diameter, eight to ten holes on a 

pattern of five feet by eight feet could be used.  The holes would have 25-millisecond 

delays separating the firing of the holes from one another.  The holes might need to be 

drilled to -18 feet LWRP to be assured of removing rock between the holes to -13 feet 

LWRP.  The holes could be lightly loaded with five pounds of blasting agent within each 

hole (5 lb of charge weight per delay).  The holes would have proper stemming in 

competent rock above the charge. 

 

Fish Injury &  Mortality:  General Overview of Confined Rock Removal:  There is 

considerable published information concerning the pressure wave from explosive charges 

detonated in free water while there is little documentation concerning embedded charges.  

This becomes extremely important in evaluating the effects of blasting operations on 

aquatic life.  Fish mortality studies are based on open-water testing programs 

(Anonymous 1948; Ferguson 1962; Hubbs & Rechnitzer 1952; Teleki and Chamberlain 

1978).  The use of existing mortality data would greatly overestimate mortality for shots 

confined within solid material (e.g., the rock to be removed).  Explosives in open water, 

which are not contained completely within rigid structures, will produce both higher 

amplitude and higher frequency shock waves, than confined detonations.  The energy 

consumed by the rock and radiation of the wave energy into rock reduces the available 

energy reaching the water column.   

 

The use of blasting in rock removal, when the explosives are enclosed within the 

stemmed bore hole, will result in lower fish mortality than the same explosive charge size 

detonated in open water (Keevin 1998).  For example, Nedwell and Thandavamoorthy 

(1992) evaluated the pressure time histories from the detonation of small explosive 

charges from both free water and embedded explosions under laboratory conditions.  

They found that the peak pressure of the water-borne shock wave following the 

detonation of an explosive charge embedded in a borehole was about 6% (94% reduction) 

of that occurring for the same charge at the same distance, when it was freely suspended 

in water.  Hempen et al. (2005) evaluated pressure reductions during channel deepening 

for the Kill Van Kull (New York Harbor) Deepening Project.  They compared pressures 

from four confined shots with computed open-water pressures and found that the 

confined pressures were only 19 to 41% (81 to 59% reductions) of open-water pressures.  

The mortality radius was 30% of the open-water shot and the mortality area of the 

confined shot would be only 9% of the mortality area for the open-water shot.   Table 2 

provides the calculated mortality radius for both the confined and open water shots for 

the Kill Van Kull Deepening Project.  Note that for the Kill Van Kull Project, the largest 
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calculated fish mortality was 350 feet for an 87 pound charge per delay blast using a large 

blast pattern.   

 

Table 2:  Mortality Distances for the Kill Van Kull Deepening Project. 

   

     

  Max Charge   M Radius M Radius 

 # Holes Wt/Delay Lead T Lag T Confined Open-wtr 

Shot Shot (lb) Dist (ft) Dist (ft) (ft) (ft) 

010 25 73 660 820 330 1,100 

014 2 72 470 630 330 1,100 

021 28 87 500 640 350 1,200 

022 39 73 570 700 330 1,100 

                                                                               (From:  Hempen et al. 2005) 

 

 

As previously noted, we anticipate that approximately 5 pounds of “confined” 

explosives will be used in each bore hole (5 pounds per delay).  Bluegill (Lepomis  

macrochirus) exposed to 4.5 pounds (As previously noted on page 22 [See Reduction in 

Charge weight of Explosives], for all practical purposes a 4.5 lb. and a 5 lb. charge 

produce the same pressures.) of high explosives shot in “open-water” experience 0% 

mortality at between 140 and 150 feet (Keevin 1995).  However, because we are using 

confined charges the pressures, and associated safe zone, would be reduced somewhere 

between 59 to 96 percent.  As such, the actual kill radius would be small.   In addition, 

the majority of the blasting shots will have a small blasting pattern (blast footprint), and 

associated fish kill radii, because the Corps is removing pinnacle rock rather than 

deepening an entire harbor channel as was the case for Kill Van Kull. 

 

The blaster will undoubtedly use detonation cord in the water column as part of 

the initiation system.  Detonation cord has a mortality radius associated with it.  There are 

currently only two studies that evaluated fish mortality resulting from open-water 

explosions of detonating cord (Linton et al. 1985; Metzer and Shafland 1986)  Linton et 

al. (1985) exposed caged black drum (Pogonias cromis) and red drum (Sciaenops 

ocellatus) to an explosion from a 33-m strand of 100g/33 cm Primacord.  They found 

100% survival of black drum in bottom cages at 11 m from the blast.  Surface cages had 

40% survival at 11 m, 80% survival at 23 m, and 60% survival at 46 m from the 

detonating cord.  Red drum experienced 100% survival in bottom cages at 1 m, 70% 

survival at 11 m, 100% survival at 23 m, and 82% survival at 46 m.  Red drum 

experienced 50% survival in surface cages at 46 m from the detonating cord explosion. 

 

In order to protect fish, detonation cord will not be used (shock tubes above the 

water are required) as the initiation line from the firing barge to the shot pattern, 

eliminating a long linear kill zone.  I t can only be used as down lines within the shot 

pattern area.  Because of this action, any kill radius associated with the use of detonation 

cord will fall within the kill radius of the rock removal blasts based on required 

mitigation measures (See Blast Initiation below). 
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Bird Injury &  Mortality:  General Overview of Confined Rock Removal:  Because 

there is a potential for the least tern and bald eagle to be in the project area the following 

impact assessment was conducted.  The potential to impact birds is considered minimal.  

A bird would have to be within a few meters of a shock tube to be killed or injured.  

However, to be on the “safe side” the following analysis was conducted for the least tern 

and bald eagle for the Biological Assessment and is provided here for general reference.  

In addition, two “mitigation” measures were developed to protect these endangered 

species. 

 

Blast overpressure (noise) is the sharp instantaneous rise in ambient atmospheric 

pressure resulting from an explosion.  Occupationally, it is also described as high-energy 

impulse noise.  Blast-induced injury is traditionally divided into three broad categories 

(Elsayed 1997; Lavonas 2000):  1. primary blast injury is caused by the direct effect of 

blast overpressure on the organism.  Air is easily compressible by pressure, while water is 

not.  As a result, a primary blast injury almost always affects air-filled structures such as 

the lung, ear and GI tract; 2. secondary blast injury, is caused by flying objects that strike 

the organism; 3. tertiary blast injury, occurs when an organism flies through the air and 

strikes other objects. 

 

Primary Blast Injury 
 

 There are two potential areas of concern with respect to exposure to blast 

overpressures from the proposed rock removal project.  The first area of consideration is 

mortality associated with internal organ damage.  The LD50 overpressure for birds 

exposed to an open-air blast is 20 pounds per square inch - psi (197 decibels - dB) 

(Damon et al. 1974, as reviewed in O'Keeffe and Young 1984; Yelverton et al. 1973). 

 

The second area of consideration is the potential impact of blasting noise on the 

hearing of least terns or bald eagles in the vicinity of the blasting project.  There are 

currently no publications relating peak overpressure levels resulting from blasting to bird 

auditory system damage.  There are limited data on acoustic trauma to birds, little 

information on species-specific susceptibility to noise (Ryals et al. 1999), and absolutely 

no information on the susceptibility of bald eagles to acoustic trauma.  However, there 

are established safety values for humans exposed to blasting noise and it has been 

suggested that birds are less susceptible than mammals to both Temporary Threshold 

Shifts (TTS) and Permanent Threshold Shifts (PTS) resulting from impulse noise 

(Saunders and Dooling 1974). An impulse noise level of 5-10 psi (approximately 185-

191 dB) is considered dangerous to human hearing (Kerr 1978; Lavonas 2000; James et 

al. 1982, as reviewed in Garth 1994). 

 

Personal observations (Thomas Keevin and Gregory Hempen, personal 

observations) of previous channel deepening projects (Middle Mississippi River Channel 

Deepening Project, Miami Harbor Deepening Project, Kill van Kull New York Harbor 

Deepening Project) indicate that confined shots themselves produce minimal above water 

noise.  The actual blast could barely be heard.  The only noise that could be considered 
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loud was generated from shock tubes or detonating cord positioned above or on the water 

surface that run to the bore holes.  To put the noise level into perspective, a jet taking off 

at 200 feet produces a noise level of 120 dB.  The noise levels at standoff distances of a 

couple hundred feet from shock tubes and detonating cord are far below this level. 

 

In order to ensure the safety of the least tern and bald eagle, the Blasting 

Contractor will not be allowed to initiate an explosion when least terns or eagles are 

within 500 ft of the blast zone.  As long as least terns or bald eagles are beyond this 

distance, there is little chance of internal organ damage, mortality, or hearing damage 

resulting from the use of explosives during the rock removal project.  In addition the 

Blasting Contractor will be required to use shock tubing until he reaches his down lines.  

Shock tubing produces less noise than detonating cord. 

 

Based on the established "safety zone" and the extremely high-pressure level 

required to cause bird mortality (197 dB, 20 psi) and the rapid attenuation of pressure in 

air (Mellor 1985), no internal damage or mortality are expected from the blasting 

operation.  Using the noise levels considered damaging to human hearing (185-191 dB, 

5-10 psi) as a surrogate for bird hearing damage levels, it is suggested that the proposed 

project will have no effect on bird hearing.  Although no impacts on hearing are 

anticipated, it should also be noted that relatively severe acoustic overexposures that 

would lead to irreparable damage and large PTSs in mammals are moderated in birds by 

subsequent hair cell regeneration (Cotanche 1987a; Cotanche and Corwin 1991; Niemiec 

et al. 1994) and repair to the tectorial membrane and other structures (Cotanche 1987b; 

Adler et al. 1993; Adler et al. 1995).  Should an accidental overexposure occur, and this 

is not anticipated, it is likely that hearing would be restored in a short period of time 

 

Secondary Blast Injury 
 

The weight of 5-9 feet of water will effectively confine fly rock to the water 

column.  As such, no fly rock is anticipated to escape into the air.  In addition, the 500-ft 

eagle no-fly zone (safety zone) surrounding the blast site will further protect least terns 

and eagles from any fly rock.  If least terns or eagles are observed in the 500-ft safety 

zone, shots will be halted until they have left the area. 

 

Tertiary Blast Injury 
 

Tertiary blast injury would occur only if a least tern or bald eagle were knocked 

from the air by the force of the blast.  Very little pressure will be transmitted to the air 

column.  An observer will observe only a slight upwelling of water (possibly only a ½ 

foot rise).  Pressures from the shock tubes will have no effect on a bird flying overhead.  

Again, the 500-ft safety zone (eagle no-fly zone) will eliminate any potential impact. 

 

 Disturbance 
 

A potential impact of the blasting operation is the possibility that least terns or 

bald eagles could be "frightened" by the blast, take flight, and use up important energy 
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stores.  "Fright-flight" would be considered harassment under the Endangered Species 

Act.  There currently is little information concerning the response of least terns or bald 

eagles to blasting.  Stalmaster and Newman (1978) indicated that bald eagles did react to 

gunshots. 

 

"Normally occurring auditory disturbances were not unduly disruptive  

to eagle behavior…….  Gunshots were the only noises that elicted overt 

escape behavior…Eagles were especially tolerant of auditory stimuli 

when the sources were partially or totally concealed from view." 

 

 

In a four-year study, Russel et al. (1993, as reviewed in Larkin et al. 1996) 

suggested that there was no significant difference in bald eagle nesting success at the 

Aberdeen Proving Ground, Maryland, when compared with the National average of 0.92 

young per nest.  Aberdeen is a test facility where weapons firing is a common 

occurrence, including weapons up to the 203-mm howitzer.  Aberdeen is also intensively 

used by bald eagles for nesting and roosting.   

 

Although it is not known exactly what effect blasting will have on least tern or 

bald eagle flight, previous observations might suggest possible responses.  During an 

explosive testing program at Carlyle Lake, Illinois, gulls not only habituated to the 

blasting program but also responded to each blast by immediately flying to the area to 

feed on dead gizzard shad (Keevin, personal observation). 

 

B.  WATER QUALITY IMPACTS 

 

Short-term turbidity increases would be expected.  However, these increases 

would be small considering the background levels.  No major water quality impacts are 

expected from the use of explosives.  The explosives themselves are consumed in the 

explosion producing water and a number of gasses.   

 

C.  PHYSICAL IMPACTS 

 

The majority of the work to be conducted will involve removal of rock pinnacles 

and rock outcroppings.  Rock pinnacles, were practical, will be dropped in place.  Larger 

amounts of rock will be moved to disposal areas as previously discussed.  The volumes of 

rock to be removed are small and the impacts from these actions are considered minor. 

 

The rock from the Grand Tower reach will be used to create a gravel bar at the 

head of a developing sand/gravel bar.  It is anticipated that this placement of rock will be 

beneficial in that it will provide attachment sites for aquatic invertebrates, and potential 

fish spawning habitat for benthic spawners. 

 

The amount of rock being removed, including the rock/rubble/gravel run at 

Cottonwood Island, will not significantly change flows or flow patterns. 
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D.  TERRESTRIAL IMPACTS 

 

The project will be conducted entirely in the water.  All work will be conducted 

from work barges.  As such, there are no anticipated impacts to the terrestrial 

environment. 

 

E.  ARCHAEOLOGICAL IMPACTS 
 

Archival review of historic shipwreck inventory survey reports  suggest that the 

proposed Mississippi River emergency pinnacle rock removal and off-channel lithic 

debris relocation will not occur near the reported locations of the structural remains any 

historic wreck sites. Additionally, on-site archaeological surveys of both bank line 

locations and in-stream bar deposits conducted during historical low water episodes 

during 1988 and 1989 by the St. Louis District, found no evidence of any potentially 

significant archaeological or historic shipwreck remains within the proposed project area 

boundaries. Therefore, based upon these data, it is concluded that this proposed rock 

removal / relocation activity will have no effect upon any potentially significant historic 

properties. 

 

F.  RECREATIONAL IMPACTS 

 

Because of the season (winter/early spring) that the project will be undertaken, no 

impacts to recreation are anticipated. 

 

IX. FEDERALLY ENDANGERED SPECIES:   BIOLOGICAL ASSESSMENT 

 

A Biological Assessment evaluating the potential impacts of this project on the 

bald eagle, least tern, and pallid sturgeon was conducted and forwarded to the U.S. Fish 

and Wildlife Service.  After reviewing the effects of the proposed project, the St. Louis 

District made the determination that the project is Not Likely to Adversely Affect the bald 

eagle or least tern.  Based on the density of pallid sturgeon in the Middle Mississippi 

River and the use of avoid and minimize techniques, it was the St. Louis District’s 

opinion that project impacts will be minor.  However, there is not a 100% guarantee that 

a pallid sturgeon could not be injured or killed during the rock removal and disposal 

activities.  For that reason, the District made the determination that the project may affect 

and is likely to adversely affect the pallid sturgeon.  The District is awaiting the Service’s 

Biological Opinion. 

 

X.  CLEAN WATER ACT/RIVERS & HARBORS ACT COMPLIANCE 

 

The impact of the activity on the public interest will be evaluated in accordance 

with the Environmental Protection Agency guidelines pursuant to Section 404 (b)(1) of 

the Clean Water Act.  This permit will be processed under the provisions of Section 10 of 

the Rivers and Harbors Act of 1899 (33 U.S.C. 403) and Section 404 of the Clean Water 

Act (33 U.S.C. 1344). 
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XI. MITIGATION ANALYSIS AND RECOMMENDATIONS 

 

 Keevin (1998, “A review of natural resource agency recommendations for 

mitigating the impacts of underwater blasting”) was carefully reviewed to determine 

what mitigation techniques were appropriate to achieve the maximum pressure 

reductions.  The following mitigation techniques were chosen as both practical and with 

the potential to reduce impacts:  

 

Blast Initiation:  An explosion can be initiated (set off) in a number of ways including 

(but not limited to):  use of electric blasting caps to a primer; use of electric blasting caps 

to a detonation cord; or use of non-electric shock tubes to a detonation cord.  Because of 

the potential for accidental detonation, resulting from stray radio waves from commercial 

traffic, the contractor will probably avoid use of electrical detonation systems.  A 

standard industry technique in such situations is to use shock tube or detonation cord with 

a non-electric initiation system.  The detonating cord is run from the blast hole to a safe 

position, possibly as much as 200 yards away from the blast site, and the cord is 

detonated with a non-electric initiator.  Detonating cord has an associated kill radius 

(Metzer and Shafland 1986; Linton et al. 1985) that extends along the cord from the 

explosive being detonated to the firing mechanism. 

 

 To reduce the potential for creating a long, narrow kill zone resulting from shock 

tubing or detonating cord lying in the water column, the Blasting Contract will required 

to string the cord above the water surface until it enters the foot print of the shot holes. 

    

Reduction in Charge Weight of Explosives:  The weight of explosives used determines 

the amount of pressure generated; although, this relationship is not linear.  Fore example 

at 4 m (meters) distance, a l kg (kilogram) charge of high explosives would produce 

9,600 kPa (kilopascals) peak pressure.  A 2-kg charge would produce 12,000 kPa peak 

pressure at the same 4 m distance.  It would be necessary to increase the charge weight to 

8 kg to double the peak pressure to 19,200 kPa.  The grain weight of detonation cord also 

controls the kill radius associated with its’ detonation. 

 

The Corps’ contract requires that the blasting contractor use the minimal amount 

of charge weight for the bore holes and detonation cord to accomplish their rock removal 

task.  To highlight the need for minimal explosive use, the need to protect the Federally 

endangered pallid sturgeon will be addressed at the first contract award meeting.  The 

Service is invited to be an active participant in that discussion.        

 

Delays:  Potentially large explosive charges can be broken into a series of smaller 

charges by use of blasting caps with timing delays.  Shot holes can be detonated 

simultaneously or in succession, with a time interval between detonation of each shot 

hole or group of shot holes.  The greater the weight of explosives shot instantaneously, 

the greater the intensity of the shock wave and the greater the area of effect (Tansey 

1980). 
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The use of delays effectively reduces each detonation into a series of small 

explosions.  Resulting blast overpressure levels are directly related to the size of the 

charge in each delay, rather than the summation of charges detonated in all holes 

(Munday et al. 1986).  When assessing fish mortality, it is appropriate to assess the 

mortality for each individual hole with largest single charge per delay producing the 

largest mortality radii, rather than the combined weight of all drill holes being fired to 

assess mortality. 

 

Stemming:  Stemming is the use of a selected material, usually angular rock and gravel, 

to fill a drill hole above the explosive.  Stemming is commonly used by the blasting 

industry to contain the explosive force and increase the amount of work done to the 

surrounding strata (Konya and Davis 1978; Moxon et al. 1993).  This technique decreases 

the amount of blast energy that is lost out of the drill hole and thus reduces the impact to 

the aquatic environment.  Brinkmann (1990) has shown that approximately 50% of the 

explosive energy is lost if unrestricted venting is allowed to occur through the blasthold 

collar.  Susanszky (1977) found, in a series of tests in the Danube River, that absolute 

values of pressures were decreased by an order of magnitude by using stemming.  The 

Corps’ contract requires the use of angular rock stemming in the boreholes.     

 

Konya and Davis (1978) conducted a series of scaled down tests of a variety of 

stemming material in a ballistic mortar with a long, roughened bore to simulate the collar 

of a blast hole.  They found that highly spherical sand (wet or dry) ejected even when 

loaded to the full bore length (1 m), whereas very angular limestone of similar grain size 

held at the same powder charge with as little as nine inches of stemming.  They 

concluded that angularity appears to be the single most influential variable in maintaining 

the stemming material in the blast hole.  Gordon and Nies (1990) noted that mud and drill 

cuttings were poor stemming materials and that angular material was the best material 

since it arched and locked into the borehole wall when subjected to detonation pressure.   

 

Repelling Charges:  Repelling charges are small explosive charges detonated to “scare” 

fish from the blasting zone just prior to detonation of a major explosive charge.  Keevin 

et al. (1997) studied the movement of radio-tagged largemouth bass, channel catfish and 

flathead catfish in response to repelling charges.  They evaluated the survival rates of fish 

exposed to large open-water shots (simulating, for example, bridge pier explosive 

demolition) and found that few of the fish moved far enough to survive.  They found the 

response to be very species and individual specific.   

 

If the same movement distances are compared with potential pressures from 

confined pinnacle shots, assuming a kill zone of approximately 20 m (65.6 feet) from the 

perimeter of the shot pattern, then many more of the fish would have survived.  For 

example, of the 15 largemouth bass studied, seven showed no movement in response to 

the detonation of a repelling charge and possibly two moved enough to escape the effects 

of pinnacle removal.  Of the seven channel catfish evaluated, two showed no movement 

and four would possibly have moved enough to be safe.  Of the six flathead catfish 

studied, three showed no response and three would have been safe. 
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 The potential response of shovelnose sturgeon to repelling charges is unknown.  

However, in an unpublished study, Collins et al. (Undated) found that repelling charges 

were 92% effective (11 of 12 tests) in moving six telemetered shortnose sturgeon 

(Acipenser brevirostrum) beyond the lethal distance of production blast pressures typical 

of confined rock removal shots used during  the deepening of Wilmington Harbor, North 

Carolina.   

 

Use of Noise to Our Advantage:  Fish live in a sonic world; they communicate with 

sound and they respond to anthropogenic noise (Popper 2003).  For centuries fishermen 

have used noise to their advantage to drive fish into their nets.  Noise has also been used, 

with varying success, to repel fish in order to protect them.  For example, Dunning et al. 

(1992) found that during daylight alewife (Alosa pseudoharengus) schooled and avoided: 

pulsed tones (500 ms pulses, 1000 ms apart) of 110 and 125 kHz at or above 175 dB; a 

continuous tone of 125 kHz at 172 dB; and pulsed broadband sound between 117 and 133 

kHz at or above 157 dB.  However, pulsed broadband sound at 163 dB was most 

effective.  In contrast, alewives did not react as strongly to the broadband sound at night.  

At the Pickering Nuclear Generating Station on Lake Ontario, Haymes and Patrick 

(1986) used pneumatic poppers emitting low-frequency, high-intensity broadband sound, 

of frequencies between 20 and 1000 Hz.  They found the sound reduced by up to 99% the 

number of alewives entering an experimental structure.  Knudsen et al.  (1994) found that 

10 Hz sound was an effective deterrent for downstream migrating Atlantic salmon smolt 

(Salmo salar) in a small river.  In contrast, 150 Hz sound had no repelling effects.  With 

the exception of a few species of clupeids and salmonids, little is known about the 

effectiveness of using sound to repel fish, including the pallid sturgeon. 

 

 The normal operating procedure is to drill the shot holes, load the explosive, load 

the stemming, provide the contracting officer with information for the shot, and then 

initiate the blast.  From the time the blaster finishes loading the shot to the time of 

initiation can often be ½ hour or more.  Drilling, loading, and movement of boats in the 

project area all produce loud noise.  We intend to eliminate the ½ hour delay period and 

initiate the shot as soon as possible.  It is our intention to use the anthropogenic noised 

produced by the Contractors to our benefit, assuming that the noise will help drive fish 

from the blasting area.  By eliminating the delay period we are reducing the “recovery 

time” for fish to move back into the area and be exposed to blast pressures. 

 

Contractor Required Mitigation Features:  Reducing the Impacts of Explosive 

Pressures:  In order to reduce the potential impact of blasting and to protect aquatic life 

(especially fish), measures 1-6 will be undertaken prior to and during blasting to reduce 

blast pressures and their associated fish (aquatic organism) kill radius.  Measures 7-10 

will provide potential impact assessment data and will validate the assumptions made 

during this impact analysis.  Measure 11 will create potential fish spawning habitat for 

species that spawn over rock substrate (i.e., the pallid sturgeon).  In order to reduce the 

potential impact of blasting and to protect the bald eagle and the least tern, measures 12 

and 13 will be implemented prior to blasting:   
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1.  Initiation System - The Blasting Contractor will be required to use shock tube laid 

above the water surface until the point of entry into the footprint of the blast pattern.  At 

that point, the contractor can use detonation cord for his down lines.  The reason for 

initiating the blast in this manner (running the cord above water using shock tubing) is 

that shock tube and detonation cord has a kill radius associated with it.  The blaster will 

often run shock tube or detonation cord a couple hundred yards to the blast, producing a 

long linear kill zone.    

 

2.  Reduced Charge Weights - The Blasting Contractor will be asked to use the minimal 

amount of explosives necessary; thus, reducing the kill radius.  This may be a trial and 

error process at the beginning of the blasting program. 

 

3.  Delays - The Blasting Contractor will be required to separate the shot hole firing with 

timed delays.  This breaks the shot into a series of smaller blasts rather than one big blast.  

Organism response (injury and mortality) is related to the largest single borehole charge 

weight, not the total explosive weight of all the holes. 

 

4.  Stemming – The Blasting Contractor will be required to stem the boreholes.  

Stemming is the use of angular rock at the top of the borehole.  This keeps the shot 

confined.  Otherwise blast pressures would shoot out of the bore hole acting much like a 

rifle barrel and creating greater impacts. Stemming tremendously reduces the blast 

pressures reaching the water column 

 

5.  Repelling Charges – The Blasting Contractor will be require to detonate a series of 

three blasting caps at approximately 30 second, 1 minute, and 1.5 minutes over the 

footprint of the blast prior to the initiation of the shot.  Repelling charges are used to 

"scare" fish from the area and have been shown to be effective to some degree.  They 

seem to work well with shortnose sturgeon exposed to confined shot pressures. 

 

6.  Noise - We intend to use the construction noise (drilling, boat movement, etc.) to our 

advantage.  There is normally a 1/2 hour delay between loading the boreholes and the 

actual shot when paperwork between the blaster and Corps is exchanged.  We intend to 

eliminate this long delay with the thought that the construction noise will help move fish 

out of the area.  The fish aren’t given the opportunity, because of the continued noise, to 

move back into the kill zone prior to initiation of the blast. 

 

7.  Measurement of Pressures and Calculation of the Potential Mortality Radius - Blast 

pressures will be measured for a series of rock removal events and fish mortality radii 

will be calculated based on existing models.  The results will be used to validate the 

Corps’ conclusions in the Biological Assessment and Environmental Assessment. 

 

8.  Evaluating the Effectiveness of Repelling Charges – A study will be conducted using 

existing radio tagged pallid sturgeon in the Middle Mississippi River to validate the 

effectiveness of repelling charges, an avoid and minimize measure being utilized during 

this project. 
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9.  Monitoring of Fish Mortality – Mortality monitoring will be conducted for a series of 

shots.  A study design will be developed and coordinated with the U.S. Fish and Wildlife 

Service.  

 

10.  Pre-blast Hydroacoustic Fish Survey – A series of pre-blast hydroacoustic surveys 

will be conducted to determine fish use of the blasting footprints.  A study design will be 

developed and coordinated with the Service. 

 

11.  Disposal Areas – Per discussions with the Fish and Wildlife Service, Missouri 

Department of Conservation, and Illinois Department of Natural Resources (Telephone 

Conference, 10/6/06), rock excavated in the Thebes Gap reach, if there is enough depth, 

would be left where it drops.  If rock must be excavated and moved, it will be placed in 

nearby disposal areas.  Rock disposal will be in a non-uniform manner to create 

bathometric diversity which should provide habitat diversity for aquatic invertebrates and 

fish.  In the Grand Tower Reach, material will be moved to the head of a sand bar near 

the Owl Creek hardpoints at about River Mile 84.5(R).  The head of the bar currently has 

gravel and it is hoped that the added rock rubble will provide a gravel/rubble riffle area 

and create fish spawning habitat. 

 

12.  A representative of the Government, capable of expert bird identification, will be 

required to “search the sky” for least terns and bald eagles flying over the blasting zone 

prior to initiating a shot.  Blasting will be halted if least terns or bald eagles are within 

500 feet of the blasting zone.  Blasting will resume after the least tern(s) or eagle(s) 

has/(have) moved outside of the blasting zone into what is considered the "safe zone". 

 

13.  The Blasting Contractor will be required to use shock tubing above the water surface 

until a point over the foot print of the blasting area where detonating cord can be used as 

the down line.  Shock tubing produces much less noise and pressure than detonating cord 

with much less potential for bird injury or disturbance. 

 

XII. LIST OF PREPARERS 

 

 

Name                              Job Description/                             Area of Expertise 

                                        Education/Registration 

 

Edward Brauer Hydraulic Engineer       5 Years Experience in River and 

                                                                                            Hydraulic Engineering 

 

Robert Davinroy   Chief, River Engineering      26 Years Experience in River and 

   M.S.            Hydraulic Engineering 

 

David Gordon  Senior Hydraulic Engineer      11 Years Experience in River and  

      P.E.            Hydraulic Engineering 
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Gregory Hempen       Geophysical Engineer,                Over 20 Years Experience Blast  

                                       Ph.D, P.E., R.G.                          Design& Evaluating The  

                                                                                           Physical Effects of Explosions 

 

Leonard Hopkins        Civil Engineer,                             Project Manager, 13 Yrs. Civil 

                                      M.S., P.E.                                     Engineer Corps of Engineers 

 

Thomas Keevin        Fishery Biologist,                        15 Years Experience Evaluating 

                                      Ph.D.                                             The Environmental Effects of 

                                                                                            Underwater Explosions 

 

David Kelly        Regional Economist,                   12 Years Experience Evaluating 

                                       M.S.            Economic Impacts to  

                                                                                            Navigation Industry 

 

F. Terry Norris            Archaeologist                              29 Years Archaeology/Historical 

                                        Ph.D.                                           Properties 
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FINDING OF NO SIGNIFICANT IMPACT 

EXPLOSIVE REMOVAL OF ROCK PINNACLES AND OUTCROPPINGS 
CONSIDERED TO BE NAVIGATION OBSTRUCTIONS DURING LOW-FLOW 

PERIODS ON THE MIDDLE MISSISSIPPI RIVER 

1. I have reviewed and evaluated the documents concerning the proposed removal of 
rock pi1macles and outcroppings on the Middle Mississippi River. Recent state-of-the-art 
hydrographic surveys have found a number of rock pinnacles and rock outcroppings that 
pose a potential hazard to commercial navigation traffic (safety hazard); a threat to close 
the navigation system due to low water (economic impact), and a threat to the 
enviromnent (hazardous spill) if there was a towboat grounding. 

2. I have also evaluated other pertinent data and information on rock removal. As part of 
this evaluation, I have considered the following project alternatives. 

a. The use of drilling and blasting to remove rock (Recommended Alternative). 

b. Alternative methods of rock removal, including mechanical dredging, rock 
punching or chiseling. 

c. A larger scale project using drilling and blasting to remove rock. This 
alternative would involve increased rock removal and increased depth of removal to 
remove any rock in and adjacent to the channel that could potentially pose a future 
hazard. 

d. No Federal action ("No Action" Alternative). 

3. The possible consequences of these alternatives have been studied for physical, 
environmental, cultural, social and economic effects, and engineering feasibility. 
Significant factors evaluated as part of my review include: 

a. The total volume of rockpi1macles and shelf outcroppings to be removed 
amounts to approximately 4,600 to 4, 700 cubic yards. 

b. There are potential major economic implications should the navigation 
channel close due to rock obstructions during low flow. For example, a 7 day closure in 
January/February would result in $8.5 million in economic losses. 

c. Rock disposal methods and disposal areas have been coordinated with the U.S. 
Fish and Wildlife Service (Service), Missouri Department of Conservation, and Illinois 
Department of Natural Resources. 



d. The amount of rock being removed, including the rock/rubble/gravel run at 
Cottonwood Island, will not significantly change flows or flow patterns. 

e. The fish kill radius associated with the confined blasting is estimated to be 
from 6 to 62 feet. A number of mitigation techniques are being deployed to reduce this 
potential for mmiality. 

f. The potential to impact birds flying over the blasting area is coi1sidered 
minimal. A bird would have to be within a few meters of a shock tube to be killed or 
injured. Because ofthe endangered status of the least tern and bald eagle, a blast will not 
be initiated if any bird species is observed flying within 500 feet of the blast. 

g. The project will be conducted entirely in the water. All work will be 
conducted from work barges. As such, there are no anticipated impacts to the terrestrial 
environment. 

h. Drilling and blasting will be confined to a small area and is not expected to 
have any major impacts on river use (recreation). 

i. Short-term turbidity increases would be expected. However, these increases 
would be small considering the background levels. No major water quality impacts are 
expected from the use of explosives. The explosives themselves are consumed in the 
explosion producing water and a number of gasses. 

j. Rock removal and disposal activities will have no effect upon any potentially 
significant historic properties. 

k. The impact of the activity on the public interest will be evaluated in 
accordance with the Environmental Protection Agency guidelines pursuant to Section 404 
(b )(1) of the Clean Water Act. This permit will be processed under the provisions of 
Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. 403) and Section 404 of the 
Clean Water Act (33 U.S.C. 1344). 

1. The St. Louis District made the determination that the project is Not Likely to 
Adversely Affect the bald eagle or least tern. Based on the density of pallid sturgeon in 
the Middle Mississippi River and the use of avoid and minimize techniques, it is the St. 
Louis District's opinion that project impacts will be minor. However, there is not a 100% 
guarantee that a pallid sturgeon could not be injured or killed during the rock removal 
and disposal activities. For that reason, the District made the determination that the 
project may affect and is likely to adversely affect the pallid sturgeon. The District 
received a Biological Opinion with an Incidental Take Statement from the Service and 
will comply with the Reasonable and Prudent Measures provided. 

m. Thirteen mitigation measures have been developed to avoid and minimize 
impacts and to validate theconclusions made during this Environmental Assessment. 
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4. The schedule presented in the Environmental Assessment has changed. Per the 
Reasonable and Prudent Measures provided in the Service's Incidental Take Statement, 
work will be conducted during July and August or December, January, and February. 
The duration of the contract is approximately 60 days. Should water levels drop, with a 
high potential of closing the navigation channel, an urgent situation would result and 
work would begin as soon as possible. However, the contractor would remove only rock 
that obstructs navigation at -4.0 feet on the St. Louis gauge (approximately 700 cubic 
yards of material). The remainder of rock removal would occur during the July/August 
or December/January/February time frame. This schedule change is not anticipated to 
change the conclusions of the impact analysis presented in the Environmental 
Assessment. 

5. Based on my analysis and evaluation of the alternative courses of action presented in 
the Environmental Assessment, I have determined that the implementation of the 
recommended plan will not have significant effects on the quality of the environment. 
Therefore, an Environn1ental Impact Statement will not be prepared prior to proceeding 
with this action. 

Date- Lewis F. Setliff III 
Colonel, U.S. Army 
District Engineer 
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BACKGROUND INFORMATION 

 

 

Programmatic Endangered Species Compliance:  A programmatic (Tier I) consultation, 

conducted under Section 7 of the Endangered Act, considered the systemic impacts of the 

operation and maintenance of the 9-Foot Channel Navigation Project on the Upper 

Mississippi River System on listed species as projected 50 years into the future (U.S. Fish 

and Wildlife Service 2000).  The consultation did not include individual, site specific 

project effects or new construction.  It was agreed that site specific project impacts and 

new construction impacts would be handled under separate Tier II consultation.  

Although, channel maintenance dredging impacts were covered under the Tier I 

consultation, the use of underwater blasting was not considered as a normal channel 

maintenance technique.  As such, blasting would require Tier II consultation. 

 

Species Covered in this Consultation:  The 2000 Biological Opinion presented the U.S. 

Fish and Wildlife Service’s evaluated of the impacts of operation and maintenance on 

seven species:  the decurrent false aster (Boltonia decurrens), the Higgins’ eye pearly 

mussel (Lampsilis higginsi), the winged mapleleaf mussel (Quadrula fragosa), the pallid 

sturgeon (Scaphirhynchus albus), the least tern (Sterna antillarum), the bald eagle 

(Haliaeetus leucocephalus), and the Indiana bat (Myotis sodalis).  

 

The decurrent false aster occurs in the Illinois River Valley and in counties 

adjacent to Mississippi River near the mouth of the Illinois River.  The species’ 

distribution is outside the project area.  In addition, the species is a plant that occurs 

within a terrestrial habitat that will not be impacted by the project.  The Higgins’ eye 

pearly mussel and the winged mapleleaf mussel are both inhabitants of the Upper 

Mississippi River, but occur considerably north of the project area.  The Indiana bat is not 

anticipated to be in the project area during project construction, as currently scheduled.   

For the above mentioned reasons, these four species are not being considered for impact 

analysis.   

 

It is anticipated that the project will be completed prior to least tern nesting.   An 

assessment, based on similar impacts to the bald eagle, was included.  The reason for 

conducting the assessment was that there is a potential that pre-nesting least terns could 

be in the project area.  Potential impacts to terns would be similar to those described for 

the bald eagle. 

 

Project Authority: 
 

The project is authorized under the Regulating Works Project that was authorized 

by the River and Harbor Acts of 1910, 1927, and 1930.  The project provides a safe and 

dependable navigation channel.  It consists of a navigation channel 9-feet deep and not 

less than 300 feet wide with additional width in bends, from the mouth of the Ohio River 

to the mouth of the Missouri River, a distance of approximately 195 miles.  Project 

improvements are achieved by means of dikes, revetment, construction dredging, and 

rock removal. 
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Project Need: 
 

The project, as authorized, is to provide project dimensions at a flow rate of 

40,000 cfs.  A Low Water Reference Plane (LWRP) was developed.  The LWRP is used 

to determine what the elevation and/or river stage would be at a particular location for a 

specified flow rate.  Over the years, river training structures have been constructed and 

maintenance dredging has been performed to maintain project depth below LWRP.  Prior 

to 1955-1956, the flow rate used at St. Louis was 40,000 cfs.  With the completion of the 

Missouri reservoir system, the flow rate used was increased to 54,000 cfs due to 

supplemental flows.  At St. Louis, the 0 LWRP used is at -3.5 feet.  LWRP is an 

approximation and is used only as a guide. 

 

The flow rate used for LWRP was increased.  However, the authorized flow rate 

was not increased.  The current rating table (river stage for a corresponding flow rate) 

from the USGS shows that 54,000 cfs is -4.4 ft and 40,000 cfs is -7.0 ft on the St. Louis 

gage.  A 9 ft depth for navigation at a -7.0 ft stage gives a required bottom elevation of  

-16.0 ft on the St. Louis gage.  The -16.0 ft bottom elevation is equivalent to about -13 ft 

LWRP. 

 

We have been in drought conditions since 2000.  The average period of record 

(Jan 1861 to present) river stage at St. Louis is 11.2 ft.  Figure 1 provides a visual of the 

low flows that have occurred during 2006.  The average river stage for 2006 is 4.2 ft.  We 

are 7.0 ft below average.  The concern is not that we are below average; it is that we are 

closer to the period of record lows.  And if the drought continues we have an opportunity 

to go even lower.  The River stages for 11-07-2006 are:  

 

St. Louis, MO   -2.4 ft (-0.5 ft) 

Chester, IL   0.8 ft (-0.7 ft) 

Cape Girardeau, MO  7.4 ft (-0.6 ft) 

 

 

As the river stages get lower, natural rock outcroppings (pinnacles and rock 

shelves) within the navigation channel will obstruct navigation and the St. Louis District 

will not be able to provide the authorized project dimensions.  This rock is an 

unavoidable obstruction, it poses a risk to both the navigation industry and the 

environment (should a grounding occur), and its removal has been determined to be 

absolutely necessary. 

 

In the Grand Tower Reach, UMR miles 81-78, there are two primary rock 

removal locations.  A location is a box around a defined area requiring rock removal.  At 

UMR mile 80, there is an obstruction (with a 9 ft draft) at a St. Louis stage of -7.0 ft or a 

Chester Stage of -4.1 ft.  At UMR mile 79, there is an obstruction at a St. Louis stage of -

5.0 ft or a Chester Stage of -2.1 ft. 
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Figure 1:  Maximum, Minimum, Average, and 2006 (Current Year) Water Level 

                Elevations Compared to the Low Water Reference Plane (LWRP = -3.5,  

               Channel Depth Would be 9 Foot) and Flood Level (30.00 feet). 

 

 
 

 

In the Thebes Gap Reach, UMR miles 46-38, there are 11 primary rock removal 

locations.  At two locations, there is an obstruction (with a 9 ft draft) at a St. Louis stage 

of -4.0 ft or a Cape Stage of 3.8 ft.  At six locations, there are obstructions at a St. Louis 

stage of -5.0 ft or a Cape Stage of 2.8 ft.  At two locations, there are obstructions at a  

St. Louis stage of -6.0 ft or a Cape Stage of 1.8 ft. 

 

Proposed rock removal will remove primary rock within the navigation channel 

down to a bottom elevation of about -13.0 ft LWRP.  This would then provide 9 ft of 

depth when the stage for St. Louis is -7.0 ft. 
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Economic Implications of Not Maintaining a Navigation Channel 

 

 Table 1 provides an analysis of the economic impacts of shutting the 9-foot 

navigation channel down due to rock obstructions within the channel. 

 

Table 1:  Project Economic Losses for 7, 14, and 30 Day Periods Should the 

                Navigation Channel on the Middle Mississippi River be Closed.  

Navigation Channel 

Shutdown (Days) 

Average Nov/Dec 

Economic Losses 

Average Jan/Feb 

Economic Losses 

7 $15,990,000 $8,507,000 

14 $31,983,000 $17,015,000 

30 $68,536,000 $36,461,000 

 

 

Project Schedule 

 

 The project would begin as soon as environmental compliance is completed.  

Currently, compliance with the Endangered Species Act has the longest review period.  

Based on the Service’s commitment to complete their review within 90 day of receipt of 

the Biological Assessment, the contract could be awarded on February 9, 2006.  The total 

length of the project (mobilization, work, demobilization) is 45 days.  Based on a 45 day 

work period, the work would be completed prior to March 26, 2006.  Should water levels 

continue to drop, with a high potential of closing the navigation channel, the contract 

would be awarded immediately and would be completed within 45 days. 

 

Amount of Material to be Removed 

 

The total volume of rock pinnacles and shelf outcroppings to be removed amounts 

to approximately 4,600 to 4,700 cubic yards.  To put this value in perspective, a chevron 

dike constructed on the Middle Mississippi River for either channel maintenance or 

environmental purposes requires 5,500 cubic yards per structure.  Five barges would be 

filled to a depth of three feet with 4,600 cubic yards of rock.  The amount of material is 

minimal. 

 

Areas of Rock Removal 
 

 Location of the rock removal sites, descriptions of the rock to be removed, and 

amounts are provided on Figure 2 through Figure 16. 
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Figure 2:  Aerial Photograph of work sites at River Mile 80.0 and River Mile 79.0 (Grand 

Tower/Cottonwood Island Area) 

 
 

Figure 3:  Work Area GT1P is located at approximately River Mile 80.0.  This work area 

consists of limestone pinnacle rock.  All material above an elevation of 311.5 ft NGVD 

1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 

removed is 2 cubic yards. 
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Figure 4: Work Area GT2P is located at approximately River Mile 79.0.  This work area 

consists of hard, dense limestone shelf rock.  All material above an elevation of 309.7 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 562 cubic yards.  
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Figure 5:  Aerial Photograph of work sites between River Miles 46 and 38 (Thebes Gap 

Reach). 

 
 

 

Figure 6:  Work Area TR1P is located at approximately River Mile 45.7.  This work area 

consists of limestone pinnacle rock.  All material above an elevation of 291.9 ft NGVD 

1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 

removed is 54 cubic yards.   
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Figure 7:  Work Area TR2P is located at approximately River Mile 45.5.  This work area 

consists of both limestone shelf rock and pinnacle rock.  All material above an elevation 

of 291.7 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of 

material to be removed is 457 cubic yards. 

 

 
 

 

 

Figure 8:  Work Area TR3P is located at approximately River Mile 45.2.  This work area 

consists of both limestone shelf rock and pinnacle rock.  All material above an elevation 

of 291.6 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of 

material to be removed is 269 cubic yards.   
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Figure 9:  Work Area TR4P is located at approximately River Mile 44.5.  This work Area 

consists of limestone pinnacle rock.  All material above an elevation of 291.3 ft NGVD 

1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 

removed is 663 cubic yards.  

 

 
 

Figure 10:  Work Area TR5P is located at approximately River Mile 43.5.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 290.8 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 327 cubic yards.   

 

 
 

 



 10 

Figure 11:  Work Area TR6P is located at approximately River Mile 43.4.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 290.3 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 183 cubic yards.   

 

 
 

Figure 12:  Work Area TR7P is located at approximately River Mile 43.2.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 290.3 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 32 cubic yards.   

 

 
 

 



 11 

Figure 13:  Work Area TR8P is located at approximately River Mile 42.8.  This work 

area consists of both limestone shelf rock and pinnacle rock.  All material above an 

elevation of 290.1 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated 

quantity of material to be removed is 187 cubic yards.  

 

 
 

Figure 14:  Work Area TR9P is located at approximately River Mile 41.0.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 289.1 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 115 cubic yards.  
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Figure 15:  Work Area TR10P is located at approximately River Mile 40.2.  This work 

area consists of limestone pinnacle rock.  All material above an elevation of 288.4 ft 

NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 

be removed is 28 cubic yards.   

 

 
 

Figure 16:  Work Area TR11P is located at approximately 38.5.  This work area consists 

of limestone pinnacle rock.  All material above an elevation of 287.7 ft NGVD 1929 (-13 

ft design plane) is to be removed.  The estimated quantity of material to be removed is 

1776 cubic yards.   
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Removal and Disposal Requirements  
 

The project requires the Contractor to remove all sediment, rock and disposal 

debris to the excavation depths and limits as shown on the plan drawings.  The contours 

(disposal areas) shown in Figure 17 are taken from high resolution multi-beam surveys 

conducted by the St. Louis District.  All sediment, rock and disposal debris excavated in a 

particular work zone box may be scraped, placed, or moved into adjacent deeper areas 

within that work zone box no higher than 2 feet below the specified design grade of 

removal for that work zone.  Per discussions with the Fish and Wildlife Service, Missouri 

Department of Conservation, and Illinois Department of Natural Resources (Telephone 

Conference, 10/6/06), rock excavated in the Thebes Gap, if there is enough depth, would 

be left where it drops.  If rock must be excavated and moved, it will be placed in nearby 

disposal areas (See Figure 17).  Rock disposal will be in a non-uniform manner to create 

bathometric diversity which should provide habitat diversity for aquatic invertebrates and 

fish.  In the Grand Tower Reach, material will be moved to the head of a sand bar near 

the Owl Creek hardpoints at about River Mile 84.5(R) (See Figure 18).  The head of the 

bar currently has gravel and it is hoped that the added rock rubble will provide a 

gravel/rubble riffle area and create fish spawning habitat.  Approximately 560 cubic 

yards will be placed in this area. 

 

Figure 17:  Potential disposal areas for the Thebes Gap Reach (River Miles 46-38). 
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Figure 18:  Disposal area for material excavated from the channel area adjacent to 

Cottonwood Island (Thebes Gap Reach).  The material is to be used to create a 

gravel/rubble area at the head of an existing bar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXPLOSIVE DEMOLITION METHODS 
 

 Bore holes would be drilled, most likely using a drill rig or multiple drill rigs 

mounted on the side of a barge.  The drill holes would then be loaded with explosives and 

stemmed with angular rock.   The holes would be initiated with shock tube strung above 

the water surface leading to detonation cord at each hole.  The detonation cord would 

connect the shock tube at the water surface to the charge beneath the stemming in the 

hole in the vicinity of the shot pattern.  No additional mortality radius would be caused 

by the detonation cord, as the detonation cord would only be used within the shot pattern 

(which has a larger mortality radius).   

 

In order to determine the amount of explosive used for each bore hole to conduct 

an impact assessment, the following assumptions were made.  The diameter of a pinnacle 

cone could vary from a flat cone with a 20-foot diameter at -13 feet LWRP to a sharp 

cone with a four-foot diameter at -13 feet LWRP.  The area of the cone at -13 feet LWRP 

would determine the number of shot holes to remove a rock pinnacle.  One hole, even off 
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center, is estimated as all that would be needed for a cone to a six-foot diameter (at -13 

feet LWRP) or smaller.  For a cone of twenty-foot diameter, eight to ten holes on a 

pattern of five feet by eight feet could be used.  The holes would have 25-millisecond 

delays separating the firing of the holes from one another.  The holes might need to be 

drilled to -18 feet LWRP to be assured of removing rock between the holes to -13 feet 

LWRP.  The holes could be lightly loaded with five pounds of blasting agent within each 

hole (5 lb of charge weight per delay).  The holes would have proper stemming in 

competent rock above the charge. 

 

 

 

SPECIES’ IMPACT ASSESSMENT 

 

Impact Assessment:  Bald Eagle (Haliaeetus leucocephalus) 
 

Introduction 

 

Blast overpressure (noise) is the sharp instantaneous rise in ambient atmospheric 

pressure resulting from an explosion.  Occupationally, it is also described as high-energy 

impulse noise.  Blast-induced injury is traditionally divided into three broad categories 

(Elsayed 1997; Lavonas 2000):  1. primary blast injury is caused by the direct effect of 

blast overpressure on the organism.  Air is easily compressible by pressure, while water is 

not.  As a result, a primary blast injury almost always affects air-filled structures such as 

the lung, ear and GI tract; 2. secondary blast injury, is caused by flying objects that strike 

the organism; 3. tertiary blast injury, occurs when an organism flies through the air and 

strikes other objects. 

 

Primary Blast Injury 
 

 There are two potential areas of concern with respect to exposure to blast 

overpressures from the proposed rock removal project.  The first area of consideration is 

mortality associated with internal organ damage.  The LD50 overpressure for birds 

exposed to an open-air blast is 20 pounds per square inch - psi (197 decibels - dB) 

(Damon et al. 1974, as reviewed in O'Keeffe and Young 1984; Yelverton et al. 1973). 

 

The second area of consideration is the potential impact of blasting noise on the 

hearing of bald eagles in the vicinity of the blasting project.  There are currently no 

publications relating peak overpressure levels resulting from blasting to bird auditory 

system damage.  There are limited data on acoustic trauma to birds, little information on 

species-specific susceptibility to noise (Ryals et al. 1999), and absolutely no information 

on the susceptibility of bald eagles to acoustic trauma.  However, there are established 

safety values for humans exposed to blasting noise and it has been suggested that birds 

are less susceptible than mammals to both Temporary Threshold Shifts (TTS) and 

Permanent Threshold Shifts (PTS) resulting from impulse noise (Saunders and Dooling 

1974). An impulse noise level of 5-10 psi (approximately 185-191 dB) is considered 
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dangerous to human hearing (Kerr 1978; Lavonas 2000; James et al. 1982, as reviewed in 

Garth 1994). 

 

Personal observations (Thomas Keevin and Gregory Hempen, personal 

observations) of previous channel deepening projects (Middle Mississippi River Channel 

Deepening Project, Miami Harbor Deepening Project, Kill van Kull New York Harbor 

Deepening Project) indicate that confined shots themselves produce minimal above water 

noise.  The actual blast could barely be heard.  The only noise that could be considered 

loud was generated from shock tubes or detonating cord positioned above or on the water 

surface that run to the bore holes.  To put the noise level into perspective, a jet taking off 

at 200 feet produces a noise level of 120 dB.  The noise levels at standoff distances of a 

couple hundred feet from shock tubes and detonating cord are far below this level. 

 

In order to ensure the safety of the bald eagle, the Blasting Contractor will not be 

allowed to initiate an explosion when eagles are within 500 ft of the blast zone.  As long 

as bald eagles are beyond this distance, there is little chance of internal organ damage, 

mortality, or hearing damage resulting from the use of explosives during the rock 

removal project.  In addition the Blasting Contractor will be required to use shock tubing 

until he reaches his down lines.  Shock tubing produces less noise than detonating cord. 

 

Based on the established "safety zone" and the extremely high-pressure level 

required to cause bird mortality (197 dB, 20 psi) and the rapid attenuation of pressure in 

air (Mellor 1985), no internal damage or mortality are expected from the blasting 

operation.  Using the noise levels considered damaging to human hearing (185-191 dB, 

5-10 psi) as a surrogate for bird hearing damage levels, it is suggested that the proposed 

project will have no effect on bird hearing.  Although no impacts on hearing are 

anticipated, it should also be noted that relatively severe acoustic overexposures that 

would lead to irreparable damage and large PTSs in mammals are moderated in birds by 

subsequent hair cell regeneration (Cotanche 1987a; Cotanche and Corwin 1991; Niemiec 

et al. 1994) and repair to the tectorial membrane and other structures (Cotanche 1987b; 

Adler et al. 1993; Adler et al. 1995).  Should an accidental overexposure occur, and this 

is not anticipated, it is likely that hearing would be restored in a short period of time 

 

Secondary Blast Injury 
 

The weight of 5-9 feet of water will effectively confine fly rock to the water 

column.  As such, not fly rock is anticipated to escape into the air.  In addition, the 500-ft 

eagle no-fly zone (safety zone) surrounding the blast site will further protect eagles from 

any fly rock.  If eagles are observed in the 500-ft safety zone, shots will be halted until 

they have left the area. 

 

Tertiary Blast Injury 
 

Tertiary blast injury would occur only if a bald eagle were knocked from the air 

by the force of the blast.  Very little pressure will be transmitted to the air column.  An 

observer will observe only a slight upwelling of water (possibly only a ½ foot rise).  
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Pressures from the shock tubes will have no effect on a bird flying overhead.  Again, the 

500-ft safety zone (eagle no-fly zone) will eliminate any potential impact. 

 

 Disturbance 
 

A potential impact of the blasting operation is the possibility that bald eagles 

could be "frightened" by the blast, take flight, and use up important energy stores.  

"Fright-flight" would be considered harassment under the Endangered Species Act.  

There currently is little information concerning the response of bald eagles to blasting.  

Stalmaster and Newman (1978) indicated that bald eagles did react to gunshots. 

 

"Normally occurring auditory disturbances were not unduly disruptive  

to eagle behavior…….  Gunshots were the only noises that elicted overt 

escape behavior…Eagles were especially tolerant of auditory stimuli 

when the sources were partially or totally concealed from view." 

 

 

In a four-year study, Russel et al. (1993, as reviewed in Larkin et al. 1996) 

suggested that there was no significant difference in bald eagle nesting success at the 

Aberdeen Proving Ground, Maryland, when compared with the National average of 0.92 

young per nest.  Aberdeen is a test facility where weapons firing is a common 

occurrence, including weapons up to the 203-mm howitzer.  Aberdeen is also intensively 

used by bald eagles for nesting and roosting.   

 

Although it is not known exactly what effect blasting will have on bald eagle 

flight, previous observations might suggest possible responses.  During an explosive 

testing program at Carlyle Lake, Illinois, gulls not only habituated to the blasting 

program but also responded to each blast by immediately flying to the area to feed on 

dead gizzard shad (Keevin, personal observation). 

 

Conservation Measures 

 

In order to reduce the potential impact of blasting and to protect the bald eagle, 

the following measure will be undertaken prior to blasting:   

 

1.  The Blasting Contractor will be required to “search the sky” for bald eagles flying 

over the blasting zone prior to initiating a shot.  Blasting will be halted if eagles are 

within 500 feet of the blasting zone.  Blasting will resume after the eagle(s) has/(have) 

moved outside of the blasting zone into what is considered the "safe zone". 

 

2.  The Blasting Contractor will be required to use shock tubing above the water surface 

until over the foot print of the blasting area where detonating cord can be used as the 

down line.  Shock tubing produces much less noise than detonating cord. 
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Conclusion 

 

Based on the best scientific information available, and avoid and minimize 

measures (Conservation Measures) to be taken to protect the bald eagle, it appears that 

eagles will not be affected by primary, secondary or tertiary blast injury (e.g., fly-rock, 

impulse noise, or aerial displacement) associated with the blasting operation.  Short-term 

behavioral alteration may occur (i.e., startle response), but it is anticipated that this 

response will be short-term and have, at most, only minor energy costs associated with it. 

 

After reviewing the effects of the proposed project, it is the St. Louis District’s 

determination that the project is Not Likely to Adversely Affect the bald eagle. 
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Impact Assessment:  Interior Least Tern (Sterna antillarum ) 
 

  The current hot spots for tern nesting are Brown's Bar (22.5-24.5L) and 

Bumgard Island (29.0-31.0L); although, these major nesting areas are below the project 

area there is a potential that the least tern could potentially breed on suitable exposed 

sandbars anywhere in the Middle Mississippi River.  Currently, project completion would 

occur prior to the end of March (See Project Schedule).  Smith and Renken (1991) found 

that least terns were more likely to use exposed sand bar for nesting that were 

continuously exposed for at least 100 days during the period 15 May - 31 August.  The 

current work schedule would preclude impacts to nesting birds.  As such, nesting impacts 

are not expected. 

 

Impact Assessment 

 

 Although, the least tern probably will not be impacted by the proposed project, 

this assessment is being conducted in case the schedule is delayed.  Under the existing 

schedule, there is a potential that least terns could be in the project area prior to nesting.  

The impact assessment conducted for the bald eagle addresses the same potential impacts 

that would be encountered by least terns moving through the project area. 

  

Conservation Measures 

 

In order to reduce the potential impact of blasting and to protect the least, the 

following measure will be undertaken prior to blasting:   

 

1.  The Blasting Contractor will be required to “search the sky” for least terns flying over 

the blasting zone prior to initiating a shot.  Blasting will be halted if least terns are within 

500 feet of the blasting zone.  Blasting will resume after the least tern(s) has/(have) 

moved outside of the blasting zone into what is considered the "safe zone". 

 

2.  The Blasting Contractor will be required to use shock tubing above the water surface 

until over the foot print of the blasting area where detonating cord can be used as the 

down line.  Shock tubing produces much less noise than detonating cord and would 

produce less disturbance. 

 

Conclusion 

 

Based on the best scientific information available, and avoid and minimize 

measures (Conservation Measures) to be taken to protect the least terns, it appears that 

terns will not be affected by primary, secondary or tertiary blast injury (e.g., fly-rock, 

impulse noise, or aerial displacement) associated with the blasting operation.  Short-term 

behavioral alteration may occur (i.e., startle response), but it is anticipated that this 

response will be short-term and have, at most, only minor energy costs associated with it. 

 

After reviewing the effects of the proposed project, it is the St. Louis District’s 

determination that the project is Not Likely to Adversely Affect the least tern. 
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Impact Assessment:  Pallid Sturgeon (Scaphirhynchus albus) 
 

 The Middle Mississippi River is thought to contain somewhere between 1,600 and 

4,900 pallid sturgeon.  Based on catch and telemetry data collected for Garvey et al. 

(2006), only 1 pallid sturgeon was located within a rock removal (blasting) area in the 

navigation channel at the head of Cottonwood Island (Figure 19).  This doesn’t 

necessarily indicate that there aren’t pallid sturgeon in any of these areas.  It is interesting 

that in the areas near GT1 and GT2, there were approximately 40 pallid “hits” in this 

reach but there was only 1 on the edge of the construction area at R.M. 79. 

 

Figure 19:  Pallid capture and telemetry locations superimposed on construction areas at 

Tower Rock and Cottonwood Island Reaches. 
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Fish Mortality:  General Overview of Confined Rock Removal 

 

There is considerable published information concerning the pressure wave from 

explosive charges detonated in free water while there is little documentation concerning 

embedded charges.  This becomes extremely important in evaluating the effects of 

blasting operations on aquatic life.  Fish mortality studies are based on open-water testing 

programs (Anonymous 1948; Ferguson 1962; Hubbs & Rechnitzer 1952; Teleki and 

Chamberlain 1978).  The use of existing mortality data would greatly overestimate 

mortality for shots confined within solid material (e.g., the rock to be removed).  

Explosives in open water, which are not contained completely within rigid structures, will 

produce both higher amplitude and higher frequency shock waves, than confined 

detonations.  The energy consumed by the rock and radiation of the wave energy into 

rock reduces the available energy reaching the water column.   

 

The use of blasting in rock removal, when the explosives are enclosed within the 

stemmed bore hole, will result in lower fish mortality than the same explosive charge size 

detonated in open water (Keevin 1998).  For example, Nedwell and Thandavamoorthy 

(1992) evaluated the pressure time histories from the detonation of small explosive 

charges from both free water and embedded explosions under laboratory conditions.  

They found that the peak pressure of the water-borne shock wave following the 

detonation of an explosive charge embedded in a borehole was about 6% (94% reduction) 

of that occurring for the same charge at the same distance, when it was freely suspended 

in water.  Hempen et al. (2005) evaluated pressure reductions during channel deepening 

for the Kill Van Kull (New York Harbor) Deepening Project.  They compared pressures 

from four confined shots with computed open-water pressures and found that the 

confined pressures were only 19 to 41% (81 to 59% reductions) of open-water pressures.  

The mortality radius was 30% of the open-water shot and the mortality area of the 

confined shot would be only 9% of the mortality area for the open-water shot.   Table 2 

provides the calculated mortality radius for both the confined and open water shots for 

the Kill Van Kull Deepening Project.  Note that for the Kill Van Kull Project, the largest 

calculated fish mortality was 350 feet for an 87 pound charge per delay blast using a large 

blast pattern.   

 

 

Table 2:  Mortality Distances for the Kill Van Kull Deepening Project. 

   

     

  Max Charge   M Radius M Radius 

 # Holes Wt/Delay Lead T Lag T Confined Open-wtr 

Shot Shot (lb) Dist (ft) Dist (ft) (ft) (ft) 

010 25 73 660 820 330 1,100 

014 2 72 470 630 330 1,100 

021 28 87 500 640 350 1,200 

022 39 73 570 700 330 1,100 

                                                                               (From:  Hempen et al. 2005) 
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As previously noted, we anticipate that approximately 5 pounds of “confined” 

explosives will be used in each bore hole (5 pounds per delay).  Bluegill (Lepomis  

macrochirus) exposed to 4.5 pounds (As previously noted on page 25 [See Reduction in 

Charge weight of Explosives], for all practical purposes a 4.5 lb. and a 5 lb. charge 

produce the same pressures.) of high explosives shot in “open-water” experience 0% 

mortality at between 140 and 150 feet (Keevin 1995).  However, because we are using 

confined charges the pressures, and associated safe zone, would be reduced somewhere 

between 59 to 96 percent.  As such, the actual kill radius would be small.   In addition, 

the majority of the blasting shots will have a small blasting pattern (blast footprint), and 

associated fish kill radii, because the Corps is removing pinnacle rock rather than 

deepening an entire harbor channel as was the case for Kill Van Kull. 

 

The blaster will undoubtedly use detonation cord in water column as part of the 

initiation system.  Detonation cord has a mortality radius associated with it.  There are 

currently only two studies that evaluated fish mortality resulting from open-water 

explosions of detonating cord (Linton et al. 1985; Metzer and Shafland 1986)  Linton et 

al. (1985) exposed caged black drum (Pogonias cromis) and red drum (Sciaenops 

ocellatus) to an explosion from a 33-m strand of 100g/33 cm Primacord.  They found 

100% survival of black drum in bottom cages at 11 m from the blast.  Surface cages had 

40% survival at 11 m, 80% survival at 23 m, and 60% survival at 46 m from the 

detonating cord.  Red drum experienced 100% survival in bottom cages at 1 m, 70% 

survival at 11 m, 100% survival at 23 m, and 82% survival at 46 m.  Red drum 

experienced 50% survival in surface cages at 46 m from the detonating cord explosion. 

 

Metzer and Shafland (1986) found that five species of experimental fish stationed 

within 7 m of a single strand of detonating cord (10.63 g PENTA/m) were killed instantly 

upon detonation and 88% were killed at the maximum tested distance of 9 m.  This study 

was designed to evaluate the use of detonating cord for sampling fish and because it 

doesn't provide information on "safe distances" from an explosion of detonating cord, it 

provided little useful information for impact assessment purposes.   

 

We should note that the detonation cord used for typical underwater blasting 

projects generally has considerably less PENTA per meter than the two referenced 

studies.  The detonation cord studied by Linton et al. (1985) was for seismic studies 

requiring that a large amount of energy be introduced into the water column. The 

detonation cord used by Metzer and Shafland (l986) was chosen to have the maximum 

killing power in order to kill fish for sampling purposes.  We anticipate that any kill 

radius associated with the use of detonation cord will fall within the kill radius of the rock 

removal blasts based on required mitigation measures (See Blast Initiation below). 
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Contractor Required Mitigation Features:  Reducing the Impacts of Explosive 

Pressures  

 

 Keevin (1998, “A review of natural resource agency recommendations for 

mitigating the impacts of underwater blasting”) was carefully reviewed to determine 

what mitigation techniques were appropriate to achieve the maximum pressure 

reductions.  The following mitigation techniques were chosen as both practical and with 

the potential to reduce impacts:  

 

Blast Initiation.  An explosion can be initiated (set off) in a number of ways including 

(but not limited to):  use of electric blasting caps to a primer; use of electric blasting caps 

to a detonation cord; or use of non-electric shock tubes to a detonation cord.  Because of 

the potential for accidental detonation, resulting from stray radio waves from commercial 

traffic, the contractor will probably avoid use of electrical detonation systems.  A 

standard industry technique in such situations is to use shock tube or detonation cord with 

a non-electric initiation system.  The detonating cord is run from the blast hole to a safe 

position, possibly as much as 200 yards away from the blast site, and the cord is 

detonated with a non-electric initiator.  Detonating cord has an associated kill radius 

(Metzer and Shafland 1986; Linton et al. 1985) that extends along the cord from the 

explosive being detonated to the firing mechanism. 

 

 To reduce the potential for creating a long, narrow kill zone resulting from shock 

tubing or detonating cord lying in the water column, the Blasting Contract will required 

to string the cord above the water surface until it enters the foot print of the shot holes. 

    

Reduction in Charge Weight of Explosives:  The weight of explosives used determines 

the amount of pressure generated; although, this relationship is not linear.  Fore example 

at 4 m (meters) distance, a l kg (kilogram) charge of high explosives would produce 

9,600 kPa (kilopascals) peak pressure.  A 2-kg charge would produce 12,000 kPa peak 

pressure at the same 4 m distance.  It would be necessary to increase the charge weight to 

8 kg to double the peak pressure to 19,200 kPa.  The grain weight of detonation cord also 

controls the kill radius associated with its’ detonation. 

 

The Corps’ contract requires that the blasting contractor use the minimal amount 

of charge weight for the bore holes and detonation cord to accomplish their rock removal 

task.  To highlight the need for minimal explosive use, the need to protect the Federally 

endangered pallid sturgeon will be addressed at the first contract award meeting.  The 

Service is invited to be an active participant in that discussion.        

 

Delays:  Potentially large explosive charges can be broken into a series of smaller 

charges by use of blasting caps with timing delays.  Shot holes can be detonated 

simultaneously or in succession, with a time interval between detonation of each shot 

hole or group of shot holes.  The greater the weight of explosives shot instantaneously, 

the greater the intensity of the shock wave and the greater the area of effect (Tansey 

1980). 

 



 26 

The use of delays effectively reduces each detonation into a series of small 

explosions.  Resulting blast overpressure levels are directly related to the size of the 

charge in each delay, rather than the summation of charges detonated in all holes 

(Munday et al. 1986).  When assessing fish mortality, it is appropriate to assess the 

mortality for each individual hole with largest single charge per delay producing the 

largest mortality radii, rather than the combined weight of all drill holes being fired to 

assess mortality. 

 

Stemming:  Stemming is the use of a selected material, usually angular rock and gravel, 

to fill a drill hole above the explosive.  Stemming is commonly used by the blasting 

industry to contain the explosive force and increase the amount of work done to the 

surrounding strata (Konya and Davis 1978; Moxon et al. 1993).  This technique decreases 

the amount of blast energy that is lost out of the drill hole and thus reduces the impact to 

the aquatic environment.  Brinkmann (1990) has shown that approximately 50% of the 

explosive energy is lost if unrestricted venting is allowed to occur through the blasthold 

collar.  Susanszky (1977) found, in a series of tests in the Danube River, that absolute 

values of pressures were decreased by an order of magnitude by using stemming.  The 

Corps’ contract requires the use of angular rock stemming in the boreholes.     

 

Konya and Davis (1978) conducted a series of scaled down tests of a variety of 

stemming material in a ballistic mortar with a long, roughened bore to simulate the collar 

of a blast hole.  They found that highly spherical sand (wet or dry) ejected even when 

loaded to the full bore length (1 m), whereas very angular limestone of similar grain size 

held at the same powder charge with as little as nine inches of stemming.  They 

concluded that angularity appears to be the single most influential variable in maintaining 

the stemming material in the blast hole.  Gordon and Nies (1990) noted that mud and drill 

cuttings were poor stemming materials and that angular material was the best material 

since it arched and locked into the borehole wall when subjected to detonation pressure.   

 

Repelling Charges:  Repelling charges are small explosive charges detonated to “scare” 

fish from the blasting zone just prior to detonation of a major explosive charge.  Keevin 

et al. (1997) studied the movement of radio-tagged largemouth bass, channel catfish and 

flathead catfish in response to repelling charges.  They evaluated the survival rates of fish 

exposed to large open-water shots (simulating, for example, bridge pier explosive 

demolition) and found that few of the fish moved far enough to survive.  They found the 

response to be very species and individual specific.   

 

If the same movement distances are compared with potential pressures from 

confined pinnacle shots, assuming a kill zone of approximately 20 m (65.6 feet) from the 

perimeter of the shot pattern, then many more of the fish would have survived.  For 

example, of the 15 largemouth bass studied, seven showed no movement in response to 

the detonation of a repelling charge and possibly two moved enough to escape the effects 

of pinnacle removal.  Of the seven channel catfish evaluated, two showed no movement 

and four would possibly have moved enough to be safe.  Of the six flathead catfish 

studied, three showed no response and three would have been safe. 
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 The potential response of shovelnose sturgeon to repelling charges is unknown.  

However, in an unpublished study, Collins et al. (Undated) found that repelling charges 

were 92% effective (11 of 12 tests) in moving six telemetered shortnose sturgeon 

(Acipenser brevirostrum) beyond the lethal distance of production blast pressures typical 

of confined rock removal shots used during  the deepening of Wilmington Harbor, North 

Carolina.   

 

Use of Noise to Our Advantage:  Fish live in a sonic world; they communicate with 

sound and they respond to anthropogenic noise (Popper 2003).  For centuries fishermen 

have used noise to their advantage to drive fish into their nets.  Noise has also been used, 

with varying success, to repel fish in order to protect them.  For example, Dunning et al. 

(1992) found that during daylight alewife (Alosa pseudoharengus) schooled and avoided: 

pulsed tones (500 ms pulses, 1000 ms apart) of 110 and 125 kHz at or above 175 dB; a 

continuous tone of 125 kHz at 172 dB; and pulsed broadband sound between 117 and 133 

kHz at or above 157 dB.  However, pulsed broadband sound at 163 dB was most 

effective.  In contrast, alewives did not react as strongly to the broadband sound at night.  

At the Pickering Nuclear Generating Station on Lake Ontario, Haymes and Patrick 

(1986) used pneumatic poppers emitting low-frequency, high-intensity broadband sound, 

of frequencies between 20 and 1000 Hz.  They found the sound reduced by up to 99% the 

number of alewives entering an experimental structure.  Knudsen et al.  (1994) found that 

10 Hz sound was an effective deterrent for downstream migrating Atlantic salmon smolt 

(Salmo salar) in a small river.  In contrast, 150 Hz sound had no repelling effects.  With 

the exception of a few species of clupeids and salmonids, little is known about the 

effectiveness of using sound to repel fish, including the pallid sturgeon. 

 

 The normal operating procedure is to drill the shot holes, load the explosive, load 

the stemming, provide the contracting officer with information for the shot, and then 

initiate the blast.  From the time the blaster finishes loading the shot to the time of 

initiation can often be ½ hour or more.  Drilling, loading, and movement of boats in the 

project area all produce loud noise.  We intend to eliminate the ½ hour delay period and 

initiate the shot as soon as possible.  It is our intention to use the anthropogenic noised 

produced by the Contractors to our benefit, assuming that the noise will help drive fish 

from the blasting area.  By eliminating the delay period we are reducing the “recovery 

time” for fish to move back into the area and be exposed to blast pressures. 

 

Conservation Measures 

 

In order to reduce the potential impact of blasting and to protect the pallid 

sturgeon, measures 1-6 will be undertaken prior to and during blasting to reduce blast 

pressures and their associated kill radius.  Measures 7-10 will provide potential impact 

assessment data and will validate the assumptions made during this impact analysis.  

Measure 11 will create potential fish spawning habitat for species that spawn over rock 

substrate (i.e., the pallid sturgeon).    

 

1.  Initiation System - The Blasting Contractor will be required to use shock tube laid 

above the water surface until the point of entry into the footprint of the blast pattern.  At 
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that point, the contractor can use detonation cord for his down lines.  The reason for 

initiating the blast in this manner (running the cord above water using shock tubing) is 

that shock tube and detonation cord has a kill radius associated with it.  The blaster will 

often run shock tube or detonation cord a couple hundred yards to the blast, producing a 

long linear kill zone.    

 

2.  Reduced Charge Weights - The Blasting Contractor will be asked to use the minimal 

amount of explosives necessary; thus, reducing the kill radius.  This may be a trial and 

error process at the beginning of the blasting program. 

 

3.  Delays - The Blasting Contractor will be required to separate the shot hole firing with 

timed delays.  This breaks the shot into a series of smaller blasts rather than one big blast.  

Organism response (injury and mortality) is related to the largest single borehole charge 

weight, not the total explosive weight of all the holes. 

 

4.  Stemming – The Blasting Contractor will be required to stem the boreholes.  

Stemming is the use of angular rock at the top of the borehole.  This keeps the shot 

confined.  Otherwise blast pressures would shoot out of the bore hole much acting much 

like a rifle barrel and creating greater impacts. Stemming tremendously reduces the blast 

pressures reaching the water column 

 

5.  Repelling Charges – The Blasting Contractor will be require to detonate a series of 

three blasting caps at approximately 30 second, 1 minute, and 1.5 minutes over the 

footprint of the blast prior to the initiation of the shot.  Repelling charges are used to 

"scare" fish from the area and have been shown to be effective to some degree.  They 

seem to work well with shortnose sturgeon exposed to confined shot pressures. 

 

6.  Noise - We intend to use the construction noise (drilling, boat moment, etc.) to our 

advantage.  There is normally a 1/2 hour delay between loading the boreholes and the 

actual shot when paperwork between the blaster and Corps is exchanged.  We intend to 

eliminate this long delay with the thought that the construction noise will help move fish 

out of the area.  The fish aren’t given the opportunity, because of the continued noise, to 

move back into the kill zone prior to initiation of the blast. 

 

7.  Measurement of Pressures and Calculation of the Potential Mortality Radius - Blast 

pressures will be measured for a series of rock removal events and fish mortality radii 

will be calculated based on existing models.  The results will be used to validate the 

Corps’ conclusions in the Biological Assessment and Environmental Assessment. 

 

8.  Evaluating the Effectiveness of Repelling Charges – A study will be conducted using 

existing radio tagged pallid sturgeon in the Middle Mississippi River to validate the 

effectiveness of repelling charges, an avoid and minimize measure being utilized during 

this project. 
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9.  Monitoring of Fish Mortality – Mortality monitoring will be conducted for a series of 

shots.  A study design will be developed and coordinated with the U.S. Fish and Wildlife 

Service.  

 

10.  Pre-blast Hydroacoustic Fish Survey – A series of pre-blast hydroacoustic surveys 

will be conducted to determine fish use of the blasting footprints.  A study design will be 

developed and coordinated with the U.S. Fish and Wildlife Service. 

 

11.  Disposal Areas – Per discussions with the Fish and Wildlife Service, Missouri 

Department of Conservation, and Illinois Department of Natural Resources (Telephone 

Conference, 10/6/06), rock excavated in the Thebes Gap, if there is enough depth, would 

be left where it drops.  If rock must be excavated and moved, it will be placed in nearby 

disposal areas.  Rock disposal will be in a non-uniform manner to create bathometric 

diversity which should provide habitat diversity for aquatic invertebrates and fish.  In the 

Grand Tower Reach, material will be moved to the head of a sand bar near the Owl Creek 

hardpoints at about River Mile 84.5(R).  The head of the bar currently has gravel and it is 

hoped that the added rock rubble will provide a gravel/rubble riffle area and create fish 

spawning habitat. 

 

Conclusion 
 

It is impossible to predict the number of pallid sturgeon that might be killed 

within a potential "kill zone" because the size of the resident pallid sturgeon population, 

their distance from the explosive source, and the effectiveness of mitigation measures are 

unknown.  Based on the density of pallid sturgeon in the Middle Mississippi River and 

the use of avoid and minimize techniques, it is the St. Louis District’s opinion that 

impacts will be minor.  However, there is not a 100% guarantee that a pallid sturgeon 

could not be injured or killed during the rock removal and disposal activities.  For that 

reason, the District’s determination is that the project may affect and is likely to 

adversely affect the pallid sturgeon.  
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CONSULTATION HISTORY 
 
A history of consultation includes any information, consultation or prior formal 
consultation on the action; documentation of the initiation date of consultation; a 
chronology of subsequent requests for additional data, extensions, and other applicable 
past or current actions by the action agency.  In 2000 the Fish and Wildlife Service 
(Service) issued the Final Biological Opinion for Operation and Maintenance of the 9-
Foot Channel Project on the Upper Mississippi River.  That Biological Opinion was a 
Tier I Programmatic Biological Opinion which evaluated the overall impacts of the 
channel maintenance program on federally listed threatened and endangered species in 
the Upper Mississippi River.   
 
On November 8, 2006, the Service received the Corps of Engineers’ “Tier II Biological 
Assessment, Operation and Maintenance of the 9-Foot Navigation Channel on the Upper 
Mississippi River: Explosive removal of Rock Pinnacles and Outcroppings Considered to 
be Navigation Obstructions During Low-Flow Periods on the Middle Mississippi River” 
(USACE 2006a).  Summarized below are activities undertaken by the Corps of Engineers 
(Corps) and Service to address Section 7 consultation requirements pursuant to the 
Endangered Species Act.  On November 8, 2006, the Service proceeded with formal 
consultation on the Explosives Removal of Rock Pinnacles and Outcroppings Considered 
to be Navigation Obstructions During Low-Flow Periods on the Middle Mississippi River  
Project.  This consultation is being processed as a Tier II Formal Consultation pursuant to 
the 2000 Tier I Programmatic Biological Opinion. 
 
● September 27, 2006 – During an impromptu meeting at the Applied River Engineering 
Center the Service is notified of the problem associated with low-water conditions and 
rock pinnacles and outcroppings that serve as navigation hazards. 
 
● September 29, 2006 – The Service participates in a conference call with Corps’ 
Environmental staff to discuss environmental compliance associated with the proposed 
removal of pinnacle rock and outcroppings. 
 
● October 5, 2006 – The Service received an email from the Corps with an attached 
powerpoint briefing prepared for a RRAT Executive Team conference call. 
 
● October 10, 2006 – The Service received a request for a meeting with Corps staff to 
discuss environmental compliance issues. 
 
● October 15, 2006 – The Service participated in the RRAT Executive Team conference 
call to discuss the urgent channel conditions and proposed removal of pinnacle rock and 
outcroppings.  The RRAT Executive Team provided several recommendations to 
minimize the amount of material to be removed and to minimize impacts associated with 
the proposed action. 
 
● October 19, 2006 – The Service participated in a meeting with Corps staff to discuss 
the pinnacle rock removal process, including blasting procedures/process and mitigative 
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measures proposed to reduce blasting impacts.  A copy of the draft plans and 
specifications for the project was provided along with several papers describing the 
impacts associated with blasting projects.   
 
● October 20, 2006 – The Service received an email request for a conference call to 
discuss proposed disposal areas.   
 
● October 20 and 23, 2006 – The Service received email information from the Corps 
which identifies proposed disposal areas. 
 
● October 26, 2006 – The Service provided comments (via email) to the Corps regarding 
the proposed pinnacle rock removal and regarding the proposed disposal areas. 
 
● November 2, 2006 – The Service receives a request from the Corps for a conference 
call to discuss disposal areas. 
 
● November 6, 2006 – The Service participates in a conference call with the Corps, 
Illinois Department of Natural Resources (IDNR) and the Missouri Department of 
Conservation (MoDOC) to discuss the proposed disposal areas.  The agencies provided 
recommendations to further avoid and minimize impacts and to create habitat with the 
rock material. 
 
● November 7, 2006 – The Service receives information from the Corps pertaining to 
pallid sturgeon locations within the proposed project area. 
 
● November 8, 2006 – The Service receives the Corps’ Tier II Biological Assessment for 
the proposed project. 
 
● November 14, 2006 – The Service provides comments to the Corps (via email) 
regarding the Biological Assessment, including recommendations to withdraw disposal 
areas 6 and 12 from consideration due to concern for pallid sturgeon impacts. 
 
● November 14, 2006 – The Corps provides an email to the Service which states that 
they agree to withdraw disposal areas 6 and 12. 
 
● November 17, 2006 – The Service responds to the Corps request for initiation of formal 
consultation with assignment of a log number and anticipated date for providing the 
Biological Opinion. 
 

BIOLOGICAL OPINION 
 
1.0 DESCRIPTION OF THE PROPOSED ACTION 
 
In order to provide a safe and dependable 9-foot navigation channel, the St. Louis 
District, Army Corps of Engineers proposes to remove natural rock outcroppings 
(pinnacles and rock shelves) from two general reaches of the Middle Mississippi River 
(MMR).  The first reach is the Grand Tower Reach.  Within this reach, two primary rock 
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removal locations occur from Upper Mississippi River miles 81 to 78.  Approximately 
564 cubic yards (cy) of rock pinnacles and shelf outcroppings will be removed.  The 
material (rock rubble) from the Cottonwood Island area (562 cy) will be disposed of at 
the upper end of an existing sand/gravel bar located at approximate river mile 84.7.  The 
second reach is the Thebes Reach.  Within this reach, 11 primary rock removal locations 
occur from Upper Mississippi River miles 46 to 38.  Within this reach, approximately 
4,091 cy of rock pinnacles and shelf outcroppings will be removed.  In areas where there 
is enough depth, the rock material will be left where it drops.  If the material must be 
excavated and removed, it will be placed in nearby disposal areas.  The disposal areas are 
deepwater areas within the thalweg of the main channel.  Specific locations of rock 
removal and disposal areas are provided in Appendix A. 
 
Primary rock removal locations are those sites where it is necessary to remove rock to 
maintain a safe and dependable navigation channel.  Within these locations, rock is 
proposed to be removed to a depth of -13 feet LWRP (Low Water Reference Plane).   
This would provide 9 ft of depth when the stage for St. Louis is -7.0 feet.  Additional 
information regarding the need for the proposed action can be found in the Corps’ 
Environmental Assessment (USACE 2006b) for this action. 
 
The recommended alternative is to use explosives to remove the rock obstructions.  Bore 
holes would be drilled, most likely using a drill rig or multiple drill rigs mounted on the 
side of a barge.  The drill holes would then be loaded with explosives and stemmed with 
angular rock.  The holes would be initiated with shock tubing strung above the water 
surface leading to detonation cord at each hole.  The detonation cord would connect the 
shock tube at the water surface to the charge beneath the stemming in the hole in the 
vicinity of the shot pattern.  No additional mortality radius for aquatic organisms (e.g., 
fish) would be caused by the detonation cord, as the detonation cord would only be used 
within the shot pattern (which has a larger mortality radius). 
 
In order to minimize the impacts of the blasting, a number of mitigation techniques will 
be applied to the proposed project.  These mitigation techniques are conservation 
measures for purposes of analyzing the effects of the proposed action.  The information 
below is taken from the Corps’ Biological Assessment (USACE 2006a) and 
Environmental Assessment (USACE 2006b) prepared for this activity. 
 
Blast initiation – An explosion can be initiated (set off) in a number of ways including 
(but not limited to): use of electric blasting caps to a primer; use of electric blasting caps 
to a detonation cord; or use of non-electric shock tubes to a detonation cord.  Because of 
the potential for accidental detonation, resulting from stray radio waves from 
commercial traffic, the contractor will probably avoid the use of electrical detonation 
systems.  A standard industry technique in such situations is to use shock tube or 
detonation cord with a non-electric initiation system.  The detonating cord is run from 
the blast hole to a safe position, possibly as much as 200 yards away from the blast site, 
and the cord is detonated with a non-electric initiator.  Detonating cord has an 
associated kill radius (Metzer and Shafland 1986, Linton et al. 1995) that extends along 
the cord from the explosive being detonated to the firing mechanism.   
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Conservation Measure - To reduce the potential for creating a long, narrow kill zone 
resulting from shock tubing or detonating cord lying in the water column, the Blasting 
Contract will require the contractor to string the cord above the water surface until it 
enters the foot print of the shot holes. 
 
Reduction in Charge Weight of Explosives – The weight of explosives used determines 
the amount of pressure generated; although the relationship is not linear.  For example 
at 4 m (meters) distance, a 1 kg (kilogram) charge of high explosives would produce 
9,600 kPa (kilopascals) peak pressure.  A 2-kg charge would produce 12,000 kPa peak 
pressure at the same 4 m distance.  It would be necessary to increase the charge weight 
to 8-kg to double the peak pressure to 19,200 kPa.  The grain weight of detonation cord 
also controls the kill radius associated with its’ detonation. 

 
Conservation Measure - The Corps’ contract requires that the blasting contractor use 
the minimal amount of charge weight for the bore holes and detonation cord to 
accomplish their rock removal task.  To highlight the need for minimal explosive used, 
the need to protect the Federally endangered pallid sturgeon will be addressed at the first 
contract award meeting.  The Service is invited to be an active participant in that 
discussion.   

 
Delays:  Potentially large explosive charges can be broken into a series of smaller 
charges by use of blasting caps with timing delays.  Shot holes can be detonated 
simultaneously or in succession, with a time interval between detonation of each shot 
hole or group of shot holes.  The greater the weight of explosives shot instantaneously, 
the greater the intensity of the shock wave and the greater the area of effect (Tansey 
1980). 
 
The use of delays effectively reduces each detonation into a series of small explosions.  
Resulting blast overpressure levels are directly related to the size of the charge in each 
delay, rather than the summation of charges detonated in all holes (Munday et al. 1986).  
When assessing fish mortality, it is appropriate to assess the mortality for each individual 
hole with largest single charge per delay producing the largest mortality radii, rather 
than the combined weight of all drill holes being fired to assess mortality. 
 
Conservation Measure - The Blasting Contractor will be required to separate the shot 
hole firing with timed delays.  This breaks the shot into a series of smaller blasts rather 
than one big blast.  Organism response (injury and mortality) is related to the largest 
single borehole charge weight, not the total explosive weight of all the holes. 
 
Stemming:  Stemming is the use of a selected material, usually angular rock and gravel, 
to fill a drill hole above the explosive charge.  Stemming is commonly used by the 
blasting industry to contain the explosive force and increase the amount of work done to 
the surrounding strata (Konya and Davis 1978; Moxon et al. 1993).  This technique 
decreases the amount of blast energy that is lost out of the drill hole and thus reduces the 
impact to the aquatic environment.  Brinkmann (1990) has shown that approximately 



 6 

50% of the explosive energy is lost if unrestricted venting is allowed to occur through the 
blasthold collar.  Susanszky (1977) found, in a series of tests in the Danube River, that 
absolute values of pressures were decreased by an order of magnitude by using 
stemming.  The Corps’ contract requires the use of angular rock stemming in the 
boreholes.     
 
Konya and Davis (1978) conducted a series of scaled down tests of a variety of stemming 
material in a ballistic mortar with a long, roughened bore to simulate the collar of a 
blast hole.  They found that highly spherical sand (wet or dry) ejected even when loaded 
to the full bore length (1 m), whereas very angular limestone of similar grain size held at 
the same powder charge with as little as nine inches of stemming.  They concluded that 
angularity appears to be the single most influential variable in maintaining the stemming 
material in the blast hole.  Gordon and Nies (1990) noted that mud and drill cuttings 
were poor stemming materials and that angular material was the best material since it 
arched and locked into the borehole wall when subjected to detonation pressure.   
 
Conservation Measure - The Blasting Contractor will be required to stem the boreholes.  
Stemming is the use of angular rock at the top of the borehole.  This keeps the shot 
confined.  Otherwise blast pressures would shoot out of the bore hole acting much like a 
rifle barrel and creating greater impacts.  Stemming tremendously reduces the blast 
pressures reaching the water column. 
 
Repelling Charges:  Repelling charges are small explosive charges detonated to “scare” 
fish from the blasting zone just prior to detonation of a major explosive charge.  Keevin 
et al. (1997) studied the movement of radio-tagged largemouth bass, channel catfish and 
flathead catfish in response to repelling charges.  They evaluated the survival rates of 
fish exposed to large open-water shots (simulating, for example, bridge pier explosive 
demolition) and found that few of the fish moved far enough to survive.  They found the 
response to be very species and individual specific.   
 
If the same movement distances are compared with potential pressures from confined 
pinnacle shots, assuming a kill zone of approximately 20 m (65.6 feet) from the perimeter 
of the shot pattern, then many more of the fish would have survived.  For example, of the 
15 largemouth bass studied, seven showed no movement in response to the detonation of 
a repelling charge and possibly two moved enough to escape the effects of pinnacle 
removal.  Of the seven channel catfish evaluated, two showed no movement and four 
would possibly have moved enough to be safe.  Of the six flathead catfish studied, three 
showed no response and three would have been safe. 
 
The potential response of shovelnose sturgeon to repelling charges is unknown.  
However, in an unpublished study, Collins et al. (Undated) found that repelling charges 
were 92% effective (11 of 12 tests) in moving six telemetered shortnose sturgeon 
(Acipenser brevirostrum) beyond the lethal distance of production blast pressures typical 
of confined rock removal shots used during  the deepening of Wilmington Harbor, North 
Carolina.   
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Conservation Measure - The Blasting Contractor will be required to detonate a series 
of three blasting caps at approximately 30 second, 1 minute, and 1.5 minutes over the 
footprint of the blast prior to the initiation of the shot.  Repelling charges are used to 
“scare” fish from the area and have been shown to be effective to some degree.  They 
seem to work well with shortnose sturgeon exposed to confined shot pressures. 
 
Use of Noise to Our Advantage:  Fish live in a sonic world; they communicate with 
sound and they respond to anthropogenic noise (Popper 2003).  For centuries fishermen 
have used noise to their advantage to drive fish into their nets.  Noise has also been used, 
with varying success, to repel fish in order to protect them.  For example, Dunning et al. 
(1992) found that during daylight alewife (Alosa pseudoharengus) schooled and avoided: 
pulsed tones (500 ms pulses, 1000 ms apart) of 110 and 125 kHz at or above 175 dB; a 
continuous tone of 125 kHz at 172 dB; and pulsed broadband sound between 117 and 
133 kHz at or above 157 dB.  However, pulsed broadband sound at 163 dB was most 
effective.  In contrast, alewives did not react as strongly to the broadband sound at night.  
At the Pickering Nuclear Generating Station on Lake Ontario, Haymes and Patrick 
(1986) used pneumatic poppers emitting low-frequency, high-intensity broadband sound, 
of frequencies between 20 and 1000 Hz.  They found the sound reduced by up to 99% the 
number of alewives entering an experimental structure.  Knudsen et al.  (1994) found that 
10 Hz sound was an effective deterrent for downstream migrating Atlantic salmon smolt 
(Salmo salar) in a small river.  In contrast, 150 Hz sound had no repelling effects.  With 
the exception of a few species of clupeids and salmonids, little is known about the 
effectiveness of using sound to repel fish, including the pallid sturgeon. 
 
The normal operating procedure is to drill the shot holes, load the explosive, load the 
stemming, provide the contracting officer with information for the shot, and then initiate 
the blast.  From the time the blaster finishes loading the shot to the time of initiation can 
often be ½ hour or more.  Drilling, loading, and movement of boats in the project area 
all produce loud noise.  We intend to eliminate the ½ hour delay period and initiate the 
shot as soon as possible.  It is our intention to use the anthropogenic noised produced by 
the Contractors to our benefit, assuming that the noise will help drive fish from the 
blasting area.  By eliminating the delay period we are reducing the “recovery time” for 
fish to move back into the area and be exposed to blast pressures. 
 
Conservation Measure – We intend to use the construction noise (drilling, boat 
movement, etc.) to our advantage.  There is normally a 1/2 hour delay between loading 
the boreholes and the actual shot when paperwork between the blaster and the Corps is 
exchanged.  We intend to eliminate this long delay with the thought that the construction 
noise will help move fish out of the area.  The fish aren’t given the opportunity, because 
of the continued noise, to move back into the kill zone prior to initiation of the blast. 
 
In coordination with the Service, IDNR and MoDOC, the Corps has developed a plan for 
disposal of rock material from the proposed blasting operations.  The following 
mitigation measure taken from the Corps’ Environmental Assessment (USACE 2006b) 
applies to the proposed disposal areas: 
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Conservation Measure - Disposal Areas – Per discussions with the Fish and Wildlife 
Service, Missouri Department of Conservation, and Illinois Department of Natural 
Resources (Telephone Conference, 10/6/06), rock excavated in the Thebes Gap reach, if 
there is enough depth, would be left where it drops.  If rock must be excavated and 
moved, it will be placed in nearby disposal areas.  Rock disposal will be in a non-uniform 
manner to create bathometric diversity which should provide habitat diversity for aquatic 
invertebrates and fish.  In the Grand Tower Reach, material will be moved to the head of 
a sand bar near the Owl Creek hardpoints at about River Mile 84.5(R).  The head of the 
bar currently has gravel and it is hoped that the added rock rubble will provide a 
gravel/rubble riffle area and create fish spawning habitat. 
 
In addition to the above, the Corps has agreed to withdraw disposal areas #6 and #12 
from consideration.  The specific disposal areas are provided in Appendix A. 
 
Finally, the Corps has agreed to implement numerous monitoring components as part of 
this proposed activity in order to attempt to measure the effectiveness of various 
mitigative techniques, to measure pressures and calculate the potential mortality radius, 
to determine pre-blast use of blasting footprints and to monitor fish morality.  The 
following monitoring measures were taken from the Corps’ Biological Assessment 
(USACE 2006a) and Environmental Assessment (USACE 2006b) for the proposed action 
and are also considered Conservation Measures. 
 
Measurement of Pressures and Calculation of the Potential Mortality Radius - Blast 
pressures will be measured for a series of rock removal events and fish mortality radii 
will be calculated based on existing models.  The results will be used to validate the 
Corps’ conclusions in the Biological Assessment and Environmental Assessment. 
 
Evaluating the Effectiveness of Repelling Charges – A study will be conducted using 
existing radio tagged pallid sturgeon in the Middle Mississippi River to validate the 
effectiveness of repelling charges, an avoid and minimize measure being utilized during 
this project. 
 
Monitoring of Fish Mortality – Mortality monitoring will be conducted for a series of 
shots.  A study design will be developed and coordinated with the U.S. Fish and Wildlife 
Service.  
 
Pre-blast Hydroacoustic Fish Survey – A series of pre-blast hydroacoustic surveys will 
be conducted to determine fish use of the blasting footprints.  A study design will be 
developed and coordinated with the Service. 
 
Action Area 
 
The Action Area includes all areas to be affected directly or indirectly by the Federal 
action and not merely the immediate area involved in the action.  Direct effects are the 
direct or immediate effects of the project on the species or its habitat and include the 
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effects of interrelated actions and interdependent actions.  Indirect effects are caused by 
or result from the proposed action, are later in time and are reasonably certain to occur. 
 
The area directly impacted by the proposed action includes the locations of primary rock 
removal and disposal areas in the Grand Tower Reach (miles 81 – 78) and the Thebes 
Reach (miles 46-38) of the Middle Mississippi River.  As the effects of the proposed 
action are not expected to extend beyond these two reaches of the Middle Mississippi 
River, this area will be considered the action area for purposes of this consultation. 
 
2.0 STATUS OF THE SPECIES - RANGEWIDE 

2.1 Introduction 

The pallid sturgeon, Scaphirhynchus albus, is native to the Missouri and Mississippi 
Rivers and is adapted to the pre-development habitat conditions that existed in these large 
rivers.  These conditions can generally be described as large, free-flowing, warmwater, 
turbid habitats with a diverse assemblage of physical attributes that were in a constant 
state of change (USFWS 1993).  Floodplains, backwaters, chutes, sloughs, islands, 
sandbars and main channel waters formed the large-river ecosystem that provided the 
macrohabitat requirements for all life stages of pallid sturgeon and other native large-
river fish.  Today, these habitats and much of the once functioning ecosystem has been 
altered by human developments.   
 
Pallid sturgeon were proposed for listing as an endangered species on August 30, 1989 
(54 FR 35901-35904).  The species was listed as endangered on October 9, 1990 (55 FR 
36641-36647).  The reasons for listing as endangered were habitat modification, apparent 
lack of reproduction, commercial harvest and hybridization in parts of its range.  Most 
authors attribute the decline of pallid sturgeon to the massive habitat alterations that have 
taken place over virtually all of its range (Kallemeyn 1983, Gilbraith et al. 1988, 
Keenlyne 1989, USFWS 1993).   
 
2.2 Historic and Current Rangewide Distribution 
 
The historic distribution of pallid sturgeon as described by Bailey and Cross (1954) 
primarily included the Missouri River, the Mississippi River from the mouth of the 
Missouri River to the Gulf of Mexico and the lower reaches of the Platte, Kansas and 
Yellowstone Rivers.  Records also indicated pallid sturgeon were present in the 
Mississippi River at Grafton, Illinois, (Forbes and Richardson 1905) and as far north as 
Keokuk, Iowa (Bailey and Cross 1954, Coker 1930).  Today, the distribution includes the 
Missouri River, Middle and Lower Mississippi River, the Atchafalaya River and the 
lower reaches of the Yellowstone, Platte, Kansas, St Francis and Big Sunflower Rivers 
(Constant et al. 1997).  Of the total range of approximately 3,515 river miles, 28 percent 
is impounded, 21 percent has been affected by upstream impoundments (altered 
hydrograph, temperature and sediment budget) and 51 percent is channelized (Keenlyne 
1989).  The amount of impounded river miles fluctuates from year to year depending on 
the amount of inflow into Upper Missouri River reservoirs (i.e., drought or flood 
conditions) and the Corps of Engineers’ operations.  The channelized river miles of the 
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Lower Missouri River and Middle Mississippi River are also affected by operation and 
maintenance of upstream impoundments, especially affecting sediment transport.  The 
altered hydrograph and temperature effects are attenuated as the Missouri River 
progresses downstream (Robb Jacobson, USGS, pers. comm. 2003 in USFWS 2003) and 
enters the Mississippi River.  The result is a highly fragmented range of habitats with 
varying suitability for pallid sturgeon.  Due to intensive study effort in recent years, catch 
records have increased indicating pallid sturgeon remain scarce but are widely distributed 
throughout their range (Figure 1). 
 
Figure 1.  Rangewide Distribution of Pallid Sturgeon Catch Records. Data as of 2003. 
 

 
 
 
2.3 Species Description and Identification 
 
The pallid sturgeon, also known as white sturgeon, white shovelnose, white hackleback 
(Kallemeyn 1983), and rock sturgeon (Bailey and Cross 1954) is endemic to the 
Yellowstone, Missouri, Middle and Lower Mississippi Rivers, and the lower reaches of 
their major tributaries (Bailey and Cross 1954).  The specimens for species identification 
were collected at or near Grafton, Illinois on the lower Illinois and Mississippi Rivers 
(Forbes and Richardson 1905).  The pallid sturgeon grows to lengths of over 6 ft (1.8 m), 
can weigh in excess of 80 lbs (36 kg), and can be described as having a flattened, shovel-
shaped snout, a long and completely armored caudal peduncle, and lacks a spiracle 
(1979).  As with other sturgeon, the mouth is toothless, protrusible, and ventrally 
positioned under the snout. 
 
Pallid sturgeon are similar in appearance to the more common and darker shovelnose 
sturgeon (Scaphirhynchus platyrhynchus) and have five rows of scutes that run the entire 
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length of the body.  Pflieger (1975) reported the principal features distinguishing pallid 
sturgeon from shovelnose as the paucity of dermal ossifications on the belly, 24 or more 
anal fin rays, and 37 or more dorsal fin rays.  Forbes and Richardson (1905) noted that 
pallid sturgeon contained 20 to 22 ribs while the shovelnose sturgeon had only 10 to 11 
ribs.  The air bladder was also noted as being relatively smaller in the pallid sturgeon.  
Those authors recorded differences between the pallid and shovelnose sturgeon in the 
number of ventral radials, relative depth of lateral scutes, orbital space size, proportional 
lengths of inner and outer barbels, mouth width, proportion of head width to head length, 
and proportion of head length to body length.   
 
2.4 Life History 
 
2.4.1 Reproductive Biology  
 
Although much remains to be learned, the knowledge base regarding reproduction and 
spawning activities has improved during the past several years.  Much of what has been 
learned is based on sampling of larval sturgeon, most of which are shovelnose sturgeon, 
and observations at fish hatcheries as a result of propagation activities.   
 
Sexual maturity for males is estimated to be 7 to 9 years, with 2 to 3 year intervals 
lapsing between spawning events.  Females are estimated to reach sexual maturity in 15 
to 20 years, with 3 to 10 year intervals between spawning events (Keenlyne and Jenkins 
1993).  The length of time between spawning events depends partially on the quality and 
quantity of food available in their natural habitat (Keenlyne and Jenkins 1993).  The 
fecundity of a given female may vary greatly by individual, with most spawning only a 
few times during a normal life span (Duffy et al. 1996).  Spawning appears to be a 
function of floodflows (increased discharge and velocity) that generate spawning 
migrations, temperature and interaction with other pallid sturgeon (Steve Krentz, 
USFWS, pers. comm. 2003 in USFWS 2003).  The influence of turbidity and 
conductivity is unknown (Steve Krentz, USFWS, pers. comm. 2003 in USFWS 2003).   
 
While no spawning beds have been located, Bramblett (1996) described probable 
spawning areas in the Yellowstone River from about river km 6 to river km 14.  Breder 
and Rosen (1966) report that as a group, sturgeon exhibit uniform spawning behavior; 
and thus, such information can be used to make inferences about pallid sturgeon 
behavior.  All sturgeon species spawn in the spring or early summer, are multiple 
spawners, and release their eggs at intervals.  In the wild, the adhesive eggs are released 
in deep channels or rapids and are left unattended (Gilbraith et al. 1988). Spawning is 
thought to occur over hard substrates of gravel or cobble.   
 
Based on repeated collections of larval sturgeon in the Middle Mississippi River, Hrabik 
(2002) surmised that sturgeon (shovelnose and pallid) are spawning at the head of islands 
or other locations upstream and being transported as larvae to eddy pools along island 
shores and to the downstream tips of islands which may provide refugia for the 
developing fish.  Large amounts of detritus have been collected along with the larval 
sturgeon (Hrabik 2002).  Hrabik (2002) collected larval sturgeon in the Missouri River in 
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September 2001.  The collection of larval sturgeon late in the spawning season suggests 
that it is possible that spawning occurred twice in the Missouri River because sturgeon 
are pluriparous (multiple spawnings or ovulations) (Hrabik 2002) (e.g., a protracted 
spawning period may occur with some females spawning later in the year). 
 
While subtle differences likely exist in the spawning requirements of the pallid sturgeon 
and shovelnose sturgeon, the shovelnose sturgeon is believed to provide a good 
indication of the spawning requirements for pallid sturgeon.  Shovelnose sturgeon spawn 
over substrates of rock, rubble, or gravel in the main channel of the Missouri/Mississippi 
Rivers and major tributaries, or on wing dams in the main stem of larger rivers (Helms 
1974, Elser et al. 1977, Moos 1978).  Spawning was suspected to occur in the relatively 
swift water in or near the main channel of the unchannelized Missouri River near 
Vermillion, South Dakota, when water temperatures reach 64● to 66● F (18● to 19● C), 
which can be from late May through June (Moos 1978).  Shovelnose sturgeon spawning 
occurs in the Tongue River, Montana, a Yellowstone River tributary, from early June 
until mid-July at water temperatures of 62.4● to 70.7● F (16.9●to 21.5● C) (Elser et al. 
1977).  Pallid sturgeon have been spawned on several occasions at both Gavins Point 
National Fish Hatchery (NFH) and Garrison Dam NFH.  Water temperatures and egg 
quality were monitored prior to and during spawning and analysis has shown that the 
optimum spawning temperature ranged from 60● to 65● F (15.5● to 18.5● C) immediately 
prior to spawning (Steve Krentz, USFWS, pers. comm. 2000 in USFWS 2000). 
 
2.4.2 Age and Growth  
 
Little is known about age and growth of pallid sturgeon.  This is primarily due to the lack 
of sturgeon tissues that allow age determination.  Use of the leading ray of the pectoral 
fin has provided age estimates; however, recent studies have questioned the accuracy and 
precision of this aging technique.  Hurley et al. (2004) documented that the majority of 
pallid sturgeon age estimates, based on pectoral fin rays, were incorrect, with accuracy of 
only 28% and with the greatest error being 3 years.  They noted a tendency to underage, 
rather than overage pallid sturgeon samples.  They found that ages for 56% of the fin rays 
were estimated to be within 1 year of the correct age and 89% were within 2 years 
(Hurley et al. 2004).  Within-reader and between-reader precision was also low, however, 
between-reader precision was 100% within 2 years (Hurley et al. 2004). 
 
Pallid sturgeon were collected in the Middle Mississippi River from 2002 to 2005 as part 
of an effort to determine the demographics of the population in this river reach.  As a 
result, age estimates were determined for 75 pallid sturgeon.  The ages ranged from 4 to 
15 years, with no fish older than 15 years (Garvey et al. 2006).  Based upon the above 
information on accuracy and precision of aging pallid sturgeon utilizing fin rays, it is 
likely that some amount of error exists with these age estimates.  However, this analysis 
would indicate and age range from 2 to 17 years, indicating a young population compared 
to the fish in the Upper Missouri River. 
 
The total length of pallid sturgeon was significantly greater than that of shovelnose 
sturgeon in the lower Missouri and Mississippi Rivers for each group in which 
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comparable data were available (Carlson et al. 1985).  Fogle (1963) estimated growth 
rates using cross sections of pectoral fin rays from six pallid sturgeon in Lake Oahe in 
South Dakota.  He estimated that growth of those fish was relatively rapid during the first 
4 years, but that growth decreased to approximately 2.8 in (70mm) per year between ages 
5 and 10.  Carlson and Pflieger (1981) presented data (n=8) from the Missouri and 
Mississippi Rivers in Missouri that showed slightly slower growth than from pallid 
sturgeon in South Dakota.  Keenlyne and Jenkins (1993) found that male pallid sturgeon 
showed rapid growth from age-5 to age-7 until sexual maturity.  Those fish were from 
Louisiana, Missouri and North Dakota. 
 
Much of what has been learned in recent years concerning pallid sturgeon age and growth 
has been through evaluation of hatchery reared/released fish.  Gardner (2001) attempted 
to capture hatchery reared pallid sturgeon by drifting small mesh, gill nets and trammel 
nets and trawling.  A total of four hatchery reared pallid sturgeon were captured, all in 
trammel nets.  He notes that no pallid sturgeon were captured using the trawl probably 
because, at age 3, they were strong enough swimmers to avoid being captured.  Gardner 
(2001) also compared the growth rates of recaptured hatchery reared sturgeon collected in 
the Missouri River with the growth rates of captive 1997 year-class pallid sturgeon held 
at Gavins Point National Fish Hatchery.  He noted that released pallid sturgeon are 
growing at ½ the maximum rate observed in the hatchery after 2 years in the wild.  As a 
result of sampling in 2003, Gardner (2004) noted that 1997 year-class sturgeon exhibited 
an average growth rate of 1.3 inches over the year, which appears to be a slow growth 
rate.  However, Montana State University sampled one 1997 year class pallid sturgeon 
that was 3.32 pounds.  In 1998 at the time of release this fish weighed 0.84 pounds, 
which is a growth rate of 0.50 pounds/year from 1998 to present (Gardner 2004). 
 
Yerk and Baxter (2001) were unable to quantify growth rates of the three hatchery reared 
fish they captured in 2000 because the length and weight data were not recorded on these 
fish when released.  The three recaptured pallids averaged 357-mm fork length (FL).  
However, they compared the size of these fish with age-1 pallid sturgeon stocked in 2000 
that averaged 353-mm fork length (FL) at the time of release.  They state that the small 
size of the age-3 hatchery reared pallid sturgeon may possibly indicate minimal growth 
since release in 1998, assuming they were stocked at a similar size as fish in 2000.  They 
note that this compares favorably with the findings of Liebelt (2000) in which three 1997 
year class hatchery reared pallid sturgeon captured in 1999 averaged 362-mm FL. 
 
Kapuscinski and Baxter (2003) summarize the second year results of a 5 year study to 
investigate pallid sturgeon recovery efforts in Recovery Priority Management Area #2 
(RPMA#2) (USFWS 1993) in the Upper Missouri River.  One of the objectives of their 
study is to evaluate the progress of hatchery-reared pallid sturgeon released in RPMA#2.  
They currently do not have enough recaptures of hatchery reared pallid sturgeon to 
quantify their survival, growth, condition, movements or habitat use and selection 
(Kapuscinski and Baxter 2003).  However, in 2002, Kapuscinski and Baxter (2003) 
recaptured a total of six hatchery reared pallid sturgeon.  They note that 2 of these age-3 
fish grew 34- and 65-mm, respectively, since being released.   
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2.4.3 Movements  
 
Introduction – As large river fish, pallid sturgeon are capable of moving long distances in 
search of favorable habitat.  Sheehan et al. (1998) noted one study fish moving along a 
60.3 mi (97 km) stretch of river.  Bramblett (1996) noted a maximum home range as 
large as 198.6 mi (319 km), with pallid sturgeon moving up to 13 mi/day (21 km/day) 
and shovelnose sturgeon moving up to 9 mi/day (15 km/day). 
 
Pallid sturgeon exhibit seasonal variation in movement patterns based upon temperature 
and discharge (Bramblett 1996, Constant et al. 1997, Sheehan et al. 1998, Hurley 1999).  
Movement patterns also vary between spawning versus non-spawning years (Bramblett 
1996).  Bramblett (1996) reported an average home range of 48.8 mi (78 km) in the 
Yellowstone and Upper Missouri Rivers while Sheehan et al. (1998) reported a home 
range of 21.2 mi (34 km) in the Mississippi River.  Sheehan et al. (1998) speculated that 
because habitat in the Mississippi River is relatively uniform, large movements and home 
ranges may not be as beneficial in the Mississippi River, as in the Yellowstone and Upper 
Missouri Rivers area, because study fish are not likely to encounter new habitats and thus 
have a smaller home range. 
 
Erickson (1992) found pallid sturgeon movement greater during the night while 
Bramblett (1996) observed greater movements during the day.  The primary habitat 
difference suspected in those findings was turbidity.  Erickson (1992) had secchi readings 
as high as 157 in (400 cm) while Bramblett (1996) averaged 8 in (20 cm) and rarely 
exceeded 39 in (100 cm).  
 
The spawning period for pallid sturgeon, believed to occur from late April into July, 
historically corresponded with increased flows from runoff, which also has been known 
to trigger spawning of other ancient big-river fish such as paddlefish (Russel 1986) and 
shovelnose sturgeon (Berg 1981).  Gardner (1995) radio tracked 14 pallid sturgeon in the 
upper Missouri River during a low water runoff year and a near-normal year.  He found 
that adult pallid sturgeon moved an average of 3.2, 12.9, and 17.6 mi (5.1, 20.7, 28.3 km) 
further upriver during May, June, and July, respectively, of the normal runoff year 
compared to the low runoff year. 
 
Both shovelnose sturgeon and paddlefish spawning migrations occur in response to 
increased flows in June (Berg 1981).  Although there is limited information on pallid 
sturgeon spawning migrations, Bramblett (1996) stated that discharge and photoperiod 
may be important environmental cues for the timing of movements for both shovelnose 
and pallid sturgeon.  He found a typical pattern of movement for pallid sturgeon was to 
move upstream into the Yellowstone River and out of the Missouri River in the early 
spring during increasing discharge and photoperiod; reside in the Yellowstone River 
during high discharge; and move downstream, back into the Missouri River during late 
summer.  Erickson (1992) and Bramblett (1996) observed that movement rates of pallid 
sturgeon were lowest in winter months and a significant correlation between water 
temperatures and movement rate of pallid sturgeon existed. 
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Kynard et al. (2002) conducted laboratory studies on the ontogenetic behavior of free 
embryos and larvae of pallid and shovelnose sturgeon.  They noted the two species used 
different methods to travel the same distance.  The peak movement rate of pallid sturgeon 
yolk-sac embryos was only one-half the peak rate of shovelnose sturgeon, but pallid 
sturgeon continued at the lower rate for twice as long.  In addition, free-swimming pallid 
sturgeon larvae were diurnal while shovelnose sturgeon larvae were nocturnal (Kynard et 
al. 2002).  During ongoing research regarding the dispersal dynamics of young pallid 
sturgeon, Kynard et al. (2004) noted that pallid sturgeon larvae will primarily drift along 
the river bottom from day-0 to day-5.  During days 6-9 fish distribute randomly 
throughout the water column and by day-10 most fish return to the bottom.  This is based 
on laboratory studies (10 foot tall swim tube, 2 cm/sec. velocity).  However, it is 
hypothesized that pallid sturgeon would exhibit this same behavior regardless of river 
water depth (Boyd Kynard, USGS, pers. comm. 2004 in USFWS 2004).  Many factors 
are likely to contribute to the total distance of drift, including the presence of eddies, 
variable velocity in the water column, habitat suitability and availability of food 
resources.  Suitable habitat and forage food must be available after yolk-sac absorption 
during the initial stages of larvae development. 
 
Upper Missouri River - King and Wilson (2002, 2003) summarized the results of a Post 
Spawn Pallid Sturgeon Telemetry Study. The purposes of this study were to monitor post 
spawn migrational movements of pallid sturgeon to help identify spawning areas, to 
determine pallid sturgeon response to “Spring Test Flows” out of Fort Peck Dam and to 
evaluate reproductive stages of known post spawn females.  The 2001 field season was 
considered a “pilot phase” of the project.  Fourteen of 15 study fish were relocated in 
2001 with the majority of these fish staying within the lower nine miles of the 
Yellowstone River (King and Wilson 2002).  Three female pallid sturgeon accounted for 
9 of 10 observations of study fish in the Missouri River above the confluence with the 
Yellowstone River (King and Wilson 2002). 
 
Middle Missouri River - Stancill (2001) reported the results of a telemetry study to track 
movement patterns and habitat use of pallid sturgeon in the Missouri River below Fort 
Randall Dam utilizing 1997 year class juvenile sturgeon from Gavins Point National Fish 
Hatchery.  The sturgeon exhibited a pattern of moving upstream in the spring and 
dispersing throughout the system in the fall, which suggested migratory behavior.  
However, since the sturgeon were immature, it is assumed the fish are not moving for 
spawning purposes, but may be associated with flows from dam operations (Stancill 
2001). 
 
Lower Missouri River - DeLonay and Little (2002) found that pallid sturgeon exhibited 
the ability to travel long distances in relatively short periods of time.  They recorded 
distances greater than 40 km/day downstream and greater than 25 km/day upstream 
noting that extreme movements occurred during flow events in spring and late fall.  The 
sturgeon captured and released in the spring showed a strong tendency towards upstream 
movement while sturgeon released in the fall or winter moved downstream (DeLonay and 
Little 2002).  DeLonay and Little (2002) noted that data from their study should be 
interpreted with caution as nearly all the fish used in the study were translocated fish and 
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may have been initially disoriented by capture, transport, extended holding periods and 
release into unfamiliar surroundings. 
 
DeLonay and Little (2002) wrote the following:   
 

“Some data suggests the possibility of lengthy and seasonal movements indicating 
that sturgeon respond to environmental variables associated with seasonal 
changes in physical habitat.  Significant movement by these fish also indicates 
that the species is mobile and able to take advantage of discrete habitat 
rehabilitation and mitigation projects located at intermediate intervals along the 
length of the river.  Data indicate that sturgeon may respond favorably to 
modifications to channel morphology that emphasizes diversity and spatial 
heterogeneity of habitat patches and complexity of bottom contour (DeLonay and 
Little 2002).” 

 
Middle Mississippi River (Upper Mississippi River Miles 196.0 to 0.0)  - The mean home 
range of study sturgeon in a telemetry study by Southern Illinois University at 
Carbondale (SIUC) (Sheehan et al. 2002) was 18.0 miles ranging from 0.1 to 72.2 miles.  
These observed home ranges represent the minimum range occupied since the fish may 
have moved in and out of the observed ranges between consecutive tracking trips.  Six 
study fish were never relocated and seven study fish were relocated fewer than two times.  
These fish may have moved outside the study area, remaining in inaccessible areas or 
having died, therefore, observed home range data should be interpreted with care 
(Sheehan et al. 2002). 
 
Sheehan et al. (2002) did observe some seasonal trends in movements of pallid sturgeon.  
Movements of study fish during the spring and summer months (March through July) 
were variable, with a few large movements observed in both the downstream and 
upstream direction.  During July through October (late summer and fall months), pallid 
sturgeon generally moved upstream, while during December through March (winter 
months) pallid sturgeon appeared to slowly move downstream.  Sheehan et al. (2002) 
noted that seasonal movement patterns observed in pallid sturgeon appear to be affected 
by discharge, temperature or both.  They found that during periods of low discharge and 
low temperature (winter) the study sturgeon appeared to move downstream.  During 
periods of high discharge (spring and summer) study sturgeon movements were highly 
variable with large movements taking place.  During periods of mid-level, decreasing 
discharges (late summer and fall) study sturgeon tended to move upstream (Sheehan et al. 
2002). 
 
2.4.4 Food and Feeding Habits 
 
Carlson et al. (1985) determined composition of food categories, by volume and 
frequency of occurrence, in the diet of shovelnose sturgeon (n=234), pallid sturgeon 
(n=9), and presumed hybrids (n=9).  Although benthic macroinvertebrates characteristic 
of river habitats are important dietary components (Modde and Schmulbach 1977, 
Carlson et al. 1985), the occurrence of lake and terrestrial invertebrates in sturgeon 
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stomachs suggest that drifting invertebrates may also be important forage organisms 
(Modde and Schmulbach 1977, Constant et al. 1997).  Aquatic invertebrates (principally 
the immature stages of insects compose most of the diet of shovelnose sturgeon, while 
adult pallid sturgeon and presumed hybrids consume a greater proportion of fish (mostly 
cyprinids).  Other researchers also reported a higher incidence of fish in the diet of adult 
pallid sturgeon than in the diet of shovelnose sturgeon (Cross 1967, Held 1969).  
 
A large pallid sturgeon adult and numerous shovelnose sturgeon were observed on video 
tape feeding in relatively clear water in the tailrace of Ft. Peck Dam on the Missouri 
River in Montana.  The large adult pallid sturgeon “stood on its fins” in a stationary 
position that would allow food organisms to wash into its mouth with the current beneath 
it (Steve Krentz, USFWS, pers. comm. 1994 in USFWS 2000).  During April of 1999, 
adult pallid sturgeon were collected near the mouth of the Yellowstone River.  Several 
adult pallid sturgeon were observed with larger (>16 in) (15 cm) food items distending 
the abdomen.  Upon closer examination, one of the pallid sturgeon was observed with a 
9-in (22 cm) goldeye protruding into the mouth (Steve Krentz, USFWS, pers. comm. 
1999 in USFWS 2000).   
 
Studies are underway to examine food and feeding habitats of pallid and shovelnose 
sturgeon in the Lower Mississippi River and Middle Mississippi River.  Killgore (2004) 
reports that the initial examination of fecal material suggests differences in the diets of 
the two species.  Fish remains are present in almost all pallid sturgeon samples but are 
not in shovelnose sturgeon samples.  This suggests that the energy needs of pallid 
sturgeon may be higher than for shovelnose sturgeon and also that the species have 
different feeding habits (Killgore 2004). 
 
2.5 Population Status and Trends 
 
Because the pallid sturgeon was not recognized as a distinct species until 1905, it was not 
listed in early commercial fishery reports, so little is recorded about its abundance prior 
to that time.  Even as late as the mid-1900’s, it was common for pallid sturgeon to be 
tallied in commercial catch records as either shovelnose or lake sturgeon (Keenlyne 1995, 
Duffy et al. 1996).  The issue of species status for the pallid sturgeon has been often 
debated since the pallid sturgeon was petitioned for endangered status.  The pallid 
sturgeon’s similar appearance to the more common shovelnose sturgeon has led some to 
conclude that they are members of the same species.  Since the pallid sturgeon was listed 
in 1990, however, geneticists and ichthyologists have worked to refine testing procedures 
and develop the materials to definitively determine the status of these two fish species.  
This includes studies by Phelps and Allendorf (1983), Campton et al. (1995, 1999, 2000), 
Fain et al. (2000), Tranah et al. (2001), and Simons et al. (2001). 
 
 Researchers are currently working with the microsatellite database to further determine 
the genetic structure of both shovelnose and pallid sturgeon throughout their range and to 
determine the degree of hybridization between shovelnose and pallid sturgeon in the 
southern portion of their range (Kuhajda 2002, Heist and Heidinger 2002).  The results of 
these studies will also be utilized to determine the degree of agreement between various 
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morphological and meristic indices in identifying pallid and shovelnose sturgeon.  To 
date, microsatellite genetic analysis of pallid and shovelnose sturgeon in the Middle 
Mississippi River support separate gene pools for the two species (Heist and Schrey 
2003, Heist and Schrey 2004).  In addition, genetic analysis also indicates separate stocks 
of both species occur in the Upper Missouri River and Middle Mississippi River (Heist 
and Schrey 2004).  Determination of separate stocks of pallid sturgeon within the range 
of the species is also generally supported by the results of Tranah et al. (2001). 
  
Correspondence and notes of researchers suggest that the pallid sturgeon was still fairly 
common in many parts of the Mississippi and Missouri River systems as late as 1967 
(Keenlyne 1989).  The literature indicates that decline in populations have occurred 
coincidental with development of the Missouri and Mississippi River systems for flood 
control and navigation (Deacon et al. 1979, Keenlyne 1989, Duffy et al. 1996).  Forbes 
and Richardson (1905) and Bailey and Cross (1954) indicated that the species was never 
as common as the shovelnose sturgeon. 
 
A comparison of pallid sturgeon and shovelnose sturgeon catch records provides an 
indication of the rarity of pallid sturgeon.  At the time of their original description, pallid 
sturgeon comprised 1 in 500 (0.20%) river sturgeon captured in the Mississippi River at 
Grafton, Illinois (Forbes and Richardson 1905).  However, it is not known whether this 
apparent rarity of pallid sturgeon compared to other sturgeon was indicative throughout 
the range or only in this part of the Mississippi River.  Historical records would indicate 
that pallid sturgeon were never abundant in the Mississippi River above the mouth of the 
Missouri River.  Carlson et al. (1985) captured 4,355 river sturgeon on the Missouri and 
Mississippi Rivers.  Eleven (0.25 percent) of these were pallid sturgeon. 
 
Bailey and Cross (1954) provided information on the proportion of pallid sturgeon in the 
total commercial catch of river sturgeon from various parts of the species’ range as 
follows:  Kansas River at Lawrence, KS (8%) (number of species not reported); Missouri 
Rivers in South Dakota, 3 of 62 specimens (5%); and the Mississippi River at New 
Orleans, 3 of 4 specimens (75%).  Fisher (1962) recorded 4 of 13 river sturgeons (31%) 
from the Missouri River in Missouri as pallid sturgeon.  Comparable commercial catch 
records are not available for the upper river reaches where commercial fishing was light 
or nonexistent. 
   
Upper Missouri River – During systematic sampling on the Missouri and Yellowstone 
Rivers in 1995, the Montana Department of Game, Fish and Parks collected 10 (2.2 %) 
pallid sturgeon compared to 444 shovelnose sturgeon (Liebelt 1995).  Watson and 
Stewart (1991) noted one (0.29%) pallid sturgeon out of 350 sturgeon in the lower 
Yellowstone River in Montana. 
 
Duffy et al. (1996) reported that mark and recapture data estimated 50 to 100 adult pallid 
sturgeon remain in the Missouri River above Fort Peck Dam in Montana (RPMA #1) and 
between 200 and 300 adult pallid sturgeon remain between Garrison Dam in North 
Dakota and Fort Peck Dam, which also includes the Yellowstone River (RPMA#2).  
More recently, the Upper Basin Recovery Work Group estimated that fewer than the 
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original estimated number of pallid sturgeon still remain, leaving approximately 30 – 50 
adult pallid sturgeon in RPMA#1 and between 89 and 236 adult pallid sturgeon in 
RPMA#2 (Kapuscinski 2003). 
 
The pallid sturgeon population in this river reach is aging and declining in status. The 
population is estimated at 151 individuals with 95 percent confidence intervals of 89 to 
236 individuals (Kapuscinski 2003).  This is down from an estimated 166 individuals in 
2002 and 178 individuals in 2001.  Kapuscinski (2003) estimates that this population of 
wild pallid sturgeon will be extinct by 2018 based on trend data collected for the period 
1991-2003.  The Service has interpreted Kapuscinski’s conclusion of extinction to mean 
that this population would be extirpated by 2018.   
 
It should be noted that Kapusinski (2003) compensated for certain assumptions that are 
necessary for a valid outcome from the original method used to estimate population size 
(Schnable mark-recapture).  Certain assumptions for a valid outcome in the original 
analysis, which were found to be incorrect, leave insufficient data to inform the present 
analysis.  These include the rate at which tags are shed and the uniformity of effort 
expended to collect fish.  These assumptions result in an overestimation and 
underestimation, respectively.  An additional assumption concerning the rate of mortality 
during the study period was also found to be incorrect.  The original analysis assumed no 
mortality during the study period.  Kapusinski (2003) provided an estimate of natural 
mortality (10 percent) and subtracted known marked individuals that died during the 
study.  Incorporating these into the analysis to address the mortality assumption resulted 
in a slightly lower abundance estimate than the estimate obtained from the original 
analysis. 
 
The Montana Endangered Fishes Program has been evaluating the pallid sturgeon 
reintroduction program in the 168-mile reach of the Missouri River above Ft. Peck 
Reservoir (RPMA#1) since 1998 when 758 hatchery reared pallid sturgeon were released 
in this area (Gardner 2001).  Three hatchery reared pallid sturgeon were recaptured in 
1998, 3 in 1999 and 5 in 2000 (Gardner 2001).  Gardner (2001) also noted angler reports 
of catching pallid sturgeon while bait fishing, totaling one adult and two juveniles. 
 
Krentz (2000) reported capturing 23 pallid sturgeon in 2000 in RPMA#2 at the 
confluence of the Yellowstone and Missouri Rivers.  These fish were primarily collected 
to obtain broodstock for propagation efforts.  Catch rates were calculated for the period 
from 1998 to 2000.  The catch-per-unit-effort (CPUE) for pallid sturgeon was 0.62/hour 
drifting in 1998, 0.41/hour drifting in 1999 and 1.66/hour drifting in 2000.  The CPUE 
for pallid sturgeon was 1.16/hour drifting in 2001 and 0.80/hour drifting in 2002 (Krentz 
et al. 2003).  However, Krentz (2000) stated that caution should be used in utilizing this 
information for any analysis of relative abundance as the sampling was not random and 
productive habitats were targeted.   
 
Krentz (2000) also determined average length and relative weights of pallid sturgeon for 
the period 1990 to 2000.  The relative weights have remained fairly constant for the past 
eight years ranging from 83 Wr to 115 Wr with an average of 100 Wr, indicating the 
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pallid sturgeon population is generally in good condition (Krentz 2000).  Length 
frequencies were also calculated for adult pallid sturgeon captured from 1990 to 2000.  
Occasionally smaller fish are captured, but these are rare.  Recruitment is lacking in 
RPMA#2 (Krentz 2000). 
 
Yerk and Baxter (2001) reported capturing 17 adult pallid sturgeon in RPMA#2 during 
2000. Eight of the adults were untagged fish.  They reported that the smallest individual 
captured was likely a pallid/shovelnose sturgeon hybrid based on its character index 
value (346.1).  Fifteen of these adults were captured in April at the confluence of the 
Missouri and Yellowstone Rivers.  Yerk and Baxter (2001) also reported recapture of 
three hatchery reared pallid sturgeon. 
 
Kapuscinski and Baxter (2003) summarized the second year results of a 5 year study to 
investigate pallid sturgeon recovery efforts in RPMA #2.  During 2002, they captured 15 
adult pallid sturgeon; however, only 3 of these adults were untagged individuals.  They 
noted that the recapture rate (80 percent) was very high compared to previous years (53 
percent in 2000 and 2001).  Eleven of the 15 adult pallid sturgeon were captured during 
spring at the confluence of the Missouri and Yellowstone Rivers.  The CPUE for pallid 
sturgeon averaged 0.18 per net drifted and 1.37 per drift hour.  This compares to the 
CPUE of 0.50 per net drifted for 2001 (Yerk and Baxter 2001) and 1.67 per drift hour 
reported by Krentz (2000).  In addition, they captured a total of 6 hatchery reared pallid 
sturgeon.  They reported a catch rate for hatchery reared pallid sturgeon captured in 
drifted trammel nets of 0.1165/hr compared to 16.19/hr for shovelnose sturgeon 
(Kapuscinski and Baxter 2003).   
 
Middle Missouri River – Sport fishers have reported up to five pallid sturgeon catches per 
year on the Missouri River between the headwaters of Oahe Reservoir in North Dakota 
and Garrison Dam; however, no catches have been reported since 2002.  Occasional 
catches were reported from the riverine reach above Gavins Point Dam to the Fort 
Randall Dam, suggesting that perhaps as many as 25 to 50 fish remain in each of these 
areas. No catches of adults have been reported since 1992.  A small population also 
existed between Oahe Dam and the Big Bend Dam on the Missouri River in South 
Dakota with perhaps 50 to 100 fish remaining in the upper few miles of the riverine 
section above the headwaters of Lake Sharpe; however, no catches have been reported 
since 2001 (Steve Krentz, USFWS, pers. comm. 2003 in USFWS 2003). 
 
Lower Missouri River - Recent records of the pallid sturgeon in the Lower Missouri 
River from Gavins Point Dam (river mile 811.1) to the mouth of the Platte River (river 
mile 595.5) are rare.  According to the Service’s pallid sturgeon database a total of 20 
pallid sturgeon have been reported in this reach.  Eight of these fish were reported for the 
unchannelized reach from Gavins Point Dam to Ponca, Nebraska (river mile 753.0).  
Thirteen of these records were reported prior to 1990.  Seven pallid sturgeon have been 
reported since listing of the species in 1990.  The Nebraska Game and Parks Commission 
has been conducting a study of the ecology of the Missouri River since 1998 by 
conducting sampling in various sections of the Missouri River including the 
unchannelized river below Gavins Point Dam and in the channelized river adjacent to 
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Nebraska.  In 2000, sturgeon were sampled with a modified benthic trawl.  The CPUE 
averaged 1.54 shovelnose sturgeon in the spring and 0.24 in the summer (Mestl 2001).  
No pallid sturgeon were collected during this sampling effort.  Additional benthic trawl 
sampling was conducted as part of mitigation site monitoring.  This resulted in the 
collection of 16 shovelnose sturgeon at various locations and one pallid sturgeon which 
was collected at Goose Island (Mestl 2001).  No data were provided concerning the pallid 
sturgeon in order to note whether this was a wild origin or hatchery reared fish.   
 
During a Mississippi Interstate Cooperative Resources Agencies (MICRA) study from 
1996 to 2000 (Grady et al. 2001), 21 pallid sturgeon were collected in the Lower 
Missouri River and Middle Mississippi River.  Of the 9 pallid sturgeon collected in the 
Lower Missouri River, 7 were presumed to be of wild origin, while 2 were hatchery 
stocked fish.  Of the 12 pallid sturgeon collected in the Middle Mississippi River, 1 was 
considered a wild origin fish and 11 were considered hatchery stocked fish (Table 6 in 
Grady et al. 2001).  The ratio of wild pallid sturgeon to all river sturgeon collected 
dropped from 1 in 398 (0.25 percent) collected by Carlson et al. (1985) to 1 in 647 (0.15 
percent) (Grady et al. 2001).  The contribution of hatchery reared fish is evident as wild 
and hatchery raised pallid sturgeon accounted for 1 in 247 (0.41 percent) of all river 
sturgeon (Grady et al. 2001). 
 
In 2001, the Service’s Columbia Missouri Fishery Resources Office (CMFRO) began 
work on the Lower Missouri River Pallid Sturgeon Monitoring and Population 
Assessment Project.  Sampling occurred in 6 reaches along 170 river miles and resulted 
in collection of 4,110 fish from 11 families with 77 trawl hauls and 12 net nights (Doyle 
et al. 2002).  No pallid or hybrid sturgeon were collected, however, 198 shovelnose 
sturgeon and 2 lake sturgeon were collected.  Fourteen YOY sturgeon were collected.  
While 4 of these have been identified as shovelnose sturgeon, 10 have not yet been 
identified to species (Doyle et al. 2002).  In 2002, the CMFRO sampled 6 reaches along 
200 river miles.  Among the 27,903 fish collected were 12 pallid sturgeon, 12 
pallid/shovelnose hybrids, 3,044 shovelnose sturgeon and 28 lake sturgeon (Doyle and 
Starostka 2003).  Five of the pallid sturgeon were classified as juveniles.  While four of 
these fish were from recent stocking of hatchery reared fish, one was presumed to be wild 
(Doyle and Starostka 2003).  According to Doyle and Starostka (2003) pallid sturgeon 
continue to decline at a rapid rate.  Within the 200 river miles they sampled, the ratio of 
pallid sturgeon compared to all river sturgeon decreased from 1:311 (0.32%) in the 1996-
2000 MICRA study to 1:387 (0.26%) in 2002.  It should be noted, however, that the 
sampling effort in 2002 does not reflect the same sampling effort or gear utilized during 
the MICRA study which was completed over a period of five years.  In 2004, Doyle and 
Starostka (2004) reported a ratio of pallid sturgeon to all river sturgeon of 1:303 (0.33%) 
(segment 13, gillnets excluded) and 1:278 (0.36%) (segment 14) in the Lower Missouri 
River.  When gillnets are included in segment 13, the ratio was 1:1188 (0.08%).  This 
would indicate significant gear bias associated with sampling pallid sturgeon, possibly 
resulting in conflicting data on abundance.  These data also reflect the influence of 
hatchery stocked pallid sturgeon in population assessments.  Three of the seven pallid 
sturgeon collected in 2003 were hatchery stocked pallid sturgeon (Doyle and Starostka 
2004). 
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Middle Mississippi River (Upper Mississippi River miles 196.0 to 0.0) – From 2002 to 
2005 the Corps’ St. Louis District funded a three year Pallid Sturgeon Habitat and 
Population Demographics study in the Middle Mississippi River (MMR).  The study is 
being carried out by staff from the Corps’ Engineer Research and Development Center, 
the Missouri Department of Conservation (MoDOC), and Southern Illinois University at 
Carbondale (SIUC).  A total of 139 pallid sturgeon and 11,459 shovelnose sturgeon were 
collected from throughout the MMR (Garvey et al. 2006).  Overall, the pallid sturgeon 
population in the MMR has been estimated to range from approximately 1,600 to 4,900 
individuals (Garvey et al. 2006). 
 
Excluding pallid sturgeon captured by commercial fisherman, at total of 120 pallid 
sturgeon were collected by the study team in the MMR (Garvey et al. 2006).  The ratio of 
pallid sturgeon compared to shovelnose sturgeon (1:95, 1.1%) is comparable to the 
numbers reported by Barada and Steffensen (2006) for the Lower Missouri River, 
Segment 8 (1:80, 1.2%), but is much higher than previously reported for the MMR and 
Lower Missouri River (Table 2).  This is partially due to high numbers of hatchery reared 
pallid sturgeon in the Lower Missouri River and possibly the MMR.  It is also possible 
that a higher ratio of pallid sturgeon to shovelnose sturgeon in the MMR may be the 
result of declining numbers of shovelnose sturgeon due to commercial harvest of 
sturgeon flesh and roe (Dave Herzog, MoDOC, pers. comm. 2003 in USFWS 2003, 
2004). 
 
In 2003, the Illinois Department of Natural Resources (IDNR) collected 9 pallid sturgeon 
while sampling for shovelnose sturgeon in the Chain of Rocks area (river miles 189.0 to 
185.0) of the MMR (Rob Maher, IDNR, pers. comm. 2003 in USFWS 2003, 2004), 
possibly indicating this is a staging area for sturgeon spawning.  This is further 
substantiated by the collection of 7 pallid sturgeon in the Chain of Rocks area by SIUC 
and IDNR.  This included one female thought to have black eggs (Jim Garvey, SIUC, 
pers. comm. 2004 in USFWS 2004). 
 
Lower Mississippi River and Atchafalaya River – Reed and Ewing (1993) collected 11 
(11%) pallid sturgeon, 18 hybrids and 74 shovelnose sturgeon in the vicinity of the Old 
River Control Complex in Louisiana.  Glen Constant, at Louisiana State University, 
estimated the pallid sturgeon population in the Atchafalaya River to range from 2750 to 
4100 fish (Constant et al. 1997).  That is based on tag returns and telemetry studies.   
  
During sampling in 2001, Hartfield et al. (2002) collected 383 shovelnose sturgeon (58 – 
725 mm), 11 pallid sturgeon (203-785 mm) and 3 intermediates.  In 2003 trawling efforts 
resulted in the collection of 78 shovelnose sturgeon, 5 pallid sturgeon and one 
intermediate near Vicksburg, Mississippi (Hartfield et al. 2004).  In late 2000 and early 
2001, biologists collected a total of 83 pallid sturgeon and 109 hybrid sturgeon during 
sampling at the Old River Control Structure at the junction of the Mississippi and 
Atchafalaya Rivers in Louisiana (Reed 2002).  A new 4-year pallid sturgeon study was 
initiated in 2001 which has thus far resulted in collection of 74 sturgeon.  Of these, 11 
were pallid sturgeon and 20 were classified as hybrids (Reed 2002).   
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Since 1997, the Corps of Engineers, Waterways Experiment Station has been collecting 
pallid sturgeon in the Lower Mississippi River, with a formal study being initiated in 
2000 (Killgore 2004).  A total of 151 pallid sturgeon and 2,356 shovelnose sturgeon have 
been collected yielding a ratio of 1:16 (6.3%)  (Killgore et al. Table 2, In Press) which is 
a much higher ratio of pallid sturgeon to shovelnose sturgeon than what occurs in the rest 
of the range of the species.  This ratio is affected to some degree by smaller numbers of 
shovelnose sturgeon being collected in the Lower Mississippi River compared to the 
MMR (2,356 compared to 3,064) (Killgore et al. Table 2, In Press).  It is uncertain 
whether the ratio reflects a higher abundance of pallid sturgeon in the Lower Mississippi 
River as compared to the MMR or other parts of the range of the species. 
 
Early life stages – Most researchers have concluded that the low incidence of larval 
sturgeon collected within the range of pallid sturgeon is likely due to low reproductive 
success or the inability of standard sampling gear to capture young sturgeon.  This could 
also be explained by a decline in spawning stock or the inability to effectively sample 
habitats where larval sturgeon may occur.  Hesse and Mestl (1993) collected two 
sturgeon larvae from the Missouri River adjacent to Nebraska between 1983 and 1991.  
Those larvae were among 147,000 fish larvae collected during filtration of 18,340,014 cu 
ft (519,400 cu m) of river water.  Gardner and Stewart (1987) collected no sturgeon 
larvae in 339 samples from the Missouri River or in 77 samples from tributary streams 
where 3,124 and 5,526 fish larvae were collected, respectively.  In three years of 
sampling in/near Lisbon Chute on the Missouri River, the Service’s Columbia Missouri 
Fishery Resources Office collected over 10,000 small fish utilizing seines, benthic trawls 
and fyke nets.   In processing 9855 of these fish, 1 confirmed and 2 probable larval pallid 
sturgeon were identified (Joanne Grady, USFWS, pers. comm. in USFWS 2000).  Those 
data suggest that spawning success and larval sturgeon abundance are low.  In 1998, the 
Missouri Department of Conservation collected young-of-the-year pallid sturgeon at 
approximate river mile 49.5 south of Cape Girardeau in the Middle Mississippi River 
(Petersen and Herzog 1999).   
 
Sampling in the Atchafalaya River has revealed fish of several age groups suggesting that 
some reproduction and recruitment may occur in the Lower Mississippi River and 
Atchafalaya River.  However, the only physical evidence of reproduction was three 
gravid females (Constant et al. 1997).  According to their data, pallid sturgeon collected 
in the Atchafalaya River and other areas of the Mississippi River have averaged less than 
6.6 lbs (3 kg) and length-at-age estimates calculated according to Fogle (1963) indicated 
that even the smallest fish were over age 6, with the oldest perhaps over age 14.  The age 
of fish in their study indicates the most recent recruitment of pallid sturgeon to be from 
the 1988 year class (Constant et al. 1997). 
 
Since 2000, researchers have deployed numerous gear types and greatly increased effort 
to capture early life stages of sturgeon.  As part of the Fort Peck Flow Modification 
Biological Data Collection Plan, Braaten and Fuller (2002) collected 1,970 larval fish 
samples from six sites.  Sturgeon larvae (Scaphirhynchus sp.) have been identified in 20 
samples for 3 sites (of the 1200 samples processed to date) (Braaten and Fuller 2002).  
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The Data Collection Plan also included benthic sampling for young-of-the-year (YOY) 
sturgeon.  A total of 35 YOY sturgeon (average 21 mm) were collected with 71 percent 
of these fish being collected downstream of the Yellowstone River confluence (Braaten 
and Fuller 2002).  The species identification for these YOY sturgeon was not provided in 
the report.  However, Braaten and Fuller (2002) later noted that two larval pallid sturgeon 
(21.6 mm and 23.1 mm) were collected downstream from the confluence of the 
Yellowstone River indicating successful spawning of pallid sturgeon in 2002.  However, 
it is not known whether this spawning occurred in the Yellowstone River or the Missouri 
River (Braaten and Fuller 2002).  Braaten and Fuller (2004) note that 137 YOY sturgeon 
were collected in 2003.  Some of these fish exhibit pallid sturgeon characteristics, 
however, they will be examined more closely in the future (Braaten and Fuller 2004). 
 
Larval pallid sturgeon have been collected in the Lower Missouri River, Middle 
Mississippi River and Lower Mississippi River which indicates that limited reproduction 
is occurring in the wild.  In April and May 2001, the MoDOC collected 40 larval 
sturgeon utilizing the Missouri benthic trawl (Hrabik 2002).  In spring of 2003, the 
MoDOC collected an estimated 50 larval sturgeon in the MMR (Dave Herzog, MoDOC, 
pers. comm. 2004 in USFWS 2004).  It is unclear at this time how many of these larval 
sturgeon are pallid sturgeon or hybrids.  From April to September 2002, the CMFRO 
collected 11 YOY sturgeon in Lisbon Bottoms on the Lower Missouri River.  Five of 
these fish were identified as shovelnose sturgeon and six still need to be identified (Grady 
and Mauldin 2002).  A total of eight larval sturgeon (4 in 2002 and 2 in 2003) have been 
collected in the Lower Missouri River as part of a larval fish sandbar habitat study being 
conducted by the University of Missouri (Kerry Reeves, Univ. of Missouri, pers. comm. 
2003 in USFWS 2003).  Two individuals have been identified to species, one pallid 
sturgeon and one shovelnose sturgeon, while the remainder await positive identification.   
 
Restoration Stocking – In recent years, pallid sturgeon populations have been augmented 
by release of hatchery reared fish.  In 1994, the MoDOC released approximately 7000 
fingerlings in the Missouri and Mississippi Rivers and an additional 3000 fingerlings 
were stocked in 1997 (Graham 1997, 1999).  Thirty-five 12 to 14-inch fish raised at 
Natchitoches NFH were stocked in the Lower Mississippi River in 1998 (Kilpatrick 
1999).  Also in 1998, 745 hatchery-reared yearling pallid sturgeon were released at three 
sites in the Missouri River above Ft. Peck Reservoir (Gardner 1999) and another 750 
yearling sturgeon were released near the confluence of the Yellowstone and Missouri 
Rivers (Steve Krentz, USFWS, pers. comm. 1999 in USFWS 2000).  During the summer 
of 2000, 397 3-year old hatchery reared pallid sturgeon and 6 adult brood stock pallid 
sturgeon were taken from the Gavins Point National Fish Hatchery and released into the 
Fort Randall reach of the Missouri River.   
 
Approximately 27,500 hatchery raised pallid sturgeon were released in 2002 and 2003 in 
the Missouri River (Table 1, RPMA#1-4).  In 2004 and 2005 a total of 27,892 and 4,891 
pallid sturgeon, respectively, were released into RPMA#4 (Lower Missouri River).  A 
total of 10,054 2004 year class pallid sturgeon have been released in the Lower 
Mississippi River and Atchafalaya River.  
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Despite stocking efforts, pallid sturgeon remain rare compared to shovelnose sturgeon.  
In 1997 and 1998, the MoDOC Long Term Resources Monitoring Station at Cape 
Girardeau Collected 7 pallid sturgeon (0.45 percent) compared to 1549 shovelnose 
sturgeon in the Middle Mississippi River (Peterson 1999).  All seven were hatchery-
origin pallid sturgeon (J. Grady, USFWS pers. comm. 2000 in USFWS 2000).  Constant 
et al. (1997) noted that in surveys of commercial catch, shovelnose sturgeon accounted 
for between 52 and 98 percent of the total sturgeon catch, with the remainder composed 
of similar portions of hybrids (2 percent to 21 percent) and pallid sturgeon (0 percent to 
26 percent).  In a 3+ year study on the MMR, researchers collected 139 pallid sturgeon 
compared to 11,459 shovelnose sturgeon (Garvey et al. 2006). 
 
Table 1.   Pallid Sturgeon Stocked by Year Class in Each Recovery Priority Management 
Area from 1992 to 2004 (Krentz et al. 2005) 
 

RPMA 1992 1997 1998 1999 2001 2002 2003 2004 Subtotals 

#1 0 690      0 0 2247 0 3050 0 5987 

#2 0 780 200 479 3060 3986 2468 16777 27750 

#3 0 416 98 181 558 601    515 0 2369 

#4 2412 2047 0 532 6897 9241 10058 30628 61815 

#5 4444 1663 0 0 0 0 0 6478 12585 

#6 0 0 35 0 0 0 0 3576 3611 

Subtotal 6856 5596 333 1192 12762 13828 16091 57459        114,117 

          

 
Summary  
 
As noted with the above information, pallid sturgeon are widely distributed throughout 
their range and occur in small numbers relative to the closely related shovelnose sturgeon 
(see Table 2).  Increasingly, the total numbers of pallid sturgeon collected during 
sampling reflect higher numbers of released hatchery reared fish and hybrids than wild 
fish.  The collection of larval and juvenile pallid sturgeon is becoming more frequent due 
to increased effort and gear efficiency.  The low numbers of these age classes suggests to 
most sturgeon researchers that pallid sturgeon reproduction is a rare event.  However, the 
age and size distribution information for the MMR indicates that at least a small number 
of wild pallid sturgeon are recruiting to reproductive age.  It should be noted that the 
small numbers of larval and juvenile pallid sturgeon collected may be an artifact of 
sampling gear bias, a variable level of effort aimed at these size classes and/or an 
inability to sample habitats occupied by these age classes.  However, the Service believes 
that the collection of small numbers of larval and juvenile pallid sturgeon is reflective of 
an overall low population abundance for the species and low reproductive success. 
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Table 2. Estimates of adult pallid sturgeon and ratio of pallid sturgeon to other sturgeon 
from the literature and reports.  Note: Comparing pallid sturgeon to shovelnose sturgeon 
ratios between reaches can be misleading as population numbers are affected by many 
factors.  A more useful index would be to evaluate ratio trends within each reach through 
time. 
Upper 
Missouri 
River 

Middle 
Missouri River 

Lower 
Missouri 
River 

Middle 
Mississippi 
River 

Lower 
Missouri 
River/Middle 
Mississippi 
River 
Combined 

Lower 
Mississippi 
River 

200-300  
Duffy et al. 
1996 

25-50  
(GPD to FRD)* 

1:311 
(0.32%) 
Grady et al. 
2001 

1:89 (1.1%)2 
USACE 2003 
1:95 (1.1%) 
Garvey et. al 
2006, Table 1 

1:398 
(0.25%)3 

Carlson et al. 
1985 

1:23 (4.3%) 
Killgore 2004 
1:16 (6.3%) 
Killgore et al., In 
Press 

178 
Year 2001 
Kapusinski 
2003 

 1:387 
(0.26%) 
Doyle and 
Starostka 
2003 

 1:647 (0.15%) 
Grady et al. 
2001 
1996-2000 
Cumulative 

 

166 
Year 2002 
Kapusinski 
2003 

 1:291 

(0.34%)1 
Doyle and 
Starostka 
2004 

   

151  
(89-236) (95% 
Confidence) 
Year 2003 
Kapusinski 
2003 

 1:80 (1.2%)4 
Barada and 
Steffensen 
2006 

   

* Gavins Point Dam to Fort Randall Dam 
1 Ratio of combined segments 13 and 14, gillnets excluded 
2 Ratio on Middle Mississippi River is to shovelnose sturgeon only 
3 Ratio is to all river sturgeon (shovelnose, lake, pallid, hybrid) 
4 Ratio for segment 8 only 
 
As is shown in Table 2, data that are collected and reported throughout the range of the 
pallid sturgeon is inconsistent and difficult to compare between reaches.  The Service 
concludes from the data represented in Table 2 and discussed in the text above that there 
is a continuous and ongoing decline in the population of adult pallid sturgeon in the 
Upper Missouri River reaches.  Data for the Lower Missouri River would indicate either 
a stable or declining population in this reach.  However, the vast majority of pallid 
sturgeon collected in the Lower Missouri River area hatchery stocked fish.  Recent 
survey efforts in the MMR would indicate higher numbers of pallid sturgeon compared to 
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shovelnose sturgeon.  This is also most likely indicative of higher numbers of hatchery 
reared pallid sturgeon in the population.  Within the Lower Missouri River and the MMR 
the ratios are also strongly influenced by fewer numbers of shovelnose sturgeon present 
as a result of intensive commercial harvest pressure in the past few years.  Thus, the 
ratios within the Lower Missouri River and the MMR do not really represent a stable or 
improving population.  The higher ratios of pallid sturgeon to shovelnose sturgeon in the 
Lower Mississippi River are confounding.  A commercial fishery for shovelnose sturgeon 
continues to exist in Kentucky and Tennessee, but has been closed for many years in 
Mississippi and Louisiana and relatively recently closed in the Arkansas part of the river.  
Additionally, stocking of high numbers of hatchery reared pallid sturgeon has not 
occurred in the Lower Mississippi River.  Recent survey efforts indicate shovelnose 
sturgeon may not be as abundant in the Lower Mississippi River as in other river reaches.  
This may also significantly impact ratios. 
 
Sturgeon exhibit unusual combinations of morphology, habits, and life history 
characteristics, which make them highly vulnerable to impacts from human activities 
(Boreman 1997).  Sturgeons generally have low mortality rates, long life spans and are K 
strategists with a relative low capacity for population increase (Boreman 1997).  As such, 
pallid sturgeon are well adapted to living in large rivers, where fluctuating environmental 
conditions, such as discharge, can affect reproductive success.  However, these 
characteristics also make sturgeon species more sensitive to additional mortality factors, 
particularly human activities.  Many anthropogenic impacts, such as those resulting in 
diminished spawning and nursery habitat, primarily affect the production and survival of 
age-0 fish.  Sturgeon populations worldwide have declined because of anthropogenic 
influences.  The structure and magnitude of genetic diversity of natural populations of 
sturgeon serves to buffer these fish against environmental variation and should be 
maintained (Wirgin et al. 1997).  The loss of genetic variability can result in depressed 
fitness of the population (Spearman et al. 1994). 
 

2.6 Habitat and Micro-Habitat Characteristics  

Forbes and Richardson (1905), Schmulbach et al. (1975), Kallemeyn (1983), and 
Gilbraith et al. (1988) describe pallid sturgeon as being a fish well adapted to life on the 
bottom in swift waters of large, turbid, free-flowing rivers.  Pallid sturgeon evolved in the 
diverse environments of the Missouri and Mississippi Rivers.  Floodplains, backwaters, 
chutes, sloughs, islands, sandbars and main channel waters formed the large-river 
ecosystem that provided the macrohabitat requirements for pallid sturgeon and other 
native large-river fish.  Those habitats were historically in a constant state of change.  
Mayden and Kuhajda (1997) describe the natural habitats to which the pallid sturgeon is 
adapted as:  braided channels, irregular flow patterns, flooding of terrestrial habitats, 
extensive microhabitat diversity and turbid waters.  Today, those habitats and much of 
the once functioning ecosystem of the pallid sturgeon has been changed by human 
developments. 
 
The historic floodplain habitat of the Missouri and Mississippi Rivers provided important 
functions for the native large-river fish.  When floodflows crested the river’s banks, 



 28 

floodplains provided the major source of organic matter, sediments and woody debris for 
the main stem rivers.  The transition zone between the vegetated floodplain and the main 
channel included habitats with varied depths described as chutes, sloughs, or side 
channels.  The chutes or sloughs between the islands and shore were shallower and had 
less current than the main channel.  Those areas provided valuable diversity to the fish 
habitat and probably served as nursery and feeding areas for many aquatic species (Funk 
and Robinson 1974).  The still waters in this transition zone allowed organic matter 
accumulations, important to macroinvertebrate production.  Both shovelnose sturgeon 
and pallid sturgeon have a high incidence of aquatic invertebrates in their diet (Carlson et 
al. 1985; Gardner and Stewart 1987).  Floodflows connected these important habitats and 
allowed fish from the main channel to use those habitats to exploit available food 
sources. 
 
Carlson et al. (1985) captured both pallid sturgeon and shovelnose sturgeon in gear-sets 
along sandbars on the inside of riverbends, and in deeply scoured pools behind wing 
dams, indicating overlap of habitat use by the two species.  However, 4 of 11 pallids were 
captured in gear-sets in swifter currents where shovelnose sturgeon were less numerous.  
Although pallid sturgeon and shovelnose sturgeon habitat use and movements are similar 
in certain aspects, important differences were noted by Bramblett (1996).   Pallid 
sturgeon showed significant preferences during most times of the year for sandy 
substrates, particularly sand dunes, and avoided gravel and cobble substrate preferred for 
spawning (Bramblett 1996).  In contrast, shovelnose sturgeon significantly preferred 
gravel and cobble substrates and avoided sand. 
 
Bramblett (1996) noted that because macrohabitats used by pallid sturgeon were more 
specific and restrictive than shovelnose sturgeon, features in these macrohabitats may be 
more important to pallid sturgeon than shovelnose sturgeon.  Bramblett (1996) found 
macrohabitats used by pallid sturgeon were diverse and dynamic.  For example, pallid 
sturgeon used river reaches with sinuous channel patterns and islands and alluvial bars 
which generally have more diversity of depths, current velocities, and substrates than do 
relatively straight channels without islands or alluvial bars.  The diversity of channel 
features such as backwaters and side channels was also higher.  The subclimax riparian 
vegetational seres in these areas are indicative of a dynamic river channel and riparian 
zone (Johnson 1993). 
 
Yerk and Baxter (2001) recaptured three hatchery reared pallid sturgeon during 2000 in 
main channel habitat associated with sandbar complexes.  Kapuscinski and Baxter (2003 
recaptured six hatchery reared pallid sturgeon during 2002 in habitats similar to those 
reported by Yerk and Baxter (2001).  Stancill (2001, undated) noted hatchery reared 
radio-tagged pallid sturgeon primarily utilizing main channel habitat in the Missouri 
River below Fort Randall Dam.  However, some study fish were recorded utilizing side 
channel habitats and at the confluence of the Missouri and Niobrara Rivers.  In 2002, 
study fish were consistently found in the river marsh area immediately around 
Springfield, South Dakota. 
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Pallid sturgeon collected from 1996 to 2000 as part of the MICRA study were collected 
in deep holes associated with wing dikes, except one collected in side channel border 
habitat (Grady et al. 2001).  In 2003, the Nebraska Game and Parks Commission 
conducted sampling in the Lower Missouri River from the Platte River to the Kansas 
River.  Steffensen and Mestl (2004) report collecting 2400 sturgeon, of which 2 were 
pallid sturgeon, during the spring period.  The pallid sturgeon were collected from inside 
bends, wing dike tip pools (Steffensen and Mestl 2004).  Two additional pallid sturgeon 
were collected during the fall period.  One of these fish was collected in the engineered 
Hamburg Chute, below a limestone hard point, and the other fish was collected in an 
outside bend revetment scallop hole in Lower Cottier Bend (Steffenson and Mestl 2004).  
Reeves and Galat (2004) report that a single larval pallid sturgeon collected as part of a 
research project to characterize nursery habitat use by larval fishes in the Lower Missouri 
River was collected approximately 2m from the downstream end of a sandbar which had 
formed behind a wing dike. 
 
Doyle and Starostka (2003) found juvenile sturgeon (<300mm) to be strongly associated 
with main channel sand bars over sand substrate and were caught throughout the range of 
velocities sampled.  Doyle and Starostka (2003) collected young of the year (YOY) 
juvenile shovelnose and pallid sturgeon with trawls on sand bars, island tips and notched 
L-dikes.  The YOY sturgeon were found along channel sand bars, as well as behind 
notched dikes with moderate flows.   The authors surmise that there appears to be a 
preference for habitat created by dike modifications or islands which is used by pallid 
sturgeon, lake sturgeon and shovelnose sturgeon during early life stages (Doyle and 
Starostka 2003). 
 
DeLonay and Little (2002) reported that radio-tagged sturgeon were almost exclusively 
found over a sand substrate (>95 percent) in the Lower Missouri River.  Sand is the 
predominate substrate in this area.  Pallid sturgeon were found in locations with current 
during all seasons, characterized by velocities ranging from 0.25 to 1.8 m/sec with the 
mean slightly greater than 1 m/sec (DeLonay and Little 2002).  The depths at relocation 
points ranged from <1 to 10.5 m and averaged 3 m.  DeLonay and Little (2002) noted 
that the usefulness of descriptive measurements of habitat such as depth and velocity is 
suspect due to the dynamic nature of river habitats.  They found that sturgeon were often 
found in locations of turbulence or complex current patterns, such as wing dike tips, off 
sand bars or near steep drop offs where current could vary by as much as 1.5 m/s between 
each side of the tracking vessel (DeLonay and Little 2002).   
 
DeLonay and Little (2002) noted the need for a broader-scale assessment of physical 
habitat used by pallid sturgeon in which locations are correlated with bottom 
morphology, areas of habitat diversity or particular habitat features.  They plotted 
relocation points against 1994 hydrographic surveys and digital orthoquad maps 
photographed during low water periods in the Lower Missouri River.  They found that 
sharp changes in bottom relief (drop-offs, shelves and scours), the spacing of engineered 
flow training structures, and the position of the thalweg appear to have greater influence 
over sturgeon location than depth, substrate or velocity.  Sturgeon were most often 
located in areas with moderate velocities at the channel margin or border, on outside 
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bends, near sand islands and off the tips of wing dikes.  Areas with slack water were not 
used and sturgeon were relocated with less frequency in narrow straight reaches with 
closely spaced wing dikes (DeLonay and Little 2002). 
 
Jacobson and Laustrup (2000) documented the results of aquatic habitat assessment of 
pallid sturgeon overwintering habitat in the Lower Missouri River.  As part of that study, 
aquatic habitat was assessed at five sites (wing dikes) where pallid sturgeon were 
sampled as part of the MICRA sturgeon project (Grady et al. 2001).  Their data 
documents habitat complexity around these engineered structures (wing dikes).  This 
includes the formation of scour holes offshore and downstream from the tip of wing dikes 
and larger scour holes downstream of where the dike intersects with the shoreline.  
During high flow events, shoreline scouring resulted in the development of embayments 
that eroded laterally into the shoreline.  Large woody debris accumulations at these sites 
may also contribute to scour during floods and flow convergence (Jacobson and Laustrup 
2000).  Scour holes are also associated with wing dike notches.  The velocity through 
these notches is dependent on the geometry of the notch and discharge (Jacobson and 
Laustrup 2000).  Sand bars accumulate downstream from wing dike tips.  However, 
whether a sand bar forms or not is dependent of numerous factors, including channel 
geometry, dike orientation, and dike spacing (Jacobson and Laustrup 2000).  In addition, 
notches can disrupt the recirculation zone and prevent sand bar development.  Low 
velocity zones upstream and downstream of dikes were dominated by muddy substrates, 
and areas of higher velocity (main channel and convergence zones around dike tips) were 
dominated by coarser substrate (Jacobson and Laustrup 2000).  Sandy substrates occurred 
in notch scours while shoreline scours typically have muddy substrates (Jacobson and 
Laustrup 2000).   
 
Sheehan et al. (2002) summarized the results of a telemetry study of pallid sturgeon in the 
MMR from 1995 through 2001.  Study sturgeon were primarily located in the main 
channel (38 percent of relocations), but also used main channel border and wingdam 
border (between wingdams) habitats extensively (27 percent and 14 percent of 
relocations, respectively).  During cold temperatures (below 4○ C), study sturgeon were 
found in association with current-disrupting habitat features such as downstream island 
tips and wingdams downstream (immediately downstream of a wing dam) more 
frequently than at other times (12 percent and 9 percent of relocations, respectively).  
Habitat associations during the spring months deviated from those during the rest of the 
year (Sheehan et al. 2002).  The use of wingdam border (between wingdams) habitats 
increased greatly during the spring (33 percent of relocations) while use of main channel 
border habitats remained similar to other seasons (21 percent of relocations).  
Downstream island tips (13 percent of relocations) and wingdams downstream (8 percent 
of relocations) were also used during the spring timeframe.  The number of contacts (n = 
24) during spring was low due to radio-tracking difficulties during spring flooding 
(Sheehan et al.  2002).   
 
Strauss’s selectivity index was used to determine if radio-tagged sturgeon exhibited 
positive or negative selection of various habitats.  Study sturgeon exhibited a positive 
selection for main channel border, downstream island tips, between wingdams and 
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wingdam tip habitats while exhibiting negative selection for main channel and wingdams 
downstream and upstream habitats (Sheehan et al. 2002).  This is based on the 
availability of habitats compared to habitat use. 
 
A Chi-square, goodness-of-fit test was used to determine the effects of temperature and 
discharge on habitat use (Sheehan et al. 2002).  The distribution of habitat use by study 
sturgeon was significantly different from the habitat availability at each temperature 
regime and at low, medium and high discharge regimes (Sheehan et al. 2002).  However, 
temperature did not appear to have a substantial effect on either habitat use or habitat 
selection by pallid sturgeon in the MMR.  In addition, there were no shifts between 
habitat selection and avoidance over the three different discharge regimes (Sheehan et al. 
2002, Hurley et al. 2004).  Previous studies have found that temperature can severely 
affect swimming ability and mortality of riverine fishes at winter temperatures less than 
4● C (Sheehan et al. 1994, Sheehan et al. 1990).  However, habitat use and selection by 
pallid sturgeon appeared to be minimally affected by temperature and discharge in the 
MMR (Sheehan et al. 2002, Hurley et al. 2004).  Pallid sturgeon habitat use differed from 
the norm only during spring months with water temperatures between 4● and 10● C 
(Sheehan et al. 2002, Hurley et al. 2004).   
 
The MoDOC larval sturgeon collected in 2001 were nearly all captured at downstream 
island tips (Hrabik 2002).  They surmise that sturgeons are being spawned at island heads 
or somewhere above and are being transported to eddy pools along island shores and at 
the tips (Hrabik 2002).  Large amounts of detritus were collected with the larval sturgeon.  
 
Constant et al. (1997) reporting on radio-tracked sturgeon, stated that sturgeon were most 
frequently found in low slope areas and that such areas were used in proportion to their 
availability.  No sturgeon were observed on extremely steep slopes.  They found that sand 
made up over 80 percent of the substrate in low slope areas where 90 percent of pallid 
sturgeon were located.  Constant et al. (1997) stated that the preference for sand 
substrates in low slope areas suggest that pallid sturgeon used such areas as current 
refugia.  Sand substrates were found to have lower invertebrate densities than substrates 
of silt-clay which were generally located on areas of steep slope which were exposed by 
swift currents.  As such, it would be energetically costly for pallid sturgeon to remain 
near these substrates for extended periods of time.  However, telemetry observations 
showed 55 percent of sturgeon locations occurred within 10 m of steep slopes, suggesting 
that pallid sturgeon remained near areas of high food abundance (Constant et al. 1997). 
 
Hartfield et al. (2002) found that all sturgeon captures in the Lower Mississippi River 
have been associated with moderate to strong currents, depth ranging from 13 – 45 ft, 
sand or sand and gravel substrate and structure present (sand reefs, dunes, secondary 
channels).  However, pallid sturgeon captures were associated with greater depths than 
other sturgeon (25 – 45 ft) (Hartfield et al. 2002). 
 
Some caution must be used in evaluating the results of habitat preference studies 
conducted in the highly altered river environments of today as there is no way to measure 
pallid sturgeon preference for habitats that no longer exist (Dr. Robert Sheehan, SIUC, 
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pers. comm. in USFWS 2000).  The results of studies by Bramblett (1996), Constant et 
al. (1997), and Sheehan et al. (1998) are indicative of the habitats being used by pallid 
sturgeon in the altered environment of today. 
 
Current/Velocity – Findings from a study on the Missouri River in South Dakota indicate 
that pallid sturgeon most frequently occupy river bottoms where velocity ranges from 0 
to 0.73 m/s (Erickson 1992).  Other studies in Montana found that pallids are most 
frequently associated with water velocities ranging from 0.46 to 0.96 m/s (Clancey 1990).  
Bramblett (1996) noted pallid sturgeon occupying bottom velocities ranging from 0.0 to 
1.37 m/s.  Doyle and Starostka (2003) reported collecting two thirds of juvenile sturgeon 
in velocities between 0.3 and 0.8 m/s in the Lower Missouri River.  These velocities are 
commonly found throughout the species’ range. 
 
Pallid sturgeon collected from the Missouri River above Garrison Reservoir in North 
Dakota during spring and fall seasons of 1988 to 1991 were found in deep pools at the 
end of chutes and sandbars, and in the slower currents of near-shore areas.  Those areas 
may have been providing good habitat for energy conservation and feeding (USFWS 
1993).  Sheehan et al. (1998) indicated that there were no shifts in habitat selection and 
avoidance by Middle Mississippi River pallid sturgeon under three different discharge 
regimes (low, medium and high discharge ranges of 0 – 165 Kcfs, 165 to 270 Kcfs and 
>270 Kcfs).  Data collected by Constant et al. (1997) support observations that 
shovelnose sturgeon tolerate lower current velocities than pallid sturgeon (Carlson et al. 
1985, Ruelle and Keenlyne 1994, Bramblett 1996).  They found that pallid sturgeon 
catch-per-unit-effort (CPUE) declined following shutdown of the Old River Control 
Structure and that no pallid sturgeon were collected when current velocity was reduced to 
zero, although shovelnose sturgeon CPUE was highest at this time. 
 
Turbidity – Pallid sturgeon historically occupied turbid river systems.  Turbidity levels 
where pallid sturgeon have been found in South Dakota range from 31.3 to 137.6 
Nephelometric turbidity units (NTU’s) (Erickson 1992).  Yerk and Baxter (2001) 
reported the turbidity averaged 41.1 NTU’s at the collection location of three hatchery 
reared pallid sturgeon.   Kapuscinski and Baxter (2003) reported the turbidity averaged 
167.3 NTU’s at the collection location of six hatchery reared pallid sturgeon.  Pallid 
sturgeon avoid areas without turbidity and current (Bailey and Cross 1954, Erickson 
1992).  That behavior contributes to the reason why pallid sturgeon are no longer found 
in the Missouri River reservoirs, and have not expanded into other rivers in the 
Mississippi River drainage, even though access is available (Duffy et al. 1996). 
 
Water depth – Pallid sturgeon were frequently found in water depths of 2 to 6 m in South 
Dakota (Erickson 1992).  In Montana, pallid sturgeon were captured from depths between 
1.2 to 3.7 m in the summer, but they were captured in deeper waters during winter 
(Clancey 1990).  Other pallid sturgeon collected in the upper Missouri, Yellowstone and 
Platte Rivers were captured in depths between 1 m to 7.6 m (Watson and Stewart 1991, 
USFWS 1993).  Bramblett (1996) found pallid sturgeon in depths from 0.6 m to 14.5 m.  
That contrasts with Constant et al. (1997) which found pallid sturgeon at mean depths of 
15.2 m and observed pallid sturgeon at depths of 7 m and 21 m with greater frequency 
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than such areas were available.  During the MICRA study (Grady et al. 2001) pallid 
sturgeon were collected in water depths of 2.1 m to 13.1 m in the Lower Missouri River 
and 6.1 m to 14.5 m in the Middle Mississippi River.  Sheehan et al. (2002) noted study 
sturgeon were found in locations with water depths ranging from 1.82 to 19.17 m in the 
MMR.  The majority of sturgeon relocations (88.8 percent) were in water with maximum 
depths from 3 m to 12 m and most commonly in depths ranging between 6 m and 9 m 
(Sheehan et al. 2002). These are common depths in the main channel and main channel 
border areas of the MMR.  The range of depth utilized by pallid sturgeon is likely related 
to the available habitat within the river segment (Steve Krentz, USFWS pers. comm. 
1999 in USFWS 2000). 
 
Substrate – Pallid sturgeon are most frequently caught over a sand bottom, which is the 
predominant bottom substrate within the species’ range on the Missouri and Mississippi 
Rivers.  Constant et al. (1997) noted that pallid sturgeon spent considerable time 
associated with sand substrates.  They noted the preference for sand substrates in low 
slope areas suggest pallid sturgeon use such areas as current refugia (e.g., use sand-wave 
troughs created as bed material moves along the river bottom (Gordan et al. 1992).  The 
pallid sturgeon collected on the Yellowstone River in July 1991 by Watson and Stewart 
(1991) was over a bottom of mainly gravel and rock, which is the predominant substrate 
at that capture site.  Sheehan et al. (2002) noted study sturgeon were found over sand 
substrates 81.8 percent of the time, sand/gravel substrates 9.1 percent of the time and 
mud/silt substrates 5.5 percent of the time. Reed and Ewing (1993) collected sturgeon in 
the man-made rip-rap lined outfall channels of the Old River Control Complex in 
Louisiana.  Bramblett (1996) found that pallid sturgeon preferred sandy substrates, 
particularly sand dunes, and avoided substrates of gravel and cobble.  Pallid sturgeon 
have adhesive eggs.  Thus, spawning is thought to occur over hard substrates of gravel or 
cobble with moderate flow (Dr. Robert Sheehan, SIUC, pers. comm. 2000 in USFWS 
2000).   
 
Temperature – Pallid sturgeon inhabit areas where the water temperatures ranges from 32 
- 86° F (0° to 30° C), which is the range of water temperature on the Missouri and 
Mississippi Rivers.  Curtiss (1990) found no relation between surface water temperatures 
and depth used by shovelnose sturgeon on the Mississippi River and no indication that 
shovelnose sturgeon were moving into deeper, cooler water (if available) as water 
temperature increased.  Current research, however, indicates that pallid sturgeon 
spawning is directly linked to water temperature.  As water temperature increases to 62● 
– 65 F● (16.7● - 18.3● C), pallid sturgeon initiate spawning activity (Steve Krentz, 
USFWS, pers. comm. 1999 in USFWS 2000). 
 
Sheehan et al. (1990) found that swimming ability decreased and mortality increased for 
some river species below 39●F (4●C).  Hurley (1999) evaluated the habitat associations 
and movement of pallid sturgeon in the Middle Mississippi River at water temperatures 
below 39●F (4●C) and above 39●F (4●C) yet below 50●F (10●C).  Below 39●F (4●C), 
study sturgeon were found in association with current-disrupting features such as 
downstream island tips, wing dams downstream, main channel, and main channel border.  
Once winter temperatures rose above 39●F (4●C), habitat use became more restricted with 
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main channel border and main channel comprising 87 percent of all relocations.  When 
water temperatures rose to above 50●F (10● C) but below 68●F (20●C) during the spring, 
relocations in habitats between wing dams increased to 40 percent of contacts. 
 
2.7 Rangewide Distribution and Abundance of Habitat 
 
The historic range of the pallid sturgeon as described by Bailey and Cross (1954) 
encompassed the middle and lower Mississippi River, the Missouri River and the lower 
reaches of the Platte, Kansas and Yellowstone Rivers.  Duffy et al. (1996) stated that the 
historic range of pallid sturgeon once included the Mississippi River upstream to Keokuk, 
Iowa, before the river was converted into a series of locks and dams for commercial 
navigation (Coker 1930).  Pallid sturgeon evolved in the diverse environments of these 
river systems.  Floodplains, backwaters, chutes, sloughs, islands, sandbars, and main 
channel waters formed the large river ecosystem that provided the macrohabitat 
requirements for pallid sturgeon.  These habitats were historically in a constant state of 
change.  Today, natural fluvial processes have been altered by human modification of the 
river systems which have anchored the river channels in place.  Such modifications have 
affected the abundance and distribution of pallid sturgeon habitat. 
 
The current range of the pallid sturgeon includes the Mississippi River from its mouth 
upstream to Melvin Price Locks and Dam (river mile 202.0), the Missouri River, the 
lower Yazoo/Big Sunflower and St. Francis Rivers, the lower Kansas and Platte Rivers, 
the Yellowstone River and the Atchafalaya River.  The total length of the species range is 
approximately 3500 miles.  However, approximately 51% of this area has been 
channelized for navigation and 28% has been impounded.  The remaining 21% of the 
range is below dams and, therefore, has altered temperature, flow and sediment dynamics 
(Keenlyne 1989, Bramblett 1996).  Approximately 49% of the species’ current range is 
considered unsuitable habitat due to impoundments.  The remaining 51% of the species 
range has been significantly affected by channelization.  The amount of potentially 
suitable pallid sturgeon habitat remaining within this area is unknown.    
 
Upper Missouri River – Physical habitat conditions beneficial to sturgeon are present in 
the Upper Missouri River, but are restricted to inter-reservoir areas.  The amount and 
availability of habitat varies depending upon the amount of storage contained in the 
reservoirs.  Dam operations affect current/velocity, turbidity, water depth, substrate, 
temperature and the hydrograph.  The dams and reservoirs block upstream and 
downstream movements of pallid sturgeon.  Sediment transport and availability for 
habitat creation and maintenance is significantly impaired.  New bank stabilization 
construction and maintenance of existing bank stabilization structures continue in this 
reach.  Habitat conditions on the Yellowstone River are suitable and some semblance of 
the natural hydrograph exists.  However, access to upstream habitat (approximately 170 
river miles) in the Yellowstone River is blocked by the Intake Diversion Dam which is 
under the authority of the U.S. Bureau of Reclamation.  Providing pallid sturgeon access 
to the reach of the Yellowstone River above the Intake Diversion Dam would have 
significant positive effects.  There is relatively little bank stabilization in this river 
compared to other reaches.   
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Middle Missouri River – Physical habitat conditions are present in the Middle Missouri 
River, but are restricted to inter-reservoir areas.  Dam operations affect current/velocity, 
turbidity, water depth, substrate, temperature and the hydrograph.  The scope of these 
affects depends on location along the river.  Sediment transport and availability for 
habitat creation and maintenance are significantly impaired.  Dams and reservoirs block 
upstream and downstream movements of pallid sturgeon.  New bank stabilization 
construction and maintenance of existing bank stabilization structures continue in this 
reach.   
 
Lower Missouri River - In the Lower Missouri River from Gavins Pt. Dam downstream 
approximately 76.1 miles to Sioux City, Iowa, suitable physical habitat conditions exist; 
however, dam operations affect current/velocity, turbidity, water depth, substrate, 
temperature and the hydrograph.   From Sioux City downstream approximately 139.5 
miles to the mouth of the Platte River, the physical habitat conditions are substantially 
reduced and the hydrograph is significantly altered.  From the mouth of the Platte River, 
downstream approximately 595.5 miles to the Mississippi River, the physical habitat 
conditions improve and the alterations to the hydrograph are attenuated due to the 
influences of tributary inflow.  The transport and suspension of sediment for turbidity and 
habitat development and sustainability is also significantly impaired. 
 
Since 2000, bank stabilization and maintenance continues through out this river reach. 
The Corps has been implementing certain habitat development aspects of the 2000 
Biological Opinion for Missouri River Operations (USFWS 2000b).  These include land 
acquisition (1,100 acres) from Gavins Point Dam to Sioux City, Iowa to benefit piping 
plovers, least terns, and pallid sturgeon.  During 2001 through 2003, the Corps made 
modifications to the Bank Stabilization and Navigation Project (BSNP) that resulted in 
the creation of 1,365 acres of shallow water habitat.  Projects included: excavation of 
over 400 notches in dikes; construction of reverse dikes/notches at Marion and Plowboy 
Bends; side channel construction at Overton Bottoms, Tobacco Island and California 
Bend; buried dike excavation and notching at Overton Bottoms; chevron construction and 
dike lowering near Nebraska City; and modification of dike maintenance at selected 
locations from Sioux City to the mouth to encourage aquatic habitat development.  In 
2004 the Corps constructed/enhanced between 1420 to 1810 acres of shallow water 
habitat in the Lower Missouri River from Ponca State Park to the mouth of the Osage 
River (USACE 2004). 
 
According to the 2000 Biological Opinion for Missouri River Operations, approximately 
77,000 acres (105 acres/mile) of shallow water, slow velocity habitat occurred in the 
predevelopment river below Sioux City, Iowa.  It was estimated that approximately 2-5 
percent or 2.1-5.25 acres/mile of the historical acreage remains between Sioux City and 
the Grand River confluence in the developed river.  Since issuance of the 2000 Biological 
Opinion for Missouri River Operations, the Corps conducted new modeling studies which 
estimate that approximately 18.0 acres/mile of shallow water habitat currently occurs 
below the Grand River in the Lower Missouri River (6,017 total acres).  However, this 
exercise was based on 1 river bend with a large sandbar.  The data was then extrapolated 



 36 

to the rest of the Lower Missouri River.  More accurate estimates are in the process of 
being developed.   
 
Middle Mississippi River - In the Middle Mississippi River, physical habitat is becoming 
homogeneous.  With construction of the nine-foot channel navigation project on the 
Upper Mississippi River, the river bank top width has been reduced, side channels, 
islands and ephemeral sand bars have been lost, and the physical process of channel 
meandering has been arrested.  Stabilization of the river has led to extensive levee 
development isolating most of the floodplain.  Sediment transport and availability for 
habitat development have been significantly impaired as a result of Corps’ actions on 
both the Upper Mississippi River and the Missouri River.  The result has been the loss of 
aquatic habitat diversity over time.  This process is on-going.   More detailed information 
on the distribution and abundance of habitat in the Middle Mississippi River is provided 
in the Environmental Baseline section of this Biological Opinion. 
 
Lower Mississippi River – The amount of aquatic habitat lost in the Lower Mississippi 
River has not been assessed.  The Lower Mississippi River Conservation Committee has 
developed a Lower Mississippi River Aquatic Resource Management Plan.  One 
objective of this plan is to identify, define, describe and delineate habitats in the Lower 
Mississippi River.  To that end, the Lower Mississippi River Resource Assessment was 
authorized in the Water Resources Development Act of 2000.   
 
There are a number of large Corps’ projects either under study or approved that may 
severely impact pallid sturgeon habitat and productivity in the Lower Mississippi River.  
The St. John Bayou/New Madrid Floodway Project will further isolate the Mississippi 
River from its associated floodplain, specifically isolating approximately 12,000 acres of 
floodplain wetlands.  Other Corps’ projects with the potential to impact aquatic habitats 
in the Lower Mississippi River include the Mississippi River and Tributaries Project 
Mainline Levee Enlargement and Berm Construction Project, Yazoo Pumps Project, and 
Big Sunflower River Maintenance Project. 
 
Atchafalaya River – The Atchafalaya River is a distributary to the Mississippi River.  The 
upper reach of the river has been channelized and cut-off from the main channel of the 
Mississippi River through construction of several Corps’ projects and a hydroelectric 
project.  Pallid sturgeon are believed to enter the Atchafalaya River through the Old 
River Control Structure and then become isolated from other pallid sturgeon populations. 

 
2.8 Factors Affecting the Species Rangewide 
 
Factors that have previously been identified as affecting pallid sturgeon throughout their 
range include:  habitat loss and degradation, commercial harvest, pollution/contaminants, 
and hybridization.  Detailed information regarding these factors as they impact the action 
area is discussed in more detail within the Environmental Baseline Section of this 
Biological Opinion.  The following information applies to portions of the range outside of 
the action area. 
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2.8.1 Habitat Loss and Degradation  
 
Destruction and alteration of big-river ecological functions and habitat that were once 
provided by the Missouri and Mississippi Rivers are believed to be the primary cause of 
declines in reproduction, growth, and survival of pallid sturgeon (USFWS 1993).  The 
physical and chemical elements of channel morphology, flow regime, water temperature, 
sediment transport, turbidity and nutrient inputs that once functioned within a big river 
ecosystem have been dramatically altered by the construction of mainstem and tributary 
dams, construction of navigation projects (e.g., channelization) and subsequent isolation 
of the floodplain through flood control projects.  These actions have affected pallid 
sturgeon by blocking movements to spawning and/or feeding areas, destroying spawning 
habitats, altering conditions or flows of potential remaining spawning areas, reducing 
food sources and/or the ability to obtain food, or altering remaining substrates and 
conditions necessary for the fish’s survival (Keenlyne 1989). 
 
Although restoration projects have been implemented in the Lower Missouri River and 
Middle Mississippi River, the rate of change is not believed to have stabilized and habitat 
diversity, quantity and quality is believed to be declining.  However, implementation of 
positive actions for habitat creation and maintenance on the Missouri River and Middle 
Mississippi River should result in stabilization and improvement in habitat conditions 
over the long-term. 
 
Missouri River Operations 2000 Biological Opinion and 2003 Amended Biological 
Opinion 
 
In 2000 the Service issued a Biological Opinion to the Corps for its operations on the 
Missouri River (USFWS 2000b).  This included Operations of the Missouri River Main 
Stem System (Reservoirs), Operations of the Kansas River Tributary Reservoirs and the 
Operations and Maintenance of the Missouri River Bank Stabilization and Navigation 
Project.  This Biological Opinion concluded jeopardy for the pallid sturgeon and 
specified a Reasonable and Prudent Alternative (RPA) which included the following 
elements:  adaptive management, establishment of an agency coordination team, 
establishment of an endangered species and habitat monitoring program, annual 
reporting, flow enhancements out of both Gavins Point and Fort Peck Reservoirs, 
unbalanced intrasystem regulation, habitat restoration/creation/acquisition, sediment 
transport/habitat studies, propagation and augmentation and a pallid sturgeon population 
assessment.   
 
In November of 2003, the Corps provided the Service with a new Biological Assessment 
for Missouri River Operations (USACE 2003b) and requested reinitiation of consultation 
with the Service based on new information concerning effects of the action on the species 
not previously considered, and the designation of critical habitat for piping plover.  
Within the Biological Assessment the Corps concluded that certain components of the 
RPA in the 2000 Biological Opinion (USFWS 2000b) did not comport with the 
regulatory criteria for an RPA.  In order to preclude jeopardy the Corps proposed 
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substitute RPA elements, which primarily included accelerated habitat restoration for the 
pallid sturgeon and additional studies.   
 
As a result of receipt of the Biological Assessment, the Service analyzed the data 
provided and issued a biological opinion as an amendment to the 2000 Biological 
Opinion (USFWS 2000b).  Within the 2003 Amended Biological Opinion (USFWS 
2003) the Service concluded that the Corps proposed substitute elements for the RPA 
would not preclude jeopardy to the pallid sturgeon and reaffirmed the need for flow 
changes/enhancement at both Gavins Point Dam and Fort Peck Dam. 
 
Since the 2000 Biological Opinion for Missouri River Operations, bank stabilization and 
maintenance continues throughout Lower Missouri River.  Land acquisition (1,100 acres) 
has occurred from Gavins Point Dam to Sioux City, Iowa, to benefit pallid sturgeon and 
other species.  From 2001 to 2003 Corps’ modifications to the Bank Stabilization and 
Navigation Project resulted in the creation of 1,365 acres of shallow water habitat.  The 
projects include excavation of over 400 notches, construction of reverse dikes/notches at 
Marion and Plowboy Bends, side channel construction at Overton Bottoms, Tobacco 
Island and California Bend, buried dike excavation and notching at Overton Bottoms, 
chevron dike construction and dike lowering near Nebraska City, and modification of 
dike maintenance at selected locations from Sioux City to the mouth of the Missouri 
River to encourage aquatic habitat development.   
 
Since issuance of the 2003 Amended Biological Opinion, the Corps has accepted the 
revised RPA to preclude jeopardy to the pallid sturgeon.  The Corps did not include flow 
changes in the Master Water Control Manual, which was specified as a requirement in 
the RPA.  However, the Corps is currently conducting a feasibility study to determine the 
best alternative(s) for implementing a spring rise in the lower Missouri River to benefit 
pallid sturgeon spawning.  In addition, in 2004 the Corps constructed/restored between 
1420 to 1810 acres of shallow water habitat in the Lower Missouri River from Ponca 
State Park to the mouth of the Osage River (USACE 2004).  The Service has accepted 
that the Corps fully intends to implement the RPA specified in the 2003 Amended 
Biological Opinion and will, therefore, preclude jeopardy to the pallid sturgeon. 
 
2.8.2 Commercial Harvest  
 
Commercial harvest of sturgeon has been eliminated in many parts of the pallid 
sturgeon’s range.  Within the pallid sturgeon’s range only the states of Tennessee, 
Kentucky, Illinois and Missouri allow commercial harvest of sturgeon.  Although it is 
illegal to harvest pallid sturgeon, multiple instances of illegal harvest have been 
documented.  More discussion regarding the effects of commercial fishing is located in 
the Environmental Baseline Section of this Biological Opinion. 
 
2.8.3 Pollution/Contaminants  
 
Pollution and contaminants are potentially a problem throughout the range of pallid 
sturgeon.  However, much of the information collected to date is from the Lower 
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Missouri River and Middle Mississippi River.  Therefore, more detailed information is 
provided in the Environmental Baseline Section of this Biological Opinion. 
 
2.8.4 Hybridization 
  
Hubbs (1995) indicated that the frequency of natural hybridization in fish was a function 
of the environment, and the seriousness of consequences of hybridization was dependent 
on hybrid viability.  Hybridization can occur in fish if spawning habitat is limited, if 
many individuals of one potential parent species lives in proximity to a limited number of 
the other parent species, if spawning habitat is modified and rendered intermediate, if 
spawning seasons overlap, or where movements to reach suitable spawning habitat is 
limited (Hubbs 1955).  All these conditions exist to some extent within the range of the 
pallid and shovelnose sturgeon.   Any of these conditions, or a combination of them, 
could be causing the apparent breakdown of isolating mechanisms which prevented 
hybridization between these species in the past (Keenlyne et al. 1994).  Bailey and Cross 
(1954) did not report hybrids which may indicate that hybridization is a recent 
phenomenon resulting from environmental changes caused by human-induced reductions 
in habitat diversity and measurable changes in environmental variables such as turbidity, 
flow regimes and substrate types (Carlson et al. 1985).   
 
Recent sturgeon survey work indicates the rate of hybridization between shovelnose 
sturgeon and pallid sturgeon is increasing in the Lower Missouri River, Mississippi River 
and Atchafalaya River.  Specific information on hybridization in the Middle Mississippi 
River is provided in the Environmental Baseline Section of this Biological Opinion.  
Surveys conducted as part of the Highway 19 bridge replacement project near Hermann 
on the Lower Missouri River resulted in collection of 3 pallid sturgeon, 14 hybrids and 
1,990 shovelnose sturgeon (0.70 percent hybrids) (Milligan 2002).  In addition, as part of 
the Lower Missouri River Pallid Sturgeon Monitoring and Population Assessment 
Project, 12 pallid sturgeon, 12 hybrids and 3022 shovelnose sturgeon (0.39 percent 
hybrids) were collected (Doyle and Starostka 2003). 
 
In the Lower Mississippi River, Hartfield et al. (2002) collected 11 pallid sturgeon, 3 
intermediates and 383 shovelnose sturgeon (0.76 percent intermediate).  Hartfield (2002) 
later reported collection of 9 pallid sturgeon, 615 shovelnose sturgeon, 7 intermediates 
that were tentatively identified as pallid sturgeon and 6 intermediates that were more 
similar to shovelnose sturgeon (2.0 percent intermediate).  Reed (2002) reported 
collecting a total of 83 pallid sturgeon and 109 hybrid sturgeon as part of sampling at the 
Old River Control Structure in the Atchafalaya River.  Based on visual identification of 
sturgeon collected at the Old River Control Structure 10 percent were pallid sturgeon, 35 
percent were hybrids and 55 percent were shovelnose sturgeon (Dean 2002). 
 
Considerable uncertainty exists as to the degree of hybridization between pallid sturgeon 
and shovelnose sturgeon.  Some researchers believe the assumed “hybrids” are simply 
fish naturally exhibiting intermediate characteristics between closely related species as a 
result of allometric growth or other factors.  Data is lacking as to the degree of 
hybridization that may have occurred historically although, as referenced above, Bailey 
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and Cross did not report hybrids in 1954.  However, latitudinal variation in phenotype is 
known to occur in some species.  Additionally, shovelnose sturgeon and pallid sturgeon 
show a pattern of allometric growth, which could account for difficulties in identifying 
species based on morphological and meristic characters.  Genetic studies show species 
specific genotypic variation in pallid sturgeon from different geographical locations 
throughout the range of the species.  It is uncertain whether these genotypic differences 
contribute to phenotypic differences, but it is possible.  However, genetic studies of pallid 
sturgeon and shovelnose sturgeon in the MMR suggest that hybridization has occurred 
and that hybrids occur in greater abundance than pure pallid sturgeon (Schrey et al. In 
Press). 
 
2.8.5 New Threats 
 
In recent years, other factors have been identified as potentially affecting pallid sturgeon 
populations.  These include entrainment by dredging and towboats and invasive species.  
These factors are potentially problematic throughout the species range, but are larger 
issues in the Lower Missouri River, Middle Mississippi River and Lower Mississippi 
River.  Detailed information regarding the potential threat of these factors is discussed in 
the Environmental Baseline section of this Biological Opinion. 
 
2.8 Summary 
 
In recent years, habitat utilization and population studies for pallid sturgeon have 
increased.  This has resulted in additional collection of small numbers of pallid sturgeon 
larvae and juveniles.  Some evidence of recruitment of wild origin pallid sturgeon exists.  
However, the species is largely being maintained through artificial propagation programs, 
particularly in the Upper Missouri River where the population below Fort Peck Dam is 
predicted to be extirpated by 2018.  An exception to this is the Lower Mississippi River, 
where higher numbers of pallid sturgeon are collected.  However, the rate of 
hybridization with the closely related shovelnose sturgeon in the Lower Missouri River 
and Mississippi River appears to be increasing at a high rate.   
 
Pallid sturgeon are threatened by many factors, including hybridization, habitat loss and 
degradation, commercial fishing (caviar markets), and contaminants/pollutants. These 
threats to the species are increasing rather than decreasing and serve to jeopardize the 
survival of this species in the wild.  Hybridization between these species is believed to be 
a function of many factors including the loss and degradation of habitat, commercial 
fishing for shovelnose sturgeon and evidence of contaminant effects.  Commercial fishing 
is a major concern as female pallid sturgeon are illegally harvested for eggs.  Such 
practices may lead to skewed sex ratios which would potentially influence the degree of 
hybridization. 
 
Additional threats to the species further confound the species status.  Entrainment due to 
dredging operations and towboats represents an unknown, but perhaps significant, threat 
to the species through direct mortality.  The presence of exotic Asian carp has increased 
dramatically in the Missouri and Mississippi Rivers.  These species compete with native 
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river fish for food and habitat and may present a significant long-term threat to the pallid 
sturgeon. 
 
3.0 ENVIRONMENTAL BASELINE 
 
The section 7 environmental baseline is an analysis of the effects of past and ongoing 
human and natural factors leading to the current status and condition of the listed species, 
their habitats and ecosystem within the action area.  The environmental baseline is a 
“snapshot” of a species’ health at a specified point in time that reflects the current 
condition of the species, and that sets the “context” for the jeopardy analysis.  The 
baseline for this biological opinion includes: 1) the past and present impacts of all 
Federal, State or private actions and other human activities in the action area; 2) the 
anticipated impacts of all proposed Federal projects in the action area that have already 
undergone formal or early section 7 consultation; and 3) the impact of State or private 
actions occurring simultaneously with this consultation. 
 
3.1 Status of the Species within the Action Area 
 
3.1.1 Distribution in the Action Area 
 
The current range of pallid sturgeon includes the Upper Mississippi River from the 
confluence of the Ohio River to the tailwaters of Melvin Price Locks and Dam at 
approximate river mile 202.0 (referred to as the Middle Mississippi River).  Therefore the 
entire action area occurs within the known range of the pallid sturgeon.  Sampling efforts 
and catch data throughout the Middle Mississippi River indicate pallid sturgeon remain 
rare, but widely distributed throughout the action area.  Both the Grand Tower Reach and 
the Thebes Reach have been identified as possible staging and spawning areas for pallid 
sturgeon (Garvey et al. 2006).  Additionally, large numbers of larval sturgeon have been 
collected in the vicinity of Cottonwood Island, located within the Grand Tower Reach of 
the MMR. 
 
3.1.2 Population Status and Trends 
 
Although the action area represents a small portion of the pallid sturgeon’s range, 
information collected throughout the Middle Mississippi River is applicable to the action 
area and provides information to serve as a basis for population status and trends within 
the action area. 
  
Middle Mississippi River - Little is known about historic abundance of pallid sturgeon in 
the MMR.  As late as the mid-1900’s, it was common for pallid sturgeon to be tallied in 
the commercial catch records as either shovelnose or lake sturgeon (Keenlyne 1995).  
However, correspondence and notes of researchers suggest that pallid sturgeon was still 
fairly common in many parts of the Mississippi and Missouri River systems as late as 
1967 (Keenlyne 1989).  Declines of pallid sturgeon populations in the MMR appear to 
have occurred in recent years coincidental with the development of the river for flood 
control and navigation (Deacon et al. 1979, Keenlyne 1989). 
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Pallid sturgeon have been captured throughout the MMR, however, congregations are 
noted as occurring at the Chain of Rocks, Meramec River confluence, Kaskaskia River 
confluence and Grand Tower (Garvey et al. 2006).  Carlson et al. (1985) collected 1 
pallid sturgeon, 7 hybrids and 1897 shovelnose sturgeon at two MMR sampling locations 
during 1978-1979.  Similarly, sampling in 1997 and 1998 by the MoDOC collected 7 
pallid sturgeon compared to 1549 shovelnose sturgeon (Petersen 1999).  Significantly 
however, in 1998, they also collected a young-of-the-year pallid sturgeon.   
 
From 2002 to 2005 the Corps’ St. Louis District funded a three year Pallid Sturgeon 
Habitat and Population Demographics study in the Middle Mississippi River (MMR).  
The study is being carried out by staff from the Corps’ Engineer Research and 
Development Center, the Missouri Department of Conservation (MoDOC), and Southern 
Illinois University at Carbondale (SIUC).  A total of 139 pallid sturgeon and 11,459 
shovelnose sturgeon were collected from throughout the MMR (Garvey et al. 2006).  
Overall, the pallid sturgeon population in the MMR has been estimated to range from 
approximately 1,600 to 4,900 individuals (Garvey et al. 2006). 
 
The ratio of pallid sturgeon compared to shovelnose sturgeon (1:82) is much higher than 
in other parts of the range, with the exception of the Lower Mississippi River.  This may 
be partially due to high numbers of hatchery reared pallid sturgeon in the MMR.  It is 
also possible that a higher ratio of pallid sturgeon to shovelnose sturgeon may be the 
result of declining numbers of shovelnose sturgeon due to commercial harvest of 
sturgeon flesh and roe (Dave Herzog, MoDOC, pers. comm. 2003 in USFWS 2003, 
2004).   
 
In 2003, the Illinois Department of Natural Resources (IDNR) collected 9 pallid sturgeon 
while sampling for shovelnose sturgeon in the Chain of Rocks area (river miles 189.0 to 
185.0) of the MMR (Rob Maher, IDNR, pers. comm. 2003 in USFWS 2003, 2004), 
possibly indicating this is a staging area for sturgeon spawning.  This is further 
substantiated by the collection of 7 pallid sturgeon in the Chain of Rocks area by SIUC 
and IDNR.  This included one female thought to have black eggs (Jim Garvey, SIUC, 
pers. comm. 2004 in USFWS 2004). 
 
Early life stages - Most researchers have concluded that the low incidence of larval 
sturgeon collected within the range of pallid sturgeon is likely due to low reproductive 
success or the inability of standard sampling gear to capture young sturgeon.  This could 
also be explained by a decline in spawning stock.  Since 2000, researchers have deployed 
numerous gear types and greatly increased effort to capture early life stages of sturgeon.  
Larval pallid sturgeon have been collected in the Lower Missouri River, Middle 
Mississippi River and Lower Mississippi River, which indicates some reproduction is 
occurring in the wild within the action area.   
 
In 1998, one young-of-the-year pallid sturgeon was captured in the Middle Mississippi 
River by personnel from the Long Term Resource Monitoring Station near Cape 
Girardeau, Missouri (Mike Peterson, MoDOC, pers. comm. 1999 in USFWS 2000).  
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During 1998 to 1999, three larval pallid sturgeon were captured in the Lower Missouri 
River below a restored side-channel area near Columbia, Missouri (Jim Milligan, 
USFWS, pers. comm. 1999 in USFWS 2000).  No larval pallid sturgeon have been 
collected at this location since control structures were constructed in 2000 (Milligan 
2002).  During 2002, one larval pallid sturgeon was also collected in the Lower Missouri 
River near river mile 171, slightly upstream of the confluence of Perche Creek and the 
Missouri River (Kerry Reeve’s, Univ. of Missouri, pers. comm. 2003 in USFWS 2003). 
 
In April and May of 2001, the MoDOC collected 40 larval sturgeon utilizing the Missouri 
benthic trawl (Hrabik 2002).  In spring of 2003, the MoDOC collected an estimated 50 
larval sturgeon in the MMR (Dave Herzog, MoDOC, pers. comm. 2004 in USFWS 
2004).  It is unclear at this time how many of these larval sturgeon are pallid sturgeon or 
hybrids.  Hrabik (2002) collected larval sturgeon in the Missouri River in September of 
2001.  It is possible that spawning occurred twice in the Missouri River or that 
shovelnose sturgeon spawn more than once in a year (Hrabik 2002).  From April to 
September 2002, the CMFRO collected 11 young-of-the-year sturgeon in Lisbon 
Bottoms on the Lower Missouri River.  Five of these fish were identified as shovelnose 
sturgeon and 6 remain to be identified (Grady and Mauldin 2002). 
 
Schrey and Heist (undated) recently completed a genetic analysis of 56 larval sturgeon 
specimens collected in the Lower Missouri River, Middle Mississippi River and Lower 
Mississippi river from 1999 to 2003.  The results reflect 62.5% shovelnose sturgeon, 
30.3% hybrids/intermediates and 7.1% pallid sturgeon.   
 
Hybridization - The rate of hybridization between pallid sturgeon and shovelnose 
sturgeon is believed to be increasing in the action area.  Studies in the Middle Mississippi 
River suggest a relatively high incidence of hybridization between shovelnose sturgeon 
and pallid sturgeon (Sheehan 1997a, 1997b, 1998).  Sheehan et al. (1997b) and Carlson 
and Pflieger (1981) noted a 3:2 ratio of hybrid sturgeon to pallid sturgeon.  Sheehan et al. 
(1997b) speculated that if this is representative of the sturgeon populations in the Middle 
Mississippi River, hybridization may pose a significant threat to pallid sturgeon as the 
species continues to cross with shovelnose sturgeon.  Keenlyne et al. (1994) reported that 
hybridization may be occurring in half of the river reaches within the range of pallid 
sturgeon and that hybrids may represent a high proportion of remaining sturgeon stocks.  
 
During the MICRA study from 1996 to 2000, seven pallid/shovelnose sturgeon hybrids 
were collected in the Middle Mississippi River and 15 were collected in the Lower 
Missouri River.  The rate of hybridization increased from 1 in 365 (0.27 percent) river 
sturgeons in the late 1970’s (Carlson et al. 1985) to 1 in 235 (0.42 percent) in the 1990’s 
(Grady et al. 2001). 
 
Considerable uncertainty exists as to the degree of hybridization between pallid sturgeon 
and shovelnose sturgeon.  Some researchers believe the assumed “hybrids” are simply 
fish naturally exhibiting intermediate characteristics between closely related species as a 
result of allometric growth or other factors.  Data is lacking as to the degree of 
hybridization that may have occurred historically although, as referenced above, Bailey 
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and Cross did not report hybrids in 1954.  However, latitudinal variation in phenotype is 
known to occur in some species.  Additionally, shovelnose sturgeon and pallid sturgeon 
show a pattern of allometric growth, which could account for difficulties in identifying 
species based on morphological and meristic characters.  Genetic studies show species 
specific genotypic variation in pallid sturgeon from different geographical locations 
throughout the range of the species.  It is uncertain whether these genotypic differences 
contribute to phenotypic differences, but it is possible.  However, genetic studies of pallid 
sturgeon and shovelnose sturgeon in the MMR suggest that hybridization has occurred 
and that hybrids occur in greater abundance than pure pallid sturgeon (Schrey et al. In 
Press). 
 
Restoration Stocking - In response to obvious declines in pallid sturgeon numbers and the 
notable lack of recruitment, MoDOC began an augmentation effort by releasing 
fingerlings raised at Blind Pony State Fish Hatchery.  Through this effort, approximately 
7,000 fingerlings were released in the Missouri and Mississippi Rivers in 1994 and an 
additional 3,000 fingerlings were released in 1997 (Graham 1997, 1999).  From 2000 to 
2004 approximately 48,000 hatchery raised pallid sturgeon were released in the Lower 
Missouri River.  No additional hatchery reared pallid sturgeon have been released in the 
Middle Mississippi River since 1997.  The outcome of stocking as a tool to avoid 
extinction and to recover pallid sturgeon will not be known for some time.  To be 
successful, stocked pallid sturgeon must mature to spawn in suitable habitat, recruit to the 
population, then spawn again. 
 
3.1.3 Summary 
 
The pallid sturgeon population in the MMR is estimated to range from approximately 
1,600 to 4,900 individuals, reflecting and overall low population abundance (Garvey et 
al. 2006).  The weight of evidence indicates to the Service that there is a true reduction in 
the abundance of pallid sturgeon which is reflected in generally lower ratios of pallid 
sturgeon to other sturgeon species.  During a MICRA study from 1996 to 2000 the ratio 
of wild pallid sturgeon to all river sturgeon collected dropped from 1 in 398 (0.24 
percent) collected by Carlson et al. (1985) to 1 in 647 (0.15 percent) (Grady et al. 2001).  
The contribution of hatchery reared fish is evident as wild and hatchery raised pallid 
sturgeon accounted for 1 in 247 (0.41 percent) of all river sturgeon (Grady et al. 2001).  
Recent data collected from 2002 to 2005 indicate a pallid sturgeon to shovelnose 
sturgeon ratio of 1:82 in the MMR (Garvey et al, 2006). 
 
There are a number of factors that could influence the different ratios of pallid sturgeon 
compared to other sturgeon in the catch:  1) increased harvest pressure on shovelnose 
sturgeon, 2) a prevalence of stocked pallid sturgeon in the catch, and/or 3) a greater rate 
of decline in pallid sturgeon populations.  Trend data for shovelnose sturgeon populations 
in the Middle Mississippi River supports a decline in abundance for this species.  The 
MoDOC (Hrabik 2002) reports that catch per unit effort of shovelnose sturgeon during 
winter sampling using gill nets showed a dramatic decline from 1997 to 2002.  While 
catch per unit effort is not indicative of total population abundance and confidence limits 
have not been placed on this data, the trend information is compelling. 



 45 

 
In previous studies shovelnose sturgeon populations in the Lower Missouri River and 
Middle Mississippi River show no apparent excessive exploitation as would be evidenced 
by reduced numbers of large reproductive fish (Grady et al. 2001, Doyle and Starostka 
2003).  However, more recent data from 2002 to 2006 indicates a shift in age distribution 
of shovelnose sturgeon in the MMR to fewer older fish being present (Garvey et al. 
2006). 
 
The capture of hatchery released pallid sturgeon may play a major role in influencing the 
overall ratio of pallid sturgeon to other sturgeon.  This is likely true for the Lower 
Missouri River where more hatchery reared pallid sturgeon have been released.  
However, with an estimated the total annual mortality rate of pallid sturgeon and 
shovelnose sturgeon to be 37% for each species in the MMR (Garvey et al. 2006) it is 
likely that commercial harvest of sturgeon has a greater impact on ratios than the release 
of hatchery reared pallid sturgeon.  
 
Within the action area there is some evidence of reproduction with the occasional capture 
of larval stages and juveniles.  Recently, Schrey and Heist (undated) completed genetic 
analysis of 56 larval sturgeon which exhibited pallid-like characteristics.  The available 
data thus far indicate that hybrid/intermediate sturgeon are more abundant that pure pallid 
sturgeon.  This may be indicative of a high rate of hybridization between the species 
which is a concern. 
 
3.2 Factors Affecting the Species Environment within the Action Area 
 
3.2.1 Distribution and Abundance of Habitat in the Action Area 
 
Middle Mississippi River - The MMR historically had a meandering pattern and shifted 
its course over the years, leaving oxbows lakes and backwaters (Theiling 1999).  The 
undeveloped river was shallow and characterized by a series of runs, pools and channel 
crossings that provided a diversity of depth (Theiling 1999).  In 1824, the MMR surface 
area totaled 109 mi2 (87.2% riverbed, 12.8% islands) (Simons et al. 1974).  In 1796, 
Collot (1826) surveyed the river and mapped 55 side channels.  His historical account 
describes a very dynamic system with the capability to create and maintain a diversity of 
habitat types.  In describing the great potential for change in the system, Collot (1826) 
wrote: 
 

“The Mississippi River has not only the inconvenience of being of an immense 
extent, of winding in a thousand different directions, and of being intercepted by 
numberless islands; its current is likewise extremely unequal, sometimes gentle, 
sometimes rapid; at other times motionless; which circumstances will prevent, as 
long as both sides remain uninhabited, the possibility of obtaining just data with 
respect to distances.  But an insurmountable obstacle will always be found in the 
instability of the bed of this river, which changes every year; here a sharp point 
becomes a bay; there an island disappears altogether.  Further on, new islands 
are formed, sandbanks change their spots and directions, and are replaced by 
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channels; the sinuosities of the river are no longer the same; here where it once 
made a bend it now takes a right direction, and there the straight line becomes a 
curve; here ravages and disorders cannot be arrested or mastered by the hand of 
man, and it would be extreme folly to undertake to describe them, or to pretend to 
give a faithful chart of this vast extent of waters, as we have done for the course of 
the Ohio, since it would not only be useless but dangerous.” 

 
Today, the natural meandering processes of the MMR have been altered through 
channelization.  Wingdams, revetments, closing structures and bendway weirs have fixed 
the channel in place, disrupting the dynamic processes that create and maintain pallid 
sturgeon habitat.  Physical habitat in the MMR is becoming homogeneous.  With 
construction of the nine-foot channel navigation project, the river bank top width has 
been reduced, side channels, islands and ephemeral sand bars have been lost, and the 
physical process of channel meandering has been arrested.  Stabilization of the river has 
led to extensive levee development isolating most of the floodplain.  Sediment transport 
and availability for habitat development have been significantly impaired as a result of 
Corps’ actions on both the Upper Mississippi River and the Missouri River.  The result 
has been the loss of aquatic habitat diversity over time.  This process is on-going. 
 
3.2.2 Federal Project/Programs, State, Local and Private Actions 
 
3.2.2.1 Operation and Maintenance of the 9’ Channel Project 2000 Biological 
Opinion  
 
In April 2000, the Service issued a jeopardy Biological Opinion (USFWS 2000a) for 
pallid sturgeon to the Corps of Engineers for continued operation and maintenance of the 
nine-foot channel navigation project on the Upper Mississippi River.  The analysis of 
effects in the 2000 Biological Opinion determined that continued operation and 
maintenance of the 9-Foot Channel Project will continue to disrupt and arrest some of the 
natural processes that provide dynamic physical change in the UMR.  The dynamic 
equilibrium of the MMR has been interrupted and replaced by unstable processes that 
have continuing, ongoing effects.  The result would be continued homogenization of the 
river system and degradation of aquatic habitat, which in turn affects the quantity, quality 
and diversity of aquatic habitats available to pallid sturgeon. 
 
The Corps accepted the Reasonable and Prudent Alternative (RPA) and is in the process 
of implementing it.  The RPA called for: 1) conducting a pallid sturgeon habitat study in 
the Middle Mississippi River; 2) development of a pallid sturgeon conservation and 
restoration plan, which would include monitoring of both pallid sturgeon populations and 
habitat; 3) implementation of a long-term aquatic habitat restoration program to restore 
habitat quantity, quality and diversity; and 4) implementation of short-term aquatic 
habitat restoration measures (e.g., pilot projects).  Although the pallid sturgeon 
conservation and restoration plan is still under development, to date the Corps has 
completed a number of pilot projects that have improved habitat conditions on a local 
scale.  These projects include rehabilitation of Santa Fe Chute side channel, placement of 
woody debris piles in various locations, incorporation of woody debris into dikes during 
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maintenance, dike notching, and construction of chevron dikes to facilitate development 
of a sand bar island and associated aquatic habitat.  The Corps has indicated a 
commitment to continue to implement the RPA as described, including the long-term 
aquatic habitat restoration program.  Thus, overall habitat conditions on the MMR should 
stabilize and improve over time.   
 
3.2.2.2 Commercial Navigation Traffic – Current Conditions 
 
Commercial navigation traffic within the action area is a private enterprise; however, it is 
also an direct effect of the Corps’ operation and maintenance of the navigation system.  
The effect of towboat propellers on fish populations is a concern associated with 
commercial navigation traffic.  As part of the Upper Mississippi River – Illinois 
Waterway Navigation Feasibility Study (Navigation Feasibility Study 2004), the Corps 
has conducted several studies to determine the impacts of navigation traffic on fisheries 
resources.  Of particular concern has been the entrainment of fish larvae, however, the 
Corps has also conducted studies to evaluate entrainment of juvenile and adult fish.  
Much of the data/information regarding entrainment and baseline traffic effects has only 
recently become available and is summarized below. 
 
Larval Sturgeon - Cada (1990) reported that fish eggs and larvae that pass through water 
currents induced by a propeller may come in contact with the blade and can experience 
stresses from pressure changes and shear forces.  Killgore, et al. (2001) evaluated 
mortality of icthyoplankton entrained through a scale model of a towboat propeller.  Fish 
species tested included larval shovelnose sturgeon, larval lake sturgeon, the larvae and 
eggs of paddlefish, larval blue sucker and juvenile common carp.  Fish were subjected to 
treatments at various shear stress levels ranging from 634 to 4,743 dynes/cm2 (1 dyne = 
the force that would give a free mass of 1 g an acceleration of 1 cm/s2) (Killgore et al. 
2001).  They found mortality to be a linear function of shear stress for all species and life 
stages.  Larger larvae (e.g., shovelnose sturgeon) experienced lower mortality, while 
smaller larvae (e.g., lake sturgeon and blue suckers) experienced higher mortality (>75 
percent).  All larval species experienced delayed mortality, particularly at higher stress 
levels, however, common carp juveniles and paddlefish eggs did not experience delayed 
mortality (Killgore et al. 2001).   
 
Shear stress from propeller jet velocities can exceed 5,000 dynes/cm2.  Killgore et al. 
(2001) concluded that shear stress due to towboat traffic is probably a primary force 
contributing to the mortality of icthyoplankton entrained during vessel passage, but the 
magnitude of mortality is dependent on individual size of icthyoplankton.  The extent of 
mortality would be a function of the amount of tow traffic in a given river system, 
towboat speed and traffic levels during the time of year when larvae are most susceptible 
to shear stress (e.g., early developmental phase) (Killgore et al. 2001). 
 
In order to estimate the impacts of commercial navigation traffic on fish populations due 
to larval fish entrainment, the Corps conducted complex modeling studies utilizing a 
model called NavLEM.  Details of the studies can be found in the Navigation Feasibility 
Study (USACE 2004b). 
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The year 2000 traffic was utilized as the baseline condition (e.g., without project) for this 
analysis.  The results indicate that 4.8 million sturgeon larvae were entrained and killed 
by commercial navigation traffic in the open river (MMR) for the Year 2000 (Bartell and 
Nair 2003).  These estimated numbers of entrained and killed larvae are difficult to 
evaluate directly given that natural rates of larval fish mortality are high (Bartell and Nair 
2003) and fish typically produce large numbers of eggs and larvae (USACE 2004b).  To 
put this in perspective, the 4.8 million sturgeon larvae are estimated to represent 
approximately 0.81 percent of the sturgeon larvae produced in the open river during the 
year 2000 spawning season (Bartell and Nair 2003).  However, this percentage is only an 
approximation and assumes larvae are evenly distributed across the river (Bartell and 
Nair 2003).   
 
The model estimates that in the baseline condition (Year 2000) for the Middle 
Mississippi River, 2,962 sturgeon equivalent adult fish were lost due to commercial 
navigation traffic (USACE 2004b, Bartell and Nair 2003).  Utilizing the ratio of pallid 
sturgeon to shovelnose sturgeon of 1:84 (USACE 2004a), this would equate to 
approximately 35 pallid sturgeon being lost in the Middle Mississippi River in the 
baseline condition.  Further, the model estimates that 59 sturgeon recruits were lost due to 
commercial navigation in the Middle Mississippi River (Bartell and Nair 2003).  This 
equates to approximately 2 pallid sturgeon recruits being lost every 3 years in the 
baseline condition.   
 
It should be noted that there is a great deal of uncertainty associated with modeling and 
estimating larval fish mortality.  These uncertainties are explained in detail in Appendix 
ENV-E of the Navigation Feasibility Report (USACE 2004a).  The actual numbers of 
pallid sturgeon lost in any given year would be a function of many factors, including:  
overall sturgeon larvae abundance, distribution of larvae in the navigation channel 
(vertically and horizontally), navigation traffic levels during the larval drift period and 
navigation channel depth. 
 
Juvenile/Adult Sturgeon - Gutreuter et al. (2003) developed a method to estimate 
mortality rates of adult fish caused by entrainment through the propellers of commercial 
towboats operating in river channels.  They estimated entrainment mortality rates of adult 
fishes in Pool 26 of the Upper Mississippi River and Alton Pool of the Illinois River 
where fish kills attributed to entrainment were observed.  Their estimates of entrainment 
mortality rates were 0.53 fish/km of towboat travel (80 percent confidence interval, 0.00 
– 1.33 fish/km) for shovelnose sturgeon.  They concluded that their approach applies 
more broadly to commercial vessels operating in confined channels, including other large 
rivers and intracoastal waterways. 
 
During discussions with the Corps as they developed their Biological Assessment for the 
Navigation Feasibility Study (2004b), the Corps expressed concerns that the entrainment 
mortality rates reported by Guetreter et al. (2003) overestimate mortality to shovelnose 
sturgeon due to towboats.  Their main concerns were associated with the sampling design 
that resulted in filtering only a small fraction of the propwash from towboats and which 
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was not designed to account for rare events.  In addition, the Corps expressed concern 
that the mortality rate was based on collection of one dead shovelnose sturgeon during 
ambient sampling and not during trawling behind a moving towboat.   
 
Consequently, Killgore et al. (2003) evaluated potential entrainment for fish through 
towboat propellers within the same sampling areas as the Gutreuter studies (Gutreuter et 
al. 1999, Gutreuter and Vallazza 2002, Gutreuter et al. 2003), Pool 26 of the Mississippi 
River and the Alton Pool of the lower Illinois River.  A total of 4,567 individuals 
comprised of 15 species were collected.  Of the 15 species collected during the study, 
three species (skipjack herring, gizzard shad, and white bass) comprised 107 individuals 
that exhibited injuries or were dead upon collection.  With one exception, all injured or 
killed fish had visible net marks on their body.  A 400 mm long skipjack herring was 
beheaded, and the skull was partially crushed, suggesting that it had been struck by a 
rotating propeller.  This single event is equivalent to 0.01 fish/km of towboat travel.  The 
mortality rate of all killed or injured fish, including obvious net-induced injuries, was 0.5 
and 1.0 fish/km of towboat travel for Pool 26 and the Illinois River, respectively 
(Killgore et al. 2003).   
 
Based on the above referenced studies, there could be a wide disparity in estimating the 
mortality of shovelnose sturgeon, and subsequently pallid sturgeon, attributed to 
commercial navigation traffic.  However, the best information available indicates 
sturgeon are entrained by towboats.  This results not only in instantaneous mortality, but 
delayed mortality and injuries resulting in harm.  In addition, although data for other 
species may indicate the capability to move away from towboats, this may not be the case 
with sturgeon.  Informal and unpublished observations by USGS indicate that shovelnose 
sturgeon exhibit a 3-dimensional flight response, scattering in all directions, including 
straight upward (Steve Gutreuter, USGS, pers. comm. 2004 in USFWS 2004).  Such 
behavior may make them more susceptible to towboat entrainment than other species of 
fish. 
 
Despite the difficulties, some analysis of baseline traffic mortality is warranted in order to 
better understand the impacts of commercial navigation traffic on pallid sturgeon.  To 
determine the extent of shovelnose sturgeon mortality attributed to towboats, two data 
points are required.  The first data point is the mortality rate expressed a fish/km of 
towboat travel.  For this analysis, we have utilized the mortality rate for skipjack herring 
reported by Killgore et al. (2003) of 0.01 fish/km.  It is recognized that this mortality rate 
may either underestimate or overestimate the mortality rate of shovelnose sturgeon.  The 
mortality rate likely underestimates the mortality of all fish caused by towboat 
entrainment since some of the mortality attributed as being net induced by Killgore et al. 
(2003) likely occurred as a result of entrainment.  On the other hand, the mortality rate 
likely overestimates the mortality rate for shovelnose sturgeon since skipjack herring are 
pelagic and likely more susceptible to towboat entrainment than sturgeon or benthic fish.   
 
To further refine the mortality estimate, consideration was given to the number of 
shovelnose sturgeon collected as a percentage of the overall number of fish collected in 
the study by Killgore et al. (2003) which is 0.02%.  Therefore, the mortality rate estimate 
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for shovelnose sturgeon is calculated as:  0.01 mortality of fish/km X 0.0002 shovelnose 
sturgeon/km = 0.000002 shovelnose sturgeon/km of towboat travel.  It should be noted 
that Dettmers et al. (2001) found that shovelnose sturgeon comprised approximately 5% 
of the fish population in the navigation channel of Pool 26.  However, they did not collect 
any shovelnose sturgeon in the navigation channel of the Alton Pool of the Illinois River.  
The disparity in the numbers of shovelnose sturgeon collected in the two studies adds 
further uncertainty to calculating sturgeon entrainment due to towboats. 
 
The second data point required for this analysis is the km of towboat travel for the MMR.  
This information can be obtained by multiplying the baseline (Year 2000) navigation 
traffic information for the MMR by the length (km) of river traveled.  Table 3 provides 
baseline traffic information as provided by the Corps for the Open River and Pool 27.  
The baseline or future without project condition is based on the “Future Without Project – 
TCM Least Favorable Scenario” (USACE 2004b).  This allows a more conservative (for 
the species) estimate of towboat entrainment effects occurring now and in the future 
without navigation improvements.  Table 4 provides the baseline km of towboat travel 
based on multiplying the number of towboats by the length of river (e.g., 296.06 km for 
the Open River and 27.35 km for Pool 27) (per Tom Keevin, USACE, St. Louis District 
and Steve Bartell, Cadmus Group, Inc., Maryville, TN in USFWS 2004).   
 
TABLE 3:  BASELINE TRAFFIC – annual (Future Without Project) 
YEAR OPEN RIVER POOL 27 
2000 10,185 8,075 
2010  9,778  7,699 
2020  9,796 7,654 
2030  9,957 7,680 
2040 10,259  7,842 
2050 9,818 7,309 
 
TABLE 4:  BASELINE KM OF TOW TRAVEL (annual) 
YEAR OPEN RIVER POOL 27 TOTAL KM 
2000 3,015,371 220,851 3,236,222 
2010 2,894,875 219,568 3,105,442 
2020 2,900,204 209,337 3,109,541 
2030 2,947,869 210,048 3,157,917 
2040 3,037,280 214,479 3,251,758 
2050 2,906,717 199,901 3,106,618 
 
 An estimate of the number of shovelnose sturgeon killed by towboat entrainment can be 
calculated by multiplying the mortality rate estimate (0.000002 fish/km) and the km of 
towboat travel estimates.  From this information, an estimate of the number of pallid 
sturgeon killed can be determined based on the ratio of pallid sturgeon to shovelnose 
sturgeon in the Middle Mississippi River.  This ratio varies depending on the number of 
sturgeon collected during ongoing sampling.  For purposes of this analysis and 
consistency with the Corps’ Biological Assessment (USACE 2004a), the ratio utilized is 
1:84 (e.g., 1 pallid sturgeon for every 84 shovelnose sturgeon.  This ratio is based on the 
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results of ongoing sampling in the Middle Mississippi River.  Table 5 represents the 
baseline traffic mortality estimates for shovelnose sturgeon and pallid sturgeon.  Overall, 
under existing conditions, it is estimated that 1 pallid sturgeon is killed every 10 years. 
 
TABLE 5:  BASELINE AND INCREMENTAL INCREASE IN TRAFFIC 
MORTALITY ESTIMATES – ANNUAL 
 BASELINE BASELINE 
YEAR SHOVELNOSE 

STURGEON 
PALLID STURGEON 

2000 6.5 0.1 
2010 6.2 0.1 
2020 6.2 0.1 
2030 6.3 0.1 
2040 6.5 0.1 
2050 6.2 0.1 
 
Of necessity, certain assumptions are utilized in these calculations.  These include:  1) 
Sturgeon abundance in the Middle Mississippi River is the same as in Pool 26 and the 
Alton Pool of the Illinois River; 2) Sturgeon entrainment by towboats is a relatively rare 
event, but does occur; 3) In the Middle Mississippi River, sturgeon are equally 
susceptible to entrainment as pelagic fish, such as skipjack herring or gizzard shad; and, 
4) Although pallid sturgeon are rare compared to shovelnose sturgeon, they are equally 
susceptible to towboat entrainment.  Similar to larval fish, the actual numbers of 
juvenile/adult pallid sturgeon entrained in any given year would be a function of many 
factors, including:  overall sturgeon abundance, distribution of sturgeon within the 
navigation channel (both vertically and horizontally), navigation traffic levels, sturgeon 
abundance in the navigation channel during different seasons and navigation channel 
depth.  In addition, although the rate is not measurable, many sturgeon likely suffer 
delayed mortality as a result injuries sustained during entrainment.  Also many fish 
sustain non-fatal injuries; however, these may affect overall fish health and reproductive 
capability, resulting in harm.  Given the above assumptions and factors that may affect 
the estimates of mortality, it is impossible to place any measure of confidence on these 
estimates.  However, these estimates provide a starting point for estimating mortality 
associated with baseline navigation traffic and should be refined as additional 
information becomes available. 
 
3.2.2.3 Upper Mississippi River – Illinois Waterway System Navigation Feasibility 
Study 
 
The Upper Mississippi River – Illinois Waterway System Navigation Feasibility Study 
was completed in 2004.  The preferred alternative consisted of two components:  
navigation enhancement measures and ecosystem restoration. Although not currently 
authorized, the program has been included in the new Water Resources Development Act 
being developed by Congress.  Therefore, these activities are considered  reasonably 
certain to occur. 
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3.2.2.3.1 Navigation Enhancements  
 
The Corps will implement structural and nonstructural measures that will result in 
increased navigation traffic in the Middle Mississippi River.  These measures include 
mooring facilities, switchboats, and new 1200 foot locks at Locks and Dam 20-25, 
LaGrange and Peoria.  The effect of towboat propellers on fish populations is a concern 
associated with commercial navigation traffic.  As part of the Navigation Feasibility 
Study (USACE 2004b), the Corps has conducted several studies to determine the impacts 
of navigation traffic on fisheries resources.  The following information summarizes the 
predicted effects of increased navigation traffic on pallid sturgeon. 
 
Larval Sturgeon – The currently available literature/methodologies for determining 
entrainment effects on larval sturgeon was previously discussed in this Biological 
Opinion.  In order to estimate the impacts of increased commercial navigation traffic on 
fish populations due to larval fish entrainment, the Corps conducted complex modeling 
studies utilizing a model called NavLEM.  The Service requested the Corps to determine 
if the results of this modeling effort could be utilized to determine annual mortality of 
shovelnose sturgeon that could be attributed to increased navigation traffic.  This 
information could then be used to estimate the number of equivalent pallid sturgeon 
adults lost as a result of increased navigation traffic.  The methodology for this analysis is 
found in the Corps’ Biological Assessment for the Navigation Feasibility Study (USACE 
2004a). 
 
Table 7 also presents the same analysis except the linear increase in mortality over the 
30-year lifespan of shovelnose sturgeon was used to allocate EAL’s.  This approach 
results in somewhat smaller annualized average values because some of the higher 
mortalities occur beyond the project planning period (USACE 2004a). 
 
Utilizing the ratio of pallid sturgeon to shovelnose sturgeon for the Middle Mississippi 
River of 1 to 84, the data from this analysis indicates a conservative estimate of 3 to 4 
equivalent adult pallid sturgeon may be lost due to increased navigation traffic during the 
50 year planning period.  The data for Pools 16-27 was excluded from this estimation as 
pallid sturgeon are not known to occur in Pools 16-26.  Pool 27 is a relatively short reach 
of the Middle Mississippi River (27.35 km) and the number of pallid sturgeon lost in this 
reach is expected to be a relatively minor increment that should be captured in the 
estimate of 3 to 4 fish for the Middle Mississippi River.  The additional mortality of 
pallid sturgeon larvae is not expected to occur until 2020 and beyond when navigation 
traffic is predicted to increase.   
 
It should be noted that there is a great deal of uncertainty associated with modeling and 
estimating larval fish mortality.  These uncertainties are explained in detail in Appendix 
ENV-E of the Navigation Feasibility Report (USACE 2004b).  The actual numbers of 
pallid sturgeon lost in any given year would be a function of many factors, including:  
overall sturgeon larvae abundance, distribution of larvae in the navigation channel 
(vertically and horizontally), navigation traffic levels during the larval drift period and 
navigation channel depth. 
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TABLE 6:  Annualized shovelnose sturgeon EAL’s and corresponding pallid sturgeon EAL’s (in 
parenthesis) for TCM Alternative 6 (Most Favorable Scenario) for the Open River Reach of the Upper 
Mississippi River (Data from USACE 2004a). 
YEAR Minimum EAL Average EAL Maximum EAL 
2005 0 0 0 
2006 0 0 0 
2007 0 0 0 
2008 0 0 0 
2009 0 0 0 
2010 0 0 0 
2011 0 0 0 
2012 0 0 0 
2013 0 0 0 
2014 0 0 0 
2015 0 0 0 
2016 0 0 0 
2017 0 0 0 
2018 0 0 0 
2019 0 0 0 
2020 0 0 0 
2021 0 0 0 
2022 0 0 0 
2023 0 0 0 
2024 0 0 0 
2025 0 0 0 
2026 0 1 (0.01) 2 (0.02) 
2027 0 1 (0.01) 2 (0.02) 
2028 0 1 (0.01) 2 (0.02) 
2029 0 1 (0.01) 2 (0.02) 
2030 0 1 (0.01) 2 (0.02) 
2031 0 1 (0.01) 2 (0.02) 
2032 0 1 (0.01) 2 (0.02) 
2033 0 1 (0.01) 2 (0.02) 
2034 0 1 (0.01) 2 (0.02) 
2035 0 1 (0.01) 2 (0.02) 
2036 2 (0.02) 7 (0.08) 12 (0.14) 
2037 2 (0.02) 7 (0.08) 12 (0.14) 
2038 2 (0.02) 7 (0.08) 12 (0.14) 
2039 2 (0.02) 7 (0.08) 12 (0.14) 
2040 2 (0.02) 7 (0.08) 12 (0.14) 
2041 2 (0.02) 7 (0.08) 12 (0.14) 
2042 2 (0.02) 7 (0.08) 12 (0.14) 
2043 2 (0.02) 7 (0.08) 12 (0.14) 
2044 2 (0.02) 7 (0.08) 12 (0.14) 
2045 2 (0.02) 7 (0.08) 12 (0.14) 
2046 12 (0.14) 20 (0.24) 27 (0.32) 
2047 12 (0.14) 20 (0.24) 27 (0.32) 
2048 12 (0.14) 20 (0.24) 27 (0.32) 
2049 12 (0.14) 20 (0.24) 27 (0.32) 
2050 12 (0.14) 20 (0.24) 27 (0.32) 
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TABLE 7:  Annualized shovelnose sturgeon EAL’s and corresponding pallid sturgeon EAL’s (in 
parenthesis) for TCM Alternative 6 (Most Favorable Scenario) for the Open River Reach of the Upper 
Mississippi River using linear increase in mortality over 30-year lifespan (Data from USACE 2004a). 
YEAR Minimum EAL Average EAL Maximum EAL 
2005 0 0 0 
2006 0 0 0 
2007 0 0 0 
2008 0 0 0 
2009 0 0 0 
2010 0 0 0 
2011 0 0 0 
2012 0 0 0 
2013 0 0 0 
2014 0 0 0 
2015 0 0 0 
2016 0 0 0 
2017 0 0 0 
2018 0 0 0 
2019 0 0 0 
2020 0 0 0 
2021 0 0 0 
2022 0 0 0 
2023 0 0 0 
2024 0 0 0 
2025 0 0 0 
2026 0 0 0 
2027 0 0 0 
2028 0 0 0 
2029 0 0 0 
2030 0 0 1 (0.01) 
2031 0 0 1 (0.01) 
2032 0 0 1 (0.01) 
2033 0 0 1 (0.01) 
2034 0 0 1 (0.01) 
2035 0 0 1 (0.01) 
2036 1 (0.01) 1 (0.01) 1 (0.01) 
2037 1 (0.01) 2 (0.02) 2 (0.02) 
2038 2 (0.02) 2 (0.02) 3 (0.04) 
2039 2 (0.02) 3 (0.04) 4 (0.05) 
2040 2 (0.02) 4 (0.05) 5 (0.06) 
2041 2 (0.02) 4 (0.05) 5 (0.06) 
2042 2 (0.02) 4 (0.05) 6 (0.07) 
2043 2 (0.02) 4 (0.05) 7 (0.08) 
2044 2 (0.02) 5 (0.06) 8 (0.10) 
2045 2 (0.02) 6 (0.07) 9 (0.11) 
2046 2 (0.02) 6 (0.07) 10 (0.12) 
2047 4 (0.05) 8 (0.10) 11 (0.13) 
2048 6 (0.07) 9 (0.11) 12 (0.14) 
2049 8 (0.10) 10 (0.12) 13 (0.15) 
2050 10 (0.12) 12 (0.14) 14 (0.17) 
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Juvenile/Adult Sturgeon - The currently available literature/methodologies for 
determining entrainment effects on juvenile/adult sturgeon was previously discussed in 
this Biological Opinion.  The following information summarizes the predicted effects of 
increased navigation traffic on juvenile/adult pallid sturgeon. 
 
Table 8 provides incremental increase in traffic information as provided by the Corps for 
the Open River and Pool 27.  The future with project condition is based on the “Future 
With Project – TCM Most Favorable Scenario” (USACE 2004b).  This allows a more 
conservative estimate (for the species) of the effects of the proposed action.   
 
TABLE 8:  IINCREMENTAL TRAFFIC INCREASES – annual (Future With Project – 
Future Without Project) 
YEAR OPEN RIVER POOL 27 
2000 0 0 
2010 1,652 1,503 
2020 2,949 2,675 
2030 4,762 4,381 
2040 6,502 6,006 
2050 6,927 6,427 
 
 
Table 9 provides the incremental increase in km of towboat travel based on multiplying 
the number of towboats by the length of river (e.g., 296.06 km for the Open River and 
27.35 km for Pool 27) (per Tom Keevin, USACE, St. Louis District and Steve Bartell, 
Cadmus Group, Inc., Maryville, TN in USFWS 2004).   
 
TABLE 9:  INCREMENTAL INCREASE KM OF TOW TRAVEL (annual) 
YEAR OPEN RIVER POOL 27 TOTAL KM 
2000 0 0 0 
2010 489,091 41,107 530,198 
2020 873,081 73,161 946,242 
2030 1,409,837 119,820 1,529,658 
2040 1,924,982 164,264 2,089,246 
2050 2,050,808 175,778 2,226,586 
 
An estimate of the number of shovelnose sturgeon killed by towboat entrainment can be 
calculated by multiplying the mortality rate estimate (0.000002 fish/km) and the km of 
towboat travel estimates.  From this information, an estimate of the number of pallid 
sturgeon killed can be determined based on the ratio of pallid sturgeon to shovelnose 
sturgeon in the Middle Mississippi River.  This ratio varies depending on the number of 
sturgeon collected during ongoing sampling.  For purposes of this analysis and 
consistency with the Corps’ Biological Assessment (USACE 2004a), the ratio utilized is 
1:84 (e.g., 1 pallid sturgeon for every 84 shovelnose sturgeon.  This ratio is based on the 
results of ongoing sampling in the Middle Mississippi River.  Table 10 represents the 
incremental traffic increase mortality estimates for shovelnose sturgeon and pallid 
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sturgeon.  Overall, under future with project conditions, it is estimated that an additional 
1-2 pallid sturgeon will be killed over the 50 year project life. 
 
TABLE 10:  INCREMENTAL INCREASE IN TRAFFIC MORTALITY ESTIMATES – 
ANNUAL 
 
YEAR SHOVELNOSE 

STURGEON 
PALLID  
STURGEON 

2000 See Baseline See Baseline 
2010 1.1 0.01 
2020 1.9 0.02 
2030 3.1 0.04 
2040 4.2 0.05 
2050 4.5 0.05 
 
Of necessity, certain assumptions are utilized in these calculations.  These include:  1) 
Sturgeon abundance in the Middle Mississippi River is the same as in Pool 26 and the 
Alton Pool of the Illinois River; 2) Sturgeon entrainment by towboats is a relatively rare 
event, but does occur; 3) In the Middle Mississippi River, sturgeon are equally 
susceptible to entrainment as pelagic fish, such as skipjack herring or gizzard shad; and, 
4) Although pallid sturgeon are rare compared to shovelnose sturgeon, they are equally 
susceptible to towboat entrainment.  Similar to larval fish, the actual numbers of 
juvenile/adult pallid sturgeon entrained in any given year would be a function of many 
factors, including:  overall sturgeon abundance, distribution of sturgeon within the 
navigation channel (both vertically and horizontally), navigation traffic levels, sturgeon 
abundance in the navigation channel during different seasons and navigation channel 
depth.  In addition, although the rate is not measurable, many sturgeon likely suffer 
delayed mortality as a result injuries sustained during entrainment.  Also many fish 
sustain non-fatal injuries, however, these may affect overall fish health and reproductive 
capability, resulting in harm.  Given the above assumptions and factors that may affect 
the estimates of mortality, it is impossible to place any measure of confidence on these 
estimates.  However, these estimates provide a starting point for estimating mortality 
associated with increases in navigation traffic and should be refined as additional 
information becomes available. 
 
Project Mitigation   
 
Mitigation planning for the impacts associated with incremental increases in navigation 
traffic falls into four major biological areas – fisheries, submersed aquatic plants, bank 
erosion, and backwater-side channel sedimentation (USACE 2004a).  Only fisheries and 
bank erosion mitigation is to be applied to the Middle Mississippi River (USACE 2004b).  
The activities being proposed for mitigation has the potential to both adversely and 
beneficially affect pallid sturgeon.  However, the proposed mitigation strategy is based 
upon staged implementation depending upon staged implementation of navigation study 
alternatives.  In addition, the proposed mitigation will be implemented within the 
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adaptive management framework.  As a result, there is a high degree of uncertainty as to 
whether the effects of the proposed mitigation on pallid sturgeon will be realized. 
 
According to the Corps’ Biological Assessment for the Navigation Feasibility Study 
(USACE 2004a), fishery mitigation measures include large woody debris anchors, 
backwater improvements, dike alterations and fish passage.  All of the mitigation 
measures are designed to improve the fishery of the Mississippi River (USACE 2004b).  
Short-term adverse impacts to pallid sturgeon could occur depending upon location and 
timing of construction.  This could include physical displacement and short-term 
decreases in forage food abundance due to construction.   
 
However, in the long-term the effects of these measures on pallid sturgeon would be 
beneficial.  Large woody debris anchors provide important structure for the attachment of 
invertebrates (Nilsen and Larimore 1973) and provide habitat for fish (Lehtinen et al. 
1997, Ward and Stanford 1995, Benke et al. 1985), both of which are important food 
resources for pallid sturgeon.  Backwaters provide both important winter and nursery 
habitat for fish (Scaeffer and Nickum 1986, Bodensteiner and Lewis 1992) and are 
important for invertebrate production (Neuswagner et al. 1982).  Large introductions of 
woody debris can have a major impact on channel morphology by creating local scour 
and deposition patterns, including initiating formation of islands and mid-channel bars 
(Ward and Stanford 1995).  Improving side channels and backwaters would increase 
zooplankton, macroinvertebrate and fish production, thus improving the forage base for 
pallid sturgeon.  Modification of wing dams/dikes would increase habitat diversity that 
may provide improved foraging habitat, larval/juvenile rearing habitat and seasonal 
refugia for pallid sturgeon. 
 
Bank erosion mitigation measures include such structural measures as offshore 
revetments, bank protection and vegetative/bioengineered protection.  Bank erosion 
measures could have further long-term adverse impacts to pallid sturgeon by further 
reducing channel meandering and the input of sediment and nutrients into the main 
channel.  However, these effects would be difficult to quantify given that much of the 
MMR is already revetted and channel meandering has been arrested by existing channel  
regulating works structures. 
 
Use of off-bankline revetments or incorporating woody debris into protection measures 
would be beneficial to pallid sturgeon by providing important riverine habitat for fish 
species and macroinvertebrates that serve as prey for pallid sturgeon.  Bankline 
revetments are known to provide habitat for a rich abundance of invertebrates (Beckett et 
al. 1983, Payne et al. 1989) and fish (Farabee 1986).  In addition, commercial fisherman 
capture shovelnose sturgeon on rock revetments during the spawning season, suggesting 
the possibility that these areas could potentially be used by pallid sturgeon for spawning 
(USACE 2004a, Jack Killgore, USACE, pers. comm. 2004 in USFWS 2004). 
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3.2.2.3.2 Ecosystem Restoration 
 
The Corps proposed action (Alternative D*) includes seeking approval of a 50-year plan 
for ecosystem restoration.  This includes requesting authorization for an initial 15-year 
implementation strategy.  Although this leaves considerable uncertainty as to the future 
of the program beyond the initial 15 years, this analysis of effects will include the full 50-
year program planning period. 
 
The development of Alternative D* is based on historic and projected change in aquatic 
habitats directly affected by navigation traffic or the infrastructure to support it and by the 
recognition that the aquatic and terrestrial components of river-floodplain ecosystems are 
inextricably linked by key functions and processes that drive the system (USACE 2004a).  
The habitat restoration components of Alternative D* include island building, floodplain 
restoration, water level management, backwater restoration, side channel restoration, 
wing dam/dike alteration, topographic diversity, dam point control and forest 
management.  In addition, Alternative D* includes fish passage and island protection.     
 
According to the Corps’ Biological Assessment for the Navigation Feasibility Study 
(USACE 2004a), islands would be constructed to replace those that have been eroded, 
water level management would be used in areas that have a high likelihood of success, 
dredging would be done to restore degraded backwaters and side channels and to increase 
connectivity among aquatic habitats as desirable, and a program of rock work (bank 
stabilization, wing dams, etc.) would protect and improve habitat conditions.  Several 
immediate opportunities for large-scale floodplain restoration would be undertaken to 
address the sustainability of resources that require both aquatic and floodplain habitats 
(e.g., floodplain spawning fish, wading birds, many reptiles, etc.) and there would be 
efforts to increase the opportunity to restore and connect isolated floodplain habitats to 
achieve a more sustainable, naturally functioning, and complete river-floodplain 
ecosystem.  Longitudinal connectivity issues are introduced at some dams in this 
alternative to provide greater opportunity for the movement of migratory fish.  Habitat 
quality issues are addressed on large scales by pool-scale water level management and 
more locally through forest management plans (information from USACE 2004a).  The 
program is proposed to be implemented through an adaptive management framework. 
 
Many of the ecosystem measures proposed in Alternative D* were included in the 2000 
Biological Opinion (USFWS 2000a) Reasonable and Prudent Alternative as actions 
necessary for the pallid sturgeon.  This includes island building (e.g., restore gravel bars, 
restore sand bars), side channel restoration, floodplain restoration (e.g., restore floodplain 
connectivity, restore the riparian corridor, restore woody debris) and wing dam/dike 
alteration (e.g., modify training structures).  The benefits of such ecosystem measures are 
described in recent literature on river/floodplain ecology.   
 
Beamesderfer and Farr (1997) state that because of the unique features of their large river 
habitats and adaptive life history characteristics, sturgeon require a much broader 
definition of habitat than is typically considered for habitat improvement alternatives for 
fish.  Sturgeon habitat must be defined in terms of system-wide conditions including 
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large areas of diverse habitat; natural variation in flow, velocity, temperature, and 
turbidity; high water quality; a broad prey base; and free-flowing sections which provide 
suitable spawning sites (Beamesderfer and Farr 1997). 
 
Actively meandering channels are generally perceived as having higher floodplain habitat 
diversity than regulated or braided channels (Ward and Stanford 1995).  Active channel 
meandering in the MMR has been arrested due to channelization and levee construction.  
As a result, habitat is becoming more homogeneous.  Restoration projects which simulate 
natural processes have the potential to add greater habitat heterogeneity to the MMR.  
Examples would include restoration of side channels or backwater connectivity to reset 
successional stages.  Floodplain reconnection and introduction of scouring flows can also 
create new habitat, thus improving habitat diversity.  Floodplain reconnection may also 
result in periodic large introductions of woody debris which can have a major impact on 
channel morphology by creating local scour and deposition patterns, including initiating 
formation of islands or mid-channel bars (Ward and Stanford 1995).  Submerged woody 
debris provides important habitat for aquatic organisms, including providing a major food 
source for riverine fishes through high production of invertebrate biomass (Ward and 
Stanford 1995, Benke et al. 1985).   
 
Petts et al. (1989) propose adoption of a holistic approach to fisheries management by 
viewing the fish communities of large rivers within the context of the fluvial hydro-
system, recognizing its functional relationships within the whole watershed/ecosystem.  
They state that the integrated management of hydrology, geomorphology and biology has 
the objective of optimizing the resource potential of large rivers within a long-term 
perspective (Petts et al. 1989).   
 
The effects of the ecosystem restoration program on pallid sturgeon may occur in both 
the short-term and long-term.  Short-term adverse effects are likely to occur during 
construction.  The Corps has stated that potential ecosystem restoration projects that 
would significantly adversely affect listed species will not be constructed (USACE 
2004a). 
 
The long-term effects of the program on pallid sturgeon will be positive, although it is 
difficult at this point to determine the full extent of positive impacts.  This uncertainty 
occurs for several reasons.  Firstly, the full scope of the program and its implementation 
has yet to be determined.  Although the types of projects to be constructed in the Middle 
Mississippi River are generally known, the full scope or scale of these projects remains 
uncertain and will be dependent upon funding levels, prioritization and the results of 
implementation of the adaptive management framework.  Secondly, one of the major 
ecosystem needs for the Middle Mississippi River is floodplain restoration, including 
restored floodplain connectivity.  However, much of the floodplain in the MMR is in 
private ownership, therefore, restoration in these areas will largely require cost-share 
partners and will require willing sellers.  Even in the best situations, restoration of 
connectivity will be challenging.  Given these limitations, it is not certain that large scale 
floodplain restoration will be achievable, at least not in the near term.  
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3.2.2.5 Emergency Wetland Reserve Program and Wetland Reserve Program 
 
The Service and states are working with the Natural Resources Conservation Service and 
the Farm Services Agency to protect and restore flood-created habitats and floodplain 
wetlands through the Emergency Wetland Reserve Program and the Wetland Reserve 
Program.  These programs provide incentive payments to landowners for conservation 
easements (perpetual and 30-year).  Along the Middle Mississippi River, approximately 
21,000 acres of floodplain lands in Illinois have been enrolled.  The majority of the 
floodplain lands enrolled in these programs continue to be isolated from the river system 
due to levees.  However, those lands that are connected to the river system, provide 
habitat for fish spawning and invertebrate production and also provide nutrients for the 
river system. 
 
3.2.2.6  Flood Control Projects 
 
As of 2000 approximately 80% of the floodplain of the Middle Mississippi River has 
been isolated from the main channel due to levee construction.  This number continues to 
increase as additional levee projects are constructed.  Since 2000, the Ste. Genevieve 500 
year levee project has been completed.  Although this levee was constructed to protect 
the historic town, it was largely constructed along the bank of the Middle Mississippi 
River and provides additional flood protection for large amounts of agricultural land.  
The Festus/Crystal City Small Flood Control Project is currently under construction.  
This 100 year flood protection project is designed to protect the cities, including a 
wastewater treatment facility, from backwater flooding from the Mississippi River.   
In addition, the Corps has recently approved the Design Deficiency Study for the Bois 
Brule Levee and Drainage District in Missouri.  This project will correct design 
deficiencies to ensure a 50 year level of flood project for this largely agricultural area.  
However, given recent adjustments in flow frequencies, the level of protection will 
actually be much greater than the 50 year level. 
 
As with most flood control projects, the environmental impacts associated with flood 
control projects, has been inadequately considered in the development of these projects.   
Not only do levees reduce connectivity between the river and floodplain, but they also 
lead to additional levee projects to address higher river stages (upward spiraling effect of 
flood heights).  Improved flood protection has allowed the conversion of floodplain 
habitats to agriculture and residential, commercial and industrial developments.  Levees 
and floodplain encroachment reduce the Corps’ flexibility to operate the river for flood 
control and limit habitat restoration opportunities. 
 
Isolated backwaters, side channels and wetlands have been degraded due to incompatible 
agricultural practices, poor stormwater management and sedimentation.  Destruction and 
isolation of these important floodplain features has reduced riverine productivity 
(Theiling et al. 2000) by decreasing energy inputs (organic matter, carbon) into the main 
channel and precluding seasonal flood pulses (Junk et al. 1989, Ward and Stanford 1995, 
Ward et al. 1999), thus reducing habitat quality for main channel fisheries.  Isolation of 
wetlands reduces their habitat value to riverine fish, which make seasonal movements to 
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backwaters and floodplains (USACE 1999b).  Levees also contribute to increased flood 
heights and increased water level variability because floodwaters are confined in a 
smaller cross-sectional area (Belt 1975, Chen and Simons 1986, Bellrose et al. 1983).  As 
a result, flood control projects in the action area have affected the production of forage 
food organisms for pallid sturgeon (macroinvertebrates and fish) and may have isolated 
pallid sturgeon from important rearing/feeding areas and/or seasonal refugia. 
 
3.2.2.7 National Wildlife Refuge Projects 
 
Middle Mississippi River National Wildlife Refuge - The Middle Mississippi River NWR 
was established following the flood of 1993.  To date approximately 7430 acres of 
floodprone lands have been acquired.    This includes the recent donation of Beaver 
Island and portions of Rockwood Island as a result of a partnership with Ducks Unlimited 
and the American Land Conservancy.  The primary management goal of the refuge is to 
restore habitats that have been lost or degraded as a result of modifications to the 
floodplain and river.  The Service is currently working with the Corps to design and 
implement habitat restoration projects, including sidechannel and off-channel aquatic 
habitat restoration for the benefit of pallid sturgeon and other large river species. 
 
3.2.3 Fleeting/Terminal Facilities 
 
Numerous fleeting and terminal facilities are located in the action area.  These facilities 
are most numerous in the St. Louis Harbor, but are also widely distributed along the river 
system to take advantage of rail and highway transportation modes.  Fleeting areas are 
typically constructed within main channel border habitats.  Towboats maneuvering within 
fleeting areas cause resuspension of sediments.  In addition, fleeting areas and terminals 
often require periodic dredging, which disturbs bottom sediments.  Most often, these 
sediments are disposed in the open water downstream.  As a result of these activities, 
fleeting operations likely affect macroinvertebrate production on a local scale.  In 
addition, contaminated sediments may be resuspended and transferred downstream. 
 
Towboats maneuver and reconfigure barges in fleeting areas.  Since pallid sturgeon 
exhibit a preference for main channel border habitats (Sheehan et al. 1998, 2002), this 
may result in entrainment of juvenile and adult sturgeon, thus resulting in some degree of 
mortality.  
 
3.2.4 Commercial Sand and Gravel Dredging 
 
In 1998, the Corps’ Waterways Experiment Station published a Technical Note that 
summarizes existing literature regarding potential impacts to aquatic organisms caused by 
entrainment during dredging and dredged material disposal operations (Reine and Clarke 
1998).  Entrainment in this case is defined as the direct uptake of aquatic organisms by 
the suction field generated at the draghead or cutterhead (Reine and Clarke 1998).  
Armstrong et al. (1982) reported entrainment rates that ranged from 0.001 to 0.135 
fish/cy for both pipeline and hopper dredging activities.  They found that both small and 
large fish were entrained in similar proportions, and therefore, concluded that large fish 
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did not actively avoid the dredge any more than small fish.  Armstrong et al. (1982) 
reported an initial mortality rate of 37.6 percent.  Larson and Moehl (1990) reported 
entrainment rates ranging from <0.001 to 0.341 fish/cy during a 4-year study at the mouth 
of the Columbia River in Oregon.  The majority of fish entrained were demersal with a 
few pelagic species also being collected (Larson and Moehl 1990).   
 
Buell (1992) monitored entrainment by the hydraulic dredge R.W. Lofgren during 
dredging operations in the Columbia River.  Buell reported an entrainment rate of 0.015 
fish/cy for white sturgeon (Acipenser transmontanus).  Substantial numbers of juvenile 
white sturgeon (300 to 500 mm) were entrained, which was largely attributed to dredging 
in an area referred to as the local “sturgeon hole”.  The entrainment rate for areas away 
from the “sturgeon hole” was substantially lower (0.7 sturgeon per thousand cubic yards 
dredged) (Buell 1992).  Buell (1992) reported a sturgeon mortality rate of 3.5% and a 
serious injury rate of 5.5%.   
 
The Corp has previously stated that entrainment of pallid sturgeon due to navigation 
channel maintenance dredging could not be ruled out (USACE 1999a).  To further assess 
the potential for sturgeon to be entrained during dredging operations, the Corps’ 
Waterways Experiment Station is completing a risk assessment study utilizing the 
swimming performance of pallid sturgeon as a measure of risk.  The risk of entrainment 
can be estimated by comparing the suction velocities generated by dredges (or flow 
fields) to the swimming performance of pallid sturgeon (Hoover et al. 2005).  Results of 
the study to date indicate that based on swimming performance and other behavioral 
factors pallid sturgeon have a high potential risk of entrainment by dredges (Hoover et al. 
2005).  However, the degree of risk is dependent upon a number of factors which 
influence the flow field created by the dredge.  These factors include the type of dredge, 
size of the suction head of the dredge, and whether a flare is used on the suction head of 
the dredge (Hoover et al. 2005). 
 
3.2.5 Invasive Species 
 
Asian carp populations have greatly increased in the Missouri River and Mississippi 
River systems.  Bighead carp and silver carp have become the most abundant large fish in 
portions of the Lower Missouri River (Duane Chapman, USGS, pers. comm. 2003 in 
USFWS 2003).  The abundance of these fish coupled with their ability to consume 
massive quantities of phytoplankton and zooplankton results in a great risk to the 
productivity of the Missouri River and Mississippi River aquatic food web.  Bighead and 
silver carp have the potential to consume and retain large quantities of energy from lower 
trophic levels of the river’s food web.  This could occur to such a degree that pallid 
sturgeon and most other native fishes will be negatively impacted.  In addition, pallid 
sturgeon larvae may be preyed upon by bighead and silver carp while they are part of the 
ichthyoplankton. 
 
Bighead Carp - Bighead carp are known to school and occupy the upper to middle layers 
of the water column.  They prefer large rivers and depend on velocity, a spring rise in the 
hydrograph and temperature regimes to spawn (Lin 1991).  Five ontogenic shifts in 
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feeding ecology of bighead carp were summarized by Lazareva et al. (1977) in fish less 
than one year of age.  These included feeding on phytoplankton, then shifting to 
protococcaeceans, diatoms, bluegreen algae and Rotaria eggs, and finally to feeding on 
zooplankton exclusively.  Bighead carp have a large suction volume, fast growth rates 
and voracious appetites enabling them to decimate concentrations of zooplankton 
quickly.  Preliminary data from the Missouri River indicates that bighead carp can also 
feed on detritus, which gives them an alternate food source in periods when zooplankton 
concentrations are low (Duane Chapman, USGS, pers. comm. 2003 in USFWS 2003). 
 
Laird and Page (1996) state that bighead carp have the potential to deplete zooplankton 
populations which could negatively impact the food availability for many larval fish, 
adult filter feeding fish and native mussels to a significant degree.  Most species of fish in 
the Missouri and Mississippi Rivers have a larval stage in which the fish are part of the 
plankton, and thus can be vulnerable to Asian carp predation.  Bighead carp host a 
number of disease causing agents, including 2 bacteria, 1 fungus, 22 protozoa, 6 
trematoda, 3 cestoda and 3 copepoda species (Jennings 1988).  The impact of these 
agents on native fish has not yet been assessed.   
 
Silver Carp- Silver carp are known to school and occupy the upper to middle layers of the 
water column.  Similar to bighead carp, silver carp feeding ecology shifts as the fish age.  
As adults, these fish feed primarily on phytoplankton with zooplankton as a secondary 
food source.  Due to a modified gill structure, the fish filters food items at a ratio of 
248:1.  Silver carp also feed on organic detritus and associated bacteria, indicating 
opportunistic feeding behavior.  In large numbers, the silver carp has the potential to 
cause enormous damage to native species because it feeds on plankton required by larval 
fish and native mussels (Laird and Page 1996) and has the potential to compete with adult 
native fish that rely on plankton for food (Pflieger 1997).  Intraspecific competition 
through feeding between silver carp and endemic fishes in backwater habitats, lakes, 
pools, etc., appears to be the greatest threat.  Silver carp may also displace native river 
fish from spawning habitats. 
 
Grass Carp - Grass carp are herbivorous and depend on floodplain habitats for successful 
recruitment.  In most rivers where grass carp reproduce successfully, floodplains provide 
a large volume of still, shallow, warm water containing vegetative cover.  There are few 
macrophytes in the Missouri or Mississippi Rivers.  However, ongoing efforts to 
reconnect the floodplain in these river systems, while essential to native species, will also 
likely benefit grass carp.   
 
Other invasive aquatic species - There are other aquatic invasive species in the Great 
Lakes and Illinois River that may eventually move into the Mississippi and Missouri 
Rivers and which may prove to be detrimental to pallid sturgeon.  These include the ruffe 
and round goby. 
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3.2.6 Commercial Fishing 
 
It has previously been reported that mortality of pallid sturgeon occurs as a result of 
illegal and incidental harvest from both sport and commercial fishing activities.  Herzog 
(2002) reports that the commercial fishers observed over the years are non-discriminate 
in their take of sturgeon (including pallid sturgeon).  Recently, the MoDOC has 
documented incidental/illegal harvest of pallid sturgeon as a result of commercial 
sturgeon fishing (Craig Gemming, MoDOC, pers. comm. 2003 in USFWS 2003).  The 
value of native sturgeon roe has increased dramatically in recent years due to the collapse 
of the Russian caviar industry.  As the commercial harvest of shovelnose sturgeon roe 
increases, there will be an increased by-catch of pallid sturgeon incidental to this harvest.  
This has the potential to further depress pallid sturgeon populations.  For example, 
Williamson (2002) recently summarized reports from various states for the harvest of 
shovelnose sturgeon (flesh and eggs).  In Illinois, the harvest of shovelnose sturgeon roe 
has increased from 47 pounds reported in 1990 to 8,197 pounds in 2001.  The 
commercial shovelnose sturgeon catch (flesh and roe) in Missouri increased from 12,183 
pounds in 1999 to 65,128 pounds in 2001 for the Mississippi River and from 7,472 
pounds in 1999 to 12,370 pounds in 2001 for the Missouri River.  The increase harvest 
pressure of shovelnose sturgeon has also created concern for the population status of this 
species.  Herzog (2002) reports that the catch per unit effort for Middle Mississippi River 
shovelnose sturgeon collections declined from 527 fish (25 net nights) in 1997 to 30 fish 
(20 net nights) in 2002.  The high was 1,052 fish (54 net nights) in 1998.  As a result, the 
MoDOC has proposed regulation changes to further protect sturgeon populations and the 
Iowa Department of Natural Resources has closed commercial sturgeon fishing in the 
Missouri River (Steve Krentz, USFWS, pers. comm. 2003 in USFWS 2003). 
 
Garvey et al. (2006) recently summarized the results of 3+ years of pallid sturgeon 
monitoring in the MMR in order to establish baseline population information.  The ages 
of pallid sturgeon collected ranged from 4 to 15 years.  Fish older than 15 years were 
absent from collections.  The estimated total annual mortality rate for both pallid sturgeon 
and shovelnose sturgeon was 37% (Garvey et al. 2006).  A mortality rate of 37% for an 
exploited population like shovelnose sturgeon is not unexpected.  However, the mortality 
rate for a protected species like pallid sturgeon should be much lower. 
 
3.2.7 Contaminants 
 
The 2000 Biological Opinion for Missouri River Operations (USFWS 2000b) suggested 
that environmental contaminants may play a role in the decline of pallid sturgeon, citing 
fish consumption health advisories from Kansas City to the mouth of the Mississippi, 
representing 45 percent of the pallid sturgeon’s total range.  In addition, PCBs, cadmium 
(Cd), mercury (Hg), and selenium (Se) were detected at elevated but below lethal levels 
in tissues of three pallid sturgeon tissues from the Missouri River in North Dakota and 
Nebraska.  Detectable levels of chlordane, DDE, DDT and dieldrin were also reported 
(Ruelle and Keenlyne 1994).  The 2000 Biological Opinion for Missouri River 
Operations also hypothesized that the “prolonged egg maturation cycle of pallid sturgeon, 
combined with a bioaccumulation of certain contaminants in eggs, could make 
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contaminants a likely agent adversely affecting eggs and embryo, development or 
survival of fry, thereby reducing reproductive success.”  Environmental contaminants, 
although suspected to have a role in sturgeon dynamics, have only recently begun to be 
more fully examined in relation to sturgeon reproduction and health in both the MMR 
and Missouri River and more information is needed.   
 
Coffey et al. (2000) conducted a preliminary contaminant investigation on fish collected 
from a chlordane consumption advisory site (contaminants known to be present) in the 
MMR and from a reference site without advisories (contaminants not known to be 
present).  Results indicate that wild shovelnose collected from the consumption advisory 
site exhibited enlarged livers, often an indicator of contaminant exposure.  In addition, 
plasma estrogen and testosterone ratios were >1 for three males and vitellogenin (an egg 
production protein with no known function in males) was induced in two of these three 
males. Two other males exhibited intersex characteristics after histological examination 
(Harshbarger et al. 2000).  Since sturgeon are gonochoristic, intersex characteristics are 
rare for this species (Van Eenennaam and Doroshov 1998).  These affected fish were also 
determined to have among the highest tissue concentrations of organochlorine 
compounds and metabolites.  Some results were somewhat contradictory, with one fish 
having high residue levels and no health anomalies, and some results were observed in 
fish from both contaminated and reference areas. However, sample sizes in this study 
were small.  These preliminary data suggest that the role of environmental contaminants 
on sturgeon dynamics needs to be further evaluated. 
 
Coffey et al. (2001) also conducted a risk assessment for MMR pallid sturgeon.  Using 
conservative assumptions in most parts of the assessment, they determined that water and 
sediment may carry biologically important concentrations of contaminants, at levels 
reducing the food base and increasing exposure and bioaccumulation in pallid tissues.  
Most notable were the eight heavy metals found in sediments that have been detected in 
fish tissue, including in sturgeon, above adverse effect thresholds (As, Cd, Cu, Pb, Hg 
and Se).  This is also the case for DDD, DDE, chlordane and dieldrin.   
 
Papoulias et al. (draft preliminary results, 2003 in USFWS 2003) sampled adult 
shovelnose sturgeon monthly in the Lower Missouri River between May 2001 and June 
2002.  Investigations noted an unusually high incidence of sturgeon with characteristic 
gonadal anomalies consistent with abnormal hermaphroditism (AH).  AH in an animal is 
characterized by possessing both male and female gonads or abnormal gonads exhibiting 
both male and female characteristics within the same organ (ovo-testes).  Ovo-testes were 
identified in 25 of 380 shovelnose sturgeon collected (Papoulias and Tillitt 2004).  Most 
fish appeared to be genetic males with the addition of eggs/oocytes on the surface of the 
testes.  The United States Geological Survey (USGS) reports in its preliminary 
assessment that from the late 1960’s to the early 1970’s the incidence of AH in the 
Missouri River was 2 percent.  Papoulias and Tillitt (2004) noted observing the incidence 
of intersex as high as 13% among male shovelnose sturgeon.  It is unknown whether this 
condition occurs in pallid sturgeon.  Papoulias and Tillitt (2004) states that factors that 
may cause hermaphroditism in sturgeon and the consequences on reproduction are 
unknown.  Senescence, genetic abnormalities, hybridization, radiation, chemicals, diet, 
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temperature and environmental disturbance have all been implicated in the literature.  
Papoulias et al. (2003) found that “gonadal abnormalities may indicate the potential for 
reproductive impairment in this species and others and should be investigated.” 
 
4.0 EFFECTS OF THE ACTION 
 
This section of the biological opinion includes an analysis of the direct and indirect 
effects of the proposed action on pallid sturgeon.  Direct effects are the direct or 
immediate effects of the action on pallid sturgeon and its habitat.  The analysis of direct 
effects includes the effects of interrelated and interdependent actions.  An interrelated 
activity is an activity that is part of the proposed action and depends on the proposed 
action for its justification.  An interdependent activity is an activity that has no 
independent utility apart from the action under consultation.  Indirect effects are caused 
by or result from the proposed action, are later in time, and are reasonably certain to 
occur.  Indirect effects may occur outside the area directly affected by the action. 
 
4.1 Direct Effects 
 
The proposed project involves the removal of approximately 4,600 to 4,700 cubic yards 
(cy) of rock pinnacles and shelf outcroppings by the use of explosives.  Within the Grand 
Tower Reach, approximately 564 cy of rock pinnacles and shelf outcroppings will be 
removed.  The material (rock rubble) from the Cottonwood Island area (562 cy) will be 
disposed of at the upper end of an existing sand/gravel bar located at approximately river 
mile 84.7.  Within the Thebes Reach, approximately 4,091 cy of rock pinnacles and shelf 
outcroppings will be removed.  Within the Thebes Reach, in areas where there is enough 
depth, the rock material will be left where it drops.  If the material must be excavated and 
removed, it will be placed in nearby disposal areas.  The disposal areas are deepwater 
areas within the thalweg of the main channel.  Specific locations of rock removal areas 
and disposal areas are provided in Appendix A. 
 
The Corps’ Environmental Assessment and Biological Assessment contain a general 
overview of fish mortality associated with confined rock removal.  In general, the amount 
of fish morality is affected by many factors, including the size of the explosive charge, 
the effectiveness of the proposed mitigation measures, species’ specific responses to 
noise and changes in pressure, and distance of fish species from the explosive source.  
The Corps has agreed to implement mitigation measures that should reduce impacts to 
aquatic organisms, including pallid sturgeon, to the greatest extent possible.  However, 
despite these protective measures, it is expected that some number of pallid sturgeon will 
be directly killed by the blasting operations.  Such mortality may be immediate or 
delayed depending upon the extent of injury.  However, it is impossible to determine the 
number of pallid sturgeon that may be killed.  It is expected the number will be small due 
to the relatively small footprint of blasting operations, the implementation of mitigation 
measures and the small number of pallid sturgeon that occur within the Middle 
Mississippi River.   
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Due to close coordination with the natural resource agencies, the Corps has selected 
disposal areas that should not result in adverse effects to pallid sturgeon.  Pallid sturgeon 
typically utilize deepwater, low velocity areas during the winter period.  The disposal 
area in the Grand Tower Reach is off the upper end of an existing sand/gravel bar.  This 
area is not known to contain suitable wintering habitat for pallid sturgeon.  Disposal in 
this area will increase the size of the existing gravel bar and may provide suitable habitat 
for pallid sturgeon spawning.  Additionally, the rock rubble will provide habitat for 
macroinvertebrate colonization and cover/feeding areas for small fish.  This may have 
indirect benefits for pallid sturgeon. 
 
The proposed disposal areas and methods in the Thebes reach will either be in place or 
within the deepwater thalweg of the main channel.  As a result, negative impacts to pallid 
sturgeon are not anticipated due to disposal and the same potential indirect benefits 
described above may also result.   
 
No interrelated or interdependent activities have been identified; therefore no effects 
from these types of interrelated or interdependent activities are anticipated to occur. 
 
4.2 Indirect Effects 
 
There are no known indirect effects that are reasonably certain to occur as a result of the 
proposed action. 
 
5.0 CUMULATIVE EFFECTS 
 
Cumulative effects include the effects of future State, tribal, local or private actions that 
are reasonably certain to occur in the action area considered in this biological opinion.  
Future Federal actions that are unrelated to the proposed action are not considered in this 
section because they require separate consultation under Section 7 of the Act.  The 
Service is unaware of any additional State, tribal, local or private actions that are 
reasonably certain to occur in the action area producing cumulative effects beyond those 
ongoing effects already considered in the Environmental Baseline. 
 
6.0 CONCLUSION 
 
After reviewing the current status of pallid sturgeon, the environmental baseline for the 
action area, the effects of the proposed action and the cumulative effects, it is the 
Service’s biological opinion that the Corps’ proposed removal and disposal of 4,600 to 
4,700 cy of rock pinnacles and shelf outcroppings in the action area is not likely to 
jeopardize the continued existence of the pallid sturgeon.  No critical habitat has been 
designated for this species; therefore, none will be affected. 
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INCIDENTAL TAKE STATEMENT 
 
Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit 
the take of endangered and threatened species, respectively, without special exemption.  
Take is defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or 
collect, or to attempt to engage in any such conduct.  Harm is further defined by the 
Service to include significant habitat modification or degradation that results in death or 
injury to listed species by significantly impairing essential behavioral patterns, including 
breeding, feeding, or sheltering.  Harass is defined by the Service as intentional or 
negligent actions that create the likelihood of injury to listed species to such an extent as 
to significantly disrupt normal behavior patterns which include, but are not limited to, 
breeding feeding or sheltering.  Incidental take is defined as take that is incidental to, and 
not the purpose of, the carrying out of an otherwise lawful activity.  Under the terms of 
section 7(b)(4) and section 7(o)(2), taking that is incidental to and not intended as part of 
the agency action is not considered to be prohibited taking under the Act provided that 
such taking is in compliance with the terms and conditions of this Incidental Take 
Statement. 
 
The measures described below are non-discretionary, and must be undertaken by the U.S. 
Army Corps of Engineers so that they become binding conditions of any grant, permit or 
contract, as appropriate, for the exemption in section 7(o)(2) to apply.  The U.S. Army 
Corps of Engineers has a continuing duty to regulate the activity covered by this 
incidental take statement.  If the Corps (1) fails to assume and implement the terms and 
conditions or (2) fails to require the contractor to adhere to the terms and conditions of 
the incidental take statement through enforceable terms that are added to the permit or 
grant document, the protective coverage of section 7(o)(2) may lapse.  In order to monitor 
the impact of incidental take, the Corps must report the progress of the action and its 
impact on the species to the Service as specified in the incidental take statement. [50 CFR 
§402.14(i)(3)]. 
 
Amount or Extent of Take Anticipated 
 
The Service anticipates incidental take of pallid sturgeon will be difficult to detect or 
quantify for the following reasons: the species is wide-ranging; and, finding a dead or 
impaired specimen is unlikely as the species occurs in habitat that makes detection 
difficult.  Because it is difficult to detect and quantify the number of pallid sturgeon taken 
as a result of the proposed action, take is expressed in cubic yards of rock disturbed and 
total number of sites impacted by blasting activities.  The Service anticipates that no 
more than 4,700 cubic yards of rock located in 13 sites will be taken as a result of the 
proposed action.  The specific sites are identified in Appendix A. 
 
Effect of the Take 
 
In the accompanying biological opinion, the Service determined that this level of 
anticipated take is not likely to result in jeopardy to the pallid sturgeon. 
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Reasonable and Prudent Measures 
 
Due to the extensive number of conservation measures proposed by the Corps for this 
project, few additional reasonable and prudent measures are appropriate.  However, the 
Service believes the following reasonable and prudent measures are necessary and 
appropriate to further minimize incidental take of pallid sturgeon: 
 
1.  In order to minimize impacts to pallid sturgeon, the proposed project should be 
implemented during periods of low discharge.  Therefore, the proposed activity should be 
completed during the summer months of July and August or the winter months of 
December, January and February.  In the event the activity cannot be completed during 
this timeframe (once initiated), activities should cease until the next low discharge period 
in the months identified above. 
 
2. Develop pre- and post-project monitoring plans to evaluate the impacts of the proposed 
action on pallid sturgeon and riverine habitat. 
 
3. Any sturgeon collected during monitoring activities that are alive and in good 
condition should be returned to the Mississippi River in the vicinity of either the Grand 
Tower Reach or the Thebes Reach, but outside the project area.  Meristic and 
morphometric measurements, genetic samples and photo vouchers should be taken for 
future confirmation of species identification. 
 
Terms and Conditions 
 
In order to be exempt from prohibitions of section 9 of the Act, the Corps must comply 
with the following terms and conditions, which implement the reasonable and prudent 
measures described above and outline required reporting/monitoring requirements.  These 
terms and conditions are non-discretionary. 
 
1.  Terms and conditions to implement Reasonable and Prudent Measure #1. 
 
       a.  The Corps of Engineers will require the Blasting Contractor complete the  

proposed work during the low discharge period of July and August or December, 
January and February.  In the event work cannot be completed during this 
timeframe (once initiated), work should cease and begin again during the next low 
discharge period in the months identified above. 

 
2.  Terms and conditions to implement Reasonable and Prudent Measure #2 and #3. 
 

a. A report of the study to evaluate the effectiveness of repelling charges will be 
provided to the Service prior to initiation of the proposed project. 

b. The plan for monitoring fish mortality will be developed and approved by the 
Service prior to initiation of the proposed project. 

c. Post-project bathymetric surveys will be provided to the Service. 
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d. A report of the pre-blast hydroacoustic fish surveys and the fish mortality 
monitoring will be provided to the Service no later than 30 days following project 
completion. 

 
Closing Paragraph 
 
The Service believes that no more than 4,700 cubic yards of rock at 13 sites in the Middle 
Mississippi River will be incidentally taken as a result of the proposed action.  The 
reasonable and prudent measures, with their implementing terms and conditions, are 
designed to minimize the impact of incidental take that might otherwise result from the 
proposed action.  If during the course of the action, this level of incidental take is 
exceeded, such incidental take represents new information requiring reinitiation of 
consultation and review of the reasonable and prudent measures provided.  The Corps 
must immediately provide an explanation of the causes of the taking and review with the 
Service the need for possible modification of the reasonable and prudent measures. 
 

CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the ESA directs Federal agencies to utilize their authorities to further 
the purposes of the ESA by carrying out conservation programs for the benefit of 
endangered and threatened species.  Conservation recommendations are discretionary 
agency activities to minimize or avoid adverse effects of a proposed action on listed 
species or critical habitat, to help implement recovery plans, or to develop information. 
 

1. Following disposal of the rock material in the Grand Tower and Thebe 
Reaches, these areas may provide additional habitat for utilization by pallid 
sturgeon and/or forage prey species utilized by pallid sturgeon.  We 
recommend the Corps subsequently monitor the biological use of a small 
number of these sites to determine if benefits occur. 

 
In order for the Service to be kept informed of actions minimizing or avoiding adverse 
effects or benefiting listed species or their habitats, the Service requests notification of 
the implementation of any conservation measures. 
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APPENDIX A 
WORK SITES AND DISPOSAL AREAS 

 
 
Figure 1:  Aerial Photograph of work sites at River Mile 80.0 and River Mile 79.0 (Grand 
Tower/Cottonwood Island Area) 
 

 
 
 
Figure 2:  Work Area GT1P is located at approximately River Mile 80.0.  This work area 
consists of limestone pinnacle rock.  All material above an elevation of 311.5 ft NGVD 
1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 
removed is 2 cubic yards. 
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Figure 3: Work Area GT2P is located at approximately River Mile 79.0.  This work area 
consists of hard, dense limestone shelf rock.  All material above an elevation of 309.7 ft 
NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 
be removed is 562 cubic yards.  
 

 
 
Figure 4:  Disposal area for material excavated from the channel area adjacent to 
Cottonwood Island (Grand Tower Reach).  The material is to be used to create a 
gravel/rubble area at the head of an existing bar. 
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Figure 5:  Aerial Photograph of work sites between River Miles 46 and 38 (Thebes Gap 
Reach). 
 

 
 
Figure 6:  Work Area TR1P is located at approximately River Mile 45.7.  This work area 
consists of limestone pinnacle rock.  All material above an elevation of 291.9 ft NGVD 
1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 
removed is 54 cubic yards.   
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Figure 7:  Work Area TR2P is located at approximately River Mile 45.5.  This work area 
consists of both limestone shelf rock and pinnacle rock.  All material above an elevation 
of 291.7 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of 
material to be removed is 457 cubic yards. 
 

 
 
 
Figure 8:  Work Area TR3P is located at approximately River Mile 45.2.  This work area 
consists of both limestone shelf rock and pinnacle rock.  All material above an elevation 
of 291.6 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of 
material to be removed is 269 cubic yards.   
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Figure 9:  Work Area TR4P is located at approximately River Mile 44.5.  This work Area 
consists of limestone pinnacle rock.  All material above an elevation of 291.3 ft NGVD 
1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to be 
removed is 663 cubic yards.  
 

 
 
 
 
Figure 10:  Work Area TR5P is located at approximately River Mile 43.5.  This work 
area consists of limestone pinnacle rock.  All material above an elevation of 290.8 ft 
NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 
be removed is 327 cubic yards.   
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Figure 11:  Work Area TR6P is located at approximately River Mile 43.4.  This work 
area consists of limestone pinnacle rock.  All material above an elevation of 290.3 ft 
NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 
be removed is 183 cubic yards.   
 

 
 
 
 
Figure 12:  Work Area TR7P is located at approximately River Mile 43.2.  This work 
area consists of limestone pinnacle rock.  All material above an elevation of 290.3 ft 
NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 
be removed is 32 cubic yards.   
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Figure 13:  Work Area TR8P is located at approximately River Mile 42.8.  This work 
area consists of both limestone shelf rock and pinnacle rock.  All material above an 
elevation of 290.1 ft NGVD 1929 (-13 ft design plane) is to be removed.  The estimated 
quantity of material to be removed is 187 cubic yards.  
 

 
 
 
Figure 14:  Work Area TR9P is located at approximately River Mile 41.0.  This work 
area consists of limestone pinnacle rock.  All material above an elevation of 289.1 ft 
NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 
be removed is 115 cubic yards.  
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Figure 15:  Work Area TR10P is located at approximately River Mile 40.2.  This work 
area consists of limestone pinnacle rock.  All material above an elevation of 288.4 ft 
NGVD 1929 (-13 ft design plane) is to be removed.  The estimated quantity of material to 
be removed is 28 cubic yards.   
 

 
 
 
Figure 16:  Work Area TR11P is located at approximately 38.5.  This work area consists 
of limestone pinnacle rock.  All material above an elevation of 287.7 ft NGVD 1929 (-13 
ft design plane) is to be removed.  The estimated quantity of material to be removed is 
1776 cubic yards.   
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Figure 17:  Potential disposal areas for the Thebes Gap Reach (River Miles 46-38). 
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I. INTRODUCTION 

This Environmental Assessment (EA) supplements "Environmental Assessment: 
Explosive Removal of Rock Pinnacles and Outcroppings Considered to be Navigation 
Obstructions During Low-Flow Periods on the Middle Mississippi River" that was 
distributed for agency and public review in November, 2006. The recommended plan in 
the 2006 EA was to use explosives (drilling and blasting) to remove rock obstructions in 
the Mississippi River. Although the use of alternative methods other than explosive 
demolition (i.e., cutter head dredge, punch holes in the rock with a chisel or ram-rod) to 
remove the rock were considered during planning process, they were eliminated because 
of the hardness of the rock and the inability to remove it with mechanical dredging, rock 
punching or chiseling. This conclusion was based on similar work conducted in 1988-
1989. After completion of environmental compliance for this project, St. Louis District 
engineering staff became aware of a potential additional rock removal method using 
mechanical grinding. The purpose of this Supplemental Environmental Assessment is to 
provide the public with information concerning the alternative of using mechanical 
grinding for rock removal and to asses the impacts of this alternative. In accordance with 
40 CFR 1502.21, the original EA (Corps of Engineers 2006) is being incorporated by 
reference in an effort to reduce paperwork in accordance with 40 CFR 1500.4. 

II. PROJECT NEED 

During 1988, an extremely low-water year, it was realized that there were a 
number of rock pinnacles and rock shelves that were a potential hazard to commercial 
navigation traffic on the Middle Mississippi River. These rock hazards were removed 
during 1988-1999 using explosive removal. Validation of safe elevations was done with 
the use of an I-beam attached to two cables. The I-beam was used to sweep the removal 
areas after an area was lowered. The equipment used to delineate obstructions and to 
verify their removal was primitive by today's standards. Recently, new state-of-the-art 
hydrographic surveys were conducted and a number of new rock pinnacles and rock 
outcroppings were found that pose a potential hazard to commercial boat traffic (safety 
hazard), a threat to close the navigation system during low water (economic impact), and 
a threat to the environment (hazardous spill) if there were a towboat grounding. 

III. PROJECT PURPOSE 

The purpose of the project is to provide a safe and dependable navigation channel. 

IV. PROJECT SCHEDULE 

If mechanical grinding is determined to be feasible (e.g., cost and engineering) 
then rock removal using grinding techniques could begin as early as September 2009, and 
continue through the fall and winter. Based on grinding rate and amount of material, it is 
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anticipated that the actual grinding (based on the use on only one grinder) would take 
approximately two months. However, this does not include mobilization and 
demobilization, the time required to move equipment to each new grinding site, and 
potential delays due to high water. Because of our inexperience with this technology it is 
difficult to predict the total time-line for this project. 

V. ALTERNATIVES PREVIOUSLY CONSIDERED 

The 2006 EA considered two basic courses of action (1) NO FEDERAL 
ACTION, or (2) Provide a safe and dependable navigation channel by removing potential 
rock obstructions. Three separate engineering solutions were evaluated for providing a 
save and dependable navigation channel: (1) the use of explosives rock removal 
(Recommended Plan), (2) removal using mechanical dredging, rock punching or 
chiseling (determined to be infeasible based on rock hardness), and (3) increased rock 
removal and increased depth of removal to remove any rock in and adjacent to the 
channel that could potentially pose a future navigation hazard (alternative eliminated 
because of increased cost and environmental impacts). 

VI. ADDITIONAL ALTERNATIVE: ROCK GRINDING 
("NEW" RECOMMENDED PLAN) 

Rock grinding would involve the use of a hydraulic cutter boom attachment or 
hydraulic rotary cutter (Photo 1, see for example). In effect, the cutter would chip the 
rock to be removed into pieces the size of cobble or larger depending on how the rock 
flakes. The areas of rock removal where shown in the 2006 EA (Corps ofEngineers 
2006a). NO NEW ROCK REMOVAL AREAS HAVE BEEN IDENTIFIED. The 
estimated rate of rock removal would be 10 cubic yards/hour. The cutting equipment 
would be mounted on a barge and moved into position using a GPS system. Material 
would be chipped and left in place or moved to previously coordinated (Corps of 
Engineers 2006a) disposal areas. This "new" alternative is the Recommended Plan. 
However, if for some reason mechanical grinding is found to be ineffective then rock 
blasting would be utilized per previous environmental compliance reviews. 

VII. IMP ACT ASSESSMENT: RECOMMENDED PLAN 

A. BIOLOGICAL IMPACTS 

It is anticipated that the cutting head of the grinding equipment would be avoided 
by young-of-year, juvenile, and adult fish. The chipping action of the mechanical grinder 
would likely produce noise that would result in fish avoidance. Should rock removal 
continue into the spawning season, due to unforeseen circumstances, larval fish could 
potentially be injured or killed by the cutting head. However, the area of actual work 
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(moving cutter head) is very small and the impacts should be minimal. Some benthic 
invertebrates could be displaced or killed by the rock removal. 

Photo 1: Photograph of Alpine's (One Potential Mechanical Grinding Equipment 
Company) Hydraulic Rotary Cutter 
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B. WATER QUALITY IMPACTS 

It is anticipated that the rock to be removed will be chipped into cobble or larger 
pieces depending on the formation. However, some fines will result. Short-term 
turbidity increases would be expected. However, these increases would be small and 
localized considering the existing suspended sediment background levels. 

C. PHYSICALIMPACTS 

The majority of the work to be conducted will involve removal ofrock pinnacles 
and rock outcroppings. Rock chips, were practical, will be left in place. If it is not 
practical to leave rubble in place, it will be moved to pre-coordinated disposal areas 
(Corps of Engineers 2006a). The volumes ofrock to be removed are small and the 
impacts from these actions are considered minor. 

If it has to be removed, the rock from the Grand Tower reach will be used to 
create a gravel bar at the head of a developing sand/gravel bar. It is anticipated that this 
placement of rock will be beneficial in that it will provide attachment sites for aquatic 
invertebrates, and potential fish spawning habitat for benthic spawners. 

The amount of rock being removed, including the rock/rubble/gravel run at 
Cottonwood Island, will not significantly change flows or flow patterns. 

D. TERRESTRIALIMPACTS 

The project will be conducted entirely in the water. All work will be conducted 
from work barges. As such, there are no anticipated impacts to the terrestrial 
environment. 

E. ARCHAEOLOGICALIMPACTS 

Archival review of historic shipwreck inventory survey reports suggest that the 
proposed Mississippi River pinnacle rock removal and off-channel lithic debris relocation 
will not occur near the reported locations of the structural remains any historic wreck 
sites. Additionally, on-site archaeological surveys ofboth bank line locations and in
stream bar deposits conducted during historical low water episodes during 1988 and 1989 
by the St. Louis District, found no evidence of any potentially significant archaeological 
or historic shipwreck remains within the proposed project area boundaries. Therefore, 
based upon these data, it is concluded that this proposed rock removal/ relocation 
activity will have no effect upon any potentially significant historic properties. 
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F. RECREATIONALIMPACTS 

Rock removal would occur in falllwinter/possibly spring. Boaters and fishermen 
would have to avoid the immediate area of the rock removal. Potential noise from the 
grinding equipment is likely to reduce fishing opportunities in the immediate vicinity of 
the rock removal. Impacts to recreation are anticipated to be minor and localized. 

VIII. FEDERALLY ENDANGERED SPECIES: 
BIOLOGICAL ASSESSMENT 

BACKGROUND INFORMATION 

Programmatic Endangered Species Compliance: A programmatic (Tier I) consultation, 
conducted under Section 7 of the Endangered Act, considered the systemic impacts of the 
operation and maintenance ofthe 9-Foot Channel Navigation Project on the Upper 
Mississippi River System on listed species as projected 50 years into the future (U.S. Fish 
and Wildlife Service 2000). The consultation did not include individual, site specific 
project effects or new construction. It was agreed that site specific project impacts and 
new construction impacts would be handled under separate Tier II consultation. 
Although, channel maintenance dredging impacts were covered under the Tier I 
consultation, rock removal is not considered as a normal channel maintenance technique. 

A Tier II Biological Assessment evaluating the potential impacts of the drilling 
and blasting (Previous Recommended Plan) on the bald eagle, least tern, and pallid 
sturgeon was conducted by the St. Louis District and provided to the U.S. Fish and 
Wildlife Service (U.S. Army Corps of Engineers 2006). The BA provided a number of 
proposed mitigation measures to be employed to reduce blasting effects. A Biological 
Opinion with Reasonable and Prudent Measures to protect endangered species at risk was 
provided by the U.S. Fish and Wildlife Service. 

Species Covered in this Consultation: The 2000 Biological Opinion presented the U.S. 
Fish and Wildlife Service's evaluated of the impacts of operation and maintenance on 
seven species: the decurrent false aster (Boltonia decurrens), the Higgins' eye pearly 
mussel (Lampsilis higginsi), the winged mapleleaf mussel (Quadrula fragosa ), the pallid 
sturgeon (Scaphirhynchus albus), the least tern (Sterna antillarum), the bald eagle 
(Haliaeetus leucocephalus), and the Indiana bat (Myotis sodalis). 

The decurrent false aster occurs in the Illinois River Valley and in counties 
adjacent to Mississippi River near the mouth of the Illinois River. The species' 
distribution is outside the project area. In addition, the species is a plant that occurs 
within a terrestrial habitat that will not be impacted by the project. The Higgins' eye 
pearly mussel and the winged mapleleaf mussel are both inhabitants of the Upper 
Mississippi River, but occur considerably north of the project area. It is anticipated that 
the Indiana bat will not be impacted. No trees or caves will be disturbed. For the above 
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mentioned reasons, these four species are not being considered for impact analysis. The 
least tern and bald eagle (no longer on the endangered species but still a protected 
species) were both evaluated in the Corps' Biological Assessment (2006). However, the 
new alternative involves rock grinding work conducted underwater rather than the use of 
explosives. The only potential impact to these two species would be from disturbance 
caused by the towboat and barge supporting the work. Minor above water noise could be 
produced by the grinding equipment on the barge. These impacts are considered minor 
and extremely localized and are not anticipated to adversely impact either species. 

Pallid Sturgeon (Scaphirhynchus a/bus) 

It is anticipated that the cutting head of the grinding equipment would be avoided 
by young-of-year, juvenile, and adult pallid sturgeon. The chipping action of the 
mechanical grinder would likely produce noise that would result in fish avoidance. The 
benthic impact zone, based on the size of the grinding head, is small and is measured in 
inches (22 to 44 inches depending on the grinding unit used). 

It is anticipated that the project will be completed prior to the pallid sturgeon's 
spring spawning season. However, as discussed in the Schedule Section, this could 
change based on unforeseen circumstances (i.e., difficulty positioning grinding 
equipment over pinnacles, high water). Should rock removal continue into the spawning 
season, due to unforeseen circumstances, larval fish could potentially be injured or killed 
by the cutting head. However, the area of actual work (moving cutter head) is very small 
(22 to 44 inches depending on the grinding unit used) and the probability of impact is 
extremely low. 

The decibel levels and frequency distribution of underwater sound produced by 
rock grinding are unknown. It has been shown that pallid sturgeon produce sound during 
the breeding season and it was suggested that sound communication may play a part in 
spawning aggregations (Johnson and Phillips 2003). There is a potential for impact to 
pallid sturgeon hearing if sound levels from rock grinding are extreme. 

Popper and Hastings (2009) cautioned against extrapolating from results from one 
fish hearing impact study with only one sound source, one fish species, or even one size 
to other sources, species, or fish sizes. However, it is clear from a number of published 
studies that fish hearing generalists are less susceptible to hearing damage from loud 
underwater anthropomorphic sound (noise) than hearing specialists (i.e., Smith et al. 
2004). For example Smith et al. (2004) examined the effects of increased ambient sound 
on hearing of two species differing in hearing capabilities: goldfish ( Carassius auratus; a 
hearing specialist) and tilapia ( Oreochromis niloticus; a hearing generalist). Fish were 
exposed to 1-28 days of either quiet (11 0 dB re 1 )lPa) or continuous white noise. First, 
they examined the effect of noise sound pressure level (SPL; 130, 140, 160 or 170 dB re 1 
11Pa) on goldfish hearing thresholds after 24 h of noise exposure. Second, in a long-term 
experiment using 170 dB re 1 11Pa white noise, they continuously exposed goldfish and 
tilapia for either 7 or 21-28 days. In both experiments, they measured alterations in 
hearing capabilities (using auditory brainstem responses) of noise-exposed fish. While 
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tilapia exposed to noise for 28 days showed little or no hearing loss, goldfish exhibited 
considerable threshold shifts that reached an asymptote of up to 25 dB after only 24 h of 
exposure. There was a positive linear relationship between noise-induced TTS and the 
sound pressure difference between the noise and the baseline hearing thresholds in the 
hearing specialist but not in the hearing generalist. Based on the frequency of sounds 
produced by pallid sturgeon (Johnson and Phillips 2003) and work with lake sturgeon 
(Acipenser fulvescens) and paddlefish (Polyodon spathula) (Lovell et al. 2005), 
acipenseriform (paddlefish and sturgeon) fish would be classified as hearing generalists 
and less susceptible to underwater noise damaging their hearing. 

Based on preliminary coordination with the U.S. Fish and Wildlife Service 
(FWS), the St. Louis District proposes to monitor sound levels of the rock grinding. This 
monitoring will involve 4-5 grinding locations. Measurements of the existing soundscape 
(pre-construction activities) and grinding will be made using hydrophones. The dB re 1 
~-tPa will be recorded and a sound level profile will be created around the grinding 
location as the center point. These data will be collected early in the project and provided 
to the FWS. Consultation on the previous Recommended Alternative (drilling and 
blasting) resulted in a time restriction on rock removal. This restriction was based on the 
larger impact zone associated with blasting. As previously noted, the project should be 
completed prior to sturgeon spawning. However, based on the small impact zone of rock 
grinding activities our current plan would call for non-stop grinding, if required. This 
would be changed, after consultation with the FWS, if acoustic surveys indicate a higher 
level of impact than currently anticipated. 

Based on the best available scientific information (small impact zone, probable 
avoidance of the site by pallid sturgeon), it is the District's determination is that the 
project is not likely to adversely affect the pallid sturgeon. This determination is subject 
to change based on acoustic surveys. Early in the project, acoustic data will be 
coordinated with the FWS. Based on this coordination, re-consultation based on acoustic 
survey results would occur, if necessary. 

IX. COMPARISON OF IMP ACT OF RECOMMENDED 
ALTERNATIVE WITH PREVIOUS ALTERNATIVES 

The No Action Alternative, because there is no construction activities associated 
with the project, has no direct physical or biological construction impacts associated with 
the alternative. However, should a towboat accident occur during low water conditions, 
because no actions were taken, there is a potential (however small that might be) of a 
catastrophic spill event. 

The two blasting alternatives, including the previous Recommended Alternative 
or an additional blasting alternative that involved more rock removal (more areas and 
deeper removal) both had the largest potential biological impact associated with the use 
of explosives. A considerable amount of effort was involved designing a mitigation 
strategy to reduce impacts. hnplementation involved a number of mitigation 
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effectiveness field studies. Even with mitigation techniques in place, blasting posed the 
greatest potential for damage to the aquatic environment when compared to all the 
alternatives, including the new Recommended Alternative of rock grinding. 

The largest potential impacts from the Recommended Alternative are loss of 
habitat (same for all alternatives, with the exception of deeper removal) and the potential 
for sound impacts. All alternatives (rock removal using mechanical dredging, rock 
punching or chiseling (determined to be infeasible based on rock hardness)) would have 
had similar sound impacts as rock grinding. Blasting would have had the largest and 
potentially most destructive impulse noise impacts. 

Based on this comparison, it would appear that rock grinding either has 
potentially similar or lesser impacts to the aquatic environment when all alternatives are 
compared. 

X. INDIRECT & CUMULATIVE IMPACTS 

Direct impacts were evaluated in Sections VII, VIII, and IX. Indirect (Secondary 
Impacts) are not anticipated. Cumulative Impacts for the Navigation Project were 
extensively studied (WEST Consultants, Inc. 2000), and described in U.S. Corps of 
Engineers (2004). The additive impacts of the rock grinding work as described and 
evaluated in this EA, when considering cumulative effects as previously addressed, are 
not considered to be significant. 

XI. CLEAN WATER ACT/RIVERS & HARBORS ACT 
COMPLIANCE 

The impact of the activity on the public interest will be evaluated in accordance 
with the Environmental Protection Agency guidelines pursuant to Section 404 (b )(1) of 
the Clean Water Act. This permit will be processed under the provisions of Section 10 of 
the Rivers and Harbors Act of 1899 (33 U.S.C. 403) and Section 404 of the Clean Water 
Act (33 U.S.C. 1344). 

XII. CONSERVATION RECOMMENDATIONS 

As previously noted, based on preliminary coordination with the U.S. Fish and 
Wildlife Service, the St. Louis District proposes to monitor sound levels of the rock 
grinding. This monitoring will involve 4-5 grinding locations. Measurements of the 
existing soundscape (pre-construction activities) and grinding will be made using 
hydrophones. The dB re 1 11Pa will recorded and a sound level profile will be created 
around the grinding location as the center point. This survey will be conducted early in 
the project and the acoustic data will be coordinated with the FWS. Based on this 
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coordination, re-consultation based on acoustic survey results would occur, if results 
deem it necessary. 

XIII. LIST OF PREPARERS (INCLUDING 2006 PLANNING 
TEAM) 

Name Job Description/ Area of Expertise 
Education/Registration 

Edward Brauer Hydraulic Engineer 5 Years Experience in River and 
Hydraulic Engineering 

Robert Davinroy Chief, River Engineering 26 Years Experience in River and 
M.S. Hydraulic Engineering 

David Gordon Senior Hydraulic Engineer 11 Years Experience in River and 
P.E. Hydraulic Engineering 

Gregory Hempen Geophysical Engineer, Over 20 Years Experience Blast 
Ph.D, P.E., R.G. Design& Evaluating The 

Physical Effects of Explosions 

Leonard Hopkins Civil Engineer, Project Manager, 13 Yrs. Civil 
M.S.,P.E. Engineer Corps ofEngineers 

June Jeffries Mech/Civl/Env Engineer New Project Manager 
M.S.,P.E. 

Thomas Keevin Fishery Biologist, 20 Years Experience Evaluating 
Ph.D. The Environmental Effects of 

Underwater Explosions; 30 
NEP A Compliance 

David Kelly Regional Economist, 12 Years Experience Evaluating 
M.S. Economic Impacts to 

Navigation Industry 

F. Terry Norris Archaeologist 29 Years Archaeology/Historical 
Ph.D. Properties 

Peter Russell Hydraulic Engineer 5 Years Experience in River and 
Hydraulic Engineering 
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