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 Many state and federal agencies are actively trying to recover the currently 

endangered pallid sturgeon Scaphirhynchus albus.  Efforts have been made to stock 

hatchery-reared juvenile pallid sturgeon (HRJPS) throughout the Missouri River to help 

facilitate recovery and long-term monitoring programs were established to evaluate 

sturgeon populations and the associated fish community.   However, there is limited 

knowledge on how and when to effectively sample for juvenile pallid sturgeon.  I 

compared the effectiveness of passive gill nets, hoop nets, set lines, and drifted trammel 

nets and towed beam trawls to develop criteria to best determine the mean catch per 

unit effort (CPUE) for juvenile pallid sturgeon based on selectivity and seasonal 

efficiency in various habitats of the Missouri River below Fort Randall Dam, South 

Dakota from April to November in 2003 and 2004.  Passive integrated transponder 

(PIT), elastomer, or a dangler tag identified all pallid sturgeon captured as HRJPS.  I 

captured 18 HRJPS in a total of 300 overnight gill net sets, 37 HRJPS in a total of 707 

trammel nets, and 19 HRJPS on 1,299 set lines baited with earthworms Lumbriscus 
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terrrestris.  No HRJPS were captured in 515 beam trawl tows, 360 overnight hoop net 

sets, or on 224 set lines baited with leeches Nephelopsis obscura.  Coefficient of 

variation (CV = 100 X SD/mean) on the monthly mean CPUE values ranged from 324 

to 670 for gill nets, 263 to 949 for trammel nets, and 508 to 1630 for set lines.  Seasonal 

trends in mean CPUE were found as the relative precision was the greatest in October 

for gill nets and in April for trammel nets and set lines.  A higher proportion of HRJPS 

captures for gill nets were in the inside bend of the river that generally is associated 

with lower water velocities, trammel nets over sandy substrate and in the outside bends 

that are associated with higher water velocities and greater depths, and for set lines in 

lower water velocities.  Although I found trends among seasons and habitats for gill 

nets, trammel nets, and set lines, the catch rates were low and annual point estimates of 

relative abundance are not adequate to detect changes in relative abundance of HRJPS 

in this reach of the Missouri River.  No significant differences were found in length 

frequency distributions of HRJPS captured among gill nets, trammel nets, and set lines, 

but low sample sizes resulted in low power (1-β) for such analyses.  A greater number 

of HRJPS were captured in the smaller gill net mesh (≤ 3.81 cm bar mesh) and HRJPS 

captured in the larger mesh sizes (≥ 5.08 cm bar mesh) were generally longer.  A 

greater number and longer HRJPS were captured on the 10/0 circle hook compared to 

the 12/0 circle hook used on set lines.  Further research is needed to verify my results 

with specific objectives to find the most appropriate time and habits to adequately 

sample for HRJPS.  Further research is needed to explore different variations of the 

gears I used in my study.  Different twine colors in gill and trammel nets, size and 
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styles of hooks and baits used on set lines, and variations of the benthic trawl may be 

more effective at capturing juvenile pallid sturgeon. 

 Fort Randall Dam has created a highly regulated environment with flows 

fluctuating widely, both seasonally and daily, with reduced temperatures and turbidity 

affecting growth of native fish populations, including the pallid sturgeon and the 

sympatric shovelnose sturgeon Scaphirhynchus platorynchus.  Hatchery-reared juvenile 

pallid sturgeon have been released in this reach of the Missouri River since 2000.  

However, biologists do not know whether this stretch of river can sustain a viable 

population of pallid sturgeon.  The objectives of this component of my study were to 

determine the growth of HRJPS among year classes and among family crosses and to 

determine the condition of HRJPS and shovelnose in this reach of the Missouri River.   

Growth and condition was used as a tool to evaluate the suitability of this reach of the 

Missouri River for continued stocking efforts.  The mean growth rates were greater for 

HRJPS ≤ age 3 compared to HRJPS ≥ age 4.    Mean relative condition (Kn) at stocking 

was similar among all year classes even though HRJPS were released at different ages 

and times of the year.  Mean Kn decreased for nearly all HRJPS from time of stocking 

to recapture.  The decline in mean Kn from time of stocking to recapture is likely due to 

the rigors of living with high water velocities, variable temperatures, and variable prey 

availability compared to living in the controlled environment of a fish hatchery. The 

1997 and 1998 year classes had significantly lower mean Kn compared to the 1999, 

2000, and 2001 year classes at recapture.  No significant differences were found in the 

mean growth rates or Kn among five family crosses in the 1997 year class.  However, 
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mean Kn of two family crosses in the 1999 year class were different at stocking, but 

were eventually similar at recapture. The family cross with the highest mean Kn did 

grow significantly faster in length.  Environmental conditions likely played a large role 

in their Kn.    

 Seasonal differences in mean relative weight (Wr) were found for shovelnose 

sturgeon in this reach of the Missouri River.  Mean Wr in shovelnose sturgeon peaked 

in June during the spawning period and declined throughout the summer.  Mean Wr of 

shovelnose sturgeon captured below the Niobrara River confluence, which is 

characterized by a greater number of sand bars and an increase in turbidity and 

temperature, was higher than shovelnose sturgeon captured above the confluence.  This 

result may be due to an increase in the availability of prey below the confluence.  Mean 

Wr declined as shovelnose sturgeon attained greater lengths which has also been 

reported for other shovelnose sturgeon populations throughout the Missouri River.   

 The early life history of the pallid sturgeon is not completely understood.  This 

is especially true due to low abundance resulting from no recruitment in the river above 

Gavins Point Dam for more than 40 years.  The more abundant shovelnose sturgeon has 

been considered a surrogate species to the pallid sturgeon.  The objectives of this 

component of my study were to determine the seasonal food habits and diet overlap 

between HRJPS and adult shovelnose sturgeon in the Missouri River below Fort 

Randall Dam.  Additionally, the information gained from this study will provide the 

baseline data for bioenergetics models for juvenile pallid sturgeon.  Seasonal trends in 

the diets of HRJPS and adult shovelnose sturgeon were found with Chironomidae in the 
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greatest numbers and dry weights during early summer, Ephemeroptera during the late 

summer, and Trichoptera in the early spring and late fall.  However, the highest mean 

numbers and dry weights of each prey type consumed by HRJPS and shovelnose 

sturgeon always occurred in different months between the two sturgeon species.  Diet 

overlap between HRJPS and adult shovelnose sturgeon was low with a Schoener index 

(0 = no overlap and 1 = complete overlap) of 0.53 in 2003 and 0.21 in 2004.  Hatchery-

reared juvenile pallid sturgeon consumed a greater proportion of fish in 2003 and 

Ephemeroptera in 2004 compared to shovelnose sturgeon.  Shovelnose sturgeon 

consumed a greater proportion of Chironomidae in both years compared to HRJPS.  I 

found no differences between fork length groups in the mean numbers and dry weights 

of prey types for HRJPS and shovelnose sturgeon even though both sturgeon were 

found to have lower condition as they attained greater lengths.  However, HRJPS 

generally consumed more fish and Isopoda as they attained greater lengths.  The low 

turbidity, an abundance of piscivorous fish, and lack of recruitment of native benthic 

cyprinids in this stretch of the Missouri River may have detrimental affects on the 

ability of HRJPS to forage for fish.  This study provided a better understanding of the 

diet of HRJPS in this reach of the Missouri River and will provide valuable information 

for bioenergetics research on pallid sturgeon. 
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Chapter 1.   
 

Introduction 
 

The pallid sturgeon Scaphirhynchus albus was listed as a federally endangered 

species on 6 September 1990 (USFWS 1990).  The shovelnose sturgeon Scaphirhynchus 

platorynchus, which is still common over much of its range, has also seen a decline in 

overall abundance (Keenlyne 1997).  To the detriment of both the pallid and shovelnose 

sturgeon, substantial habitat alterations have occurred throughout their historic range.  

Six mainstem dams on the Missouri River have removed 36% of the riverine habitat and 

another 40% of the river has been channelized (Dryer and Sandvol 1993).  The mainstem 

dams have reduced peak flows in April and June, reducing flooding events.  Furthermore, 

the hypolimnetic releases from the large dams have reduced sediment transport, turbidity, 

and water temperatures (Keenlyne 1989).  River channelization begins just upstream of 

Sioux City, Iowa and continues to the mouth of the Missouri River at St. Louis, Missouri.  

Channelization of the river straightens the river, degrades the channel, removes oxbows, 

and drains backwater areas.  Banks were stabilized with rip rap and snags were removed.  

In addition, commercial fishing has probably reduced the pallid and shovelnose sturgeon 

populations (Carlson et al. 1985; Keenlyne 1997).   In addition to the apparent lack of 

reproduction and recruitment, evidence of hybridization has occurred between the pallid 

and shovelnose sturgeon poses a threat to recovery efforts (Carlson et al. 1985; Quist et 

al. 2004). 

Both the pallid and shovelnose sturgeon are long-lived species with extended 

reproductive cycles (Wildhaber et al. 2005).  Male pallid sturgeon reach sexual maturity 
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at ages 5 – 7, while females begin egg development at ages 9 – 12 and first spawn at age 

15 (Keenlyne and Jenkins 1993).  Most male shovelnose sturgeon become sexually 

mature at age 5, while females do not become sexually mature until age 7 (Helms 1974).  

In both sturgeon species, spawning occurs from April to June in the Missouri River.  

However, both males and females of both species do not spawn every year (Keenlyne and 

Jenkins 1993; Keenlyne 1997). 

 Pallid and shovelnose sturgeon are sympatric over their entire range sharing 

similar habitats (Bailey and Cross 1954; Keenlyne 1997).  Both species of sturgeon are 

bottom orientated and tend to select habitats such as sandbar pools and backwater areas in 

the main channel of the Missouri River and its major tributaries (Erickson 1992; 

Bramblett and White 2001).   Gerrity (2005) reported that hatchery-reared juvenile pallid 

sturgeon (HRJPS) and adult shovelnose sturgeon used similar river depths, column 

velocities, and selected for main channel habitats.   Both the pallid and shovelnose 

sturgeon are opportunistic suctorial feeders on benthic organisms using barbels, an 

inferior mouth, and modified fleshy lips (Held 1969; Carlson et al. 1985; Keenlyne 

1997).  Pallid and shovelnose sturgeon diets have been reported to overlap, but greater 

proportions of fish have been reported in the diets of adult pallid sturgeon (Carlson et al. 

1985) and HRJPS (Gerrity 2005) compared to shovelnose sturgeon.   

 The riverine portion of Lewis and Clark Lake, which extends 70 km from Fort 

Randall Dam to near Springfield, South Dakota, retains many natural riverine 

characteristics (Jordan and Willis 2001).  However, the flows regulated out of Fort 

Randall Dam fluctuate unnaturally daily for power generation and are unlike the natural 
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seasonal hydrograph because of the needs of the downstream navigation in the 

channelized section of the Missouri River.  The Pallid Sturgeon Recovery Team has 

listed this reach of the Missouri River as one of six priority recovery areas (Recovery 

Priority Area 3 [RPA 3]) (Dryer and Sandvol 1993).  Recovery Priority Area 3 was 

selected based on suitable habitat diversity for restoration and recovery of the pallid 

sturgeon.  For these reasons, HRJPS were stocked in the riverine portion of Lewis and 

Clark Lake (Bollig 2000).  Before HRJPS were stocked, passive integrated transponder 

(PIT) tags were inserted in each fish below the dorsal fin. The PIT tags allow fisheries 

biologists determine growth rates and changes in condition.  Though pallid sturgeon are 

occasionally caught by anglers between Fort Randall and Gavins Point dams, biologists 

do not know whether this stretch of river can sustain a viable population of pallid 

sturgeon.   Information from this study will provide insight into the growth and condition 

of HRJPS and will be used as a tool to evaluate the suitability of RPA 3 as a location for 

continued stocking efforts and other river management decisions.  As a surrogate species 

to the pallid sturgeon, I evaluated the condition of the more abundant shovelnose 

sturgeon, which may assist in the understanding of the biology of pallid sturgeon and the 

suitability of this reach of the Missouri River as a recovery priority area. 

 Federal and state agencies have coordinated efforts to promote research on pallid 

sturgeon in the Missouri River basin (Quist et al. 2004).  Additionally, long-term 

monitoring projects have been developed for the pallid sturgeon and associated fish 

community (Drobish 2005).  However, there is little knowledge of when or where to 

effectively capture HRJPS.  The Upper Basin Pallid Sturgeon Work Group (UBPSWG) 
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has made sampling techniques for juvenile pallid sturgeon a research priority (UBPSWG 

2002).  Gear type, habitat, and species behavior all contribute to seasonal variability in 

catch per unit effort (CPUE) (Pope and Willis 1996; Jordan and Willis 2001).  The 

information gained from this study will aid fisheries managers in effectively monitoring 

population status and trends. 

Knowledge of the food habits of juvenile pallid sturgeon and the sympatric 

shovelnose sturgeon is vital to identifying the limiting factors to pallid sturgeon 

recruitment and eventual recovery.  Recruitment through the juvenile stage is believed to 

be one of the major factors limiting pallid sturgeon recovery (Quist et al. 2004).  The 

information from this study will fill a gap in the life history of the endangered pallid 

sturgeon and evaluate the utility of RPA 3 as a recovery site.  Fisheries managers will 

have a better understanding of the diets of the juvenile pallid sturgeon enabling sound 

decisions for recovery efforts such as stocking/augmentation programs.  

 The diet information gained in this study is also essential for future studies 

including bioenergetics modeling for pallid sturgeon (Klumb 2002).  Bioenergetics 

modeling estimates consumption (energy), where consumption equals the sum of growth, 

respiration, egestion, and excretion (Windberg 1956).  This study will provide the data 

necessary for bioenergetics modeling through the analysis of growth potential of pallid 

sturgeon in RPA 3. 

 This study was designed to determine the most effective gears for capturing 

juvenile pallid sturgeon.  Additionally, I researched the condition and the food habits of 
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juvenile pallid sturgeon and adult shovelnose sturgeon in the Missouri River below Fort 

Randall Dam, South Dakota.  Specific objectives were as follows. 

 

Chapter 3.  To determine the effectiveness of passive gill nets, hoop nets, set lines and 

drifted trammel nets and towed beam trawls in capturing juvenile pallid sturgeon.  I 

wanted to specifically develop criteria to best determine mean CPUE for juvenile pallid 

sturgeon based on selectivity and seasonal efficiency among gears in various riverine 

habitats.  

 

Chapter 4.  To determine the growth and condition of HRJPS and condition of 

shovelnose sturgeon in RPA 3.  Specifically, I wanted to determine if there was seasonal 

variability and differences in condition among fork length groups.  I also wanted to 

determine in there were differences in growth rates and condition among pallid sturgeon 

year classes.  Additionally, as a surrogate to the pallid sturgeon, I wanted to determine if 

there were any differences in the condition of the more abundant shovelnose sturgeon 

among seasons and fork length groups and compare shovelnose sturgeon in RPA 3 to 

other shovelnose sturgeon populations throughout the Missouri River.  

 

Chapter 5.  To determine the seasonal food habits and diet overlap between HRJPS and 

adult shovelnose sturgeon in the Missouri River below Fort Randall, South Dakota.  

Additionally, I wanted to determine if there were differences in food habits among fork 

length groups for both HRJPS and shovelnose sturgeon.  
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Chapter 2.   

Study area: Missouri River below Fort Randall Dam, South Dakota to Lewis and 

Clark Lake headwaters, South Dakota and Nebraska 

 Lewis and Clark Lake, a boundary water on the Missouri River between South 

Dakota and Nebraska, was formed by Gavins Point Dam (river kilometer [rkm] 1,305) 

and extends to Fort Randall Dam (rkm 1,416), which defines the upper end of Lewis and 

Clark Lake (Figure 2-1).  Both dams are operated by the U. S. Army Corps of Engineers 

(USACE).  Gavins Point Dam is the most downstream of the mainstem dams on the 

Missouri River. The primary function of Gavins Point Dam is to level release fluctuations 

from upstream dams to serve downstream purposes.   

Lewis and Clark Lake can be divided into two distinct habitats.  The upper reach 

is the riverine section of Lewis and Clark Lake and extends approximately 76 km, with a 

maximum depth of 12 m and a channel width of 45-90 m, from Fort Randall Dam to 

Springfield, South Dakota where its features become more reservoir-like.  The reservoir 

section has a maximum depth of 17.7 m, an average width of 3.4 km, and a maximum 

surface area of approximately 4,500 ha (Walburg 1976).   

 The riverine section retains many natural characteristics such as sandbars, sandbar 

pools, side channels, backwater areas, islands, old growth riparian forest and year-round 

flows.  However, the historical temperature and flow (i.e., the hydrograph) in the riverine 

section has been altered due to Fort Randall Dam.  Water levels fluctuate substantially, 

both daily and seasonally.  Water levels are subject to changes of almost 1 m during a 24-

h period.  The lowest flows typically occur at 0600 hours with peak flows at 1200 to 1900 
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hours that support power generation demands (USACE 1994).  A summary of operations 

for the Missouri River mainstem reservoirs for 2003 and 2004 (http://www.nwd-

mr.usace.army.mil/rcc/aop.html) indicated that the highest releases from Fort Randall 

Dam were from August through November to support navigation on the Missouri River 

below Sioux City, Iowa.  The lowest releases were from December through April to 

prevent flooding due to ice jams.    

The Pallid Sturgeon Recovery Team, a group of federal and state biologists 

formed in 1991 (Dryer and Werdon 1991), has listed the riverine reach above Lewis and 

Clark Lake as one of six recovery priority management areas along the Missouri River 

(Dryer and Sandvol 1993).  Recovery Priority Area 3 was selected based on suitable 

habitat diversity for restoration and recovery of the pallid sturgeon.  As a result, HRJPS 

were stocked into the riverine portion of Lewis and Clark Lake.   

The “2000 Missouri River Biological Opinion” (Opinion) identified a high 

priority action area in the riverine portion of Lewis and Clark Lake from Fort Randall 

Dam to the mouth of the Niobrara River as Area 8 (USFWS 2000).  These priority areas 

identified by the Opinion potentially have suitable habitat for pallid sturgeon recovery 

and extend from the Missouri River above Fort Peck Dam, Montana to the mouth near St. 

Louis, Missouri.  As part of a long-term pallid sturgeon and associated fish community 

assessment, the Pallid Sturgeon Population Assessment Team, a group of federal and 

state scientists brought together by the USACE, focused on the areas identified by the 

Opinion (Drobish 2005).  Although the riverine section below the mouth of the Niobrara 

River, Area 9, was not of high priority according to the Opinion, the Pallid Sturgeon 
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Population Assessment Team identified the need to assess the area due to recent 

telemetry studies that indicated juvenile pallid sturgeon utilized the area below the 

Niobrara River Confluence (Jordan et al. in review).  The Pallid Sturgeon Population 

Assessment Team selected 14 sampling segments along the Missouri River.  Segment 5 is 

the reach from Fort Randall Dam to the mouth of the Niobrara River and segment 6 is the 

mouth of the Niobrara River to the headwaters of Lewis and Clark Lake (Drobish 2005).  

My study area consisted of segments 5 and 6 along the Missouri River. 
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Figure 2-1.   The Missouri River below Fort Randall Dam (rkm 1,416), South Dakota to 
the Gavins Point Dam (rkm 1,305), South Dakota and Nebraska.   
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Chapter 3.   

Evaluation of five sampling gears for juvenile pallid sturgeon in the Missouri River 

below Fort Randall Dam, South Dakota. 

 

Introduction 

Fisheries managers and researchers require unbiased estimates of fish population 

characteristics in a fishery to make decisions relating to fish stockings, habitat restoration, 

water use, and main stem dam operations along rivers.  Sampling must be standardized to 

obtain precise, unbiased estimates of fish population size and age structure and relative 

abundance (Allen et al. 1999).  Whether sampling for fish with passive or active gear, 

gear bias is evident for various fish species and habitats (Hayes et al. 1996; Hubert 1996).  

Sampling data can also be affected by seasonal behaviors in fish populations.  Fish 

behaviors are influenced by such factors as changes in temperature, dissolved oxygen, 

turbidity, food supplies, photoperiod, and spawning (Pope and Willis 1996).  Sampling 

techniques should provide a measure of relative abundance and the fish captured should 

accurately reflect the size structure of the fish population (Guy et al. 1996; Colvin 2002; 

Paukert 2004).  Mean catch per unit effort (CPUE) is often used to index relative 

abundance of a fish population (Hubert 1996).  A fish community can effectively be 

monitored with long-term data sets from standardized sampling programs (Bonar and 

Hubert 2002).  Thus, there is a need to identify sampling gears that minimize variation 

and eliminates bias associated with different sampling techniques, allowing direct 
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comparisons of catch statistics from different water bodies and analysis of trends within 

water bodies through time (Burkhardt and Gutreuter 1995; Bonar and Hubert 2002).   

The “2000 Missouri River Biological Opinion” (Opinion) addressed the pallid 

sturgeon as an endangered species in the Missouri River (USFWS 2000).  The USACE 

(USACE 2002) has developed standard operating procedures (SOP) for a long-term 

monitoring program of pallid sturgeon in response to the Opinion.  However, there is 

little knowledge of when or where to effectively capture pallid sturgeon.  The UBPSWG 

(UBPSWG 2002) has also identified the need to evaluate sampling techniques and gear, 

particularly for juvenile pallid sturgeon (JPS).   

 The objective of this portion of the research was to develop criteria to best 

determine mean CPUE for JPS based on selectivity and seasonal efficiency among gears 

in various riverine habitats.  Knowledge of gear efficiency in various habitats and during 

different seasons will enable fisheries biologists to better monitor population status and 

trends.  Establishment of baseline relative abundance data through systematic monitoring 

of populations is an essential element in measuring responses to recovery efforts (Dryer 

and Sandvol 1993). 

 

Methods 

Sampling 

Fish sampling occurred every month from April through November during 2003 

and 2004 using standardized gears as part of a long-term pallid sturgeon and associated 

fish community assessment for the Missouri River (USACE 2002).  The standard gears 
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employed were passive gill nets and hoop nets, drifted trammel nets, and a towed benthic 

beam trawl.  Additionally, I targeted JPS with set lines.   

At the beginning of 2003 and 2004, all river bends within segments 5 and 6 were 

numbered prior to sampling.  Five river bends were then randomly selected for each 

sampling event from each river segment using a random number generator.  Specific river 

bends also were non-randomly sampled because of reports of anglers catching juvenile 

pallid sturgeon.  These non-randomly sampled bends were not included in CPUE 

analyses, but the data were evaluated for variations in size structure of juvenile pallid 

sturgeon caught by various sampling gears.  Additional data for growth, condition, and 

food habits also were collected from adult shovelnose and juvenile pallid sturgeon with 

the additional non-random sampling.   

All macrohabitats and mesohabitats were identified within each selected bend.  

Eight macrohabitats were identified in the Missouri River below Fort Randall Dam.  An 

outside bend (OSB) is the concave side of a main channel bend extending from the bank 

line to the thalweg, usually associated with higher water velocities.  The inside bend 

(ISB) is the convex side of a river channel.  The channel crossover (CHXO) is in the 

center of the main channel where the thalweg crosses over from one concave side of the 

river to the other concave side.  Another habitat is formed where tributaries enter the 

Missouri River forming a confluence (CONF).  The natural Missouri River is braided 

forming secondary connected channels that have less discharge than the main channel 

and are connected at both ends to the main channel.  I divided the secondary connected 

channel macrohabitat into two categories where the large secondary connected channel 
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(SCCL) was ≥ 50 m wide and all gears could be deployed, while small secondary 

connected channels (SCCS) were < 50 m wide and I usually found it difficult to deploy 

gears.  The secondary channel non-connected (SCN) habitat is a backwater area with no 

water flow.  A delta is formed as sediment settles in the headwaters of Lewis and Clark 

Lake.  This delta area is a highly braided area (BRAD) where there was no apparent river 

meander.  Within each macrohabitat were mesohabitats including sand bars (BARS) that 

were shallow areas where sediment is deposited and generally < 1.2 m.  Another 

mesohabitat is a pool (POOL), which were areas immediately downstream from 

sandbars, dikes, snag-piles or other obstructions that have formed a scour hole > 1.2 m.  

Island tips (ITIP) were areas immediately upstream or downstream of a sand bar or 

island.  The channel border (CHNB) was between the toe and the maximum depth of the 

channel.   

At a minimum, eight samples for each standard gear were deployed in each 

randomly selected bend on each sampling period.  Two samples were taken for each 

standard gear in the identified macrohabitats within each bend.  The gears were deployed 

at systematic intervals throughout the available macrohabitats in a bend.   

   Depth, temperature, and global positioning system (GPS) locations were 

recorded at the time and location of all gear deployments.  Net locations were archived at 

the USFWS, Great Plains Fish and Wildlife Management Assistance Office in Pierre, 

South Dakota.  Water velocity, turbidity, and substrate were collected randomly between 

the two samples within each macrohabitat.  Additionally, these habitat measurements 

were always taken whenever a pallid sturgeon was captured.  The habitat data were 
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collected in the middle of the beam trawl tow and drifted trammel net after the tow or 

drift was completed and the habitat measurements were taken at the location of the gill-

net set, hoop-net set, and set-lines set immediately after being retrieved.  In 2003, depth 

was measured to the nearest 0.1 m with a Lowrance X75 depth finder.  In 2004, depth 

was measured using a Garmin Mapsounder 168.  In 2003, latitude and longitude were 

recorded in decimal degrees with a Garmin 175.  In 2004, latitude and longitude were 

recorded with a Garmin Mapsounder 168.  Water temperature was measured at the 

surface to the nearest 0.1 ΕC.  Water velocity was recorded to the nearest 0.1 m/sec, 

measured at 0.2, 0.8, and at the bottom of the water column profile using a Marsh-

McBirney Flo-Mate portable flow meter, model 2000.  Turbidity was recorded as 

nephelometric turbidity units (NTU) using a Hach Turbidimeter, model 2100P.  Substrate 

was sampled using a Hesse sampler, which is a 61-cm long and 10-cm wide pipe that is 

open at one end.  The Hesse sampler is dragged on the river bottom for a short distance 

(< 10 m) and the contents of the dredge are visually determined as percentage of silt, 

sand, or gravel.   

During early spring and late fall, gill nets are a standard gear described in the SOP 

for long-term monitoring of pallid sturgeon relative abundance (USACE 2002).  As part 

of the protocol for collecting pallid sturgeon (USFWS 2002), overnight gill net sets were 

only deployed when water temperatures remained below 12 ΕC.  Gill nets were set in 

April – May and October – November in both segments 5 and 6.  I used experimental 

multifilament gill nets that were 38 m in length; 1.8 m in depth; with five 8-m long panels 

with bar mesh sizes of 2.54 cm, 3.81 cm, 5.08 cm, 7.62 cm, and 10.16 cm; float lines of 
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1.27-cm poly-foamcore; and lead line of 22.7-kg leadcore.  Gill nets were set parallel to 

the flow of the river in both pools and channel borders in all macrohabitats with depths ≥ 

1.2 m. 

As part of the USACE SOP, drifting trammel nets are a standard gear targeting 

pallid sturgeon throughout the year (USACE 2002).  In 2003, trammel nets were drifted 

April through October in both segment 5 and 6.  In 2004, trammel nets were drifted in 

April, May, July, and October in segment 5 and in May and July in segment 6.  Trammel 

nets were drifted for a target distance of 300 m.  A GPS unit was used to quantify the 

distance sampled.  I drifted trammel nets that were 38 m in length, 1.8 m in depth, with 

outside wall panels of 15.24-cm bar mesh, an inside wall panel of 2.54-cm bar mesh, a 

float line of 1.27-cm poly-foamcore, and lead line of 22.7-kg leadcore. 

As part of the USACE SOP, the beam trawl was used to sample the Missouri 

River fish community in the fall (USACE 2002).  I targeted JPS in 2003 from April 

though August in both segments 5 and 6.  In 2004, the beam trawl was towed in June, 

August, and October in both segments 5 and 6.  In 2003, the beam trawl towed had a 

height of 0.5 m, a width of 2 m, and a length of 5.5 m.  The outer chafing net had a bar 

mesh of 0.64 cm and the inner netting was an “ace” nylon mesh with a bar mesh of 0.32 

cm with a cod-end opening of 16.5 cm.  The beam trawl was towed using 12-strand 

braided “Amsteel Blue” rope from the stern of a jet boat attached to a hydraulic winch 

though an A-frame. As with the trammel net, the target towing distance for each beam 

trawl was 300 m.  Due to the lack of fish captured with this beam trawl design, in 2004 a 

beam trawl with the same dimensions but with “Sapphire” twine mesh was towed.  
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Sapphire twine is a high density polyethylene fiber with hard knots and stiffer mesh that 

makes the trawl more resistant to abrasion and can be pulled faster through the water with 

less head pressure compared to regular nylon mesh trawls. 

Hoop nets have the advantage of being used where other gears cannot be 

effectively deployed due to river habitat conditions (e.g., outside bends, snags).   The 

USACE identified hoop nets as standard gear for targeting pallid sturgeon in the spring 

and assessing the fish community in the fall (USACE 2002).  In 2003, hoop nets were set 

from April through August in segments 5 and 6.  In 2004, hoop nets were set in April, 

May, July, and October in segment 5 and in May and July in segment 6.  Hoop nets (1.4-

m diameter hoop; 4.8 m in length with 3.81-cm bar mesh) were set overnight for a 

maximum of 18 h. 

The USACE identified set lines as optional gear to sample pallid sturgeon 

(USACE 2002).  I used set lines throughout the sampling periods using Mustad Tuna 

Circle hooks (10/0 and 12/0).  In 2003, set lines were used from April through October in 

both segments 5 and 6.  In 2004, set lines were utilized in April, May, July, and October 

in segment 5 and in May and July in segment 6.  Each set line had only one 10/0 and one 

12/0 hook.  The two different sized hooks were tied on the set line with half of the set 

lines having the 12/0 hook at the end of the set line and half with the 10/0 hook tied at the 

end.  Set lines were deployed in all macrohabitats within a randomly chosen bend.  Each 

set line was 2 m in length and was anchored with a 1.37-kg folding grapnel anchor to 

keep the bait near the river bottom.  The line was #60 braided nylon twine with baited 

hooks tied on with a bowline knot at 1-m intervals from the anchor.  Set lines were 
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deployed late in the afternoon and retrieved the following morning.  Each set line was 

baited with earthworms Lumbriscus terrrestris or ribbon leeches Nephelopsis obscura in 

2003.   Earthworms and leeches were fished side by side.  However, leeches were only 

available from May to August.  Earthworms were used as bait from April to October in 

2003.  Only earthworms were used in 2004 because no sturgeon were captured using 

leeches in 2003. 

 

Statistical Analysis 

 Mean CPUE was calculated for the passive sampling gear as number of 

JPS/overnight set for each gill net, hoop net, and set line. The mesh or hook size that 

captured the JPS was recorded.  Mean CPUE for each drifted trammel net and towed 

beam trawl was calculated as number of fish/100 m.  I used the coefficient of variation 

(CV = 100 X SD/mean) to compare the relative precision for mean CPUE estimates 

among gears across the months sampled for each gear. 

 I chose a Monte Carlo bootstrap technique (Efron 1982) to estimate the minimum 

sample sizes required for mean CPUE for a low-density population of HRJPS collected 

with gill nets, trammel nets, and set lines in the Missouri River below Fort Randall Dam, 

South Dakota.  The bootstrap technique was used to randomly resample the CPUE data 

for each gear using combined 2003 and 2004 sampling data.  Bootstrapping allowed me 

to estimate the potential error at different sampling effort levels. 

 Because of the high number of zero catches, I log10 transformed the mean CPUE 

data for all gears.  The mean CPUE data were randomly sampled with replacement at 
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increments of 10 (gill net), 25 (trammel net), or 50 (set line) up to the nearest increment 

not exceeding the base sample size (gill net, n=299; set line, n=1,298; trammel net, 

n=707).  A total of 250 iterations were conducted at each increment, which provided 

stable estimates of the sample mean.  At each increment, the sample mean and variance 

was estimated with the bootstrap model.  I also used the percentile method (Efron 1982) 

to provide 90% confidence bands for the mean CPUE from the bootstrap estimates for 

each gear.  Finally, I visually estimated the minimum reliable sample size from 

scatterplots of variance and 90% confidence bands around the mean CPUE.  All Monte 

Carlo bootstrap analyses were performed using macros in SAS 9.1 software (SAS 

Institute 2002). 

 I used logistic regression to determine the probability of capturing a JPS based on 

gear, season, water temperature, depth, substrate, bottom water velocity, macrohabitat, 

and mesohabitat for the 2003 and 2004 data.  The cumulative probability of capturing a 

JPS (p΄) was linearized with a logit transformation:  

p΄ = loge [p(x) / 1 – p(x)] 

where p(x) is the probability of capturing a JPS when y equals 1 and the independent 

variable equals x.  The linear regression model had the form: 

p΄ = β0 + βi x + ei

where β0 is the y-intercept, βi is the slope parameter, and x is the value of the independent 

variable.  Transforming the linearized cumulative probabilities back to their original form 

resulted in the logistic regression model: 

p(x) = e(β
0
 + βiXi) / 1 + e(β

0
 + βiXi). 
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 The dependent variable (y) was categorized as either presence (y = 1) or absence (y = 0) 

of a pallid sturgeon captured regardless of the number of pallid sturgeon captured by the 

gear.  Independent variables were classified into categories.  For gear, season, water 

temperature, depth, bottom water velocity, substrate, and mesohabitat I used a three-tier 

classification system based on gears (i.e., 1 = gill net, 2 = trammel net, and 3 = set line 

baited with earthworms); seasons (i.e., category 1 = Spring [April – May], 2 = Summer 

[June – August], and 3 = Fall [September – November]); water temperature (i.e., 1 = low 

[X < 10 °C], 2 = medium [10 °C ≤ X < 20 °C], and 3 = high [X ≥ 20 °C]); depth (i.e., 1 = 

shallow [X < 2.5 m], 2 = moderate [2.5 m ≤ X < 5 m], and 3 = deep [X ≥ 5 m]); bottom 

water velocities (i.e., 1 = low [X < 0.4 m/s), 2 = medium [0.4 m/s ≤ X < 0.8 m/s], and 3 = 

high [X ≥ 0.8 m/s]); substrate (i.e., 1 = mostly sand [sand > 75 %], 2 = sand and silt [sand 

and  ≥ 25 % silt], and 3 = sand and gravel [sand and  ≥ 25 % gravel]); and mesohabitats 

(i.e., 1 = CHNB, 2 = POOL, and 3 = ITIP).  I used a six-tier classification system for 

macrohabitats (i.e., 1 = OSB, 2 = ISB, 3 = CHXO, 4 = SCCL, 5 = BRAD, and 6 = all 

other macrohabitats [SCN, SCCS, CONF]).   

 Logistic regressions were performed to compare the probability of capturing a 

JPS for each year of sampling.  Gill nets were only deployed during the spring and fall 

seasons; therefore, I used a logistic regression to determine the probability of capturing a 

JPS between gill nets and trammel nets during the spring and fall.  A second logistic 

regression was used to compare gill nets and set lines during the same time period.  

Trammel nets and set lines were then compared throughout the sampling period.  Logistic 

regressions were then performed for each gear type to determine if there were any 
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favorable seasons or habitat conditions for capturing a JPS.  Finally, when significant 

differences were found among seasons or habitats, I again used logistic regressions to 

determine the probabilities of capture based on the various categories.  Based on the 

season and habitat categories, significant positive coefficients in the logistic regression 

model suggest an increased probability of capturing a JPS, whereas negative coefficients 

suggest a decrease in the probability of capturing a JPS.  All logistic regression models 

were run with a backward stepwise selection where all independent variables were put 

into the model and removed one at a time until only those that were significant were left.  

All logistic regressions were performed using Systat Version 8.0 (SPSS 1998) with 

significance determined at α = 0.05. 

 A Kolmogorov-Smirnov (K-S) test was used to compare cumulative length 

frequency distributions of juvenile pallid sturgeon captured among gears.   Additionally, 

a K-S test was used to compare length frequency distributions among five gill-net panels 

and between the two hook sizes for set lines.  Length frequency data for juvenile pallid 

sturgeon captured in 2003 and 2004 were combined to increase sample size.  The fork 

lengths (FL) were measured to the nearest mm for all pallid sturgeon captured.  The K-S 

analyses of length frequency distributions were performed with Number Cruncher 

Statistical Software (NCSS) 2000 (Hintze 1998).  In all comparisons, significance was 

determined at α = 0.05. 
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Results 

 All JPS captured were identified as hatchery-reared by a passive integrated 

transponder (PIT), elastomer, or by a dangler tag.  From April to May and October to 

November, a total of 104 overnight gill net sets was used in 2003 while 196 gill nets were 

used in 2004.   Eleven hatchery-reared juvenile pallid sturgeon (HRJPS) were collected in 

gill nets in 2003 and seven were caught in 2004.  Seven HRJPS were captured in the 

2.34-cm mesh, six in the 3.21-cm mesh, two in the 5.08-cm mesh, one in the 7.62-cm 

mesh, and two in the 10.16-cm mesh in 2003 and 2004 (combined) (Figure 3-1).   

 A total of 513 trammel nets was drifted from April to October in 2003 and 194 

trammel net drifts were conducted in April, May, July, and October in 2004.  Trammel 

nets collected 24 HRJPS in 2003 and 13 HRJPS in 2004.  One adult pallid sturgeon (143 

cm FL) was captured by a trammel net in June of 2003 near the confluence of Bazille 

Creek, Nebraska (1,350 rkm).  The adult pallid sturgeon was identified with a PIT tag as 

a brood fish that was collected in RPA 2, the reach of the Missouri River from Fort Peck 

Dam, Montana (2,847 rkm) to the head waters of Lake Sakakawea, North Dakota (2,493 

rkm) and includes the Yellowstone River (rkm 2,545) upstream 110 km to the mouth of 

the Tongue River.  This adult pallid sturgeon was one of nine brood fish that was released 

into RPA 3 after concerns of a potential iridovirus contamination at the Gavins Point 

NFH.  The adult pallid sturgeon was not included in further analyses.  An additional eight 

HRJPS were collected in trammel nets that were non-randomly drifted in areas known to 

hold pallid sturgeon.  The non-random samples were not used for CPUE or logistic 

regression comparisons, but were included in size structure analyses (Figure 3-2).  
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 From April to October of 2003, 736 set lines baited with earthworms and 224 set 

lines baited with leeches were used; 563 set lines baited with earthworms were used in 

April, May, July, and October of 2004.  From May to August 2003, 224 set lines baited 

with leeches did not capture any JPS while 302 setlines baited with earthworms that were 

fished next to set lines baited with leeches captured five HRJPS.  Set lines baited with 

earthworms collected a total of 16 HRJPS in 2003 and three HRJPS in 2004.  Thirteen 

HRJPS were captured on the 10/0 size hook compared to six on the 12/0 hook (Figure 3-

3).   

 No pallid sturgeon were collected in a total of 354 beam trawl tows from April to 

August of 2003 or in 161 tows in June, August, and October of 2004.  Additionally, no 

pallid sturgeon were collected from a total of 199 hoop net sets from April to September 

of 2003 or in 161 hoop net sets in April, May, July, and October of 2004.   

 The mean CPUE was low and CV was high for all gears in 2003 and 2004 across 

all months (Table 3-1).  Coefficient of variation ranged from 263 for trammel nets in 

August of 2003 to 1,630 for set lines in May of 2004.  The overall mean CPUE for gill 

nets was 0.105 HRJPS/net (SE = 0.041, range = 0 – 3, CV = 393) in 2003 and was 0.036 

fish/net (SE = 0.013, range = 0 – 1, CV = 521) in 2004.  The mean CPUE in 2003 was 

highest at 0.184 HRJPS/net (SE = 0.100, range = 0 – 3) in November and no HRJPS were 

captured in 20 nets in May (Figure 3-4).   The CV values were similar across all months 

in 2003 with the lowest at 324 in October and highest at 339 in April.  In 2004, the 

highest mean CPUE for gill nets was observed in October with 0.100 HRJPS/net (SE = 

0.069, range = 0 – 1) and again no HRJPS were captured in five nets in May (Figure 3-4).  
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Coefficient of variation was again lowest in October at 308 while the highest CV was 

more than twice as high at 670 in April of 2004.   

 The overall mean CPUE for trammel nets was 0.024 HRJPS/100 m (SE = 0.006, 

range = 0 – 1.97, CV = 597) in 2003 and was 0.029 HRJPS/100 m (SE = 0.009, range = 0 

– 0.84, CV = 413) in 2004.  In 2003, mean CPUE was highest in August at 0.135 

HRJPS/100 m (SE = 0.047, range = 0 – 1.97) and no HRJPS were captured in May in 45 

drifts or June in 117 drifts (Figure 3-5).  Coefficient of variation was lowest in August at 

263 and the highest CV was observed in July at 949 in 2003.  In 2004, the highest mean 

CPUE was found in April at 0.049 HRJPS/100 m (SE = 0.028, range = 0 – 0.85) and the 

lowest in July at 0.013 HRJPS/100 m (SE = 0.012, range = 0 – 0.45) (Figure 3-5).  The 

CV values were similar across the months with the lowest in October at 282 and the 

highest in May at 484 in 2004 (Table 3-1). 

 The overall mean CPUE for set lines baited with earthworms was 0.022 

HRJPS/set line (SE = 0.005, range = 0 – 1, CV = 671) in 2003 and was 0.005 HRJPS/set 

line (SE = 0.003, range = 0 – 1, CV = 1367) in 2004.  In 2003, the highest mean CPUE 

was 0.038 HRJPS/set line (SE = 0.015, range = 0 – 1) in October and no HRJPS were 

captured on 65 set lines in June (Figure 3-6).  The lowest CV was in October at 508 while 

the highest CV was in September at 854 in 2003.  In 2004, the highest mean CPUE was 

0.021 HRJPS/set line (SE = 0.021, range = 0 – 1) in April and no HRJPS were captured 

on 65 set lines in October (Figure 3-6).  The lowest CV was found in April at 692 while 

the highest CV was 1630 in May in 2004 (Table 3-1). 
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 The sample variance for HRJPS mean CPUE in the Monte Carlo bootstrap models 

declined exponentially as sample size increased for gill nets, trammel nets, and set lines 

(Figure 3-7).  Based on the variance of the mean CPUE in relation to the incremental 

sample sizes, I recommend a minimum sampling effort during each sample period of 110 

overnight sets for gill nets, 225 drifts of 100 m for trammel nets, and 450 overnight sets 

for set lines.  Theses minimums represent “conservative” sample sizes as they were 

selected at units of effort that clearly were past the inflection point on the variance plots.  

The 90% confidence bands converged exponentially on the sample means as sample size 

increased (Figure 3-8).    

 Fort Randall Dam acts as a sediment trap, releasing water with low turbidity.  

Therefore, no statistical analysis was conducted for turbidity because of the low levels in 

2003 and 2004.  Mean turbidity was 10.3 NTU (SE = 0.4) in 2003 and 11.8 NTU (SE = 

0.8) in 2004.  

 For each gear, HRJPS captures were nearly proportionate to the number of gill net 

(Table 3-2), trammel net (Table 3-3), and set line (Table 3-4) samples taken in each 

season and habitat category.  The proportion of available habitats was not measured 

during this research.  However, significant differences in the probability of capturing a 

HRJPS were found among the depths at which trammel nets (χ2 = 18.04, df = 1, P < 

0.001) were deployed in 2003.  The logistic regression model p = - 5.743 + 1.806(depth 

category) correctly predicts if a HRJPS will be captured by drifting trammel nets about 

81.7% of the time in 2003 (Figure 3-9).  However, in 2004, there were no significant 

differences found in the probability of capturing a HRJPS among seasons or habitat 
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categories with trammel nets (χ2 = 7.95, df = 7, P = 0.337).  There were no significant 

differences in the probability of capturing a HRJPS among season or habitat categories 

with gill nets in 2003 (χ2 = 8.88, df = 7, P = 0.261) or in 2004 (χ2 = 6.46, df = 7, P = 

0.487) or with set lines in 2003 (χ2 = 2.26, df = 7, P = 0.944) or in 2004 (χ2 = 3.40, df = 7, 

P = 0.846).  In 2003, there were no differences in the probability of capturing a HRJPS 

between gill nets and trammel nets (χ2 = 2.39, df = 1, P = 0.122), gill nets and set lines (χ2 

= 3.67, df = 1, P = 0.055), or trammel nets and set lines (χ2 = 3.09, df = 1, P = 0.079).  In 

2004, there were no differences in the probability of capturing a HRJPS between gill nets 

and trammel nets (χ2 = 1.41, df = 1, P = 0.235).  However, set lines were less likely to 

capture a HRJPS compared with gill nets (χ2 = 7.53, df = 1, P = 0.006) and trammel nets 

(χ2 = 20.18, df = 1, P < 0.001) in 2004.  

  No significant differences were found in length frequency distributions of HRJPS 

captured between gill nets and trammel nets (K-S, P = 0.280), gill nets and set lines (K-S, 

P = 0.528), and trammel nets and set lines (K-S, P = 0.275), even though it appeared that 

a greater proportion of shorter HRJPS were captured by trammel nets (Figure 3-2).   No 

significant differences were found in length frequency distributions among gill net panels 

(K-S, P ≥ 0.167) or between set line hook sizes (K-S, P = 0.553) (Table 3-5).  However, a 

general increase in mean fork length was observed as gill net mesh size increased (Figure 

3-1).  The opposite was observed for set line hook size as the mean fork length was 

longer for the smaller 10/0 hook compared to the 12/0 hook (Figure 3-3).   
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Discussion 

 Mean CPUE of HRJPS was very low for gill nets, trammel nets, and set lines and 

no HRJPS were captured by beam trawling or by hoop nets.  The low catches, a direct 

result of low population abundance, led to high variability in CPUE for gill nets, trammel 

nets, and set lines.  Even though I knew the number of HRJPS initially stocked into the 

Missouri River below Fort Randall Dam, at this time mortality is not known for those 

fish, and therefore it is not possible to determine if the nets caught fish in proportion to 

their abundance.  By 2004, there were 2,161 HRJPS stocked into the 111 km stretch of 

the Missouri River between Fort Randall and Gavins Point Dam.  Even if I assumed no 

mortality, immigration, or emigration, which is unlikely, there would only be 19.5 

HRJPS/rkm.  The Missouri River below Fort Randall Dam has a diversity of habitats as 

the main channel meanders across a wide floodplain with side channels connecting many 

backwater areas, making it difficult to capture HRJPS that are relatively low in 

abundance.  However, trends in mean CPUE of HRJPS in RPA 3 can now be compared 

to the baseline data I have collected for HRJPS captured with standardized gill nets, 

trammel nets, and set lines. 

 Seasonal variability in CPUE can be attributed to changes in fish behavior, 

physiology, and environmental factors such as changes in temperature, dissolved oxygen 

turbidity, food supplies, and photoperiod (Pope and Willis 1996).  In 2003 and 2004, a 

seasonal pattern was evident during the spring as mean CPUE of HRJPS for gill nets 

declined from April to May in both years.  However, during the fall the mean CPUE 

decreased from October to November in 2003 and increased from October to November 
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in 2004.  Although catches were low, the relative precision of mean CPUE was the 

greatest for gill nets in October in both years, which thus may be the best time to sample 

for HRJPS with gill nets.  In 2003, there appears to be a bimodal pattern in set line mean 

CPUE as April and May had similar mean CPUE with no HRJPS captured in June 

followed by a general increase in mean CPUE from July through October.  However, in 

2004, mean CPUE was highest in April and then decreased in May where it remained low 

throughout the remainder of the year.  The relative precision of the mean CPUE in set 

lines were similar in April during both years of sampling and may be the best time of 

year to sample HRJPS.  Bimodal seasonal patterns in mean CPUE with spring and fall 

peaks have been found in many lentic fish populations (Pope and Willis 1996) and in 

some lotic species in the Missouri River below Fort Randall Dam (Jordan and Willis 

2001).  In both 2003 and 2004, there was evidence of a bimodal pattern in trammel net 

mean CPUE as there was a peak in April followed by a decline into May and June and 

then a general increase in mean CPUE through October.  Although the highest mean 

CPUE was in August of 2003, one of the bends that was randomly selected happened to 

be one of the deepest bends in segment 5 and another bend that was randomly selected 

also was one of the deepest in segment 6, all of which may have a contributed to a high 

mean CPUE with no relation to season.  Unfortunately, no trammel netting was 

conducted in August of 2004, so I cannot be confident that August will typically display a 

peak in mean CPUE.  The relative precision of the mean CPUE in trammel nets was 

similar for both years in April which may be the best time to sample for HRJPS with 

trammel nets.  With an increase in the abundance of JPS, either naturally or through 
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stocking programs, further investigation is needed to verify the seasonal trends I have 

found within each sampling gear. 

 Using logistic regressions, I did find that the probability of capturing a HRJPS 

with trammel nets increased with increasing depth of the river in 2003.  This is not 

surprising as Jordan et al. (in review) reported that HRJPS were located in the main 

channel of RPA 3 at relative depths > 80% of the available depths.  Similarly, Gerrity 

(2005) reported that HRJPS were in 73% - 83% of the maximum cross section depth and 

89% - 91% of the maximum longitudinal depth.  However, I did not find significant 

differences in the probability of capturing a HRJPS among depth categories with trammel 

nets in 2004 or with gill nets and set lines in 2003 or 2004.  The low number of HRJPS 

captures made it difficult to detect any differences in the probabilities of being captured 

in the various habitat categories.  Also, I did not measure the habitat available to HRJPS 

and only a relatively few number of gear deployments were in the deep (> 5 m) reaches 

of the Missouri River.  Therefore, the logistic model for trammel nets in 2003 should be 

further investigated to verify my logistic model.   

 Because of the high number of zero catches of HRJPS in gill nets, trammel nets, 

and set lines, a normal approximation of the minimum sampling effort required for a 

reliable index of HRJPS mean CPUE was not appropriate.  Bootstrapping is commonly 

used to estimate population variances in the absence of conventional parametric 

estimation assumptions (Noreen 1989).  Bootstrapping has been used to calculate the 

sample size required to develop standard weight (Ws) equations (Brown and Murphy 

1996) and to evaluate fish population size structure (Vokoun et al. 2001).  Bootstrapping 

 



 
 

29

procedures using resampling with replacement from my mean CPUE data provided a 

valid approach to establishing a minimum sampling effort for HRJPS mean CPUE in 

RPA 3.  However, based on the high variability in my mean CPUE data, annual point 

estimates of relative abundance are not adequate to detect changes in the abundance of 

HRJPS.  A decline or increase in mean CPUE from one year to the next may cause a 

concern for fisheries biologist, but we cannot be certain that it actually indicates that 

there is an increase or decrease in relative abundance.  However, if the trends of 

increasing or decreasing mean CPUE continue over the long term, then management 

actions may be justified.  Additionally, as the stocking program for pallid sturgeon 

continues, there should be a continued increase in the abundance of HRJPS, which should 

result in an increase in mean CPUE and may reduce sampling variance. 

 Passive gill nets have been used to capture adult pallid sturgeon in the Missouri 

River (Erickson 1992).  Despite the low abundance of HRJPS, I found that gill nets were 

effective for capturing HRJPS even though the CV for mean CPUE was high.  Because of 

low sample size, significant differences in the effectiveness of gill nets to capture HRJPS 

among habitats and season were difficult to detect in 2003 and 2004.  However, there 

were some trends found as a high proportion of HRJPS were captured in bottom water 

velocities less than 0.4 m/s, when water temperatures were less than 10 ΕC, and in the 

inside bends of the river compared to the proportion of gill nets set in other habitats.  

Insides bends generally have lower water velocities so it is possible that the gill nets 

fished more effectively in the lower water velocities.     

 



 
 

30

 Gill nets were easily set in most areas of the Missouri River.  However, in areas of 

the Missouri River where bottom water velocities exceeded 0.8 m/s, gill nets were 

difficult to anchor to the sandy substrate.  Large woody substrate was also carried by the 

swift current of the river and destroyed nets as woody substrate rolled through them.  

Large amounts of detritus would collect on the gill nets making them less effective in 

capturing fish.  Another disadvantage of gill nets was that they could only be set when 

the river water temperatures remained below 12 ΕC in early spring and late fall, based on 

the perception that sampling at low temperatures would reduce the potential for killing 

pallid sturgeon (USFWS 2002).  Environmental conditions in South Dakota during the 

spring and fall makes sampling with gill nets difficult.  Air temperatures were commonly 

below freezing and ice cover on the river made sampling impossible.  Currently, there is 

limited information available on the effects of gill nets on captured pallid sturgeon.  

Future research is needed to investigate stress levels and the potential for delayed 

mortality of pallid sturgeon captured in passive gill nets at various water temperatures.     

 Drifting trammel nets also is a common technique to capture adult pallid sturgeon 

(Carlson et al. 1985; Tews 1994; Bramblett and White 2001; Berry et al. 2004) and 

HRJPS (Gerrity 2005) in the Missouri River.  Due to the low abundance of HRJPS in 

RPA 3, mean CPUE was low with associated low precision.  Some trends were found as 

a higher proportion of HRJPS were captured over sandy substrate compared to areas with 

more gravel or silt.   Trammel nets likely drift more effectively over sandy substrate 

compared to areas with silt that are usually associated with pools and woody debris and 

gravel substrate would be captured in the net slowing the drifting speed of the net.  In 
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2004, there were no HRJPS captured in the inside bends while the majority of HRJPS 

captures for passive gill nets were in the inside bends.  Trammel nets likely were not 

effectively fishing in the lower water velocities associated with inside bends. 

 I found that drifting trammel nets was an effective method to capture HRJPS.  In 

two years of sampling, drifted trammel nets collected as many HRJPS as all other gears 

combined.  However, drifting trammel nets in areas of the river with little flow, such as 

sandbar pools and backwater areas or when releases from Fort Randall Dam were low, 

was difficult or impossible.  Where low flows were encountered, small woody substrate 

would inhibit the trammel net from drifting and reduce the effectiveness of this gear.  In 

these low flow areas, gill nets and set lines could be effectively fished.  On nearly every 

trammel net drift, large woody substrate would be collected in the net before the target of 

300 m could be completed.   Many times the large woody substrate could be dislodged 

from the bottom of the Missouri River but would effectively reduce the speed at which 

the net drifted.  

 Set lines and trot lines have been successfully used to capture adult pallid 

sturgeon (Carlson et al. 1985; Erickson 1992) and HRJPS (Gerrity 2005) in the Missouri 

River.  I found that set lines were effective in capturing HRJPS even though the CV for 

mean CPUE was extremely high and the probability of capturing a HRJPS was lower 

than gill nets and trammel nets.  Set lines were easily deployed in most areas of the 

Missouri River including backwater areas, behind snags, pools, and in the main channel.  

However, in areas of the Missouri River where bottom water velocities exceeded 0.8 m/s, 

it was difficult to keep the set line anchored to the sandy substrate.  Also in high flows, 
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the drag on the float and line connecting the float to the anchor would pull the float under 

water, making it difficult to retrieve, especially in turbid water.   Larger floats made 

retrieving the set lines easier, but drag was greater making anchoring to the sandy 

substrate even more difficult.  Although no significant differences were found in the 

probability of capturing a HRJPS among seasons, it appeared that more fish, including 

shovelnose sturgeon, were captured in the spring and fall.  Set lines rarely had any 

earthworms remaining on the hook during the summer months when retrieved.  Either 

small fish or benthic invertebrates were removing the bait before sturgeon could be 

captured on the set line.  When water temperatures were colder, there was often bait 

remaining on the hook when the set line was retrieved.    Only two smallmouth buffalo 

Ictiobus bubalus were captured when set lines were baited with leeches.  Earthworms 

were large enough to cover most the hook while leeches left most of the hook exposed.  It 

also appeared that leeches were easier to remove from the hooks, therefore allowing fish 

to prey on the leeches without actually being captured on the set line.   All sturgeon 

captured on set lines were released relatively unharmed and did not show signs of stress 

with only a small puncture hole in the mouth. 

 No significant differences were found in length frequency distributions of HRJPS 

captured among gill nets, trammel nets, and set lines, but low sample sizes created low 

power for such analyses.  A substantial number of HRJPS < 400 mm were captured in 

drifted trammel nets compared to gill nets and set lines.  The scutes and rostrum on 

HRJPS made them very susceptible to entanglement in the mesh of a trammel net.  There 

were no significant differences in the length frequency distributions of HRJPS captured 
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among gill net panels but sample sizes again were low.  There was a general increase in 

length as the size of the gill net mesh increased.  The slender body form of HRJPS likely 

allowed small fish to pass through the larger gill net panels. I did not find any significant 

differences in the length frequency distribution of HRJPS captured between the 10/0 and 

12/0 Mustad Tuna Circle hooks.  Circle hooks are designed to hook the corner of the 

mouth as the fish pulls without the hook being swallowed.  Because of the circle hook 

design, further research is needed to investigate effectiveness of capturing HRJPS with 

smaller hooks.  Smaller hooks may have more bycatch, but will likely capture more 

smaller HRJPS while still capturing larger pallid sturgeon. 

 I did not capture any pallid sturgeon while towing the beam trawl in the Missouri 

River below Fort Randall Dam.  Both the beam trawl with the “ace” mesh (2003) and 

nylon twine mesh (2004) were ineffective at capturing pallid sturgeon.  In addition, I used 

both of these trawls at similar times of the year and at the same locations as gill nets, 

trammel nets, and set lines that did capture HRJPS.  I found that these two beam trawls 

were ineffective at capturing any substantial numbers of any species of fish in any 

season.  In shallow water, the jet wash from the engine of the boat while towing the beam 

trawl may frighten or wash away the fish from the effective capture area.  I did attempt to 

drive the boat down river in an S-pattern to avoid this problem.  However, my catch rates 

did not improve while towing the beam trawl in an S-pattern.  With an inner bar mesh of 

0.32 cm, the head pressure in front of the beam trawl may have forced fish out of the 

effective capture area and allowed fish to escape before entering the cod end of the net.  

However, the Nebraska Game and Parks Commission (NGPC) captured a 740 mm 
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HRJPS below Fort Randall Dam in October 2002 with a similar beam trawl with a 1.58 

cm outer mesh of and a 0.32 cm inner mesh (NGPC 2002).  This HRJPS was captured in 

a deep water pump hole known to hold HRJPS (Jordan et al. in review).  I towed the 

beam trawl through this same pump hole in 2003 and 2004, but never captured any 

HRJPS.  Berry et al. (2004) captured two pallid sturgeon that were both 276 mm in length 

in 1998 in the Yellowstone River, Montana and Gerrity (2005) also captured one HRJPS 

in the Missouri River above Fort Peck Dam, Montana using a beam trawl that had similar 

dimensions to my beam trawl design.  The Yellowstone River and the Missouri River 

above Fort Peck Dam are considered more natural river systems with shifting sand bars 

and higher turbidities compared to areas on the Missouri River below main stem dams 

(Galat et al. 2001).  The background noise of shifting sediment and low visibility due to 

high turbidity may make fish more vulnerable to capture by a towed beam trawl. 

 Hoop nets could be fished in all habitats of the river and were effective in 

capturing some benthic fishes (i.e., channel catfish Ictalurus punctatus, river carpsucker 

Carpiodes carpio, smallmouth buffalo, and blue suckers Cycleptus elongatus) at various 

seasons of the year, but no HRJPS were captured.  Two shovelnose sturgeon were 

captured in each year of sampling with hoop nets even though Gerrity (2005) found that 

HRJPS and adult shovelnose sturgeon used similar river depths, column velocities, 

selected for main channel habitats, and avoided secondary channels in the Missouri River 

above Fort Peck Dam. 

 I did not calculate the number of worker hours to capture a HRJPS for each gear 

or the number of gears lost or destroyed.  However, set lines were relatively inexpensive 
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at US$10 for each set line and were easily constructed and deployed.  Set lines were 

rarely lost or destroyed.   Thirty set lines could be deployed in 1 h before sundown and 

easily retrieved in 1 h the following morning by one crew which consisted of two people.   

 Depending on the velocity of the river or the amount of woody substrate in the 

river, the number of trammel nets deployed during a day varied from 10 to 20 in an 8-h 

period by one crew of two workers.   One or two trammel nets were destroyed or severely 

damaged on a daily basis.  Trammel nets were not expensive at US$220 per net, but 

many were destroyed in one season and many hours were spent repairing nets.   

 During the spring and fall, 16 gill nets could be deployed and retrieved in one day 

by a crew of two workers.  Gill nets were not expensive at US$250 per net and were only 

occasionally destroyed by large woody substrate that rolled through the nets; some gill 

nets were also buried by shifting sandbars.  However, many worker hours were spent 

cleaning nets because the multifilament mesh collected large amounts of detritus and 

small and large woody substrate in an overnight set.  Monofilament gill nets are generally 

easier to clean and would save a substantial amount of time in cleaning compared to 

multifilament gill nets.  Future research should be conducted to compare multi- and 

monofilament gill net catch rates and fish mortality rates by twine type.      

 Although no HRJPS were captured with hoop nets, other benthic fishes were 

collected in abundance at different times of the year.  Hoop nets were easily deployed and 

only two were buried and destroyed by shifting sand bars at a cost of US$180 each.  

Typically, one crew of two workers could set eight hoop nets in approximately 0.5 h and 

be retrieved in 1 h the following day.   
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 Beam trawling required a crew of three workers and approximately 24 tows could 

be completed during an 8-h period.  Typically, at least one trawl was destroyed or needed 

a major repair each day of sampling because of snagging large woody substrate.  Beam 

trawls, including the steel frame cost US$300 each.  However I found the largest 

expenses related to trawling to be the fuel cost of running an inboard jet propulsion 

driven, 8 m boat compared to the other sampling gears that were deployed from 6 m 

boats with two or four stroke outboard engines. 

 Although my catches of HRJPS were low, trends were found for the various gears 

among seasons and habitats.  Drifted trammel nets collected as many HRJPS as all other 

gears combined.  Trammel nets were most effective over sandy substrate and in the 

outside bends, which are generally deeper with higher water velocities.  The relative 

precision of the mean CPUE was consistently higher in April.  Gill nets effectively 

captured HRJPS in the inside bends which are associated with low water velocities and a 

higher relative precision of mean CPUE was found in October.  Set lines also effectively 

captured HRJPS in lower water velocities and during April when the relative precision of 

the mean CPUE was consistently higher.  There were no significant differences found in 

the length frequency distributions among trammel nets, gill nets, and set lines.  However, 

there were a greater number of HRJPS captured in the smaller gill net mesh (≤ 3.81 cm 

bar mesh) and HRJPS captured in the larger mesh sizes (≥ 5.08 cm bar mesh) were 

generally longer.  A greater number and longer HRJPS were captured on the 10/0 circle 

hook compared to the 12/0 circle hook on set lines. 
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Table 3-1.  Summary of catch statistics for gill nets, set lines baited with earthworms, and 
trammel nets that sampled for juvenile pallid sturgeon (JPS) in the Missouri River below 
Fort Randall Dam, South Dakota in 2003 and 2004.  Sampling effort (n) is the number of 
overnight sets for gill nets and set lines baited with earthworms and the number of 
trammel net drifts.  Mean catch per unit effort (CPUE) is the number of fish/overnight set 
for gill nets and set lines and number of fish/100 m drift for trammel nets.  The 
coefficient of variation (CV = 100 X SD/mean) represents the relative precision for each 
gear.    
 

 Gill nets  Trammel nets  Set lines Year 
and 

month 
 

n 
Mean 
CPUE SD CV  n 

Mean 
CPUE SD CV  n 

Mean 
CPUE SD CV 

2003                
   Apr  24 0.083 0.282 339  50 0.028 0.119 432  127 0.024 0.152 645 
   May  20 0 0 0  43 0 0 0  38 0.026 0.162 616 
   Jun       117 0 0 0  65 0 0 0 
   Jul       90 0.011 0.105 949  100 0.020 0.141 704 
   Aug       58 0.135 0.356 263  99 0.020 0.141 700 
   Sep       75 0.010 0.061 612  147 0.014 0.116 854 
   Oct  22 0.091 0.294 324  80 0.014 0.072 517  160 0.038 0.191 508 
   Nov  38 0.184 0.609 330           
                
2004                
   Apr  91 0.022 0.147 670  41 0.049 0.182 374  48 0.021 0.144 692 
   May  5 0 0 0  67 0.018 0.089 484  266 0.004 0.061 1630 
   Jun                
   Jul       69 0.025 0.013 406  174 0.006 0.076 1319 
   Aug                
   Sep                
   Oct  20 0.100 0.308 308  17 0.039 0.111 282  75 0 0 0 
   Nov  80 0.038 0.191 510           
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Table 3-2.  Number (n) and proportion (P) of gill net sets and juvenile pallid sturgeon 
(JPS) captured in each season and where habitat variables were measured in 2003 and 
2004 in the Missouri River below Fort Randall Dam, South Dakota.   
 
 

2003  2004 

Category 
n of 
sets P of sets 

n of 
JPS 

P of JPS 
captured  

n of 
sets P of sets 

n of 
JPS 

P of JPS 
captured 

          
Depth          
      < 2.5 m 18 17.8 0 0.0  70 35.9 4 57.1 
      2.5 m ≤ X < 5 m 69 68.3 9 81.8  102 52.3 3 42.9 
      ≥ 5 m 14 13.9 2 18.1  23 11.8 0 0.0 
          
Substrate          
     Sand > 75 % 41 91.1 9 90.0  59 79.7 5 83.3 
     Sand and  ≥ 25 % silt 3 6.7 1 10.0  12 16.2 1 16.7 
    Sand and  ≥ 25 % gravel 1 2.2 0 0.0  3 4.1 0 0.0 
          
Bottom velocity          
     < 0.4 m/s 18 40.0 4 40.0  39 55.7 5 83.3 
     0.4 m/s ≤ X < 0.8 m/s 27 60.0 6 60.0  25 35.7 1 16.7 
     ≥ 0.8 m/s 0 0.0 0 0.0  6 8.6 0 0.0 
          
Season          
     Spring (Apr – May) 44 42.3 2 18.2  96 49.0 2 28.6 
     Summer (Jun – Aug) 0 0 0 0.0  0 0.0 0 0.0 
     Fall (Sep – Nov) 60 57.7 9 81.8  100 51.0 5 71.4 
          
Temperature          
     < 10 °C 71 68.3 9 81.8  92 46.9 5 71.4 
     10 °C ≤ X < 20 °C 33 31.7 2 18.2  104 53.1 2 28.6 
     ≥ 20 °C 0 0.0 0 0.0  0 0.0 0 0.0 
          
Macrohabitat          
     Outside bend 39 37.5 5 45.5  59 31.6 1 14.3 
     Inside bend 42 40.4 5 45.5  63 33.7 3 42.8 
     Channel crossover 7 6.7 1 9.0  44 23.5 2 28.6 
     Large secondary channel 16 15.4 0 0.0  15 8.0 1 14.3 
     Braided channel 0 0.0 0 0.0  6 3.2 0 0.0 
               
Mesohabitat          
     Channel border 71 68.3 7 63.6  174 88.8 6 85.7 
     Pool 26 25.0 2 18.2  21 10.7 1 14.3 
     Island tip 7 6.7 2 18.2  1 0.5 0 0.0 
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Table 3-3.  Number (n) and proportion (P) of trammel net drifts and juvenile pallid 
sturgeon (JPS) captured in each season and where habitat variables were measured in 
2003 and 2004 in the Missouri River below Fort Randall Dam, South Dakota.   
 
 

2003  2004 

Category 
n of 

drifts P of sets 
n of 
JPS 

P of JPS 
captured  

n of 
drifts P of sets 

n of 
JPS 

P of JPS 
captured 

          
Depth          
      < 2.5 m 42 26.1 3 12.5  50 26.3 4 30.8 
      2.5 m ≤ X < 5 m 98 60.9 7 29.2  128 67.4 9 69.2 
      ≥ 5 m 21 13.0 14 58.3  12 6.3 0 0.0 
          
Substrate          
     Sand > 75 % 122 88.4 24 100.0  76 92.6 13 100.0 
     Sand and  ≥ 25 % silt 11 8.0 0 0.0  3 3.7 0 0.0 
     Sand and  ≥ 25 % gravel 5 3.6 0 0.0  3 3.7 0 0.0 
          
Bottom velocity          
     < 0.4 m/s 39 24.7 9 37.5  29 36.7 6 46.2 
     0.4 m/s ≤ X < 0.8 m/s 98 62.0 14 58.3  41 51.9 7 53.8 
     ≥ 0.8 m/s 21 13.3 1 4.2  9 11.4 0 0.0 
          
Season          
     Spring (Apr – May) 95 18.4 3 12.5  106 55.5 7 53.8 
     Summer (Jun – Aug) 266 51.6 16 66.7  68 35.6 4 30.8 
     Fall (Sep – Nov) 155 30.0 5 20.8  17 8.9 2 15.4 
          
Temperature          
     < 10 °C 63 12.2 3 12.5  39 20.4 4 30.8 
     10 °C ≤ X < 20 °C 278 53.9 3 12.5  91 47.6 7 53.8 
     ≥ 20 °C 175 33.9 18 75.0  61 32.0 2 15.4 
          
Macrohabitat          
     Outside bend 156 30.5 12 50.0  50 26.2 5 38.4 
     Inside bend 132 25.8 5 20.8  40 20.9 0 0.0 
     Channel crossover 122 23.9 2 8.4  46 24.1 3 23.1 
     Large secondary channel 101 19.8 5 20.8  14 7.3 3 23.1 
     Braided channel 0 0.0 0 0.0  41 21.5 2 15.4 
               
Mesohabitat          
     Channel border 479 92.8 23 95.8  184 96.3 12 92.3 
     Pool 9 1.8 0 0.0  7 3.7 1 7.7 
     Island tip 28 5.4 1 4.2  0 0.0 0 0.0 
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Table 3-4.  Number (n) and proportion (P) of set line sets and juvenile pallid sturgeon 
(JPS) captured in each season and where habitat variables were measured in 2003 and 
2004 in the Missouri River below Fort Randall Dam, South Dakota.  
 

2003  2004 

Category 
n of 
sets P of sets 

n of 
JPS 

P of JPS 
captured  

n of 
sets P of sets 

n of 
JPS 

P of JPS 
captured 

          
Depth          
      < 2.5 m 154 20.9 2 12.5  163 29.1 0 0.0 
      2.5 m ≤ X < 5 m 489 66.4 12 75.0  285 50.9 3 100.0 
      ≥ 5 m 93 12.6 2 12.5  112 20.0 0 0.0 
          
Substrate          
     Sand > 75 % 142 76.8 13 81.2  373 66.3 3 100.0 
     Sand and  ≥ 25 % silt 34 18.4 3 18.8  65 11.6 0 0.0 
     Sand and  ≥ 25 % gravel 9 4.9 0 0.0  22 3.9 0 0.0 
          
Bottom velocity          
     < 0.4 m/s 74 36.8 5 31.2  198 42.7 1 33.3 
     0.4 m/s ≤ X < 0.8 m/s 109 54.2 11 68.8  239 51.5 2 66.7 
     ≥ 0.8 m/s 18 9.0 0 0.0  27 5.8 0 0.0 
          
Season          
     Spring (Apr – May) 192 20.0 4 25.0  314 55.8 2 66.7 
     Summer (Jun – Aug) 461 48.0 4 25.0  174 30.9 1 33.3 
     Fall (Sep – Nov) 307 32.0 8 50.0  75 13.3 0 0.0 
          
Temperature          
     < 10 °C 165 17.2 3 18.8  48 8.5 1 33.3 
     10 °C ≤ X < 20 °C 454 47.3 8 50.0  341 60.6 1 33.3 
     ≥ 20 °C 341 35.5 5 31.2  174 30.9 1 33.3 
          
Macrohabitat          
     Outside bend 256 26.9 7 43.8  154 27.6 1 33.3 
     Inside bend 313 32.8 4 25.0  135 24.2 0 0.0 
     Channel crossover 159 16.7 2 12.5  136 24.4 1 33.3 
     Large secondary channel 225 23.6 3 18.8  51 9.2 1 33.3 
     Braided channel 0 0.0 0 0.0  81 14.5 0 0.0 
               
Mesohabitat          
     Channel border 739 77.0 14 87.5  510 90.6 3 100.0 
     Pool 165 17.2 2 12.5  53 9.4 0 0.0 
     Island tip 56 5.8 0 0.0  0 0.0 0 0.0 
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Table 3-5.  Number (n), mean fork length (FL), standard error (SE) and fork length range 
of hatchery-reared juvenile pallid sturgeon (HRJPS) captured in the Missouri River 
below Fort Randall Dam, South Dakota by trammel nets, gill nets with five different 
mesh sizes, and set lines with two different hook sizes.  
 
 

Gear n Mean FL (mm) SE Range (mm) 

     
Trammel net 45 552.8 18.92 324 - 706 
     
Gill net 18 584.4 21.30 355 - 760 
     2.54 cm mesh 7 546.0 35.84 355 – 665 
     3.81 cm mesh 6 568.2 30.95 457 – 680 
     5.08 cm mesh 2 625.5 44.50 581 - 670 
     7.62 cm mesh 1 760 0 760 
     10.16 cm mesh 2 638.5 11.50 627 - 650 
     
Set line 19 598.4 18.83 400 - 700 
     10/0 13 611.8 23.20 400 - 700 
     12/0 6 569.3 31.57 448 - 641 
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Figure 3-1.  Fork length frequencies (2-cm length groups) of hatchery-reared juvenile 
pallid sturgeon (HRJPS) collected in the Missouri River below Fort Randall Dam, South 
Dakota in experimental gill nets with five panels of different bar mesh sizes during April 
– May and October – November of 2003 and 2004 (combined).  Sample size (n) is the 
total number of HRJPS collected by each bar mesh size. 
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Figure 3-2.  Fork length frequencies (2-cm length groups) of hatchery-reared juvenile 
pallid sturgeon (HRJPS) collected in the Missouri River below Fort Randall Dam, South 
Dakota with trammel nets (top), gill nets (middle), and set lines (bottom) during April – 
November 2003 and 2004 (combined).  Sample size (n) is the total number of HRJPS 
collected by each gear. 
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Figure 3-3.  Fork length frequencies (2-cm length groups) of hatchery-reared juvenile 
pallid sturgeon (HRJPS) collected in the Missouri River below Fort Randall Dam, South 
Dakota with set lines baited with earthworms on 10/0 (top) and 12/0 (bottom) size 
Mustad Tuna Circle hooks in 2003 and 2004 (combined).  Sample size (n) is the total 
number of HRJPS collected by each hook. 
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Figure 3-4.  Monthly mean catch per unit effort (CPUE) and standard error bars for 
hatchery-reared juvenile pallid sturgeon (HRJPS) captured with gill nets in the Missouri 
River below Fort Randall Dam, South Dakota in 2003 and 2004.  Mean CPUE for gill 
nets was calculated as HRJPS/overnight set. 
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Figure 3-5.  Monthly mean catch per unit effort (CPUE) and standard error bars for 
hatchery-reared juvenile pallid sturgeon (HRJPS) captured with trammel nets in the 
Missouri River below Fort Randall Dam, South Dakota in 2003 and 2004.  Mean CPUE 
for trammel nets was calculated as HRJPS/100 m drift. 
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Figure 3-6.  Monthly mean catch per unit effort (CPUE) and standard error bars for 
hatchery-reared juvenile pallid sturgeon (HRJPS) captured with set lines baited with 
earthworms in the Missouri River below Fort Randall Dam, South Dakota in 2003 and 
2004.  Mean CPUE for set lines was calculated as HRJPS/overnight set line set. 
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Figure 3-7.  Variance of mean CPUE in relation to incremental sample sizes from the 
Monte Carlo bootstrap models for gill nets, trammel nets, and set lines.   
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Figure 3-8.  Sample means (open circles) from simulation analyses with 90% confidence 
bands (filled circles) represents the 5th and 95th percentiles of mean estimates for gill nets, 
trammel nets, and set lines.  
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Figure 3-9.  Results of the logistic regression plotting the probability of capturing a 
hatchery-reared juvenile pallid sturgeon (HRJPS) by drifting trammel nets at three depth 
categories (i.e., 1 = shallow [X < 2.5 m], 2 = moderate [2.5 m ≤ X < 5 m], and 3 = deep 
[X > 5 m]) in the Missouri River below Fort Randall Dam, South Dakota in 2003. 
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Chapter 4.  

Growth and condition of hatchery-reared juvenile pallid sturgeon and condition of 

shovelnose sturgeon in the Missouri River below Fort Randall Dam, South Dakota 

 

Introduction 

 The pallid sturgeon was listed as a federally endangered species in 1990 (Dryer 

and Sandvol 1993).  The shovelnose sturgeon has also experienced a decline in overall 

abundance (Keenlyne 1997).  To the detriment of both the pallid and shovelnose 

sturgeon, substantial habitat alterations have occurred on the Missouri River.   Six 

mainstem dams have removed riverine habitat and channelization has straightened the 

river, degraded the channel, removed oxbows, and drained backwater areas.  Banks were 

stabilized by rip rap, and snags have been removed. 

The Missouri River below Fort Randall Dam, South Dakota has been listed as one 

of six recovery priority areas for pallid sturgeon based on suitable habitat diversity (Dryer 

and Sandvol 1993).  Although the flows out of Fort Randall Dam fluctuate widely, both 

daily and seasonally, this stretch of the river retains many natural riverine characteristics 

including backwater areas, islands, sandbar pools, and an abundance of coarse woody 

substrate.  For this reason, the U. S. Fish and Wildlife Service initiated a pallid sturgeon 

stocking program in 2000 for RPA 3 (Bollig 2000). 

The UBPSWG made the evaluation HRJPS in the Missouri River one of its 

research priorities.  State and federal agencies are cooperating with the U. S. Army Corps 

of Engineers in a long-term pallid sturgeon and fish community assessment for the 
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Missouri River and evaluation of sturgeon populations is one of the primary goals 

(Drobish 2005).  The shovelnose sturgeon is closely related to the endangered pallid 

sturgeon and may represent a surrogate species for researchers.     

The objectives of this study were to evaluate the growth and condition of HRJPS 

in RPA 3.  Analysis of growth and condition of HRJPS will be used as a tool to evaluate 

the suitability of RPA 3 as a suitable area for continued stocking efforts and river 

management decisions.  Another objective this study is to evaluate the condition of 

shovelnose sturgeon in RPA 3.  As a surrogate species to the pallid sturgeon, the more 

abundant shovelnose sturgeon may assist in the understanding of the biology of pallid 

sturgeon and the suitability of this reach of the Missouri River as a recovery priority area.    

 

Methods 

 Hatchery-reared juvenile pallid sturgeon and adult shovelnose sturgeon were 

collected using a variety of techniques, including drifting trammel nets, passive gill nets, 

hoop nets, set lines, and towing a beam trawl.  Sampling took place from April through 

November in both 2003 and 2004 in the Missouri River below Fort Randall Dam to the 

headwaters of Lewis and Clark Lake near Springfield, South Dakota and Santee, 

Nebraska.  The pallid and shovelnose sturgeon collected in this study are part of a long-

term pallid sturgeon and fish community assessment for the Missouri River (Drobish 

2005).  All sturgeon were measured for fork length (FL) to the nearest millimeter and 

weighed to the nearest gram.  Because of the difficulty in determining sex in the field, I 

did not distinguish between male and female sturgeon. 
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Juvenile Pallid Sturgeon 

The U.S. Fish and Wildlife Service initiated a pallid sturgeon stocking program in 

2000 for RPA 3 (Bollig 2000).  A total of 2,161 pallid sturgeon from six year classes 

have been stocked from 2000 to 2004 (Table 4-1).  Before being released in the Missouri 

River, all pallid sturgeon were marked with a passive integrated transponder (PIT) tag 

that was inserted below the dorsal fin and some year classes of pallid sturgeon received a 

secondary mark, either by a dangler tag anterior of the dorsal fin or by an elastomere tag 

in the rostrum. 

Growth and condition (i.e. relative plumpness) can be used as tools to evaluate the 

pallid sturgeon population in the Missouri River below Fort Randall Dam.  Growth is a 

reliable indicator of fish health, habitat quality, and prey availability (Devries and Frie 

1996).  Passive integrated transponder (PIT) tags in the juvenile pallid sturgeon allowed 

me to identify each individual’s year class, parents, fork length and weight when they 

were released into the river and each time they were recaptured, and allowed me to 

determine their growth and change in condition.  Absolute growth rates were calculated 

in terms of weight and fork length for each HRJPS from the formula:  Wt1 – Wt0 / t and 

FLt1 – FLt0 / t; where W is the weight in grams, FL is the fork length in millimeters, and t 

is time in days (Ricker 1975).   

  Relative condition (Kn) is an appropriate index for local and regional summaries 

of condition (Murphy and Willis 1992).  Relative condition was calculated for each 

HRJPS using the formula Kn = (W/W’), where W is the weight of the individual and W’ 

is the length-specific mean weight for a fish in the population being studied (LeCren 
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1951; Anderson and Neumann 1996).   Keenlyne and Evanson (1993) provided a weight-

length regression [log10W’ = -6.378 + 3.357 log10FL (r2 = 0.974)] for 214 pallid sturgeon 

from throughout the pallid sturgeon range.  The fish ranged in length from 468 to 1,600 

mm FL, which the lower value abutted the upper end of the length range of HRJPS in my 

research.   

Absolute growth and Kn data were tested for normality and homogeneity of 

variance using Number Cruncher Statistical Software (NCSS) 2000 (Hintze 1998).  The 

growth and Kn data were not normally distributed and variances were heterogeneous.  All 

growth and Kn data were log10 transformed and tested again.  Normality improved and 

homogeneity of variance was achieved to better meet t-test and analysis of variance 

(ANOVA) assumptions.  When PIT tags were identified in HRJPS, a paired t-test was 

used to compare mean Kn when stocked to the mean Kn of recaptured HRJPS in 2003 

and 2004 by year class.  A one-way ANOVA was used to compare mean growth rates in 

terms of fork length (mm/d) and weight (g/d) and mean Kn among year classes and 

among five family crosses in 1997 and between two family crosses in 1999.  The 1997 

year class crosses came from two female and three male pallid sturgeon and the 1999 

year class crosses came from one female and two males.  When differences were found 

among mean growth rates and Kn, a Tukey-Kramer multiple-comparison test was 

performed to determine which year classes and family crosses had different mean growth 

rates and Kn values.  Growth rates in weight and Kn at stocking for the 2001 year class 

could not be compared among year classes because initial weights were not taken at 

stocking.  Growth rate and Kn data comparing year classes and families from 2003 and 

 



 
 

55

2004 HRJPS captures were combined to increase sample size.  In all comparisons, 

statistical significance was determined at α = 0.05. 

Passive integrated transponder tags were not found in all HRJPS that I captured.  

Thus, Kn values were calculated for all HRJPS and means were determined for each fork 

length group.  Fork length groups (sub-stock (SS), <330 mm; stock (S), 330 mm; quality 

(Q), 630 mm; preferred (P), 840 mm; memorable (M), 1040 mm; and trophy (T), 1270 

mm) were proposed by Shuman et al. (2006).  Because condition can change with fish 

length, mean Kn was compared between length groups, river segments 5 and 6, and 

capture years 2003 and 2004 using a three-way ANOVA.  All growth and Kn analyses 

were performed with NCSS 2000 (Hintze 1998).   

Hatchery-reared juvenile pallid sturgeon mean FL at recapture by age group was 

compared to summarized data from pallid sturgeon raised at Gavins Point National Fish 

Hatchery (NFH) in Yankton, South Dakota (Bollig 1997; Bollig 1998; Bollig 1999; 

Bollig 2000; Bollig 2001; Bollig 2002; Bollig 2003; Bollig 2004).  The pallid sturgeon at 

Gavins Point NFH were the same family crosses stocked into RPA 3.  Mean FL for 

recaptures was calculated for the entire sampling period (April – November) for 2003 and 

2004 compared to batch lengths that were taken for each year class the 30th day of June 

each year at the fish hatchery.  I also compared the mean FL by age group of the RPA 3 

HRJPS to six pallid sturgeon that were captured in Lake Oahe, South Dakota in 1962, 

where Fogle (1963) used cross sections of pectoral fin rays to age fish and back calculate 

total lengths at age.  I converted the total lengths (TL) to FL using the formula: FL = (TL 

– 47.59)/1.04, which was derived by Keenlyne and Maxwell (1993).   
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Shovelnose Sturgeon 

 Fork lengths (FL) and weights of each shovelnose sturgeon that I captured were 

measured in the field.  Relative weight (Wr) is a commonly used condition index 

(Anderson and Neuman 1996) and changes in Wr values may indicate changes in prey 

availability (Blackwell et al. 2000) or be associated with gonadal development during 

spawning (Pope and Willis 1996; Jordan and Willis 2001).  Relative weight was 

calculated as: Wr = W/Ws X 100, where W is the actual weight and Ws is the length-

specific standard weight for that species (Wege and Anderson 1978).  A standard weight 

(Ws) equation (log10Ws = -6.287 + 3.330 log10FL) and fork length groups (SS, <250 mm; 

S, 250 mm; Q, 380 mm; P, 510 mm; M, 640 mm; and T, 810 mm) were developed for 

shovelnose sturgeon by Quist et al. (1998).   

Relative weight data were tested for normality and homogeneity of variance using 

NCSS 2000 (Hintze 1998).  The Wr data were not normally distributed with 

heterogeneous variance.  All Wr data were log10 transformed and tested again.  Normality 

improved and homogeneity of variance was achieved to better meet ANOVA 

assumptions.  A three-way ANOVA comparing mean Wr among months and length 

groups and between river segments could not be conducted because shovelnose sturgeon 

were not captured in all segments during each month of sampling.  Therefore, four 

separate two-way ANOVAs with interactions were conducted: (1) to determine if mean 

Wr differed among months and length groups in 2003, (2) to determine if mean Wr 

differed among months and length groups in 2004, (3) to determine if mean Wr differed 

among length groups and between river segments in 2003, and (4) to determine if mean 
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Wr differed among length groups and between river segments in 2004.  A Tukey-Kramer 

multiple-comparison test was conducted to determine where differences occurred.   

 

Results 

Juvenile Pallid Sturgeon 

 A total of 59 HRJPS were captured in 2003 (Figure 4-1); 31 were S-Q and 28 

were Q-P length, and 47 had PIT tags for a recovery rate of 80%.  In 2004, 23 HRJPS 

were captured (Figure 4-1); one was SS, 16 were S-Q, and six were Q-P, and 19 had PIT 

tags for a recovery rate of 83%.  The 16 juvenile pallid sturgeon without PIT tags were 

identified as hatchery-reared by a secondary mark (either a dangler or elastomer tag). 

 Pallid sturgeon from the 1997, 1998, 1999, 2001, and 2002 year classes were all 

captured in both 2003 and 2004.  The mean Kn for all year classes of juvenile pallid 

sturgeon at the time of release into the Missouri River differed significantly from the 

mean Kn when recaptured in 2003 and 2004, with the one exception of the 1999 year 

class captured in 2004 (Table 4-2).   Although no significant differences were found in 

the 1999 year class captured in 2004, only three HRJPS from the 1999 year class were 

captured to compare mean Kn stocked to mean Kn at recapture.   

 Mean Kn for juvenile pallid sturgeon was not significantly different among year 

classes at time of stocking (F = 2.01; df = 3; P = 0.126) even though they were stocked at 

different ages and times of year (Table 4-1).  However, mean Kn varied significantly 

among year classes at recapture (F = 9.08; df = 4; P < 0.001) (Figure 4-2), with the older 

pallid sturgeon in significantly lower condition.  Significant differences in mean absolute 
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growth rates were also found among year classes for both fork length (mm/d) (F = 27.83; 

df = 4; P < 0.001) and weight (g/d) (F = 5.47; df = 3; P = 0.003) (Figure 4-3).  Mean FL 

of HRJPS captured in the RPA 3 were consistently shorter at the same age than pallid 

sturgeon reared at Gavins Point NFH and there was no apparent increase in mean FL 

from age 6 to age 7 for the 1997 year class (Table 4-3).   However, no substantial 

differences were detected between the HRJPS in RPA 3 compared to pallid sturgeon 

captured in Lake Oahe, South Dakota in 1962 (Table 4-3). 

For the 1997 year class, no significant differences were found among the five 

family crosses for mean Kn at stocking and recapture or in mean absolute growth rates in 

fork length and weight (Tables 4-4 and 4-5).  For the 1999 year class, significant 

differences between two family crosses were found in mean Kn at stocking and in mean 

absolute growth rates in fork length.  However, differences were not found in mean Kn at 

recapture and absolute growth rates in weight did not differ between two family crosses 

(Tables 4-4 and 4-5).   

In 2003 and 2004, 47 S-Q fork length (mean Kn = 77; SE = 1.2) and 34 Q–P fork 

length (mean Kn = 71; SE = 1.5) pallid sturgeon were captured throughout segments 5 

and 6.  No significant two- or three-way interactions were found between S-Q and Q-P 

fork length groups, river segments 5 and 6, or years captured (ANOVA, P ≥ 0.388) 

(Table 4-6).  No differences in mean Kn were found between years or segments.  

However, mean Kn consistently differed between length groups (F = 6.15; df = 1; P = 

0.015) (Figure 4-4), with pallid sturgeon in the smaller length group demonstrating 

consistently higher condition indices. 
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Shovelnose Sturgeon 

 A total of 231 shovelnose sturgeon was captured in 2003 and 146 shovelnose 

sturgeon were captured in 2004.  Only preferred to memorable (P- M) and memorable to 

trophy (M – T) length groups of shovelnose sturgeon were collected in both 2003 and 

2004 (Table 4-7).  In all four two-way ANOVAs, no significant interactions were found 

between month and length group or month and segment in 2003 or 2004 (ANOVA, P ≥ 

0.135).  Significant differences in mean Wr were found between length groups and 

segments in 2003 and 2004, and among months in 2004.  However, no significant 

differences were found among months in 2003 (Table 4-8).  Mean Wr was highest in 

June for both 2003 (mean 97; SE = 1.90) and 2004 (mean = 118; SE = 21.10) and lowest 

in April for both 2003 (mean 92; SE = 2.09) and 2004 (mean = 88; SE = 3.72).  The P-M 

fork length group consistently had higher mean Wr values compared to the M-T fork 

length group in both years (Figure 4-5).  In 2003 and 2004, mean Wr values were higher 

in segment 6, the Missouri River below the Niobrara River confluence, compared to 

segment 5, the Missouri River below Fort Randall Dam to the Niobrara River confluence 

(Figure 4-6).   

 

Discussion 

Juvenile Pallid Sturgeon 

 Nearly all HRJPS captured exhibited a decline in relative condition (Kn) after 

being stocked into the Missouri River.  The decline in Kn could be due to the rigors of 

living in the wild.  Prey is most likely not as readily available throughout the year 
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compared to feeding strategies in a fish hatchery system.  When prey items are abundant, 

condition will generally increase, whereas low condition may reflect a scarcity of 

available prey (Blackwell et al. 2000).  There is limited information on condition of pallid 

sturgeon in the Missouri River due to their low abundance.  However, a decrease in 

condition may not necessarily be a negative concern as it well maybe advantageous to 

have a more slender body form in higher water velocities of the river.  The hatchery 

environment is not natural and those pallid sturgeon could be too plump because of 

overfeeding, incorrect diet nutrition, or lack of more natural habitat conditions.  However, 

stocking pallid sturgeon at high Kn levels, which indicate excellent health (Blackwell et 

al. 2000), could increase survival by allowing the pallid sturgeon time to adjust to the 

natural environment and resume feeding.  

 No differences were found in mean Kn at time of stocking among year classes of 

juvenile pallid sturgeon even though the 1997 and 1999 year class were stocked at age 3, 

the 1998 year class at age 2, and the 2002 year class at age 1.  However, differences were 

found in mean Kn at recapture among year classes as the 1997 and 1998 year class had 

lower mean Kn values compared to the younger 1999, 2001, and 2002 year classes.  The 

decrease in condition as juvenile sturgeon age may be due to a change in food habits.  

Current food habit studies on HRJPS (Chapter 5) suggested a shift in diet from benthic 

aquatic invertebrate larvae to a more piscivorous diet.  Prey fishes in the Missouri River 

below Fort Randall Dam may not be readily available for the maturing juvenile pallid 

sturgeon.   
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 Differences in absolute growth rates in length among year classes were found as 

the younger 2001 and 2002 year class (≤ 3 years old) were growing faster in length 

compared to the 1997, 1998, and 1999 year class (≥ 4 years old).  A decrease in growth in 

length as a fish ages has also been found in shovelnose sturgeon (Morrow et al. 1998; 

Everett and Scarnecchia 2003) and in white sturgeon Acipenser transmontanus 

(Paragamian and Beamesderfer 2003).  Fogle (1963) assessed growth in pallid sturgeon 

by using cross sections of pectoral fin rays to age and back calculate lengths for six pallid 

sturgeon from Lake Oahe, South Dakota and found that growth in length was rapid in the 

first four years and decreased to 70 mm per year between ages 5 and 10.  Kallemeyn 

(1983) also found that pallid sturgeon grew more rapidly in length up to 600 mm FL, or 

an age of 6 or 7.  I found the fork lengths at ages 1 through 7 of pallid sturgeon captured 

in RPA 3 were similar to the fork lengths compared to pallid sturgeon captured in Lake 

Oahe in 1962 (Fogle 1963).  Even in the Gavins Point NFH, pallid sturgeon growth rates 

in fork length declined as the fish grow older (Bollig 1997; Bollig 1998; Bollig 1999; 

Bollig 2000; Bollig 2001; Bollig 2002; Bollig 2003; Bollig 2004).  However, mean FL of 

pallid sturgeon captured in RPA 3 was smaller than pallid sturgeon reared in a fish 

hatchery.  The differences in mean FL are likely due to the rigors of living in the wild.  

The Missouri River is a dynamic system with variable temperatures, turbidity, and water 

velocities.  The fish hatchery controls flow in circular tanks with filtered and disinfected 

water supplies.  Furthermore, commercial feeds are likely higher in nutrition and fed at 

regular intervals compared to life in the Missouri River.  Kallemeyn (1983) reported that 

pallid sturgeon grew more rapidly in length up to 600 mm FL while there was relatively 
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little increase in weight at the same time, but the rate of growth in length decreased while 

the rate of weight increased rapidly between 600 and 1,200 mm.  I also found that growth 

in length was more rapid and growth in weight was relatively low for pallid sturgeon age 

7 and younger.  However, I found the 2001 and 2002 year classes  were growing faster in 

length than 1997, 1998, and 1999 year class and the absolute growth rate in weight of  the 

2002 year class was significantly greater than the 1997, 1999, and 1998 year classes 

captured in RPA 3 in 2003 and 2004.  Kallemeyn (1983) also found that growth 

continued to be primarily in weight for fish greater than 1,200 mm FL.  Keenlyne and 

Maxwell (1993) reported similar results from 30 pallid sturgeon collected from the upper 

Missouri River.  Keenlyne and Maxwell (1993) also found their pallid sturgeon collected 

from 1983 to 1991 exhibited lower weights at a given length below 1,150 mm FL than 

pallid sturgeon collected prior to 1977 (Kallemeyn 1983) suggesting pallid sturgeon were 

in lower condition.  As recovery actions for pallid sturgeon continue, future research is 

needed to determine if pallid sturgeon growth rates and condition in today’s modified 

Missouri River have changed from historical pallid sturgeon populations. 

 No significant differences in mean Kn and growth rates were found among five 

family crosses in the 1997 year class.  This is not surprising as the families were crosses 

of only two females and three males in 1997.  The two family crosses in the 1999 year 

class came from only one female and two males and differences were found between the 

two family crosses.  However, mean Kn did not differ when these fish were recaptured in 

2003 and 2004, which suggests that environmental conditions likely played a large role in 

condition and growth for the 1999 year class.  Growth rates in length differed between 
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the two family crosses in 1999 with the family with the higher condition growing at a 

faster rate in length.  A fish in better condition is likely to grow at a faster rate (e. g., 

white crappies Pomoxis annularis [Gabelhouse 1991] and black crappies Pomoxis 

nigromaculatus [Guy and Willis 1995]).   However, DiCenzo et al. (1995) failed to find a 

relationship between growth and condition of spotted bass Micropterus punctulatus in 

Alabama reservoirs. 

 No significant differences were found in mean Kn of juvenile pallid sturgeon 

between years 2003 or 2004 or between river segments 5 and 6 suggesting that prey 

availability for HRJPS is similar in the Missouri River above and below the Niobrara 

River confluence.  LeCren (1951) indicated that changes in prey availability could 

influence Kn values.  Differences in mean Kn were found between the S-Q and Q-P fork 

length groups.  However, the weight-length regression equation for the Kn index for 

pallid sturgeon was developed with only 214 fish and ranged from 468 to 1,600 mm FL 

(Keenlyne and Evanson 1993).  Although pallid sturgeon with greater lengths captured in 

this research project appeared to be slimmer, the weight-length equation may not have 

been appropriate for smaller fish.  As more pallid sturgeon are captured through 

monitoring programs, a revised W’ equation for the Kn index should be developed that 

includes smaller fish.  Furthermore, when a sufficient number of pallid sturgeon 

populations are established, either through natural recruitment or from hatchery 

stockings, and as populations are monitored though long-term standardized population 

assessments, a Ws equation should be developed for pallid sturgeon so that the Wr index 

will be available for condition assessment.   Habitat restoration projects and altering 
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releases from dams likely will have an influence on pallid sturgeon condition.  Evaluating 

condition is one tool used by fisheries managers to assess the well-being of a population.  

Monitoring the condition of pallid sturgeon populations and other native fish populations 

is essential to recovery and future management decisions including Missouri River dam 

operations and pallid sturgeon stocking programs.   

 Although no wild pallid sturgeon were captured below Fort Randall Dam, 

stocking of HRJPS could compromise the recovery of wild pallid and shovelnose 

sturgeon populations in other reaches of the Missouri River by depressing condition, 

growth, and survival, especially if food resources are limited by low system productivity.  

Fishery biologists are concerned about the impacts of hatchery-reared white sturgeon on 

wild populations of the white sturgeon in the Kootenai River.  Recruitment of wild white 

sturgeon was extremely low compared to the survival of stocked hatchery-reared fish 

(Paragamian and Beamesderfer 2004).  Similarly, future research should explore the 

potential effects of stocked HRJPS on other sympatric Missouri River fish populations, 

including wild pallid and shovelnose sturgeon. 

 

Shovelnose Sturgeon 

Seasonal variation in shovelnose sturgeon condition was found in 2004 with mean 

Wr peaking in June.  Although no significant differences among months were detected in 

2003, a general trend of a higher mean Wr in June with a steady decline in condition 

through the summer months was evident.  Shovelnose sturgeon spawn between April and 

June (Forbes and Richardson 1920; Coker 1930; Helms 1974), which coincides with the 
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prespawn peak in mean Wr found in my study.  In the Missouri River below Fort Randall 

Dam and above the Niobrara River confluence, Jordan and Willis (2001) found similar 

trends in seasonal variation of condition in shovelnose sturgeon with mean Wr peaking 

from April through June with a steady decline throughout the summer.  A peak in 

condition prior to spawning with a post-spawn decrease in condition is common in many 

fishes (Pope and Willis 1996). 

 Only shovelnose sturgeon in P-M and M-T fork length groups were captured in 

2003 and 2004 indicating an aging population with little or no apparent recruitment.  

However, there is the unlikely possibility that the gears used to capture shovelnose 

sturgeon in my study were not selective for other fork length groups even though shorter 

pallid sturgeon were captured during the same sampling period.  In the same stretch of 

river in 1998 and 1999, Jordan and Willis (2001) also found only the P-M and M-T fork 

length groups.  In my study, the P-M fork length group had a higher mean Wr than the 

M-T fork length group in 2003 and in 2004.  Jordan and Willis (2001) reported similar 

results in 1999, but found no differences in mean Wr between the P-M and M-T fork 

length groups in 1998.  Quist et al. (1998) assessed 32 populations of shovelnose 

sturgeon from nine states within the geographic distribution of the species and found 

differences among fork length groups with a general decrease in mean Wr as fish attained 

greater lengths.  However, they did not find a significant difference between the P-M and 

M-T fork length groups.    

 Mean Wr values for shovelnose sturgeon in the Missouri River below Fort 

Randall Dam ranged from 91 for the M-T group to 100 for the P-M fork length group in 

 



 
 

66

2003 and 2004 respectively.  Quist et al. (1998) identified differences along a 

longitudinal scale and suggested mean Wr target values of 95 – 105 from the upper 

Missouri River in Montana and 80 – 90 for other populations of shovelnose sturgeon, 

including those in anthropogenicaly altered habitats.  The population of shovelnose 

sturgeon below Fort Randall Dam is intermediate having a slightly lower mean Wr than 

Montana populations, but higher mean Wr than other populations.  For the shovelnose 

sturgeon population in the Missouri River below Fort Randall Dam, I then suggest initial 

target values of 90 – 100 until further research is completed.   

 Although there is no physical boundary impeding migration above (segment 5) or 

below (segment 6) the Niobrara River Confluence, differences in mean Wr in shovelnose 

sturgeon were found between the two segments in 2003 and 2004.  The Niobrara River 

contributes to higher water temperatures, increased turbidity, and sediment transport 

forming a delta at the upper end of Lewis and Clark Lake.  Favorable environmental 

conditions may increase the condition of fish (Blackwell et al. 2000).  The Missouri River 

below the Niobrara River confluence has more backwater areas, islands, and sand bars 

than above the confluence.  Fish and macroinvertebrate production are generally high in 

these diverse riverine macrohabitats (Stalnaker et al. 1989) suggesting prey may be more 

available for shovelnose sturgeon below the Niobrara River confluence.  Fish condition 

has been related to prey availability for many fish species including largemouth bass 

Micropterus salmoides (Wege and Anderson 1978), walleye Sander vitreus (Porath and 

Peters 1997), northern pike Esox lucius (Paukert and Willis 2003), and flannelmouth 

sucker Catostomus latipinnis (Paukert and Rogers 2004).   
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  Shovelnose sturgeon are more abundant and may be relied on as surrogate to the 

endangered pallid sturgeon.  Shovelnose sturgeon Wr indices should be monitored for 

changes as shovelnose and pallid sturgeon share similar habitats (Bailey and Cross 1954; 

Keenlyne 1997) and food habits (Carlson et al. 1985).  However, Gerrity (2005) found no 

overlap in diet of HRJPS and shovelnose sturgeon as the pallid sturgeon were more 

piscivorous than shovelnose sturgeon.  Fishery biologists should use caution when using 

shovelnose sturgeon as a surrogate as food habits may not overlap throughout the life 

history of the two sturgeon.  I (Chapter 5) also found that HRJPS were consuming a 

greater proportion fish compared to adult shovelnose sturgeon.  However, changes in 

condition of a shovelnose sturgeon population over time may reflect environmental 

problems that may have similar effects on the well-being of the pallid sturgeon occupying 

the same segment of the river.  Further research is needed to explore the effects of water 

chemistry and habitat modifications on the condition of both species of sturgeon.   
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Table 4-1.  Mean fork length and weight with standard error (SE) in parentheses, date 
released, stocking site with river kilometer (rkm) in parentheses, and year class of 
hatchery-reared juvenile pallid sturgeon (HRJPS) stockings in the Missouri River below 
Fort Randall Dam, South Dakota from 2000 to 2004.  
 

Date released Stocking site (rkm) 
Year 
class n 

Mean length 
(mm) (SE) 

Mean weight 
(g) (SE) 

      

6 Jun 2000 Verdel (1376) 1997 394 524 (0.0) 585.0 (0.2) 

      

1 Aug 2000 Verdel (1376) 1997 22 567 (7.6) 916 (25.6) 

      

20 Sep 2000 Verdel, NE (1376) 1998 98 472 (6.9) 382 (20.4) 

      

20 Apr 2002 Verdel (1376) and Standing Bear 
Bridge (1360) 2001 561 200 (0.2) 33a

      

25 Apr 2002 Sunshine Bottoms (1394) 1999 181 417 (0.5) 295 (1.3) 

      

24 Jul 2003 Sunshine Bottoms (1394) and 
Standing Bear Bridge (1360) 2002 601 244 (0.0) 60 (0.8) 

      

7 Oct 2004 Sunshine Bottoms (1394) and 
Standing Bear Bridge (1360) 2003 304 312 (2.5) 118 (2.5) 

 
a = Individual weights were not recorded for pallid sturgeon from the 2001 year class.  A 
batch weight was taken prior to stocking at 30.2 pallid sturgeon/kg. 
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Table 4-2.  Paired t-test comparing the mean relative condition (Kn) of stocked hatchery-
reared juvenile pallid sturgeon (HRJPS) and mean Kn of recaptured HRJPS.  Relative 
condition data were log10 transformed to better meet t-test assumptions.  Sample size (n) 
and mean Kn with standard error (SE) in parentheses for stocked and recaptured HRJPS 
identified with passive integrated tags (PIT) by year class captured in the Missouri River 
below Fort Randall Dam, South Dakota in 2003 and 2004. 
 
 

  
Time of stocking 2003 recaptures 2004 recaptures 

              
Year 
class 

Year 
stocked n 

Mean Kn 
(SE)  n 

Mean Kn 
(SE) t P  n 

Mean Kn 
(SE) t P 

              
              

1997 2000 29 110 (3.7)  24 71 (1.1) 10.61 < 0.001  5 67 (5.6) 4.85 0.008 
              

1998 2000 6 99 (4.4)  3 70 (6.3) 6.97 0.020  3 69 (2.3) 6.33 0.024 
              

1999 2002 12 108 (6.4)  9 75 (1.2) 4.65 0.002  3 89 (9.7) 0.34 0.767 
              

2002 2003 5 127 (4.5)  1     4 94 (4.2) 4.84 0.017 
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Table 4-3.  Summary of mean fork lengths (FL) (mm) with standard errors (SE) in parentheses for pallid sturgeon from age 1 
to age 7 in Gavins Point National Fish Hatchery (Bollig 1997, Bollig 1998, Bollig 1999, Bollig 2000, Bollig 2001, Bollig 
2002, Bollig 2003, Bollig 2004), and Lake Oahe in 1962 (Fogle 1963) compared to hatchery-reared juvenile pallid sturgeon 
(HRJPS) captured in the Missouri River below Fort Randall Dam, South Dakota, Recovery Priority Area 3 (RPA 3) in 2003 
and 2004. 

 
       Year class  n Age 1  n Age 2  n Age 3  n Age 4  n Age 5  n Age 6  n Age 7 

                      
2003                      
    Hatchery 

A 3
 1033 244                   

    RP                        
                      
2002                      
    Hatchery  4515 223  194 389                
    RPA 3  1 385  4 352 (10)                
                      
2001                      
    Hatchery  465 262  104 402  82 510             
    RPA 3     6 392 (12)  3 402 (29)             
                      
1999                      
    Hatchery  1530 204  934 382  66 467  64 574  62 690       
    RPA 3           9 544 (21)  3 495 (29)       
                      
1998                      
    Hatchery  742 186  431 331  110 464  61 538  53 591  54 715    
    RPA 3              3 565 (37)  3 602 (43)    
                      
1997                      
   Hatchery  3647 163  618 340  592 454  158 593  105 639  102 693  98 786 
   RPA 3                 28 649 (6)  6 650 (13) 
                      
Lake Oahe 
1962 

 6 223  6 318  6 406  6 506  6 568  5 600  5 658 
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Table 4-4.  One-way analysis of variance (ANOVA) comparing mean relative condition 
(Kn) of hatchery-reared juvenile pallid sturgeon (HRJPS) at stocking and at recapture and 
mean absolute growth rates in fork length (mm/d) and weight (g/d) from time of stocking 
to recapture in 2003 and 2004 (combined) among five family crosses in the 1997 year 
class stocked in 2000 and between two family crosses in the 1999 year class stocked in 
2002 and recaptured in the Missouri River below Fort Randall Dam, South Dakota. 
 
 

Source df F P 

    
1997 year class    
     Stocking Kn 4 1.27 0.309 
     Recapture Kn 4 0.96 0.446 
     Growth rate in fork length (mm/d) 4 1.03 0.411 
     Growth rate in weight (g/d) 4 0.84 0.516 
    
1999 year class    
     Stocking Kn 1 10.52 0.012 
     Recapture Kn 1 0.88 0.377 
     Growth rate in fork length (mm/d) 1 5.86 0.042 
     Growth rate in weight (g/d) 1 0.57 0.805 
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Table 4-5.  Sample size (n), mean relative condition (Kn) at stocking and recapture, and 
mean absolute growth rates (G) in fork length (FL) and weight (W) with standard error 
(SE) in parentheses for five family crosses in the 1997 year class and two families in the 
1999 year class of hatchery-reared juvenile pallid sturgeon (HRJPS) released into the 
Missouri River below Fort Randall Dam, South Dakota, and captured in 2003 and 2004 
(combined).  Parents were identified because a passive integrated transponder (PIT) tag 
was used to identify HRJPS at recapture. 
 
 

Year 
class 

Female parent 
PIT tag 

Male parent 
PIT tag n 

Mean Kn at 
stocking 

Mean Kn at 
recapture 

Mean G 
in FL 

(mm/d) 
Mean G in 

W (g/d) 
        
1997 1F4A301354 1F4A4A1439 6 119 (8.6) 70 (2.8) 0.118 

(0.013) 
0.00023 

(0.00006) 
 1F4A301354 7F7D291A07 9 114 (7.6) 71 (1.1) 0.085 

(0.012) 
0.00010 

(0.00005) 
 1F4B246E04 7F7F06583D 6 98 (3.4) 66 (4.8) 0.087 

(0.022) 
0.00018 

(0.00011) 
 1F4B246E04 7F7D291A07 4 102 (6.4) 74 (3.7) 0.083 

(0.015) 
0.00022 

(0.00009) 
 1F4B246E04 1F4A4A1439 4 114 (12.6) 72 (2.1) 0.098 

(0.012) 
0.00018 

(0.00007) 
        

1999 7F7B021573 113719262A 5 129 (3.4) 74 (1.8) 0.154 
(0.022) 

-0.00003 
(0.00016) 

 7F7B021573 7F7D441774 5 96 (8.0) 75 (1.1) 0.080 
(0.022) 

0.00011 
(0.00018) 
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Table 4-6.  Analysis of variance (ANOVA) table comparing mean relative condition (Kn) 
between stock to quality (S-Q) and quality to preferred (Q-P) fork length groups, river 
segment 5 (above Niobrara River Confluence) and segment 6 (below Niobrara River 
Confluence), and years 2003 and 2004 for hatchery-reared juvenile pallid sturgeon 
(HRJPS) captured in the Missouri River below Fort Randall Dam, South Dakota. 
 
 

Source df F P 

    
Group 1 6.15 0.015 
Segment 1 0.20 0.653 
Year 1 1.29 0.260 
Group X segment 1 0.11 0.742 
Group X year 1 0.31 0.577 
Segment X year 1 0.73 0.396 
Group X segment X year 1 0.75 0.388 
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Table 4-7.  Sample size (n), mean Wr, with standard error (SE) in parentheses, by length 
group, all gear types combined, for shovelnose sturgeon collected in the Missouri River 
below Fort Randall Dam, South Dakota in 2003 and 2004.  Only preferred to memorable 
(P – M) and memorable to trophy (M – T) fork length groups of shovelnose sturgeon 
were collected.  Segment 5 is the Missouri River from Fort Randall Dam to the 
confluence of the Niobrara River.  Segment 6 is the Missouri River from the confluence 
of the Niobrara River to the headwaters of Lewis and Clark Lake. 
 
 

P – M M - T Month Year Segment n Mean Wr  (SE) n Mean Wr  (SE) 
       

5 12 101 (3.21) 20 86 (1.67) 2003 
6 0  0  
5 4 95 (4.98) 4 82 (3.73) 

April 

2004 
6 0  0  

       
5 0  0  2003 
6 12 98 (2.83) 10 93 (2.56) 
5 9 108 (4.30) 1 86 

May 

2004 
6 10 99 (2.46) 8 99 (3.18) 

       
5 2 103 (0.29) 10 96 (2.86) 2003 
6 3 98 (1.59) 6 97(4.72) 
5 0  0  

June 

2004 
6 2 130 (30.74) 1 96 

       
5 7 98 (3.09) 8 87 (4.24) 2003 
6 3 102 (4.51) 5 94 (2.38) 
5 0  1 97 

July 

2004 
6 5 97 (5.25) 4 90 (5.33) 

       
5 5 96 (4.00) 7 90 (2.34) 2003 
6 4 101 (6.26) 15 94 (2.57) 
5 0  0  

August 

2004 
6 1 101 0  

       
5 4 99 (5.28) 7 89 (2.27) 2003 
6 6 110 (8.03) 12 94 (2.16) 
5 0  0  

September 

2004 
6 0  0  

       
5 12 92 (1.22) 11 84 (2.85) 2003 
6 14 99 (2.31) 21 92 (1.70) 
5 15 95 (2.77) 13 88 (1.50) 

October 

2004 
6 0  1 88 
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Table 4-7 Continued. 

P – M M – T Month Year Segment N Mean Wr  (SE) N Mean Wr  (SE) 
       

5 5 100 (2.40) 6 92 (4.40) 2003 
6 2 95 (2.24) 2 87 (5.91) 
5 5 100 (6.07) 4 85 (3.61) 

November 

2004 
6 17 102 (2.39) 28 93 (2.10) 

       
5 47 98 (1.26) 69 88 (1.10) 
6 44 100 (1.68) 71 93 (0.99) 

April – 
November 

2003 

5 and 6  91 99 (1.04) 140 91 (0.77) 
       

5 33 99 (2.19) 23 87 (1.32) 
6 35 102 (2.31) 42 94 (1.62) 

April – 
November 

2004 

5 and 6 68 100 (1.59) 65 91 (1.22) 
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Table 4-8.  Two-way analysis of variance (ANOVA) table comparing mean relative 
weights (Wr) among months and between preferred to memorable (P-M) and memorable 
to trophy (M-T) fork length groups and segment 5 (Missouri River above the Niobrara 
River confluence) and segment 6 (Missouri River below Niobrara River confluence) in 
the Missouri River below Fort Randall Dam, South Dakota, from April to November in 
2003 and 2004. 
 
 

Source df F P 

    
2003    
     Month 7 1.57 0.147 
     Fork length group 1 38.30 < 0.001 
     Month X fork length group 7 1.50 0.170 
    
     Fork length group 1 42.77 < 0.001 
     Segment 1 8.95 0.003 
     Fork length group X segment 1 0.78 0.377 
    
2004    
     Month 5 3.29 0.007 
     Fork length group 1  14.10 < 0.001 
     Month X fork length group 5 1.71 0.136 
    
     Fork length group 1 24.36 < 0.001 
     Segment 1 6.17 0.014 
     Fork length group X segment 1 0.27 0.604 
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Figure 4-1.  Length frequencies (2-cm length group) of hatchery-reared juvenile pallid 
sturgeon (HRJPS) captured in the Missouri River below Fort Randall Dam, South Dakota 
in 2003 (top) and 2004 (bottom).  Sample size (n) captured with passive gill nets, hoop 
nets, and set lines and by drifting trammel nets and a towed beam trawl. 
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Figure 4-2.  Box plots depicting the relative condition (Kn) of hatchery-reared juvenile 
pallid sturgeon (HRJPS) at the time of stocking (top) and Kn of HRJPS captured in 2003 
and 2004 combined (bottom), separated by year class, in the Missouri River below Fort 
Randall Dam, South Dakota.  Each box plot presents the median (solid line), mean 
(dashed line), upper and lower quartiles (upper and lower box boundaries), 10th and 90th 
percentiles (error bars), and outliers (circles).  Means that share a common letter were not 
significantly different at α = 0.05 using a one-way analysis of variance (ANOVA) and a 
Tukey-Kramer multiple-comparison test. 
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Figure 4-3.  Box plots for the absolute growth rates in terms of fork length (mm/d) (top) 
and weight (g/d) (bottom) from time at stocking to time of recapture by year class for 
hatchery-reared juvenile pallid sturgeon (HRJPS) captured in 2003 and 2004 (combined) 
in the Missouri River below Fort Randall Dam, South Dakota.  Each box plot presents the 
median (solid line), mean (dashed line), upper and lower quartiles (upper and lower box 
boundaries), 10th and 90th percentiles (error bars), and outliers (circles).  Means that share 
a common letter were not significantly different at α = 0.05 using a one-way analysis of 
variance (ANOVA) and a Tukey-Kramer multiple-comparison test. 
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Figure 4-4.  Box plots comparing relative condition (Kn) in 2003 and 2004 between stock 
to quality (S-Q) and quality to preferred (Q-P) fork length groups in river segment 5 
(above Niobrara River confluence) and segment 6 (below Niobrara River confluence) for 
hatchery-reared juvenile pallid sturgeon (HRJPS) captured 2003 and 2004 combined in 
the Missouri River below Fort Randall Dam, South Dakota.  Each box plot presents the 
median (solid line), mean (dashed line), upper and lower quartiles (upper and lower box 
boundaries), 10th and 90th percentiles (error bars), and outliers (circles).   
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Figure 4-5.  Monthly mean relative weight (Wr) values (±SEs) for preferred to 
memorable (P-M) and memorable to trophy (M-T) fork length groups of shovelnose 
sturgeon collected in the Missouri River below Fort Randall Dam, South Dakota in 2003 
(top) and 2004 (bottom).  Months that share a common letter were not significantly 
different at α = 0.05 using a post-hoc Tukey-Kramer multiple-comparison test. 
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Figure 4-6.  Monthly mean relative weight (Wr) values (±SEs) by preferred to memorable 
(P-M) (top) and memorable to trophy (M-T) (bottom) fork length groups in segment 5 
(Missouri River above the Niobrara River confluence) and segment 6 (Missouri River 
below the Niobrara River confluence) for shovelnose sturgeon captured in the Missouri 
River below Fort Randall Dam, South Dakota in 2003 and 2004.      
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Chapter 5. 

 Food habits of hatchery-reared juvenile pallid sturgeon and adult shovelnose 

sturgeon in the Missouri River below Fort Randall Dam, South Dakota. 

 

Introduction 

 The pallid sturgeon was listed as a federally endangered species in 1990 (Dryer 

and Sandvol 1993).  The shovelnose sturgeon has declined in overall abundance 

(Keenlyne 1997).  To the detriment of both the pallid and shovelnose sturgeon, major 

habitat alterations have occurred on the Missouri River.   Six main stem dams have 

removed riverine habitat and channelization has straightened the river, degraded the 

channel, removed oxbows, drained backwater areas, banks were stabilized by rip rap, and 

snags were removed. 

The Missouri River below Fort Randall Dam, South Dakota has been listed as one 

of six recovery priority areas for pallid sturgeon based on suitable habitat diversity (Dryer 

and Sandvol 1993).  Although the flows out of Fort Randall Dam fluctuate widely, both 

daily and seasonally, this stretch of the river retains many natural riverine characteristics 

including backwater areas, islands, sandbar pools, and an abundance of coarse woody 

substrate.  For this reason, the U. S. Fish and Wildlife Service initiated a pallid sturgeon 

stocking program in the Missouri River below Fort Randall Dam in 2000 (Bollig 2000). 

Early life history of the pallid sturgeon is not completely understood.  This is 

especially true due to low abundance resulting from no recruitment in the river above 

Gavins Point Dam for more than 40 years, since the closure of Missouri River dams 
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(Keenlyne and Jenkins 1993).  Currently, information is lacking on the food habits of 

juvenile pallid sturgeon.  The UBPSWG has listed research on juvenile pallid sturgeon 

food habits as a high priority (UBPSWG 2002).    

 Both the pallid and shovelnose sturgeon are opportunistic suctorial feeders on 

benthic organisms using barbels, an inferior mouth, and modified fleshy lips (Held 1969).  

Sturgeon can effectively detect and select food items from detritus and sand grains with 

the presence of taste buds on the gill rakers and on the papillae of the palatine (Weisel 

1979).  Aquatic insect larvae were the most important food item of adult shovelnose 

sturgeon in the Missouri and Mississippi rivers (Hoopes 1960; Held 1969; Ranthum 

1969; Modde and Schmulbach 1977; Carlson et al. 1985).  While adult pallid sturgeon do 

utilize aquatic insect larvae, there is a greater proportion of fish (mostly cyprinids) in 

their diet (Coker 1930; Cross 1967; Carlson et al. 1985) compared to shovelnose 

sturgeon.  Gerrity (2005) also found a greater proportion of fish in the diet of hatchery-

reared juvenile pallid sturgeon (HRJPS) compared to adult shovelnose sturgeon in the 

Missouri River above Fort Peck Dam, Montana. 

 Bramblett and White (2001) found that shovelnose sturgeon used higher current 

velocities and used a greater proportion of gravel and cobble substrate compared to pallid 

sturgeon.  Erickson (1992) also found that smaller pallid sturgeon (< 5 kg) used higher 

current velocities and a greater proportion gravel and cobble substrate compared to larger 

(> 5 kg) pallid sturgeon. By using the same habitat types, the diets of smaller pallid 

sturgeon (< 5 kg) may overlap with the shovelnose sturgeon (Erickson 1992).  Gerrity 

(2005) reported that HRJPS and adult shovelnose sturgeon used similar river depths, 
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column velocities, selected for main channel habitats, and avoided secondary channels in 

the Missouri River above Fort Peck Dam. 

 The diet information gained in this study will be essential for future studies 

including bioenergetics modeling (Wright, Klumb, and Chipps USFWS and South 

Dakota State University unpublished data).  Bioenergetics modeling estimates 

consumption (energy), where consumption equals the sum of growth, respiration, 

egestion, and excretion (Windberg 1956).  This study will provide the data necessary for 

bioenergetics modeling for the analysis of growth potential of pallid sturgeon in RPA 3.  

 The objectives of this study were to investigate seasonal diet of HRJPS and 

shovelnose sturgeon and diet overlap between HRJPS and adult shovelnose sturgeon in 

the Missouri River below Fort Randall Dam.   Knowledge of the food habits of HRJPS 

and the sympatric shovelnose sturgeon is vital to identifying the limiting factors to pallid 

sturgeon recruitment and eventual recovery.   

 

Methods 

 Hatchery-reared juvenile pallid sturgeon and adult shovelnose sturgeon were 

collected using a variety of techniques, including drifting trammel nets, passive gill nets, 

hoop nets, set lines, and towing a beam trawl.  Sampling took place from April through 

November in both 2003 and 2004 in the Missouri River below Fort Randall Dam to the 

headwaters of Lewis and Clark Lake formed by Gavins Point Dam.  The sturgeon 

collected in this study were part of a long-term pallid sturgeon and fish community 
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assessment for the Missouri River (Drobish 2005).  Each sturgeon was measured for fork 

length (FL) to the nearest millimeter and weighed to the nearest gram. 

Diet studies often involve the sacrifice of fish to examine stomach contents.  

Because the pallid sturgeon is endangered and the shovelnose sturgeon population is also 

in decline, stomach contents were removed using nonlethal gastric lavage (Seaburg 1957; 

Foster 1977; Meehan and Miller 1978; Hartleb and Moring 1995; Haley 1998; Brosse et 

al. 2002; Shuman 2003; Gerrity 2005).  This method involves pumping water through the 

esophagus to flush food items from the stomach.  

 I used a gastric lavage technique similar to the method described by Foster (1977) 

but also included the use of a pressurized reservoir (Light et al. 1983; and Brosse et al. 

2002; Shuman 2003; Gerrity 2005; Wanner in review).  The apparatus used was a hand 

pumped, pressurized garden sprayer tank.  A polyethylene tube with an outside diameter 

of 6.4 mm was fitted on the end of the garden sprayer hose.  No anesthetics were used 

because the Pallid Sturgeon Recovery Team has prohibited the use of tricaine 

methanesulfonate (MS-222) on pallid sturgeon due to detrimental effects, including 

mortality (Steve Krentz, Pallid Sturgeon Recovery Team Leader, personal 

communication; U. S. Fish and Wildlife Service, Bismarck, ND; December 2002).  With 

the sturgeon held dorsal side down at a 45-degree angle, the polyethylene tube was 

slowly inserted down the esophagus as far as the first stomach loop.  Water was then 

lightly pulsed into the stomach to dislodge food items as the tube was slowly withdrawn 

from the stomach and esophagus.  After the stomach was filled with water, the ventral 

side of the sturgeon, approximately where the stomach is, was lightly massaged to 
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facilitate regurgitation.  The food items were regurgitated onto a 500 Φm-mesh sieve.  

This process was repeated until regurgitation ceased, assuming the stomach was emptied.  

The procedure lasted approximately 2-3 min for each fish, during which time the gills 

were constantly flushed with fresh water.  The food items collected on the 500 Φm-mesh 

sieve were then preserved in 10% formalin.  The safety of the gastric lavage technique 

was evaluated on HRJPS at the Bozeman Fish Technology Center before being attempted 

on fish in the field (Wanner in review).  

Before food items were examined, the formalin solution was decanted and refilled 

with 70% ethyl alcohol.  All aquatic insects were identified using Merrit and Cummins 

(1996).  Food items were identified to genus when possible for Ephemeroptera, 

Trichoptera, Isopoda, and Odonata.  All Diptera were identified to family.  Fish were 

identified to species when possible.  All other less common food items found in the 

stomachs of sturgeon were identified to order.  Stomach contents were expressed for each 

prey type as the percentage of all stomachs (containing food) in which each food category 

occurred (frequency of occurrence).  I calculated the percentage that each food category 

contributed to the total number of food items in all stomachs (percent by number).  A 

numerical estimate may overemphasize the importance of small prey items taken in large 

numbers.  Using gravimetric analysis, stomach contents were expressed as a percentage 

of the overall dry weight of stomach contents (percent of total weight) to minimize 

overestimating any food category by number or occurrence.  After I identified and 

counted the prey items, organisms were dried at 65 ΕC for 24 h and then weighed to the 

nearest 0.1 mg. 
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 Diet data were tested for normality and homogeneity of variance using Number 

Cruncher Statistical Software (NCSS) 2000 (Hintze 1998).  Diet data were not normally 

distributed with heterogeneous variance.  All diet data were log10 transformed and tested 

again.  Normality improved and homogeneity of variance was achieved to better meet 

analysis of variance (ANOVA) assumptions.  For each prey type, the mean numbers and 

dry weights of Chironomidae, Ephemeroptera, Trichoptera, Odonata, Isopoda, and fish 

present in stomach contents were compared among months in 2003 and 2004 for HRJPS 

and adult shovelnose sturgeon using an ANOVA.  Only months with at least four fish 

with prey items recovered were used for comparisons.  A Tukey-Kramer test for 

multiple-comparisons was performed to determine which months had different mean 

numbers and dry weights for each prey type.  All monthly comparisons of mean numbers 

and dry weights were performed with NCSS 2000 (Hintze 1998) with significance 

determined at α = 0.05. 

 The mean numbers and dry weights of prey types were compared among fork 

length groups using an ANOVA test for HRJPS in 2003 and 2004 (combined because of 

small sample size) and for adult shovelnose sturgeon in 2003 and 2004.  Fork length 

groups for pallid sturgeon (sub-stock [SS], <330 mm; stock [S], 330 mm; quality [Q], 

630 mm; preferred [P], 840 mm; memorable [M], 1040 mm; and trophy [T], 1270 mm) 

were proposed by Shuman et al. (2006).  Fork length groups for shovelnose sturgeon (SS, 

<250 mm; S, 250 mm; Q, 380 mm; P, 510 mm; M, 640 mm; and T, 810 mm) were 

developed by Quist et al. (1998).   
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Diet overlap between juvenile pallid sturgeon and adult shovelnose sturgeon was 

investigated in 2003 and 2004 with the Schoener index (Schoener 1970). The Schoener 

index ranges from 0 (no overlap) to 1 (complete overlap) and measures the overlap 

between the two species (Wallace 1981).  Diet overlap is considered to be biologically 

significant when the overlap exceeds 0.60 (Zarret and Rand 1971; Mathur 1977).  The 

Schoener index equation is: 

                                       n
∀ = 1 - 0.5 (3 ∗pxi  -  pyi∗) 

i=1 

 
where pxi = proportion of food category i in the diet of species x, pyi = proportion of food 

category i in the diet of species y, and n = number of food categories. 

 

Results 

Juvenile pallid sturgeon 

 Hatchery-reared juvenile pallid sturgeon were collected by drifted trammel nets, 

overnight passive gill nets, and set lines.  In 2003, prey items were recovered from 18 out 

of 59 HRJPS that were sampled for food habits for a recovery rate of 31%.  The 18 

HRJPS from which prey items were recovered ranged from 355 to 700 mm FL (mean = 

531.5; SE = 29.50) (Figure 5-1).  The 41 HRJPS from which prey items were not 

recovered ranged from 395 to 700 mm FL (mean = 612.2; SE = 11.62).  In 2004, prey 

items were recovered from 10 out of 23 HRJPS that were sampled for food habits for a 

recovery rate of 43%.  The 10 HRJPS ranged from 385 to 706 mm FL (mean = 581.7; SE 
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= 34.42) (Figure 5-1).  The 13 HRJPS from which prey items were not recovered ranged 

from 324 to 760 mm FL (mean = 483.2; SE = 36.53). 

 In both 2003 and 2004, HRJPS preyed upon a variety of benthic organisms (Table 

5-1).  Diptera were identified only to the family Chironomidae; no other Diptera were 

found in the diets.  Isonychia sp. made up over 83% by composition of dry weight of 

Ephemeroptera in 2003 and over 86% in 2004 in the diets of HRJPS.  Hydropsyche sp. 

was the primary Trichoptera food item with over 91% by composition of dry weight in 

2003 and over 89% in 2004.  Potamyia flava was the only other Trichoptera in the diets.  

Gomphus sp. was the only Odonata found in the diets of HRJPS, which only occurred in 

2004.  One Coleoptera was found in the diet of a HRJPS in 2003.  One Isopoda, a 

freshwater crustacean Asellus, was identified in the diet of HRJPS in 2003, but were 

found in greater numbers and made up over 5% by composition of dry weight of all prey 

in 2004.  Three johnny darters Etheostoma nigrum, four channel catfish, one silver chub 

Macrhybopsis storeriana, one emerald shiner Notropis atherinoides, and two unidentified 

fish were recovered from the diets of HRJPS in 2003 and two unidentified fish were 

found in 2004.   

 In 2003, Chironomidae, Ephemeroptera, Trichoptera, and fish occurred in more 

than 20% of the diets in HRJPS (Figure 5-2).  However, Chironomidae and fish made up 

over 83% of the diet by composition of dry weight (Figure 5-3).  In 2004, Chironomidae, 

Ephemeroptera, Trichoptera, Odonata, Isopoda, and fish all occurred in more than 20% of 

the diets (Figure 5-2).  However, Ephemeroptera made up over 73% of the diets by 
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composition of dry weight (Figure 5-3).  Sample size was insufficient in both 2003 and 

2004 for among-month statistical comparisons for each prey type. 

 Chironomidae were preyed upon from July to October in 2003 and were the 

highest by percent composition of dry weight among prey types in October (Table 5-2).  

However, the highest numbers (mean = 228; SE = 206.6) and dry weights (mean = 

0.0664 g; SE = 0.0622) of Chironomidae were recovered from stomachs in August and 

none were recovered by gastric lavage in April (Figure 5-4).  In 2004, Chironomidae 

were preyed on in all months that prey items were recovered from HRJPS and were the 

highest by percent composition of dry weight among prey types in April (Table 5-2).  The 

highest numbers (mean = 11; SE = 11.0) and dry weights (mean = 0.0025 g; SE = 

0.0025) of Chironomidae occurred in April and was lowest in November when one 

HRJPS contained one Chironomidae recovered in the diet with a dry weight of 0.006 g 

(Figure 5-4).  

 Ephemeroptera were found in the diets of HRJPS in April and from July to 

September and were the highest prey type by percent composition of dry weight in July 

and September in 2003 (Table 5-2).   The highest numbers (mean = 34; SE = 3.5) and dry 

weights (mean = 0.0503 g; SE = 0.0027) of Ephemeroptera were collected in September 

and there were none in the diets in October or November in 2003 (Figure 5-5).  In 2004, 

Ephemeroptera were only recovered in May and July.  However, Ephemeroptera was the 

highest prey type by percent composition of dry weight in July (Table 2).  The highest 

numbers (mean = 33; SE = 23.5) and dry weights (mean = 0.0488 g; SE = 0.0289) were 

in July and none were found in April or November (Figure 5-5). 
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 Trichoptera were found in the diets of HRJPS from August to November in 2003 

(Table 5-2).  Three Trichoptera with a dry weight of 0.006 g were found in the diet of one 

HRJPS in November and none were found in the diets in April and July (Figure 5-6).  In 

2004, the highest numbers (mean = 4; SE = 3.5) and dry weights (mean = 0.1029 g; SE = 

0.1016) were found in May and none were found in the diets in April or June (Figure 5-

6). 

 Isopoda was not a substantial prey type in the diets of HRJPS in 2003.  Only one 

Isopoda was observed in the diet in April.  However, Isopoda made up over 20% of the 

diet by composition of dry weight in April, May, and November in 2004 (Table 5-2).  

Three Isopoda with a dry weight of 0.0021 g were found in one HRJPS in November, 

while the highest dry weights (mean = 0.0058 g; SE = 0.0019) were in May and there 

were none in the diets in July 2004 (Figure 5-7). 

 The three johnny darters, four channel catfish, one silver chub, one emerald 

shiner, and one unidentified fish were recovered from the diets of HRJPS in August and 

one unidentified fish was collected in November of 2003.  Fish made up over 46% of the 

composition of dry weight in August and November in 2003 (Table 5-2).  Only one 

unidentified fish was found in the diets in May and July in 2004. 

 No significant differences were found between the diets of S-Q and Q-P fork 

length groups of HRJPS in the mean numbers or dry weights of Chironomidae, 

Ephemeroptera, Trichoptera, Odonata, and fish in 2003 and 2004 (combined) (Table 5-3).  

No significant differences were found between fork length groups in the mean numbers 

of Isopoda.  However, the mean dry weights of Isopoda consumed by the Q-P fork length 
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group were significantly higher than the S-Q fork length group (Table 5-3).  Longer 

HRJPS preyed upon Isopoda and fish while Chironomidae, Ephemeroptera, and 

Trichoptera were preyed upon by all lengths of HRJPS sampled (Figure 5-8).  The mean 

FL of HRJPS that preyed upon Isopoda (mean = 634.2 mm; SE = 30.94) and fish (mean = 

606.3 mm; SE = 15.79) were substantially longer than HRJPS that preyed upon 

Chironomidae (mean = 511.1 mm; SE = 28.03) and Ephemeroptera (mean = 522.0 mm; 

SE = 37.6).  The mean FL of HRJPS that preyed upon Trichoptera (mean = 575.2 mm; 

SE = 38.67) was intermediate among the prey types. 

 

Shovelnose sturgeon 

 Adult shovelnose sturgeon were collected by drifted trammel nets, beam trawls, 

overnight passive gill nets, hoop nets, and setlines in 2003 and 2004.  No juvenile 

shovelnose sturgeon were collected during my study.  In 2003, prey items were recovered 

from 92 out of 231 shovelnose sturgeon that were sampled for food habits for a recovery 

rate of 40%.  The 92 shovelnose sturgeon from which prey items were recovered had FL 

ranging from 558 to 770 mm (mean= 659.1; SE = 4.50) (Figure 5-1).  Shovelnose 

sturgeon without prey recovered ranged from 535 to 756 mm FL (mean = 643.1; SE = 

3.94).  In 2004, prey items were recovered from 87 out of 137 shovelnose sturgeon that 

were sampled for food habits for a recovery rate of 64%.  Fork length for 87 shovelnose 

sturgeon ranged from 540 to 755 mm with a mean of 639.8 (SE = 5.1) (Figure 5-1).  

Shovelnose sturgeon without prey ranged from 528 to 715 mm FL (mean = 627.6; SE = 

6.83). 
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 Shovelnose sturgeon preyed upon a variety of benthic organisms in both 2003 and 

2004 (Table 5-4).  Diptera were identified only to the family Chironomidae.  No other 

dipterans were found in the diets.  Isonychia sp. made up 91% by composition of dry 

weight of the Ephemeroptera in the diets of shovelnose sturgeon in 2003 and 82% in 

2004.   Over 95% of the Trichoptera found in the diets were Hydropsyche sp. in 2003 and 

over 94% in 2004.  Stylurus sp. made up over 63% by composition of dry weight of 

Odonata in 2003 and 2004.  No fish were found in the diets of the shovelnose sturgeon in 

2003.  However, two johnny darters and two unidentified fish were found in the diets of 

shovelnose sturgeon in 2004. 

 In 2003, Chironomidae occurred in over 92% of the diets, Ephemeroptera 

occurred in over 40% of the diets, while all the other prey types occurred in less than 

20% of the diets (Figure 5-2).  Chironomidae made up over 72% composition by dry 

weight of the diets and no other prey type exceeded 20% in 2003 (Figure 5-3).  However, 

in 2004, Chironomidae, Ephemeroptera, Trichoptera, Odonata, and Isopoda all occurred 

in more than 19% of the diets of shovelnose sturgeon (Figure 5-2).  However, 

Chironomidae made up over 74% composition by dry weight of the diets while no other 

prey type exceeded 9% of the diets (Figure 5-3). 

 Chironomidae were found in the diets of shovelnose sturgeon from April to 

October in 2003 and from April to August and October to November in 2004.  

Chironomidae made up over 51% of the diet by composition of dry weight from April to 

July and in October in 2003 and from April to July and November in 2004 (Table 5-5).  

In 2003 and 2004, significant differences were found in the mean numbers of 
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Chironomidae among months, but significant differences were only found in mean dry 

weights among months in 2003 (Table 6, Figure 5-8).  In 2003, the highest numbers 

(mean = 312; SE = 157.6) and dry weights (mean = 0.0653 g; SE = 0.0312) were in June 

and the lowest numbers (mean = 5; SE = 2.9) and dry weights (mean = 0.0009 g; SE = 

0.0007) were in October (Figure 5-9).  In 2004, the highest numbers (mean = 1,671; SE = 

444.1) and dry weights (mean = 0.1930 g; SE = 0.0428) were in May.  However, one 

shovelnose sturgeon had 1,536 Chironomidae with a dry weight of 0.4240 g in a diet in 

June.  One shovelnose sturgeon diet had only 12 Chironomidae with a dry weight of 

0.0011 g in the diet in August (Figure 5-9).   

 Ephemeroptera were found in the diet of shovelnose sturgeon from May to 

October in 2003 and from April to May, July to August, and October to November in 

2004.  Ephemeroptera made up over 72% of the diet by composition of dry weight in 

August and September in 2003 and over 98% of the diet in August of 2004 (Table 5-5).  

Significant differences among months were found in the mean numbers and dry weights 

of Ephemeroptera in the diets of shovelnose sturgeon in 2003 and 2004 (Table 5-6, 

Figure 5-10).    In 2003, the highest numbers (mean = 14; SE = 4.3) and dry weights 

(mean = 0.0134 g; SE = 0.0040) of Ephemeroptera were in August and none were found 

in the diets in April or November (Figure 5-10).  In 2004, the highest numbers (mean = 

26; SE 10.0) and dry weights (mean = 0.0305 g; SE = 0.0101) of Ephemeroptera were 

found in July, although one shovelnose sturgeon in August had 30 Isonychia sp.  No 

Ephemeroptera were found in the diets in June (Figure 5-10). 
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 Trichoptera were found in the diets of shovelnose sturgeon from April to June and 

August to October in 2003 and from April to July and October to November in 2004. 

Trichoptera made up over 35% of the diet by dry weight in April and over 41% in 

October of 2003 and over 34% of the diet in November of 2004 (Table 5-5).  Significant 

differences among months were found in the mean numbers and dry weights of 

Trichoptera in the diets of shovelnose sturgeon in 2003 and 2004 (Table 5-6, Figure 5-

11).  In 2003, the highest numbers (mean = 7; SE = 4.7) and dry weights (mean = 0.0094 

g; SE = 0.0059) were in April while no Trichoptera were found in July.  In 2004, the 

highest numbers (mean = 12; SE = 3.2) and dry weights (mean = 0.0175 g; SE = 0.0048) 

were in November while none were found in August (Figure 5-11).   

 Isopoda were only found in the diets of shovelnose sturgeon in May of 2003 but 

made up over 31% of the diet by composition of dry weight (Table 5-5).  In 2004, 

Isopoda were found from April to May, July, and in November, but was not a substantial 

part of the diet by composition of dry weight throughout the year.  Significant differences 

were found among months in the mean numbers and dry weights of Isopoda in the diets 

in 2004 (Table 5-6).  In 2004, the highest numbers (mean = 1; SE = 0.2) and dry weights 

(mean = 0.0009 g; SE = 0.0002) were in November and none were found in June, 

August, or October (Figure 5-12). 

 Two Odonata were found in the diets of shovelnose sturgeon in 2003 and 23 in 

2004.  Odonata were not a substantial part of the shovelnose sturgeon’s diet and only 

once contributed to over 10% of the diet by dry weight in June 2004 (Table 5-4).  No 
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significant differences were found among months in mean numbers and dry weights in 

2003 and 2004 (Table 5-6). 

 Fish were not a substantial part of the shovelnose sturgeon’s diet (Table 5-4).  

Only two johnny darters and two unidentified fish were found in the diets in November 

of 2004.  However, 186 fish eggs were found in the stomach of one shovelnose sturgeon 

in October of 2004.   

 No significant differences were found between P-M and M-T fork length groups 

of shovelnose sturgeon in the mean numbers and dry weights of Chironomidae, 

Ephemeroptera, Trichoptera, Odonata, and Isopoda in the diets in 2003 or 2004 (Table 5-

7).  The mean FL of shovelnose sturgeon that preyed upon Chironomidae (mean = 648.9 

mm; SE = 3.52), Ephemeroptera (mean = 649.3 mm; SE = 5.12), Trichoptera (mean = 

645.8 mm; SE = 6.37), Isopoda (mean = 642.2 mm; SE = 8.36) and Odonata (mean = 

638.1 mm; SE = 8.00) was not substantially different among prey types consumed in 

2003 and 2004 (combined) (Figure 5-13).   

 

Diet overlap  

 In 2003, the proportions by dry weight of Ephemeroptera, Trichoptera, Odonata, 

and Isopoda in HRJPS and shovelnose sturgeon were similar while substantial 

differences were observed in the dry weight of Chironomidae and fish consumed (Figure 

5-3).  Diet overlap between HRJPS and shovelnose sturgeon was nearly biologically 

significant using Schoener index value = 0.53 in 2003.  In 2004, diet overlap was low 

with the Schoener index value = 0.21.  The proportions by dry weight of Chironomidae 
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and Ephemeroptera were substantially different between HRJPS and shovelnose sturgeon 

while Trichoptera, Odonata, Isopoda, and fish were similar (Figure 5-3). 

 In 2003, Chironomidae peaked in June for numbers (mean = 312; SE = 157.6) and 

dry weights (mean = 0.0653 g; SE = 0.0312) in shovelnose sturgeon diets while the 

highest numbers (mean = 228; SE = 206.6) and dry weights (mean = 0.0664 g; SE = 

0.0622) of Chironomidae in the diets of HRJPS were in August (Figure 5-14).  In 2004, 

throughout the year, shovelnose sturgeon consumed much greater numbers and dry 

weights of Chironomidae compared to HRJPS (Figure 5-14).   

 In 2003, Ephemeroptera were found in the highest numbers (mean = 14; SE = 4.3) 

and dry weights (mean = 0.0134 g; SE = 0.0040) in the diets of shovelnose sturgeon in 

August while the highest numbers (mean = 34; SE = 3.5) and dry weights (mean = 

0.0503 g; SE = 0.0027) of Ephemeroptera found in the diets of HRJPS were in September 

(Figure 5-15).  In 2004, there were no substantial differences in mean numbers or dry 

weights of Ephemeroptera found in food habit samples. 

 In 2003, the highest numbers (mean = 7; SE = 4.7) and dry weights (mean = 

0.0094 g; SE = 0.0059) of Trichoptera in the diets of shovelnose sturgeon were in April 

while none were found in November while the highest number was three Trichoptera 

with a dry weight of 0.006 g found in one HRJPS in November and none were found in 

April (Figure 5-16).  In 2004, the highest numbers (mean = 12; SE = 3.2) and dry weights 

(mean = 0.0175 g; SE = 0.0048) were in November for shovelnose sturgeon and the 

highest numbers (mean = 4; SE = 3.5) and dry weights (mean = 0.1029 g; SE = 0.1016) 

in the diets of HRJPS were found in May (Figure 5-16). 
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 In 2003, more empty stomachs were found than stomachs with prey by gastric 

lavage method from April to May, July to August, and October to November for HRJPS 

(Table 5-3) and from April to May and September to October for shovelnose sturgeon 

(Table 5-5). In 2004, the higher proportion of empty stomach samples was in April and 

October for HRJPS, while a higher proportion of empty stomach samples was in April 

and June for shovelnose sturgeon. 

 

Discussion 

 Due to the endangered status of pallid sturgeon and the decline in overall 

abundance of shovelnose sturgeon, a gastric lavage method was used to collect prey items 

from the stomachs.  Gastric lavage is considered a safe and effective method for 

removing food items from fish stomachs (Meehan and Miller 1978; Hartleb and Moring 

1995; Haley 1998; Brosse et al. 2002).  Prey items have been safely removed from 

HRJPS (Gerrity 2005; Wanner in review) and from shovelnose sturgeon (Shuman 2003).  

However, I found that in some cases, constriction of the alimentary canal was 

experienced while inserting the tube and while injecting water into the stomach.  Care 

was taken to reduce the amount of water injected into the stomach which allowed time 

for the sturgeon to relax and begin regurgitation.    

 Wanner (in review) found that food items were recovered from 100% of the 

HRJPS with food items in their stomach and food items were recovered up to 2 h after 

fish were fed.  However, Wanner (in review) also found differential recovery rates of 

prey items with an overall recovery rate of 74.9% in the numbers of prey items.  Brosse 
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et al. (2002) also reported variations in the recovery rate of prey items from Siberian 

sturgeon Acipenser baeri, where only 50% of the vermiform prey and 75% of larger prey 

(fish and shrimp) were recovered.  Brosse et al. (2002) found that the recovery rate of 

food items after 2 h or more after feeding was lower, indicating the technique would most 

likely recover only the most recently ingested food items.  Although I did not quantify the 

recovery rate of prey items in this study, it is likely that the recovery rates of prey types 

between the two morphologically similar sturgeon species were similar (Gerrity 2005).  

Further investigations are needed on the recovery rate of different prey items in the wild. 

Without knowledge of recovery rates, the gastric lavage technique may only provide a 

qualitative determination of food habits (Haley 1998) and future bioenergetics modeling 

should consider recovery rates. 

    

Juvenile pallid sturgeon 

 Aquatic insects and fishes were important in the diet of HRJPS in the Missouri 

River below Fort Randall Dam, South Dakota.  Among all prey types, Chironomidae 

occurred more often than any other prey type in both 2003 and 2004.   However, fishes 

were the most important prey by percent composition of dry weight in 2003 with 

Chironomidae the second most important.  Ephemeroptera, specifically Isonychia sp., 

was the most important by percent composition of dry weight in 2004 while all other prey 

types were less than 14% of the diet.  In the Missouri River above Fort Peck Reservoir, 

Montana, Gerrity (2005) found that fishes, especially sicklefin chubs Macrhybobsis 

meeki and sturgeon chubs Macrhybopsis gelida, occurred in the diets of HRJPS over 54% 
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of the time and made up over 90% of the diet by composition of weight.  Gerrity (2005) 

also found that Chironomidae, Ephemeroptera, Trichoptera, and detritus each occurred in 

over 10% of the diets but did not make up a substantial part of the diet composition by 

weight for HRJPS.  Sicklefin and sturgeon chubs were abundant in the deep main channel 

of the Missouri River where HRJPS were located (Gerrity 2005).   In the Missouri River 

below the Yellowstone River confluence in North Dakota, Welker and Scarnecchia 

(2004) found that sicklefin and sturgeon chub catches were higher in areas with naturally 

high fluctuations of the hydrograph and high sediment loads compared to the Missouri 

River above the Yellowstone River confluence, which is influenced by Fort Peck Dam 

(i.e., regulated flows and lower turbidity).  The Missouri River below Fort Randall Dam 

also has been altered from its natural hydrograph and has reduced sediment loads where 

catches of native benthic cyprinids in the deep main channel are low (Berry et al. 2004).  

No sicklefin or sturgeon chubs were captured in 2003 or 2004 in my study area below 

Fort Randall Dam (USFWS 2004; Shuman et al. 2005).   

 Monthly trends in food habits of HRJPS were difficult to determine due to the low 

sample size and differences between years.  However, it appears that Chironomidae were 

an important prey throughout the year.  In every month when prey items were recovered 

from a HRJPS, except in April 2003, Chironomidae were found in the diet.  Across all 

seasons, Chironomidae have been found to be an important trophic link in the food chain 

feeding secondary and tertiary consumers as the dominant primary consumer in Missouri 

River backwaters (Fisher et al. 2001).  
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 Ephemeroptera were a common prey for HRJPS during the warmer months from 

July to September, while very few numbers were recovered from April to May or 

October to November.  No HRJPS were captured in June 2003 and 2004; therefore, it is 

not possible to know if Ephemeroptera were a common prey type during that time.  Also, 

no HRJPS were captured from August to October 2004; therefore, it is not known if 

Ephemeroptera found in the diets in 2003 accurately reflects their true importance to 

HRJPS.  Gerrity (2005) did not investigate seasonal trends in diets of HRJPS, but 

reported that Ephemeroptera occurred in over 30% of the diet of HRJPS in the Missouri 

River above Fort Peck Reservoir, Montana. 

 In 2003, Trichoptera were common in the diets of HRJPS in the fall with an 

increase in mean numbers in the diets from August to November and none found from 

April to July.   In 2004, no Trichoptera were found in the diets in April but were found in 

the diet in the greatest numbers and dry weights in May and a few were found in July and 

November.  Trichoptera are most likely available in greater numbers during spring and 

fall, or HRJPS are actively selecting for Trichoptera during those times of the year.   

 Only one Isopoda was found in the diets of HRJPS in April of 2003.  Isopoda 

were most likely not abundant or available to be preyed upon in 2003.  However, Isopoda 

were more abundant and followed similar seasonal trends as Trichoptera did in the diets 

of HRJPS with peaks in May and November of 2004.     

 Fishes made up a substantial part of the diet by percent composition of dry weight 

in 2003, but only were found in August and November of 2003.  Young of the year fish 

are likely most available in the Missouri River during late summer to fall.  Only two 
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unidentified fish were found in the diets of HRJPS so no seasonal trends could be 

identified in 2004. 

 Significant differences were not found between the diets of S-Q and Q-P fork 

length groups in the mean numbers and dry weights of prey types.  However, it appears 

that fish and Isopoda were preyed upon by longer HRJPS than were Chironomidae, 

Ephemeroptera, and Trichoptera, which were preyed upon by all lengths of HRJPS.  As 

pallid sturgeon mature, they may be selecting for fish and Isopoda as prey.  While aquatic 

invertebrates were consumed, fishes made up a substantial part of the diet of adult pallid 

sturgeon in the Kansas River (Cross 1967), Mississippi River (Coker 1930), and in the 

Missouri River (Carlson et al. 1985).  In the Missouri River above Fort Peck Reservoir, 

fishes also made up a substantial part of the diet of HRJPS that were from the 1997 year 

class, which would have been six and seven years old during the study (Gerrity 2005). 

 Differences in mean relative condition (Kn) were found between the S-Q and Q-P 

fork length groups (Chapter 4).  Fish condition has been related to prey availability for 

many fish species (Blackwell et al. 2000).  Longer HRJPS did have more fish in their 

diets.  Prey fish may not be abundant because of changes in habitat reducing the 

abundance of native cyprinids.  Prey fish may also be able to avoid sturgeon because of 

reduced turbidity.   In addition, the abundance of predators such as walleyes, sauger 

Sander canadense, and smallmouth bass Micropterus dolomieu may have reduced the 

overall abundance of prey fish.  However, the weight-length regression equation for the 

Kn index for pallid sturgeon was developed with only 214 fish and ranged from 468 to 

1,600 mm FL (Keenlyne and Evanson 1993).  Although pallid sturgeon with greater 
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lengths captured in this research project appeared to be slimmer, the weight-length 

standard may not have been descriptive for smaller pallid sturgeon. 

 

Shovelnose sturgeon 

 Shovelnose sturgeon have been described as opportunistic feeders (Modde and 

Schmulbach 1977; Berry 2002).  I found that larval aquatic insects were prevalent in the 

diet of shovelnose sturgeon in the Missouri River below Fort Randall Dam.  The 

dominance of aquatic insects in the diet of shovelnose sturgeon has been found in the 

Platte River (Shuman 2003), Mississippi River (Hoopes 1960; Helms 1974; Carlson et al. 

1985), and the Missouri River (Held 1969; Modde and Schmulbach 1977; Carlson et al. 

1985; Megargle 1997; Berry 2002; Gerrity 2005).   

 Chironomidae made up the majority of the diet composition by numbers and dry 

weights of prey items for shovelnose sturgeon in 2003 and 2004.  In past studies of 

shovelnose sturgeon diets, Chironomidae have been the highest by frequency of 

occurrence (Held 1969; Shuman 2003; Gerrity 2005), number (Held 1969; Shuman 

2003), and dry weight or volume (Held 1969; Gerrity 2005) than any other prey.   

 Seasonal trends were found in the diets of shovelnose sturgeon as the composition 

by dry weight of Chironomidae was highest among prey types from April to July and in 

October in 2003 and from April to July and in November in 2004.  In 2003 and 2004, the 

general trend was an increase in the mean numbers and dry weights of Chironomidae in 

the diets from April to June with a steady decline thereafter until an increase again 

occurred in the fall.  In other shovelnose sturgeon diet studies in the Missouri River, 
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Chironomidae were found in the greatest numbers and weights in the summer months 

(Modde and Schmulbach 1977; Megargle 1997; Berry 2002).  Shuman (2003) found that 

Chironomidae numbers in diets of shovelnose sturgeon in the Platte River increased from 

June to August and declined in September.   

 The frequency of occurrence for Ephemeroptera in the diets of shovelnose 

sturgeon was substantial in 2003 and 2004, but did not make up a substantial portion of 

the diet by composition of dry weight.  Seasonal trends were found in the diets as the 

composition of dry weight of Ephemeroptera was highest among prey types from August 

to September in 2003 and in August 2004.  In both years, there was an increase in mean 

numbers and dry weights from April to August with a steady decline through the fall.  

Shuman (2003) found higher numbers in July and August compared to June and 

September in the Platte River and Berry (2002) found and increase of Ephemeroptera in 

June through August and a decline thereafter in the Missouri River.  However, Modde 

and Schmulbach (1977) found Ephemeroptera, specifically Hexagenia, in the highest 

numbers during February and March just prior to ice breakup. 

 The frequency of occurrence of Trichoptera in the diets of shovelnose sturgeon 

was substantial in 2003 and 2004, but they composed a small portion of the diet by 

composition of dry weight.  Shovelnose sturgeon exhibited a seasonal trend in the mean 

numbers and dry weights of Trichoptera in the diets.  In 2003, the highest numbers and 

weights of Trichoptera were in April then remained low throughout the rest of the 

sampling period while in 2004 the numbers and weights were low from April to October 

but increased substantially in November.  Both Modde and Schmulbach (1977) and Berry 
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(2002) also found the highest numbers and weights of the family Hydropsychidae in the 

spring with a decline through the summer months and again an increase in the fall 

months.  However, Megargle (1997) found the highest numbers and weights of 

Trichoptera in the diets in July and September in 1993 and from May to July in 1994 with 

a decline in August for both years in the Missouri River in Montana.   Shuman (2003) 

found the highest numbers of Trichoptera in the diets in August in the Platte River. 

 Isopoda were only found in substantial numbers in the diets of shovelnose 

sturgeon in 2004.  Seasonal trends were found in 2004 with higher numbers and dry 

weights in April and May with a decline through the summer months until an increase in 

November.  Modde and Schmulbach (1977) also found Isopoda, specifically Asellus, 

were primarily preyed upon from January to April, rarely from May to September, and 

then a substantial increase through December. 

 Fishes were not found in the diets of shovelnose sturgeon in 2003 and rarely 

occurred in 2004.  This is similar to other shovelnose sturgeon diet studies in the Platte 

River (Shuman 2003), Mississippi River (Helms 1974), and the Missouri River (Modde 

and Schmulbach 1977; Megargle 1997; Berry 2002; Gerrity 2005). 

 The frequency of occurrence for Odonata in the diets of shovelnose sturgeon was 

low in 2003, but was substantial in 2004.  However, Odonata did not make up a 

substantial portion of the diet by composition of dry weight.  I did not find any seasonal 

trends in the diet of shovelnose sturgeon in 2004.  Similarly, Modde and Schmulbach 

(1977) found Odonata frequency of occurrence in the diets over 29%, but they 
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contributed little to the diet of shovelnose sturgeon by percent of biomass, which was less 

than 0.8% and without seasonal trends. 

 I did not find any Plecoptera in the diets of shovelnose sturgeon in 2003 and 2004.  

Held (1969) also did not find Plecoptera in shovelnose sturgeon diets in the Missouri 

River below Fort Randall Dam.  Although usually in low numbers, Plecoptera have been 

found in the diets of shovelnose sturgeon in the Platte River (Shuman 2003), Mississippi 

River (Held 1967), and the Missouri River (Modde and Schmulbach 1977; Megargle 

1997). 

 I found no significant differences between the diets between P-M and M-T fork 

length groups of shovelnose sturgeon in terms of mean numbers or dry weights of prey 

types.  This is not surprising as all shovelnose sturgeon in this study were adults sampled 

from all habitats in the Missouri River below Fort Randall Dam.  However, the P-M fork 

length group had a higher mean relative weight (Wr) than the M-T fork length group in 

2003 and in 2004 (Chapter 4).  Fish condition has been related to prey availability for 

many fish species including largemouth bass (Wege and Anderson 1978), walleye 

(Porath and Peters 1997), northern pike (Paukert and Willis 2003), and flannelmouth 

sucker (Paukert and Rogers 2004).   

 

Diet overlap 

 The Schoener index ranges from 0 (no overlap) to 1 (complete overlap) and 

measures the overlap of two categories.  Diet overlap is generally considered biologically 

significant when the index value exceeds 0.60 (Wallace 1981).  Based on the value of 
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0.6, HRJPS and shovelnose sturgeon diets did not significantly overlap in 2003 or 2004.  

The proportion by dry weight of Ephemeroptera, Trichoptera, Odonata, and Isopoda were 

similar while the proportion by dry weight of Chironomidae was greater for shovelnose 

sturgeon and while the proportion by dry weight of fish was greater for HRJPS.  In 2004, 

diet overlap was low, but the sample size of diets from HRJPS was even lower compared 

to 2003.  The proportion by dry weight of Ephemeroptera, Trichoptera, Odonata, and 

Isopoda were similar while shovelnose sturgeon consumed a higher proportion of  

Chironomidae and HRJPS consumed more Ephemeroptera in 2004.  Gerrity (2005) 

reported low diet overlap between HRJPS and shovelnose sturgeon in the Missouri River 

above Fort Peck Dam, Montana.  Also, adult pallid sturgeon were found to have a greater 

proportion of fish in their diet (Coker 1930; Cross 1967; Carlson et al. 1985) compared to 

shovelnose sturgeon (Hoopes 1960; Held 1969; Helms 1974; Modde and Schmulbach 

1977; Carlson et al. 1985; Megargle 1997; Shuman 2003).  Based on my results and past 

studies on diet overlap, shovelnose sturgeon should not be considered a surrogate species 

for pallid sturgeon based on food habits.    

 The highest mean numbers and dry weights of the various prey types consumed 

by HRJPS and shovelnose sturgeon rarely occurred during the same months of the year.  

The highest mean numbers and dry weights of Chironomidae consumed by HRJPS were 

in August, but were highest in June for shovelnose sturgeon in 2003.  However, in 2004 

the mean numbers and dry weights of Chironomidae in the diets of shovelnose sturgeon 

far exceeded those of HRJPS throughout the year.  The highest mean numbers and dry 

weights of Ephemeroptera consumed by HRJPS were in September, one month after the 
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highest mean numbers and dry weights consumed by shovelnose sturgeon in 2003.  

However, in 2004, the highest mean numbers of Ephemeroptera consumed by HRJPS 

were in June, one month before the highest mean numbers of Ephemeroptera consumed 

by shovelnose sturgeon.  The highest mean numbers and dry weights of Trichoptera for 

the two sturgeon species were also at different times of the year.  In 2003, the highest 

mean numbers and dry weights of Trichoptera consumed by HRJPS were in November, 

while the highest mean numbers and dry weights consumed by shovelnose sturgeon were 

in April.  The opposite occurred in 2004 with the highest mean numbers and dry weights 

of Trichoptera consumed by HRJPS occurred in May while the shovelnose sturgeon 

consumed the greatest numbers in November. 

 In 2003, throughout the sampling period, except in September, there were more 

empty stomachs found than stomachs with prey items for HRJPS.  In the spring and fall 

the same was true for shovelnose sturgeon.  However, from June to August the majority 

of shovelnose sturgeon sampled for food habits regurgitated some prey items.  Hatchery-

reared juvenile pallid sturgeon are likely feeding throughout the year, but may not be 

encountering their preferred food types.   Hatchery-reared juvenile pallid sturgeon may 

be selecting for food types while shovelnose sturgeon are more of an opportunistic 

feeder.  In 2004, there was no definite trend as there were more empty stomachs than 

stomachs with prey items found in April and October but not in May, July, and 

November for HRJPS.   Shovelnose sturgeon had more empty stomachs than stomach 

with prey items in April and June but not in May, July, August, October, and November.  

Gerrity (2005) found that 94% of HRJPS were empty during the spring, whereas only 
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23% were empty during the summer and fall and only 36% of the shovelnose sturgeon 

stomachs were empty during the spring and 24% were empty during the summer and fall.  

Shovelnose sturgeon may be more actively feeding during the spring, or they are more 

opportunistic compared to HRJPS. 

 

Future research needs 

 Further research is needed to explore the food habits of age-0 pallid sturgeon.  

The youngest HRJPS in this study was age 1 and currently there is limited information on 

food habits of age-0 pallid sturgeon.  A high priority research need associated with early 

life history stages of pallid sturgeon would be the description of food habits and 

determining ontogenetic diet shifts of larval and age-0 juveniles (Quist et al. 2004).  

 My data collection was not designed to assess competition between HRJPS and 

shovelnose.  I also did not measure prey availability; however, there is no evidence 

suggesting competition for available resources between the sturgeon species.  Further 

research should be conducted on prey availability.   Also, further research is needed to 

investigate diet overlap between pallid sturgeon and other piscivorous species such as 

walleye, sauger, and smallmouth bass.  Diet overlap and competition for limited 

resources of prey fish in the deep main channel of the Missouri River below Fort Randall 

Dam may be occurring.    

 Further research is needed to explore how river discharge affects the diet of 

HRJPS.  Modde and Schmulbach (1977) and Berry (2002) both reported a negative 

correlation between mean monthly discharge and shovelnose sturgeon mean diet weight.  
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Both studies were below Gavins Point Dam where substrate is primarily sand.  However, 

Megarle (1997) found a positive correlation between mean monthly discharges and mean 

diet weight of shovelnose sturgeon in the Missouri River above Fort Peck Reservoir, 

which is an unregulated section of the Missouri River.  Above Fort Peck Reservoir, the 

substrate consists of gravel and cobble.  The water released from Fort Randall Dam 

fluctuates widely, both seasonally and daily.  Additionally, the water temperature below 

the dam is reduced from historical levels before the dams were built.  The highly 

regulated flows and altered water temperatures have likely altered prey production and 

substrate type.     

 Further research should explore interactions within the food web in the main 

channel of the Missouri River.  The empirical food habits data I have collected are 

important but have limited value in terms of ecological food web depictions.  Stable 

isotope analysis can be used as a tool to evaluate changes in river habitats, impacts of 

introduced exotic species, seasonal changes, and determination of energy origination 

points (Angradi 1994; Sierszen et al. 1996; Fisher et al. 2001).  Using both a dietary and 

isotopic approach to create a food web that indicates which energy transfer interactions 

can be supported by biological observations and chemical assessments (Fisher et al. 

2001).   
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Table 5-1.  Number of prey items (n), frequency of occurrence (% O), percent 
composition by number (% N), and percent composition by weight (% W) of prey items 
found in hatchery-reared juvenile pallid sturgeon (HRJPS) stomachs in 2003 and 2004 in 
the Missouri River below Fort Randall Dam, South Dakota. 
 

2003 
(18 fish) 

 2004 
(10 fish) 

Prey item n % O % N % W  n % O % N % W 
          
     Chironomidae 2,601 61.1 95.9 35.5  49 80.0 23.0 3.6 
          
Ephemeroptera 91 38.9 3.4 15.0  133 40.0 62.4 73.0 
          Isonychia sp. 86 27.8 3.2 13.4  125 30.0 58.7 63.0 
          Pseudiron sp. 1 5.6 0.0 0.6  8 10.0 3.8 10.0 
     Ephemeridae      1 5.6 0.0 0.8      
          Hexagenia sp. 1 5.6 0.0 0.8      
     Caenidae 3 5.6 0.1 0.2      
          Cercobrachys sp. 3 5.6 0.1 0.2      
          
Trichoptera 8 33.3 0.3 1.2  17 40.0 8.0 13.9 
          Hydropsyche  sp. 7 27.8 0.3 1.1  14 30.0 6.6 12.4 
          Potamyia flava 1 5.6 0.0 0.1  3 20.0 1.4 1.5 
          
Odonata      2 20.0 0.9 1.4 
     Gomphidae      2 20.0 0.9 1.4 
          Gomphus sp.      2 20.0 0.9 1.4 
          
Coleoptera 1 5.6 0.0 0.1      
          
Isopoda 1 5.6 0.0 0.4  10 40.0 4.7 5.4 
          
Fish  11 22.2 0.4 47.9  2 20.0 0.9 2.7 
          Unidentified fish 2 11.1 0.1 1.8  2 20.0 0.9 2.7 
          Johnny darter 3 11.1 0.1 12.4      
          Channel catfish 4 5.6 0.1 2.0      
          Silver chub 1 5.6 0.0 26.4      
          Emerald shiner 1 5.6 0.0 5.3      
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Table 5-2.   Monthly diets by percent composition of dry weight for prey items found in 
hatchery-reared juvenile pallid sturgeon (HRJPS) sampled (n1) when prey items were 
recovered by a gastric lavage method and HRJPS sampled (n2) when no prey items were 
recovered in the Missouri River below Fort Randall Dam, South Dakota in 2003 and 
2004.   
 
Year 
and 

month n1 n2 Chironomidae Ephemeroptera Trichoptera Odonata Fish Isopoda Other 
          
2003          
   Apr 1 6  65.2    34.8  
   May 0 1        
   Jun 0 0        
   Jul 1 2 11.3 88.7      
   Aug 11 14 39.9 3.9 0.5  55.4  0.2 
   Sep 2 2 1.7 98.1 0.2     
   Oct 2 10 91.2  8.8     
   Nov 1 6 19.1  34.6  46.3   
          
2004          
   Apr 2 6 67.6     32.4  
   May 3 1 8.1 8.7 57.7  5.4 20.1  
   Jun 0 0        
   Jul 4 1 1.2 94.4 1.2 1.1 2.1   
   Aug 0 0        
   Sep 0 0        
   Oct 0 4        
   Nov 1 1 4.7  35.9 26.6  32.8  
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Table 5-3.  Mean numbers and dry weights with standard error in parentheses for six prey 
types and the results of analysis of variance (ANOVA) tests comparing mean numbers 
and dry weights of six prey types between stock to quality (S-Q) and quality to preferred 
(Q-P) fork length groups for hatchery-reared juvenile pallid sturgeon (HRJPS) captured 
in the Missouri River below Fort Randall Dam, South Dakota in 2003 and 2004 
(combined).  All ANOVA tests were performed using Number Cruncher Statistical 
Software (NCSS) and significantly different means (P ≤ 0.05) between fork length groups 
are denoted by an asterisk.  
 

Prey S-Q Q-P df F P 

      
Number 21 fish 7 fish    
     Chironomidae  125.8 (108.46) 1.2 (0.64) 1 0.43 0.518 
     Ephemeroptera  10.5 (5.14) 0.6 (0.30) 1 1.21 0.282 
     Trichoptera  0.6 (0.21) 1.9 (1.53) 1 1.91 0.178 
     Odonata  0.0 (0.05) 0 1 0.33 0.574 
     Fish  0.6 (0.34) 0 1 1.07 0.311 
     Isopoda  0.2 (0.15) 1.0 (0.69) 1 3.06 0.092 
      
Dry weight 21 fish 7 fish    
     Chironomidae  0.0168 (0.0149) 0.0007 (0.0005) 1 0.38 0.543 
     Ephemeroptera  0.0156 (0.0069) 0.0026 (0.0012) 1 1.16 0.291 
     Trichoptera  0.0008 (0.0004) 0.0441 (0.0436) 1 3.20 0.085 
     Odonata  0.0002 (0.0001) 0 1 0.68 0.418 
     Fish  0.0228 (0.0175) 0 1 0.55 0.465 
     Isopoda  0.0002 (0.0001) 0.0022 (0.0012) 1 9.59 0.005* 
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Table 5-4.  Number of prey items (n), frequency of occurrence (% O), percent 
composition by number (% N), and percent composition by weight (% W) for prey items 
found in adult shovelnose sturgeon stomach rations in 2003 and 2004 in the Missouri 
River below Fort Randall Dam, South Dakota. 
  

2003 
(92 fish) 

 2004 
(87 fish) 

Prey item n % O % N % W  n % O % N % W 
          
     Chironomidae 9,427 92.4 93.3 72.1  49,027 94.3 96.5 75.3 
          
Ephemeroptera 567 40.2 5.6 18.9  364 41.4 0.7 4.5 
          Isonychia sp. 478 32.6 4.7 17.2  308 24.1 0.6 3.7 
          Pseudiron sp. 8 2.2 0.1 0.5  2 2.3 0.0 0.0 
          Parameletus sp. 21 1.1 0.2 0.4  1 1.1 0.0 0.0 
     Ephemeridae      1 1.1 0.0 0.0  44 16.1 0.1 0.6 
          Hexagenia sp.      30 10.3 0.1 0.5 
          Litobrancha  sp. 1 1.1 0.0 0.0  11 4.6 0.0 0.1 
          Pentagenia sp.      3 3.4 0.0 0.0 
     Polymitarcyidae      4 3.4 0.0 0.2 
          Tortopus sp.      3 2.3 0.0 0.1 
          Ephoron sp.      1 1.1 0.0 0.1 
     Caenidae 59 8.7 0.6 0.8  5 4.6 0.0 0.0 
          Brachycercus sp. 1 1.1 0.0 0.0  1 1.1 0.0 0.0 
          Cercobrachys sp. 58 7.6 0.6 0.8  4 3.4 0.0 0.0 
          
Trichoptera 79 16.3 0.8 4.2  550 51.7 1.1 8.5 
          Hydropsyche  sp. 72 10.9 0.7 4.0  508 41.4 1.1 8.0 
          Potamyia flava 7 6.5 0.1 0.2  42 25.3 0.1 0.5 
          
Odonata 2 2.2 0.0 1.8  23 19.5 0.0 1.9 
     Coenagrionidae       1 1.1 0.0 0.0 
     Libellulidae 1 1.1 0.0 0.5      
          Libellula  sp. 1 1.1 0.0 0.5      
     Gomphidae 1 1.1 0.0 1.3  22 18.4 0.0 1.9 
          Gomphus sp.      14 10.3 0.0 0.7 
          Stylurus sp. 1 1.1 0.0 1.3  8 8.0 0.0 1.2 
          
Coleoptera      1 1.1 0.0 0.0 
          
Oligochaete 15 3.3 0.1 0.8  615 1.1 1.1 2.2 
          
Isopoda 16 1.1 0.2 2.1  50 25.3 0.1 0.6 
          
Amphipoda 2 2.2 0.0 0.0  4 4.6 0.0 0.0 
          
Branchiura 1 1.1 0.0 0.0      
          
Fish eggs      186 1.1 0.4 5.2 
          
Fish       4 2.3 0.0 1.7 
          Unidentified fish      2 1.1 0.0 0.2 
          Johnny darter      2 1.1 0.0 1.5 
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Table 5-5.  Monthly diets by percent composition of dry weight for prey items found in 
adult shovelnose sturgeon sampled (n1) when prey items were recovered by a gastric 
lavage method and shovelnose sturgeon sampled (n2) when no prey items were recovered 
in the Missouri River below Fort Randall Dam, South Dakota in 2003 and 2004.   
 
Year 
and 

month n1 n2 Chironomidae Ephemeroptera Trichoptera Odonata Fish Isopoda Other 
          
2003          
   Apr 9 22 63.5  35.6    0.9 
   May 9 13 51.7 0.5 7.7 7.7  31.6 0.8 
   Jun 17 6 92.9 2.2 0.3 2.9   1.7 
   Jul 20 3 89.7 10.3      
   Aug 27 6 27.3 72.2 0.4    0.1 
   Sep 6 22 17.6 77.8 4.6     
   Oct 4 53 52.9 5.9 41.2     
   Nov 0 14        
          
2004          
   Apr 5 20 70.5 0.7 1.2 0.4  0.5 26.7 
   May 20 8 96.7 0.4 0.3 2.3  0.3  
   Jun 1 2 86.4  1.1 12.5    
   Jul 9 1 78.0 21.0 0.6 0.3  0.1  
   Aug 1 0 1.9 98.1      
   Sep 0 0        
   Oct 7 7 28.0 0.3 0.9    70.8 
   Nov 44 12 52.0 3.5 34.4 1.0 7.1 1.8 0.2 
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Table 5-6.  Results of analysis of variance (ANOVA) tests comparing mean numbers and 
dry weights of Chironomidae, Ephemeroptera, Trichoptera, Odonata, and Isopoda among 
months for shovelnose sturgeon captured in the Missouri River below Fort Randall Dam, 
South Dakota in 2003 and 2004.  All ANOVA tests were performed using Number 
Cruncher Statistical Software (NCSS) and significantly different means (P ≤ 0.05) among 
months are denoted by an asterisk.  
 

Year and prey df F P 

    
2003 number    
     Chironomidae  6 3.88 0.002* 
     Ephemeroptera  6 7.51 <0.001* 
     Trichoptera  6 4.32 0.001* 
     Odonata  6 1.42 0.215 
     Isopoda  6 1.60 0.158 
    
2003 dry weight    
     Chironomidae  6 4.43 0.001* 
     Ephemeroptera  6 8.99 <0.001* 
     Trichoptera  6 4.24 0.001* 
     Odonata  6 1.43 0.214 
     Isopoda  6 0.91 0.494 
    
2004 number    
     Chironomidae  4 4.83 0.002* 
     Ephemeroptera  4 14.30 <0.001* 
     Trichoptera  4 6.11 <0.001* 
     Odonata  4 2.30 0.066 
     Isopoda  4 3.66 0.008* 
    
2004 dry weight    
     Chironomidae  4 2.41 0.056 
     Ephemeroptera  4 9.48 <0.001* 
     Trichoptera  4 7.29 <0.001* 
     Odonata  4 1.56 0.193 
     Isopoda  4 3.02 0.023* 
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Table 5-7.  Results of analysis of variance (ANOVA) tests comparing mean numbers and 
dry weights of Chironomidae, Ephemeroptera, Trichoptera, Odonata, and Isopoda 
between preferred to memorable (P-M) and memorable to trophy (M-T) fork length 
groups for shovelnose sturgeon captured in the Missouri River below Fort Randall Dam, 
South Dakota in 2003 and 2004.  All ANOVA tests were performed using Number 
Cruncher Statistical Software (NCSS) and significantly different means (P ≤ 0.05) 
between fork length groups are denoted by an asterisk. 
 

Year and prey P-M M-T df F P 

      
2003 number 27 fish 65 fish    
     Chironomidae  80.5 (26.74) 111.5 (44.01) 1 0.19 0.662 
     Ephemeroptera  3.2 (1.21) 7.5 (1.96) 1 1.82 0.181 
     Trichoptera  0.7 (0.52) 0.9 (0.65) 1 0.07 0.799 
     Odonata  0.0 (0.03) 0.0 (0.02) 1 0.41 0.521 
     Isopoda  0.6 (0.59) 0 1 2.45 0.121 
      
2003 dry weight 27 fish 65 fish    
     Chironomidae  0.0144 (0.0041) 0.0231 (0.0090) 1 0.37 0.542 
     Ephemeroptera  0.0024 (0.0011) 0.0066 (0.0018) 1 2.10 0.151 
     Trichoptera  0.0020 (0.0015) 0.0009 (0.0007) 1 0.60 0.442 
     Odonata  0.0005 (0.0005) 0.0005 (0.0005) 1 0.00 0.967 
     Isopoda  0.0020 (0.0020) 0 1 2.45 0.121 
      
2004 number 42 fish 43 fish    
     Chironomidae  668.7 (231.03) 486.3 (118.28) 1 0.50 0.481 
     Ephemeroptera  4.0 (1.70) 4.5 (2.17) 1 0.03 0.874 
     Trichoptera  6.4 (2.31) 5.7 (2.64) 1 0.03 0.856 
     Odonata  0.2 (0.07) 0.3 (0.13) 1 0.54 0.465 
     Isopoda  0.4 (0.14) 0.7 (0.21) 1 1.51 0.229 
      
2004 dry weight 42 fish 43 fish    
     Chironomidae  0.0902 (0.0241) 0.0795 (0.0186) 1 0.12 0.725 
     Ephemeroptera  0.0055 (0.0025) 0.0046 (0.0019) 1 0.08 0.776 
     Trichoptera  0.0087 (0.0030) 0.0094 (0.0043) 1 0.02 0.885 
     Odonata  0.0023 (0.0015) 0.0020 (0.0012) 1 0.03 0.864 
     Isopoda  0.0004 (0.0001) 0.0010 (0.0003) 1 3.11 0.081 
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Figure 5-1.  Fork length frequencies (2-cm length groups) of hatchery-reared juvenile 
pallid sturgeon (HRJPS) and shovelnose sturgeon from which prey items were recovered 
by a gastric lavage in the Missouri River below Fort Randall Dam, South Dakota in 2003 
and 2004.   
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Figure 5-2.  Percent occurrence of Chironomidae (Chi), Ephemeroptera (Eph), 
Trichoptera (Tri), Odonata (Odo), fish, and Isopoda (Iso) in the diets of hatchery-reared 
juvenile pallid sturgeon (HRJPS) and shovelnose sturgeon captured in the Missouri River 
below Fort Randall Dam, South Dakota in 2003 (top) and 2004 (bottom). 
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Figure 5-3.  Percent composition by dry weight of Chironomidae (Chi), Ephemeroptera 
(Eph), Trichoptera (Tri), Odonata (Odo), fish, and Isopoda (Iso) in the diets of hatchery-
reared juvenile pallid sturgeon (HRJPS) and shovelnose sturgeon captured in the 
Missouri River below Fort Randall Dam, South Dakota in 2003 (top) and 2004 (bottom). 
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Figure 5-4.  Monthly mean numbers (top) and dry weights (bottom) with (±1 SE) 
Chironomidae consumed by hatchery-reared juvenile pallid sturgeon (HRJPS) in the 
Missouri River below Fort Randall Dam, South Dakota in 2003 (left) and 2004 (right). 
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Figure 5-5.  Monthly mean numbers (top) and dry weights (bottom) (±1 SE) of 
Ephemeroptera consumed by hatchery-reared juvenile pallid sturgeon (HRJPS) in the 
Missouri River below Fort Randall Dam, South Dakota in 2003 (left) and 2004 (right). 
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Figure 5-6.  Monthly mean numbers (top) and dry weights (bottom) (±1 SE) of 
Trichoptera consumed by hatchery-reared juvenile pallid sturgeon (HRJPS) in the 
Missouri River below Fort Randall Dam, South Dakota in 2003 (left) and 2004 (right). 
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Figure 5-7.  Monthly mean numbers (top) and dry weights (bottom) (±1 SE) of Isopoda 
consumed by hatchery-reared juvenile pallid sturgeon (HRJPS) in the Missouri River 
below Fort Randall Dam, South Dakota in 2004. 
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Figure 5-8.  Fork length frequencies (4-cm length groups) of hatchery-reared juvenile 
pallid sturgeon (HRJPS) collected in the Missouri River below Fort Randall Dam, South 
Dakota in 2003 and 2004 (combined) by prey type. 
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Figure 5-9.  Monthly mean numbers (top) and dry weights (bottom) (±1 SE) of 
Chironomidae consumed by adult shovelnose sturgeon in the Missouri River below Fort 
Randall Dam, South Dakota in 2003 (left) and 2004 (right).  Analysis of variance 
(ANOVA) tests were performed to compare monthly mean numbers and dry weights of 
Chironomidae in the diets.  Months that share a common letter were not significantly 
different at α = 0.05.  Points with no letters were only single observations and no 
statistical tests were performed for those months. 
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Figure 5-10.  Monthly mean numbers (top) and dry weights (bottom) (±1 SE) of 
Ephemeroptera consumed by adult shovelnose sturgeon in the Missouri River below Fort 
Randall Dam, South Dakota in 2003 (left) and 2004 (right).  Analysis of variance 
(ANOVA) tests were performed to compare monthly mean numbers and dry weights of 
Ephemeroptera in the diets.  Months that share a common letter were not significantly 
different at α = 0.05.  Points with no letters were only single observations and no 
statistical tests were performed for those months. 
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Figure 5-11.  Monthly mean numbers (top) and dry weights (bottom) (±1 SE) of 
Trichoptera consumed by adult shovelnose sturgeon in the Missouri River below Fort 
Randall Dam, South Dakota in 2003 (left) and 2004 (right).  Analysis of variance 
(ANOVA) tests were performed to compare monthly mean numbers and dry weights of 
Trichoptera in the diets.  Months that share a common letter were not significantly 
different at α = 0.05.  Points with no letters were only single observations and no 
statistical tests were performed for those months. 
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Figure 5-12.  Monthly mean numbers (top) and dry weights (bottom) (±1 SE) of Isopoda 
consumed by adult shovelnose sturgeon in the Missouri River below Fort Randall Dam, 
South Dakota in 2004.  Analysis of variance (ANOVA) tests were performed to compare 
monthly mean numbers and dry weights of Isopoda in the diets.  Months that share a 
common letter were not significantly different at α = 0.05.  Points with no letters were 
only single observations and no statistical tests were performed for those months. 
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Figure 5-13.  Fork length frequencies (2-cm length groups) of shovelnose sturgeon 
collected in the Missouri River below Fort Randall Dam, South Dakota in 2003 and 2004 
(combined) by prey type.  
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Figure 5-14.  Monthly mean numbers (top) and dry weights (g) (bottom) of 
Chironomidae found in hatchery-reared juvenile pallid sturgeon (HRJPS) and adult 
shovelnose sturgeon collected in the Missouri River below Fort Randall Dam, South 
Dakota in 2003 (left) and 2004 (right). 
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Figure 5-15.  Monthly mean numbers (top) and dry weights (g) (bottom) of 
Ephemeroptera found in hatchery-reared juvenile pallid sturgeon (HRJPS) and adult 
shovelnose sturgeon collected in the Missouri River below Fort Randall Dam, South 
Dakota in 2003 (left) and 2004 (right). 
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Figure 5-16.  Monthly mean numbers (top) and dry weights (g) (bottom) of Trichoptera 
found in hatchery-reared juvenile pallid sturgeon (HRJPS) and adult shovelnose sturgeon 
collected in the Missouri River below Fort Randall Dam, South Dakota in 2003 (left) and 
2004 (right). 
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Chapter 6. 

  Summary and research needs 

 Many state and federal agencies are actively trying to recover the currently 

endangered pallid sturgeon.  Efforts have been made to stock HRJPS throughout the 

Missouri River to help facilitate recovery and long-term monitoring programs were 

established to evaluate sturgeon populations and the associated fish community.   

However, there is limited knowledge on how and when to effectively sample for juvenile 

pallid sturgeon.  Sampling techniques should provide a measure of relative abundance 

and the fish captured should accurately reflect the size and age structure of the fish 

population.  Whether sampling for fish with passive or active gear, gear bias is evident 

for various fish species and habitats (Hayes et al. 1996; Hubert 1996).  Sampling data can 

also be affected by seasonal behaviors in fish populations (Pope and Willis 1996).  

Sampling must be standardized to obtain precise, unbiased estimates of fish population 

size and age structure and relative abundance (Allen et al. 1999).   

 Although my catches of HRJPS were low, trends were found for the various gears 

among seasons and habitats.  Drifted trammel nets collected as many HRJPS as all other 

gears combined.  Trammel nets were most effective over sandy substrate and in the 

outside bends, which are generally deeper with higher water velocities.  The relative 

precision of the mean CPUE was consistently higher in April than in other months.  Gill 

nets effectively captured HRJPS in the inside bends which are associated with low water 

velocities and a higher relative precision of mean CPUE was found in October.  Set lines 

were effective at capturing HRJPS in lower water velocities and during April when the 
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relative precision of the mean CPUE was consistently higher.  There were no significant 

differences found in the length frequency distributions among trammel nets, gill nets, and 

set lines.  However, there were a greater number of HRJPS captured in the smaller gill 

net mesh (≤ 3.81 cm bar mesh) and HRJPS captured in the larger mesh sizes (≥ 5.08 cm 

bar mesh) were generally longer.  A greater number and longer HRJPS were captured on 

the 10/0 circle hook compared to the 12/0 circle hook on set lines. 

 Environmental conditions have been dramatically altered by six main stem dams 

along the Missouri River.  Below Fort Randall Dam, the river flows fluctuate widely, 

both seasonally and daily, with lower temperatures and turbidity from historical times.  

These changes have most likely affected both HRJPS and shovelnose sturgeon in the 

Missouri River.  In general, higher growth rates and condition is associated with higher 

prey availability or favorable environmental conditions.  I found a significant decrease in 

Kn at recapture compared to Kn at stocking for HRJPS.  I also found significant 

differences in Kn among year classes of HRJPS as the 2001 and 2002 year classes had 

higher mean Kn compared to the 1997, 1998, and 1999 year classes.  I found mean 

growth rates were greater for HRJPS ≤ age-3 compared to HRJPS ≥ age-4.   However, a 

decline in growth in length as fish grew older was also found in pallid sturgeon reared at 

Gavins Point NFH.   Hatchery-reared juvenile pallid sturgeon in the Missouri River 

below Fort Randall Dam were growing slower than HRJPS in Gavins Point NFH.   

 In this reach of the Missouri River, the population of shovelnose sturgeon 

consisted of only large, older fish indicating little or no recruitment.  Seasonal variations 

were found in mean Wr with the peak in June, which coincides with spawning, followed 
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by a decline through the summer months.  A decrease in mean Wr was found as 

shovelnose sturgeon attained greater lengths which has also been found among other 

shovelnose sturgeon populations throughout their range (Quist et al. 1998).  Shovelnose 

sturgeon captured below the Niobrara River confluence had a significantly higher mean 

Wr compared to shovelnose sturgeon above the confluence.  The increase in sand bars, 

islands, and increased temperatures below the confluence likely increased the prey 

production, therefore increasing the condition of shovelnose sturgeon.  The delta formed 

at the headwaters of Lewis and Clark Lake may represent the habitat type most like the 

pre-dam environment found on the Missouri River. 

 The early life history of pallid sturgeon is not completely understood and there is 

limited information on the food habits of juvenile pallid sturgeon.  Shovelnose sturgeon 

has been considered a surrogate species to the pallid sturgeon; however, there is evidence 

that the diets do not overlap even though they share similar habitats.  I found seasonal 

trends in the diets of HRJPS and adult shovelnose sturgeon with Chironomidae found in 

the greatest numbers and dry weights during early summer, Ephemeroptera during the 

late summer, and Trichoptera in the early spring and late fall.  However, the highest mean 

numbers and dry weights of each prey type consumed by HRJPS and shovelnose 

sturgeon occurred during different months.  Diet overlap was not biologically significant 

as HRJPS consumed a greater proportion of fish in 2003 and Ephemeroptera in 2004 

compared to shovelnose sturgeon.  Shovelnose sturgeon consumed a greater proportion of 

Chironomidae in both years compared to HRJPS.  Therefore, caution should be 
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considered when using shovelnose sturgeon as a surrogate to the pallid sturgeon based on 

my results. 

 

Research Needs 

1. Although I found trends among seasons and habitats for gill nets, trammel nets, 

and set lines, the catch rates were very low and annual point estimates of relative 

abundance are not adequate to detect changes in the abundance of HRJPS in RPA 

3.  Further research is needed to verify my results with specific objectives to find 

the most appropriate time and habitats to adequately sample for HRJPS. 

2. A comparison of the effectiveness among twine colors and twine types such as 

mono- and multifilament gill nets to capture juvenile pallid sturgeon needs to be 

conducted.   Additionally, future research is needed to investigate stress levels and 

the potential for delayed mortality of pallid sturgeon captured in passive mono- 

and multifilament gill nets at various water temperatures. 

3. Further research is needed to explore different variations of the gears used in my 

study.  Different sizes and styles of hooks used on set lines may be more 

effective.  Different baits needs to be explored for set lines and hoop nets.  

Variations of the benthic trawl may be more effective at capturing juvenile pallid 

sturgeon.   

4. As changes in the Missouri River dam operation occur, further research is needed 

to explore changes in growth rates and condition of sturgeon throughout the 

Missouri River.  Changes in water quality and habitat could be detected in the 
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growth rates and condition of sturgeon.  Additional comparisons need to be made 

with pallid sturgeon in the Mississippi River. 

5. Growth rates and condition of HRJPS need to be compared to historical pallid 

sturgeon populations in the Missouri River.  Additionally, HRJPS need to be 

continually evaluated to determine if hatchery-reared fish can successfully 

reproduce in their natural environment. 

6. The youngest HRJPS in this study was age 1 and currently there is limited 

information on food habits of age-0 pallid sturgeon.  A high priority research need 

associated with early life history stages of pallid sturgeon includes describing the 

food habits and determining ontogenetic diet shifts of larvae and age-0 juveniles.   

7. Future food habits research should include prey availability and diet overlap and 

competition among other fish species.  Diet overlap and competition for limited 

resources of prey fish in the deep main channel of the Missouri River below Fort 

Randall Dam may be occurring. 

8. Food habits research needs to be coupled with bioenergetics modeling and stable 

isotope analysis to provide better insights into the growth potential of HRJPS in 

various habitats and to create a food webs that indicate which energy transfer 

interactions can be supported by biological observations and chemical 

assessments.  
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