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This report documents the work of the Upper Missouri River Basin Pallid 
Sturgeon Workgroup (Workgroup) during the period August 2013 through 
May 2013. The report consists of minutes of meetings of the Workgroup 
Governing Board, minutes of the annual meeting held in Miles City in 
March 2012, updates of on-going work and reports completed by members 
of the workgroup and other contractors. 
 
The Governing Board of the Workgroup during this period consisted of the 
following individuals, their work affiliation and the focus area they 
represent: 
 
Ryan Wilson, Chair, U.S. Fish and Wildlife Service  
Dane, U.S. Fish and Wildlife Service, RPMA 3 
Anne Tews, Montana Fish, Wildlife and Parks, RPMA 1 
Mat Rugg , Montana Fish, Wildlife and Parks, RPMA 2 
Tyler Haddix, Montana Fish, Wildlife and Parks, Habitat 
Pat Bratten, U.S. Fish and Wildlife Service, Research 
Rob Holm, U.S. Fish and Wildlife Service, Propagation 
Tim Welker, U.S. Army Corps of Engineers, Funding 
Ken Staigmiller, Montana Fish, Wildlife and Parks, Fish Health 
Kevin Kappenman, U.S. Fish and Wildife Service, Stocking and Tagging 
 
Chris Hunter served as facilitator during this period and assembled this 
report. 
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Summer 2013 Governing Board Conference Call  
August 2, 2013 
9am Central 
 
Ryan Wilson, Anne Tews, Tyler Haddix, Pat Bratten, Mike Backes, Caleb Bollman, 
Brittany Trushall (carrying capacity study), Rob Holm, Steve Krentz, Chris at Gavins, 
Tim Welker, Dane Shuman, Lou Hanebury, Ken Staigmiller, David Trimpe  
 
Jason Rhoten has taken another job and Mike Backes has replaced him on the Governing 
Board.  Dane Shuman has replaced Rob Klumb who passed away last month. 
 
Rob Holm provided a spawning update.  This year's spawn was the latest 
ever occurring on July 10 at Miles City.  There was one female 
(462C7B2F49)and she contributed about 187,000 eggs.  Four males 
contributed sperm of which one was fresh (1F4A435004) and 3 males 
cryopreserved sperm.  Motility from the cryopreserved 2003 male 
(452A4E1F15) was poor compared with more recently frozen sperm (different 
cyroprotectant).    Rob now has 500 feeding larvae from the fresh male, 50 
from the older frozen/poor motility sperm and ~2000 of each of the other 
two cryopreserved males (1F4B225A1A & 1F4A0C2E5D).  He's not sure why the 
fresh male survival was poor - 95% of the lot were pinheads.   Miles City 
had good success with the fresh milt male with at least 3000 feeding 
larvae.  Mike also had 2-300 of the other two cryopreserved families. 
Gavins have some feeding larvae as well but most (350) are from the 
1F4A0C2E5D male.    One of the males (1F4A0C2E5D) was cryopreserved from 
the 1997 year class captive brood and there is a question of whether we 
would stock these.  Rob felt the family this male represents was 
under-represented with progeny stockings in RPA1 and RPA2 and not 
represented at all in RPA3 and that some stocking should be considered. 
There is a total of 8000-9000 feeding larvae that will be available for 
stocking.  4000 pre-feeding larvae were sent home with Steve Chipps (SDSU) 
for research projects. 
 
The stocking numbers discussion followed.  Ryan asks each of the RPMA management 
biologists to come up with number of fish to be stocked by family for each RPMA.  Rob 
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sent out a note with recommendations from the genetics plan for stocking numbers.  He 
walks everyone through the numbers for each RPMA. 
Ryan asks if anyone wants to do fall stocking this year or just next spring.  Tyler says just 
spring and no one else responded.  There was some discussion about summer stocking of 
pallids from Miles City ponds to the Yellowstone.  There are some problems with this-we 
don’t know how many fish from each family are stocked and there is increased workload 
for the hatchery.  Given the small number of fish to be stocked Mike Backes is leaning 
toward just going with the spring stocking. 
 
Ryan asks the RPMA fish managers to come up with the number, by family cross, to 
be stocked next spring.   Ryan asks the managers to have the numbers to the 
Propagation Committee by August 23. 
 
There followed a discussion regarding iridovirus in fish stocked this year (2012 year 
class).  Anne felt they were really scrambling at the last minute because the news that the 
fish had iridovirus was not available until the very last minute and this caused problems 
with the FWP health policy.  Rob Holm says they cannot sample for iridovirus any 
earlier.  It would be helpful if FWP revisited the fish health policy and made it a little 
more clear so the decision making process would go more smoothly.  The Fish 
Propagation Committee will make such a request of FWP. 
 
Channel Migration Zone discussion with Mike Backes.  Mike reported there has not been 
much change on this subject.  The Governing Board does have a proposal from Eco 
Assets for consideration.  Also MARS is interested in developing a Channel Migration 
Zone program.  Jim Darling will be meeting with the FWP Director’s Office, Lands and 
MARS next week to discuss the program.  Mike noted that the projects in the Eco Assets 
proposal are not really all that beneficial for pallids. 
 
Mike also reported that FWP has advertised Jason Rhoten’s position.  They have a list of 
applicants and Mike is setting up interviews.  The Yellowstone work has continued with  
a couple of technicians (Chris and Matt) doing the work.  Chris has worked with Jason in 
the past and knows the program pretty well.  They did the tracking in the spring and are 
beginning the juvenile sampling. 
 
Dane provided an update on the catchability study.  They are moving forward with the 
study.  They are a little behind because of floods and Rob’s passing. Dane is asking 
for$20,000 for 2014 work.  He indicated that they may need funds for 2015 to finish. Lou 
says it is unclear how much of the funding set aside for this study has actually been spent 
on this project.  This is due to some accounting procedures at FWS. Western has 
OBLIGATED $203,000 out of the $264,000 budget estimate from Rob Klumb.  FWS has 
not INVOICED Western (IPAC) for most of the funds that remain obligated and 
available for FWS RO to invoice us.  Lou advises the GB  refer to the previous years 
remaining funds listed in the contract revisions.  Molly Webb's work is also included in 
with those figures.  Lou was concerned when talking to Dane Shuman  that they were 
unable to do some things because FWS RO hadn't transferred the funds to them or the 
RO didn't have the funds because they have not invoiced Western. Western is also 
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concerned that FWS  RO has charged the project $25,865 in overhead for what they have 
done. 
	  	  
Brittany provided an update on the carrying capacity study.  Brittany is heading up the 
fish portion of the study.  They are going to be in the field the next couple of months.  
They have tried to incorporate a lot of the suggestions from FWP and FWS and hope to 
provide something useful and applicable.  They have 3 areas of focus for this field effort:  
collecting diet information, mapping habitat in RPMA 2 and determining if they can get 
abundance estimates for shovelnose and pallid.  They are going to collect diet data from 
11 species in segments in the Mo and Yellowstone.  The species were determined in 
consultation with FWP and FWS.  This data will be used to come up with production 
estimates.  They will be partnering with FWS and FWP fall sampling to try to come up 
with population estimates for shovelnose and pallids.  It will take lots of crews in order to 
get sufficient recaps to do the estimates.  If these don’t work then they will have to use 
some different models that require different data.  Brittany is excited about their new side 
scanner sonar unit that they will use to map habitat types.  They intend to map 25% of 
RPMA 2.  They plan to quantify these habitat types and then combine it with things like 
temp and overlay with fish sampling data and do some cool predictive things.  The maps 
should also help guide the invertebrate study. 
Dane mentions they have been using the side scanning sonar in RPMA 3. 
Tyler mentions that the main hope is to get a handle on carrying capacity of adults.  He is 
concerned that the study is concentrating on juvenile sturgeon and won’t answer the main 
question.  Brittany understands the Tyler’s concern, she hopes they will get enough diet 
info on adult pallids that they can make conclusions about them. 
 
 
The Governing Board received 3 proposals:  Eco Assets, MediaWorks and Andrea 
Schreier-spontaneous triploids study.  Lou and the group go through the 2014 budget that 
is currently at $248,266.  Ryan went through each of the projects briefly.  The Governing 
Board has $51,000 for 2014 that could be allocated.  There is a brief discussion about the 
MediaWorks proposal with lots of support.  This contract would be handled though 
MRNRC.  Then the group discussed the spontaneous triploid study.  The first question is 
whether there is a problem here that is worth spending money on.  There was a general 
sense there are more important studies to be conducted.  It was agreed to shelve this 
study. Rob raised the issue about larval mortality.  He would really like to know what is 
causing this.  He thinks it may have something to do with the injection timing or are the 
fish just aging, or too long in the hatchery, difference in handling.  A study like this was 
funded about 5 years ago to the Fish Tech Center.  There were no results from that study. 
 
Pat suggests that the Governing Board  identify priority studies that RFPs could be 
developed for.  Ryan sets an August 23 date for ideas for priority studies. 
 
New workgroup chair-Ryan’s term is ending he would like to ask for nominations and 
have an election in November.  Several people tried to draft Ryan to continue.  Chris 
should send out a request for nominations.   
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Intake – Mike Backes reports BOR tried to get stakeholders together to come up with a 
passage plan to utilize the 2014 COE dollars trying to come up with a project over a 
series of 5 meetings. The BOR, COE, FWP, DNRC, Irrigation District and George Jordan 
have been participating.  They came up with 22 options for passage and the meetings 
were going well but as they proceeded more and more people started showing up 
including legislators, congressional delegates and the irrigation board members.  Now 
things have become  more complicated and political.  They scored the options trying to 
get down to 3 options to move forward.  They will meet 8/16 and try to come to 
concensus on a final project.  At this point Mike is not sure if it will be a bypass with 
some modifications.  Even if they get a project the timing will be tough to spend the 
money before the end of 2014.  The actual dollar amount is $20 million in each of 3 
years.  David Trimpe with the  BOR stated that they are continuing the entrainment study 
at Intake.  The irrigators are talking about adding rock to the structure this fall to maintain 
their water right.  But the COE has a cease and desist order saying that it is a violation of 
section 10. 
 
There was further discussion about stocking offspring from the one male that has been 
used in the past and was included in the priority list mistakenly.  Both Tyler and Anne do 
not want offspring from this fish.  Dane is considering using some because they did not 
have any offspring from this male stocked in RPMA 3 in the past.  Tyler makes the point 
that this fish is represented in the captive brood so there is no urgency to use offspring 
from this fish at this time.  He would rather collect additional survival data and make a 
decision to stock later based on more data. 
 
Hunter reported that he has received summary reports from several people but not all of 
the presenters.  He asked if he should proceed with the annual report.  Ryan suggested 
waiting on a couple of more reports before proceeding. 
 
The call ended at 11:15 Central time 
 
 
Lou says there is abut $100,000 of money budgeted for FWS that has not been I-packed 
that may be available-we need to learn more about this. 
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Upper Basin Pallid Sturgeon Workgroup Meeting Agenda 
USDA Livestock and Range Research Laboratory 

243 Fort Keogh Road 
Miles City, MT 

March 18-19 
 
 

 
March 17 
 
7:00 – 9:00 Coordination meeting with MSU students and field crews – 

Guesthouse Hotel meeting room 
 
 
March 18 
 
 
8:00-8:10 Introductions 
 
8:10-8:15 Recovery Team Update - Wilson 
  Recovery Plan Revision Update 
    
 
8:15-9:15 Agency Updates (15 minutes each) 
  US Army Corps of Engineers – Tim Welker/George Williams 
  Western Area Power – Lou Hanebury 
  PPL Montana – Steve Leathe 
  USFWS – Wayne Nelson-Stastny 
 
9:15-10:15 Hatchery and Fish Health Updates (15 minutes each) 
  Gavins Point – Craig Bockholt 
  Garrison – Rob Holm 
  Miles City – Mike Rhodes 
  Fish Health – Ken Staigmiller 
 
10:15 – 10:30 Break 
 
  Research 
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10:30 – 10:50   Wild Caught Pallid Sturgeon Genetics Monitoring –Meredith 

Bartron and Jeff Kalie via phone 
10:50 – 11:10 Gavins Point Captive Brood Project and Reproductive Indices of    

Hatchery Reared Pallid Sturgeon – Molly Webb 
11:10 – 11:30  Ft. Peck Reservoir Headwater Study – Chris Guy 
11:30 – 11:50  Carrying Capacity Study in RPMA 2 – Brittany Trushel and Eric 
Scholl 
 
11:50 – 12:50   Lunch – catered  
 
12:50 – 1:10 Lake Sakakawea Seismic Study – Laura Leslie Burckhart 

 
Yellowstone River  
 

1:10 – 1:30 Instream Flow Needs of Pallid Sturgeon in the Lower Yellowstone 
River – Bill Miller  

1:30 – 1:50  Water Allocation on the Yellowstone River – Trevor Watson via 
phone 
1:50 – 2:10 Intake Diversion Project update – Mike Backes 
2:10 – 2:30  BOR Intake Entrainment Study – David Trimpe and Michael Horn 
2:30 – 2:45 Yellowstone River Channel Migration Easement Program – Tom 

Hinz 
 
2:45 – 3:00    Break 
 
3:00 – 3:20 Pallid Sturgeon Website Development – Lorelyn Mayr   
3:20 – 3:40  Missouri River above Ft. Peck Reservoir – Anne Tews 
3:40 – 4:00  RPMA 1 Telemetry Study – Casey Jensen  
 
 
March 19 
 
8:00 – 8:15  Yellowstone River Sampling – Mat Rugg  
8:15 – 8:30 RPMA 2 Pallid Sturgeon Telemetry Studies update – Dave Fuller 
8:30 – 8:45 Migrations and Spawning of Pallid Sturgeon in the Yellowstone 

River –Pat Braaten 
8:45 – 9:00 Population Assessment Sampling from Ft. Peck Dam to the 

Confluence– Tyler Haddix 
9:15 – 9:30 Population Assessment Sampling Below the Confluence to the 

Headwaters of Lake Sakakawea – Ryan Wilson 
9:30 – 9:45  Population Assessment Sampling in the Ft. Randall Reach – Dane 
Shuman 
 
9:30 – 9:45  Break 
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9:45 – 12:00 Discussion Topics - Workgroup 
   Hatchery released pallid sturgeon telemetry project 
    What are the goals and objectives? 

Should we take blood samples for steroid analysis each 
year from radioed fish?  

   Stocking strategy 
    How many should be stocked from each family in each 
RPMA?  
   Tagging and Broodstock logistics 

Yellowstone River Water Management Plan 
   Other?????? 
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Upper Basin Pallid Sturgeon Workgroup Annual Meeting Notes 
Ft Keough, Billings, Montana 

March 18 and 19, 2014 
 
Ryan Wilson opened the meeting at 8:15.  He passed out a sign up sheet and went around 
the room with introductions. 
 
Ryan reported that the Revised Recovery Plan has been finalized.  It has been published 
in the Federal Register.  It was George Jordan’s last hurrah.  Now that George has moved 
on his role has been taken on by two people splitting the duties. Wyatt Doyle is the 
Recovery Team Leader and Wayne Nelson-Stastny is the Recovery Coordinator Liaison.   
 
Agency Updates – USACOE Tim Welker and George Williams – via the phone 
 
The USACOE currently has three funded projects for 2014:   
Pallid Sturgeon Research Studies  
Pallid Sturgeon Population Assessment   
Supplemental funding for hatchery propagation.and stocking. 
 
Mark Wildhaber is doing a synthesis of the population assessment data.  He is trying to 
relate the catch of pallid sturgeon and other target species to environmental factors (flow 
depth, temperature, turbidity).  He is trying to evaluate trends in the data.  He is also 
working on geographic distribution and habitat associations of pallid sturgeon in the 
Missouri.   
Wildhaber will also publish a report that quantifies spatial distribution and identifies 
areas of high or low pallid sturgeon concentration and relate this to physiographic factors 
ie.  river features.   
Mark is also doing a lower basin Population Viability Assessment later this year or in 
2015.  He will also be testing the new frequency pit tags (134 KHz) and the new dual 
frequency pit tag readers.  It turns out the manufacturer is going to continue to produce 
the old 125 KHz tags.  They ACOE found that that the old Destron readers read the 125 
at a greater distance (10 cm vs 4 cm) than the new dual frequency reader.  The new dual 
reader only had a 93% detection of the 125 KHz tags.    
 
Western Area Power Administraton (WAPA)– Lou Hanebury 
 
WAPA provides funds for pallid sturgeon recovery.  WAPA’s customers have voluntarily 
increased their rates to fund these efforts.  Generally speaking has an annual budget of 
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$300,000 for pallid sturgeon recovery.  Lou showed a listing of the funded projects for 
2014. 
 
 
Pennsylvania Power and Light (PPL) – Steve Leathe 
 
PPL provides a 50/50 cost share with Montana FWP that supports works on the mid-
Missouri pallid sturgeon population monitoring. 
They have put substantial money into fixed telemetry stations to track radio tagged pallid 
and shovelnose sturgeon.  That work will continue this year.   
 
The Missouri River hydropower dams owned by PPL will probably be purchased by NW 
Energy this fall.  If NorthWestern does buy the dams they have assured the agencies that 
they would continue to honor the contracts and activities that PPL has undertaken in the 
past. 
 
USFWS – Wayne Nelson-Stastny 
 
Wayne and Wyatt Doyle are splitting the recovery leader duties.  Wayne will be working 
as the recovery liaison with states, tribes and agencies on pallid sturgeon recovery.  He is 
also responsible for permitting activity. 
 
Wayne reported on the Scope, Objectives and Progress of the Missouri River Pallid 
Sturgeon Effects Analysis (EA).  This effort was born out of the independent science 
advisory panel.  The idea was to review the spring pulse and expanded to include a 
review of the entire recovery program.   
 
Objectives 
-inform the adaptive management of the Missouri River Recovery Program related to 
pallid sturgeon 
-improve understanding of population ecology of pallid sturgeon-Identify population 
bottlenecks 
-assess past effects of management on the species 
-provide conceptual and quantitative models linking pallid sturgeon population dynamics 
to management actions. 
-provide input to designs for monitoring, assessment and research 
 
There is a core work team of 6 members and a support cadre with 12 members.  In 
addition there is a 30-person review group.  There is a short time frame for this effort.  
From the Effects Analysis hope to get models functional in 1 year.  In the longer term the 
results of the Effects Analysis will help design monitoring, assessment and research, test 
model predictions against monitoring and assess data, continue to update models, and 
deliver knowledge to the public domain. 
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The group is currently working on identifying the dominant hypotheses.  This assessment 
will also include terns and plovers about which they have a lot more information than for 
pallids. 
 
We understand a lot more about pallid sturgeon ecology than just 10 years ago.  This 
growth in information, ongoing management and short time frames present challenges to 
the Effects Analysis.  The recalibration represented by the EA is founded on documenting 
knowledge in conceptual ecological models-what we think we know. 
 
The hope is that the EA will provide models use for exploring system and pop dynamics.  
And it will link improved biologically defensible habitat metrics to the new framework of 
hydrology and hydraulics models to predict how these habitats will respond to changes in 
flow regime and channel re-engineering. 
 
Hatchery Updates 
 
Gavins – Craig Bockholt and Chris Hooley 
 
They received fry representing 4 families from Garrison in September for stocking.  
There are three families that will be stocked and have had almost no mortality.  There is 
also an experimental family with a hatchery male.  Growth rate has been low so probably 
not ready for stocking till fall.  They are 4-6 inches long at this point. 
 
The captive spawning included 8 females and 12 males.  They collected almost 170,000 
eggs.  They have one female fish that has spawned five years in a row.  All eggs and fry 
were used for research.  They had 35.7% survival from hatch. 
 
In addition they have been working on completing the inventory of the broodstock.  They 
are making progress on identifying all of the families of the broodstock.   
 
They have also been working on the gas supersaturation problem.  They came up with a 
method to better disperse the water over the Koch rings.   
 
Chris reported on some work they have been doing on diet.  Historically they fed fish 
every day causing lots of fat.  Their pallids grow at least as twice as fast and maybe 4 
times faster than in the wild.  To decrease the fat they decreased the feed rate but perhaps 
too much.    They were feeding a Scretting trout diet.  This diet contains high levels of 
lipids and the sources of protein are not clear.  They calculated a new diet for sturgeon 
but it is not feasible to produce commercially due to protein source (krill, squid).  With 
the new diet they increased feeding rate and decreased the number of trout they fed the 
fish.  When they tried it the fish loved it so they started feeding it to the older fish-
younger fish still need higher lipid levels for normal functioning.  They hope to reduce fat 
in all of these fish.  They will continue to monitor the fish and conduct some studies of 
how they perform. 
 
Garrison – Rob Holm 
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Rob gave an overview of the issues facing pallids the role of hatcheries, work they do at 
Garrison including their youth education.  He also provided some on the history of the 
stocking program.  
 
Miles City – Mike Rhodes 
 
Miles City would up with 170,000 eggs from one female, and used 3 cryo-preserved 
males and one natural to fertilize the eggs.  The eggs were split between Gavins, 
Garrison, Miles City.  The overall hatch rate was 32%.   Virtually all of the cryo-
preserved fish died on the same night.  The only survivors were from the natural male.  
This is the exact opposite of what happened at Garrison where all the fry from the natural 
male died and the survivors were from the cryo-preserved male. 
 
Ken Staigmiller 
 
Did have some iridiovirus last year and did eventually stock those fish.  The infection rate 
was low and it was a high priority family so it was stocked.  They are using PCR to do 
the testing for iridovirus. 
 
Annual pallid Sturgeon genetic analysis update – Jeff Kalie via phone from Lamar 
PA 
 
They used the same methods as last year including the same loci and criteria.  They are 
still working to clean up some of the parentage information.  They recently got genetics 
from 2 females and 3 males that allowed them to assign 95 fish from 1992.  There are 
still some gaps but have made great progress on the genotypes of parents.  Jeff still has 
383 samples unknown in the database but only 23 from RPMA 1, 2 and 3.   
 
They analyzed 1118 samples (fry, juveniles and adults) this year.  There were 113 adult 
samples analyzed this year.  103 were pallids.  52 were hatchery fish and 51 unknown 
origin. Twenty families were represented by the 52 hatchery fish.  There were 733 
juvenile samples analyzed yielding13 year classes and 109 families, most were from the 
2005-2010 year classes. 
There were a total of 158 families recaptured out of 185 known spawning pairs.  The 
progeny were from 48 known female and 112 know male spawners. 
 
They once again developed mating recommendations for 2013. 
In 2014 will have similar goals:   
100 broodstook samples 
100 fry samples 
460 juveniles samples and 
460 adult samples. 
 
Jeff went over the schedule and reviewed the broodstock collection guidance.  He will get 
the priority list soon. 
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Gavins Point Captive Brood Project and Determination of Reproductive Indices in 
Captive Hatchery-Reared Pallid Sturgeon – Molly Webb 
 
These two projects use sex steroids to identify important reproductive indices.  This 
allows us to make comparisons between hatchery and wild fish at reproductive stages.  
The brood project uses ultrasound to determine ripe females and Mariah is very accurate-
about 98% correct. 
  
The sex ratio in the captive brood is 1:1 and still to be determined in the wild hatchery-
reared population. The age at sexual differentiation in captive fish is 1+ year and the 
same in wild hatchery-reared pallids. 
 
To determine sex in non-reproductive fish they compared blood and sex steroids found in 
cultured and wild hatchery reared fish.  They found that testosterone was not detectable 
in stage 1 fish and the difference in testosterone in stage 2 male and female pallids was 
essentially the same. 
 
This year’s data for age at first maturity yielded the same results as last year.  For the  
captive population the youngest females and males are 9 and 4 respectively at age of 
maturity.  The results for wild hatchery-reared pallid sturgeon were the youngest females 
are greater than 15 years and 14 years for males. 
 
They also looked at weight at first maturity.  For the captive females it is 3.3 kg and 
males is 1.2 kg.  For wild hatchery-reared don’t have the data for females, for males 
5.8kg.  They are working with a very small sample size. They hope to be able to relate 
the weight to age and length to make this useful in the field. 
 
Spawning periodicity in a captive pallid.  Generally 2 year spawning cycle except for one 
female that has spawned 5 consecutive years.  Males show both 1 and 2 years spawning 
cycles. 
 
Recommended future sampling – for Wild hatchery-reared she recommends only 
sampling 1997 year class until they reach maturity.   
For captive pop reduce samples  
-for id of broodstock and  
-serially sampled individuals 
 
Ft Peck Reservoir Headwater Study (Forgotten Dead Zone Hinders Pallid Sturgeon 
Recovery) – Chris Guy 
 
Last year the crew went to headwaters hoping to understand why pallids are not surviving 
in the transition zone between the Missouri River and Ft Peck Reservoir.  They really 
concentrated on unionized ammonia but did not find concentrations that would be a 
problem.  They also took DO samples and found very low concentrations at depths of 3-4 
meters-essentially near the bottom of the water column.  They went out again in 2013 and 
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conducted more studies in the transition zone specifically looking at DO.  They believe 
the larvae that are hatched upstream end up in this area due to larval drift.  The crew had 
a new YSI DO meter this year.  They sampled transects inside and outside of thalweg in 
this dead zone area.  In midwater column had 8 mg/l DO and at 75% of maximum depth 
still good DO concentrations but at 100% maximum depth the DO basically went to 0 
mg/l.  
The working hypothesis is that the drifting larval hit the transition zone, settle into the 
anoxic zone and perish.  The researchers believe the river-reservoir transition zone is an 
ecological sink for pallid sturgeon and that increasing drift distance must be considered if 
natural recruitment is a recovery objective.  In other words must either get the fish to 
spawn higher up in the Missouri River and tribs or else lower the level of the reservoir to 
move the dead zone further downstream. 
 
RPMA 2 Carrying Capacity Study Project 2013 Update – Brittany Trushel an Eric 
Scholl 
 
The goals of this project are to: 
-estimate density and standing stock of pallid sturgeon 
-estimate production of prey fishes and macroinvertebrates 
-assess food limitation for pallid sturgeon 
-estimate the carrying capacity of the Missouri River for pallid sturgeon 
 
Estimating Abundance 
-Try to target area of aggregation and use mark-recapture (Lincoln-Petersen) to estimate 
abundance.  Over 4 days they caught 155 pallids and recapped 32 or 21%.  Broke these 
into 3 size classes (less than 500mm, 500mm – 900 mm and greater than 900mm) and 
generated population estimates for each size class.  They found different catchability by 
length class and also found the fish became trap shy in subsequent days of sampling. 
They concluded that they could do an estimate for the aggregation.  The question is how 
to extrapolate this estimate over the length of the river.  
 
They did not have much success with the shovelnose abundance-need to work on this. 
 
This year they plan to use the side scan sonar to target a number of aggregations.  They 
want to reduce the apparent behavioral response to the trapping by sampling alternate 
days.  Their intent is to estimate abundance of the aggregations and knowing the number 
of aggregations hope to extrapolate this to river and so generate a river wide population 
estimate. 
 
Eric talked about the use of the side scan sonar for habitat mapping.  They mapped 159 
river miles using side scan sonar.  Five major benthic habitats were identified: sand, silt 
large woody debris, cobble/gravel, and boulder.  They are now stitching together the 
images to develop a quantitative benthic habitat map that will allow them to make 
estimates of benthic macroinvertebrate abundance.   
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Eric reported they have just finished up a shovelnose sturgeon diet study. Both species 
composition and total biomass in diet definitely reflect local habitats and vary throughout 
RPMA 2. 
They also have done a lot stomach pumping and identification of stomach contents to 
quantify diets.  In 2014 they will do a spring component to diet sampling, additional 
targeted abundance sampling of pallid and shovelnose at aggregation sites,  
macroinvertebrate sampling and additional sonar habitat sampling. 
 
Effects of Seismic Surveys on Pallid Sturgeon and Paddlefish in Lake Sakakawea, 
North Dakota– Laura Leslie Burckhart 
 
Laura conducted a study of the possible effects of seismic surveys on Lake Sakakawea on 
pallid sturgeon and paddlefish.  Laura described the several different techniques used to 
generate sound waves that are used for seismic exploration.  The proposed method of 
using airguns mounted on a barge may have sound levels exceeding NOAA guidance for 
criteria for injuries for fish.  The goals were to assess if exposure to the proposed airgun 
method would result in immediate or delayed in mortality and develop a dose-response 
relationship between effects and sound exposure level. 
 
They deployed 5 cages in varying distances from the airgun boat and  used hydrophones 
to measure the loudness of the soundwaves.  The fish were observed for 7 days after 
exposure and then were necropsied.   Ninety age-3 pallid sturgeon and age-2 paddlefish 
were used in the study.  They did 5 replicates for pallid sturgeon and 3 for paddlefish.  
The cages were large so the fish were not crowed and could swim around. 
 
No animals died during the 7 days they were monitored and none of them had injuries 
that would result in mortality such air bladder or kidneys ruptured.   
 
Smaller fish are more susceptible to sound energy than are larger fish.  
 
Determination of Instream Flow Needs for Pallid Sturgeon and other key fish 
species in the Lower Yellowstone River – Bill Miller 
 
Bill gave a summary of his final report which can be found on the pallidstugeon.org 
website.  A summary of his conclusions follows. 
The data that is already collected can be used for preliminary instream flow analysis and 
recommendations for the Yellowstone from Intake to the Missouri River confluence.  

There is no habitat use data but this could be collected to create another data layer to 
use with the existing information.   
A hydrology-based analysis can be applied during peak flows.  
-  Life history cues need to be incorporated into flow recommendations for seasonal 

recommendations.   
- 2D Hydraulic Data sets can be used to look at site-specific changes to habitat with 

flow for the Yellowstone River. The habitat use data is sufficient for initial habitat 
use criteria 

-data collection, analysis and recommendations are estimated to take 9-15 months. 
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For the Bighorn River down to Intake there is very little data.  Need hydraulic data and 
Bill recommends using a site specific approach to collect 2D hydraulic data.  He 
estimates 1-2 years to have the flow recommendations.  There would be one year of just 
data collection. 
 
Missouri River-Ft Peck Dam to Yellowstone River 
-Pretty much the same as for the lower Yellowstone.  Would need to collect habitat use 
data.  Flow recommendations would be done in 9-15 months. 
 
Yellowstone River Hydrograph trends, Water rights and Usage – Trevor Watson 
 
Trevor gave his presentation via phone and I was unable to hear well enough to provide 
notes.  His power point presentation is available on the pallidsturgeon.org website 
 
Intake Diversion project update – Mike Backes 
 
Mike prefaced his presentation by saying this is not a state project but he will try to 
provide an update on the Intake Diversion project.  The proposal is now at the 30% 
design phase.  The current proposal includes a bypass channel it would connect to an old 
side channel with a total length of 3 miles.  The rock crib diversion structure will be 
replaced by a full river width concrete diversion structure 21/2 feet higher than the 
structure.  The rock ramp option over the dam has been dropped from consideration and 
the biological opinion has been changed as far as success criteria.  There are currently no 
biological success criteria-merely hydrologic criteria that must be met for one year.   
 
There was a flurry of meetings when state expressed concern about the direction of the 
project.   The result of those meetings was the bypass channel was the preferred 
alternative.  The state and other parties have been meeting with ACOE design team every 
other week.  Construction contract letting has been postponed to March 2015.  Funds 
need to be appropriated from three federal fiscal budgets.  The Biological Review Team 
is drafting the design criteria for the bypass channel. 
 
Now the project has to go through an EA and public comment period (30-120 days).  The 
Bureau of Reclamation has built a small scale model of the channel to test how it works 
with the design flows. 
 
2012-2013 Fishes of Yellowstone River, Intake Diversion Structure – Mike Horn, 
Bureau of Reclamation 
 
The purpose of this study is to compare larval fish present pre and post-construction of 
the new diversion structure. 
-2012 had 180 samples with 114 containing larvae. Sample dates ranged from 22 May – 8 
August 2012 
-1,916 larvae from four families 
-99% were cyprinids and catostomids 
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-Mike suspects that some of these larvae are coming from fish actually spawning in the 
channel. 
 
For larger fish they utilize a net frame they put on the culverts on the downstream side of 
the diversion structure.   
 
This year they will work on sealing the nets better for the larger fish to minimize the 
number of canal fish that enter the nets.  They would like to release larval shovelnose 
sturgeon if they are available to test the screen efficiency. 
 
Yellowstone River Channel Migration Easement Program – Tom Hinz  MARS 
 
Tom began by reviewing the benefits of the Channel Migration Easement  
-It provides site protection in perpetuity 
-The landowner agrees not to stabilize the bank with riprap, building levees etc 
-A network of these CME in the Yellowstone could maintain a channel migration zone 
sufficient to maintain river and floodplain form and function 
 
-MARS is trying to get easements from Park County all the way to N Dakota but have 23 
priority areas where there is a lot of channel migration. 
-Funding has come from ACOE 404 mitigation but also from UBPS Governing Board via 
WAPA and FWP.  The funds will be used for an easement downstream of Intake to be 
determined.   
MARS expects to pay 15-45% of fair market value for these easements.  They would also 
consider buying some lands outright.  Looking at a fair market value of these lands in the 
range of $2,500-$3,000 per acre. 
-Tom shows a couple of parcels they are currently interested in that would meet our 
goals. 
 
Pallid Sturgeon.org Website Development – Lorelyn Mayr  
 
Lorelyn purchased the website portion of MediaWorks.  She went through the website 
and showed the group specific parts of the website she thinks needs improvement.   
-The site is functional but there is a need for visual improvement. 
-Needs to be updated regularly. 
-Much of the text needs to be proofed. 
-The ‘What’s New’ section really needs to be updated regularly. 
-Could add a lot of video 
-Would like to add maps that provide detail of the area. 
-Charts and graphics could be put on the site. 
 
Regular updates to site will increase our image on search engines.  Currently the page is 
at the bottom of the second page of a Google search for pallid sturgeon.  Need to make 
the changes she suggests so the site gets more hits and becomes the number one source 
for pallid sturgeon on the web.  The more hits a site gets the further up the list of sites it 
goes. 
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MediaWorks could be the content manager for the site.   
 
Pallid Sturgon in RPMA 1 Missouri River above Ft. Peck Reservoir – Anne Tews 
 
Anne first discussed the Marias River shovelnose sturgeon spawning flow.  The Marias 
River is the only tributary above Ft. Peck with sturgeon.  No sturgeon have been recorded 
from the Mussellshell or Judith, the other two larger tributaries in this reach. Shovelnose 
sturgeon also spawn in the Teton River, a Marias River tributary that enters the Marias 
just upstream of the confluence with the Missouri.   
 
Tiber Reservoir has completely changed the hydrograph of the Marias below the dam.  
Historically pallid sturgeon used to congregate at the Marias-Missouri confluence.   Past 
work indicates high flows of at least 3000 cfs are needed for shovelnose spawning.  
 
Conducted larval fish sampling on the Marias and the Teton which enters the Marias 
about a mile upstream of the Marias confluence with the Missouri.  In 2012 requested the 
Bureau of Reclamation to release 1000 cfs for 14 days in mid-June and in 2013 wanted 
2000 cfs for 14 days.  They got what they requested from the Bureau in each year with 
optimal temperatures.  The Bureau actually gave them more days of the requested flows 
than were requested. 
 
No larvae or eggs were collected in 2012 but they were in 2013.  Anne wanted to look at 
shovelnose adult use of the Marias during these flows.  She used historic telemetered fish 
data.  There seems to be a good correlation between flows and numbers of telemetered 
adult shovelnose that entered the Marias.  She thinks there is a flow between 1000 and 
2000 cfs that triggers shovelnose sturgeon adults to enter the Marias. 
 
If we could get pallid sturgeon to go up the Marias and Teton to spawn it would give 
them enough distance above the reservoir to drift in the river without entering the dead 
zone. 
 
Anne and crew conducted their standardized Fall Trammel Netting from Rock Creek to 
the headwaters of Ft Peck.  Pallid sturgeon numbers have steadily increased from 2005 as 
hatchery released fish recruit to the gear.  Shovelnose numbers are looking pretty steady. 
Standardized setlines catch pallid sturgeon, shovelnose sturgeon, channel cats and sauger.  
The pallid sturgeon have the highest catch rates and have stayed pretty steady. 
 
 RPMA 1 Telemetry Overview – Casey Jensen 
 
In 2013 they monitored 3 adult pallids and 19 hatchery reared pallids.  They used manual 
and fixed stations.  Most of the locations are down near the Fred Robinson Bridge.  They 
did have a hatchery reared 1997 year class pallid sturgeon in the lower Marias this year 
from mid August to mid September. 
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They have a wild adult female pallid they have been monitoring since 2010 she was taken 
to the hatchery to spawn.  She was reproductively inactive in 2011 but was active in 
2012.  They are not sure of her reproductive condition in 2013. 
 
 
Wednesday March 19 
 
Lower Yellowstone River Pallid Sturgeon Monitoring: A Summary of Management 
and Research Activities – Matt Rugg   
 
Matt reported on this work although the field work was conducted by his predecessors.  
Most of the work is conducted from the Tongue River confluence downstream (180 
miles) and especially from Intake Diversion downstream (71 miles).  In 2013 they 
worked on migration pathways, targeted pallid monitoring and hatchery-reared juvenile 
tracking. 
 
Last year was 3rd year of collaborative effort between USGS (Bratten) and FWP to assess 
migration timing, pathways, spawning locations and verify hatch and drifting.  Bratten 
described this work in more detail in his talk later in the day. 
 
The targeted monitoring is conducted in August-September using trammel nets and 
trotlines.  This work provides data for Jay Rotella to compute survival estimates and 
some abundance information.  247 trammel net deployments yielded 93 pallids.  Over 
75% are in the 350-450 mm length group, some individuals are nearing maturity. 
 
The population assessment data since 2006 to present seems to indicate a downward 
trend in pallid sturgeon.  However these data are influenced by flow rates and also the 
turnover in project personnel has probably affected the data collection. 
 
In 2014 he will continue standard efforts on migration pathways, targeted monitoring, 
HRJPS tracking.  In addition he will assess fish use of historic side channel at Intake, 
looking at all native fish. 
 
Pallid Sturgeon Telemetry Studies in RPMA 2 – Dave Fuller 
 
The study area includes 300 km river from Ft Peck to its confluence with the 
Yellowstone River, 115 km of the lower Yellowstone River and 175 km of the lower 
Milk River.  Dave and crew have been doing this work since 2005.  The results have 
indicated that under existing operations the wild adult fish are using the Yellowstone but 
not much use of the Missouri.  This is tied directly to the hydrographs of the two rivers.  
  
The years 2004, 2011 and 2013 were high flows years when the hydrograph in the 
Missouri had higher flows than normal.  During these years have seen greater use of the 
Missouri River by the adult pallids.  At flows above 25,000 cfs see a great deal more use. 
In 2014 had 46 wild pallid sturgeon with active transmitters that provided useable 
information.  There were higher flows in the Missouri than in the Yellowstone in April 
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and May.  In June the Missouri flows went above 20,000 and although flows were over 
50,000 cfs in the Yellowstone at this time a bunch of fish moved out of the Yellowstone 
and into the Missouri. 
 
Looking at 10 years of data there is a good correlation between flows in April and May 
and use by adult pallid sturgeon.  When flows are higher in the Missouri than the 
Yellowstone there is more use of the Missouri.  Pallid sturgeon will make long 
migrations into the Missouri when  discharge is greater than 20,000 cfs and successfully 
reproduce if discharge remains greater than 25,000 cfs 
 
Dave also discussed the fact that there is sufficient distance available in the Missouri 
upstream of Lake Sakakawea for a certain percentage of free embryos to recruit in the 
Missouri. 
 
Dave’s final point is that changing operations out of the Ft Peck spillway or powerhouse 
to accommodate pallid sturgeon spawning makes a lot more sense for recovery than 
building a dam across the Yellowstone at Intake. 
 
Migrations and Spawning of Pallid Sturgeon in the Yellowstone River, 2013 – Pat 
Bratten 
 
In 2013 Pat wanted to assess migrations, identify timing and location of spawning events 
and verification of hatch and drift of free embryos and larva. 
 
There were 46 adult pallids with radios available to be tracked.  See Fuller’s talk for 
description of study area.  The 2013 flows in the Yellowstone were low in early May 
followed by two pulses in late May and June and then a decline in late June and early 
July. The fish were in the Yellowstone during the high flows, 
 
About 7 (12% of telemetered population) fish migrated up to the base of Intake Dam and 
eventually turned around and went downstream.  Gravid female code 40 was one of 
these.  When Missouri flows went up she ran up to the Milk then turned around and came 
back to Yellowstone and spawned after traveling a total distance 620 miles.  Gravid 
female 41 had a similar story.  Code 41 spawned June 20 and 21.  Code 40 spawned June 
25.  They were able to identify the locations where the two fish spawned.  Code 40 at 
river mile 6 and code 41 at river mile 7 of the Yellowstone.  They were both in the 
vicinity of males, code 40 was in a large aggregation of males. 
 
The crew sampled for free embryos and larvae from June 6 to July 10.  They captured 4 
pallid sturgeon free embryos and sent them off for genetic analysis.  Some of these were 
not from Code 40 or 41 females. 
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Brief Update on Montana’s Pallid Sturgeon Population Program– Tyler Haddix 
 
This program started in Montana in 2006.  The goals are to: 
-Provide information to detect changes in pallid sturgeon and native target species 
populations in the Missouri River Basin 
-Provide the information to determine habitat preferences over time for pallid sturgeon 
and native target species in the Missouri River basin 
 
Objectives: 
-Evaluate annual and long-term trends of habitat usage in pallid sturgeon population 
abundance and geographic distribution throughout the Missouri River System. 
-Evaluate annual results and long-term trends of habitat usage of pallid sturgeon and 
hatchery stocked pallid sturgeon by season and life stage. 
-Evaluate population structure and dynamics of pallid sturgeon in the Missouri River 
system. 
 
Missouri River downstream of Fort Peck Dam 
-Highly altered hydrograph 
-Hypolimnetic withdrawal dam 
-Eliminates virtually all suspended sediments  
- Greatly reduces the nutrient inputs into the river below (nutrient sink) 
-Temperature is highly altered, summer day highs are approximately 10 C lower below 
Fort Peck Dam, April to October 6 C difference 
-No fish passage 
 
Milk River is the largest tributary to the Missouri in this reach.  They have never 
collected a larval scaphyrychus in the Milk although pallid sturgeon do go up there and 
check it out and historically pallid sturgeon were caught in the Milk according to 
anecdotal accounts. 
 
The temperature and turbidity of the Mo and Yellowstone are similar at the confluence.  
However further upstream the Mo is much clearer and colder particularly upstream of the 
Milk. 
 
Tyler described the total captures of pallid sturgeon from 2006 to 2012.  They are 
catching a lot more pallids today, however the effort has increased over time.  There are 
more pallids in the river today due to the hatchery introductions.  Also there was a big 
change in the pallid sturgeon in segment 2 following the big flows in 2011.  They believe 
that the flows created habitat and lots of HRJPS moved up into segment 2. 
 
Length – Frequency histograms show that in 2006 most of the captured plaids were in the 
350mm range.  The histogram is slowly changing and moving to the right-there are a few 
larger fish.  But that is a small portion in fact most fish are still around 450 mm size.  
These fish are very slow growing and none are approaching sexual maturity. 
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They conducted a comparison of shovelnose and pallid sturgeon in segments 2 and 3. 
They found there are many more shovelnose in segment 2 but in segment 3, where the 
habitat is more natural, there are similar numbers of shovelnose and pallid sturgeon. 
 
Pallid Sturgeon Monitoring in Segment 4 of the Missouri River – Ryan Wilson 
 
Ryan and his colleagues work on 50-55 river miles of the Missouri River above Lake 
Sakakawea.  In 2013 they captured 375 pallids during the year of which 360 were 
hatchery released pallids.  Eleven wild adults were collected during random sampling and 
one was a confirmed hybrid.  The hybrid was last caught in 1997 and has not grown at 
all.  Question asked if we can kill these?  Also are all the hybrids siblings?  They are all 
about the same size.  These questions were not answered. 
 
Ryan described the targeted sampling effort that included 6 crews with 3 in each of 2 
places. They caught a total of 197 HRPS, 2 adults and 1 hybrid.  Over the past 9 years.  
They have caught 2060 pallids.  These included 104 adults, 1952 hatchery released pallid 
sturgeon.  In 2013 they caught every year class except one (1998) that had few stocked.  
The crew is getting very few returns from the 2004 stocking.  Most of fish are from the 
2005-2009 year classes probably due to the large numbers stocked in those years. 
 
Have 18 radios implanted in HRPS and taken 180 blood samples since 2010.  They have  
collected 0 sexually mature HRPS.  Most of the fish have been captured in upper half of 
the section and almost all adults captured in the upper half.  They are seeing slow growth 
just like in Tyler’s section  (400mm range). 
 
They also monitor sturgeon and sicklefin chub.  They are getting declining captures of 
sicklefin since 2009 and wonder why?  They have lots of pallid sturgeon, shovelnose 
sturgeon and sauger.  Because they have so many predators they are wondering if the low 
numbers of these chub are due to predation. 
 
In 2014 they will continue to collect blood and genetic samples and want to try to sample 
upper end of Lake Sakakawea with trotlines-there is not enough water velocity in this 
area to allow use of trammel nets. 
 
In response to a question Ryan said that out of 1900 JHRPS collected in the reach, 75% 
have come from the Yellowstone the rest from the Missouri, these results have been 
consistent every year. They don’t stock pallids in their section.   
 
Dane Shuman could not make it nor could the SDSU folks.  They will send us written 
reports that we can distribute. 
 
Stocking Strategy 
 
There was discussion about the number of fish to be stocked in each section and the 
logistics of tagging the fish. 
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Forstyth, Fallon, Intake and Sidney have been the stocking sites in the past.  The Region 
7 biologists need to talk with Mike Backes.  He may want to put them all above Intake 
(Fallon).  FWP will let Rob Holm know. 
 
Anne brings up the need for redundancy in reviewing the fish to be spawned given the 
problem last year.  Need Rob and/or Ryan to review the genetics plan recommendations. 
 
Gerald Mestl of Nebraska gave a brief update on issues in the Middle Basin.  They are 
dealing with lots of genetics issues.  They have had good growth of the HRPS they have 
gotten from the upper basin.  They are having higher growth rates than we see in the 
upper basin. On the other hand the fecundity is half that of the fish in the upper basin. 
 
Broodstock Collection 
 
After a brief discussion it was agreed that the week of May 5 would work with possibly a 
follow up with another week effort later in May. 
 
Juvenile hatchery released pallid sturgeon radio tracking.  Kevin recommends they 
continue to take blood samples 
1700 grams and above put a radio in the juveniles 
 
Set up committee to work on the website with Lorelyn at Mediaworks.  Mat, John, Casey, 
Tyler will be the committee. 
 
Hunter is leaving as facilitator.  The Governing Board needs to have a discussion about 
what they wants in the candidate and also what the process for selection will be. 
 
Ryan wants to set a Governing Board meeting in July after the spring field season.  
Several Western funded projects are coming to an end so they will need to develop new 
RFPs 
 
Mike Backes gave a brief summary of the DNRC Statewide Water Management Plan. 
Mike says that to date FWP has had very little involvement.  Mike is very skeptical of the 
process.  The emphasis is on future water development. 
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Annual Reports for the 2012 Field Season and Work Contracted by 
WAPA 
  
Wayne Stastny-Nelson 
 

Candidate Dominant Working 
Hypotheses 
for Population Decline of Pallid 
Sturgeon in the Missouri River Basin 
Missouri River Pallid Sturgeon Effects Analysis Team1 February 28, 2014 
The intent of this document is to propose a set of dominant working hypotheses for population 
decline of Pallid Sturgeon in the Missouri River basin. The document is meant to act as a 
temporary focus for critical thinking, a step toward a more refined set of hypotheses. The 
dominant hypotheses presented here were derived from “global” conceptual ecological models 
that arose from a series of workshops hosted by the U.S. Army Corps of Engineers (USACE) and 
the U.S. Fish and Wildlife Service (USFWS) under the auspices of the USACE Missouri River 
Recovery Program during the summer 2013. Workshop participants were sturgeon biologists, 
landscape ecologists, and river experts from state and federal agencies. For details, please see: 
ftp://ftpext.usgs.gov/pub/cr/mo/columbia/Jacobson/EA_Docs/MarchWorkshop/CEM_Narrative_ 
2040228.docx 
The conceptual ecological models developed in the workshops were turned over to the Missouri 
River Pallid Sturgeon Effects Analysis (EA) team for refinement and articulation of dominant 
hypotheses. 
Background 
There have been multiple previous efforts to focus research and management priorities for 
addressing pallid sturgeon population decline. The listing document lists threats thought to be 
responsible for decline of the species (Federal Register, 1990) and the recovery plans list threats 
and proposed recovery actions (Dryer and Sandvol, 1993; U.S. Fish and Wildlife Service, 2007; 
Jordan, 2013). These documents cite habitat loss (including a broad range of physical and water 
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quality changes), commercial harvest, contaminants, and hybridization as dominant threats. The 
primary focus of species recovery on 
1 Robert B. Jacobson, USGS, Columbia, Missouri Michael J Parsley, USGS, Cook, Washington Michael E. Colvin, OSU, 
Corvallis, Oregon Tim L. Welker, USACE, Yankton, South Dakota Daniel James, USFWS, Pierre, South Dakota Mandy 
Annis, USGS, Columbia, Missouri 
1the Missouri River in the 21st century has been under the auspices of the reasonable and prudent 
alternatives (RPAs) listed in the Missouri River Biological Opinion (U.S. Fish and Wildlife 
Service, 2000, 2003). The RPAs for the pallid sturgeon call for implementation of adaptive 
management, monitoring, and research; restoration of 20-30 acres per mile (5-7 ha/km) of 
shallow-water habitat; increased hatchery propagation and stocking of pallid sturgeon; and flow 
regime changes at Fort Peck and Gavins Point dams. Although not defined as hypotheses, within 
the context of adaptive management these RPAs can be viewed as statements of hypothesized 
sturgeon population responses to specified actions. 
Prioritization of management actions and research needs have also been explicit or implicit in 
several workshops, reviews, and planning efforts. Results of sturgeon research workshops 
convened in 2004 (Quist and others, 2004) and 2007 (Bergman and others, 2008) presented 
assessments of the state of the science and recommendations for where pallid sturgeon science 
should be focused. The most recent recommendations (Bergman and others, 2008) provided a 
long list of unranked science and management topics that can be considered to be dominant 
information needs based on application to pallid sturgeon recovery and degree of uncertainty. 
Within the list of topics, understanding of early life stages and seasonal habitat requirements for 
all stages emerged as overarching information needs. 
Hypotheses about the role of pulse flow releases (spring rises) were considered during a series of 
workshop during the summer of 2005, known as the “Plenary Group” meetings. The Plenary 
Group meetings came about as a mechanism embedded within the 2003 Biological Opinion to 
encourage a collaborative adaptive management approach to designing and implementing flow 
regime recommendations. The deliberative process was documented, in part, by an article on the 
technical aspects of naturalizing the flow (Jacobson and Galat, 2008). The Plenary Group process 
addressed RPAs as hypotheses, including hypotheses that spring rises would build sandbars (for 
shorebird nesting habitat), connect to floodplains to augment nutrient and energy exchange, 
maintain nursery habitat for larval and juvenile pallid sturgeon, provide a spawning cue for 
reproductive pallid sturgeon, and/or act to condition spawning habitat by flushing fines from 
substrate. The Plenary Group process failed to come to a consensus on flow-management 
recommendations, but the process helped articulate the flow-related hypotheses and design parts 
of an adaptive management strategy (Jacobson and Galat, 2008; DeLonay and others, in review). 
Review and recovery updates (U.S. Fish and Wildlife Service, 2007; Jordan, 2013) list perceived 
threats to pallid sturgeon populations, from which dominant hypotheses may be inferred. The 
present draft recovery plan (Jordan, 2013) emphasizes pervasive habitat alteration as a threat 
throughout the entire range of the species, calls for additional data to quantify water quality 
concerns, and recognizes entrainment of pallid sturgeon as a larger threat than originally 
recognized. The 
2 
plan also de-emphasizes threats of harvest and removal for scientific/educational purposes and 
hatchery propagation. The draft plan additionally de-emphasizes the threat of disease, recognizes 
the potential threat of predation on eggs to larval stage, and recognizes the threat of hybridization 
with shovelnose sturgeon in ongoing pallid sturgeon population decline (Jordan, 2013). 
Objectives and Scope 
This document is intended to introduce a set of dominant working hypotheses for population 
decline of pallid sturgeon in the Missouri River basin. Unlike previous prioritization efforts, this 
document is part of a process to assign priority rank to specific hypotheses for inclusion in 
quantitative effects modeling. 
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The conceptual scope for this effort has been shaped by the global hypotheses developed in 
conceptual ecological modeling (CEM) workshops that were held during summer 2013. The 
objective of this document is to present a candidate list of hypotheses that will be refined through 
evidence-based evaluation and expert opinion into a set of dominant working hypotheses that 
represent a scientific perspective on factors that contribute to population decline of the pallid 
sturgeon in the Missouri River. The candidate list of hypotheses has been translated from the 
CEMs to reflect the judgment of EA team scientists in light of published and unpublished 
scientific information. The resulting candidate set of working hypotheses is meant to include 
plausible, biologically relevant hypotheses without regard to agency authorities or 
responsibilities. 
The candidate list has been developed from the right side of the component CEMs, and presents 
the hypotheses as factors that contribute to lack of survival (or high mortality) at each life stage. 
These hypotheses articulate ideas of factors and processes that are responsible for decline, but do 
not address management actions that would reverse or mitigate decline by increasing survival. 
For example, one of our candidate hypotheses for juveniles in the lower river is: “Channelization 
has decreased channel complexity, resulting in decreased productivity and food availability, and 
decreases in growth, condition, and survival.” We recognize a second set of hypotheses is 
needed to articulate the links between candidate management actions and species response. Such 
a hypothesis may be something like: “Reconfiguration of the channel to recover 20% of pre-
engineered channel top width will be sufficient to increase productivity and growth, condition, 
and survival (or 40%, ...)”. Writing and prioritizing this list of management hypotheses will 
be the next step after defining the biologically relevant, dominant working hypotheses. 
Management hypotheses will consider actions that could logically be accomplished to aid species 
recovery without testing for whether they fall within USACE authorities. Management 
3 
hypotheses will also be more spatially explicit as some management options would be more 
effective in some areas compared to other areas. 
The final step in the prioritization process will involve filtering the management hypotheses for 
those that fall within USACE authorities and USFWS responsibilities. This set of actionable 
hypotheses will guide near-term modeling by the EA team. For example, the hypothesis that 
changes in flow regime and channelization have resulted in decreased productivity of suitable 
food, decreasing growth, condition, and survival for exogenously feeding larvae may be 
identified as a dominant working hypothesis and is presumably actionable because it is already 
addressed through an existing elements within the Reasonable and Prudent Alternative (RPA) 
from the 2003 Biological Opinion. In contrast, the hypothesis that vertical transmission of 
contaminants causes loss of viability in gametes or direct mortality in developing embryos may 
be dominant based on biological criteria, but it is unclear whether it would be actionable because 
pathways of contaminants to pallid sturgeon are not clearly linked to USACE operations or 
responsibilities. Identification of the bounds of actionable hypotheses will be the responsibility of 
USACE and USFWS. 
Although the list of relevant hypotheses will diminish with progressive filtering from global to 
candidate, dominant, management, and actionable hypotheses, the filtered hypotheses will not be 
lost. All hypotheses will be documented and archived in this process so they can be resurrected 
and addressed as needed to explain observed future population dynamics. Some important 
action hypotheses may not be addressed in the short term because of the critical need for the EA 
team to identify and model a manageable number of hypotheses to support immediate decision 
making needs under the Missouri River Management Plan process,. The EA team recognizes that 
processes and conditions that are outside USACE authorities may contribute to population 
decline. Therefore, understanding the linkages from these processes and conditions to pallid 
sturgeon population dynamics may be necessary to judge success of Management Plan actions. 
Conceptually, all sets of hypotheses identified in this process will be available to inform adaptive 
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management processes over the long term. 
The geographic scope is limited to parts of the Missouri River, tributaries, and Mississippi River 
where pallid sturgeon populations are plausibly affected by species-recovery management actions 
on the Missouri River, and where pallid sturgeon recovery has been thought to be possible. Based 
on currently available information our emphasis is therefore on the Yellowstone River 
(approximately Miles City to confluence with the Upper Missouri River), the Upper Missouri 
River (Fort Peck Dam to headwaters of Lake Sakakawea), the Lower Missouri River from Gavins 
Point Dam to confluence with the Mississippi River), selected tributaries to the Upper and Lower 
Missouri River that may be occupied by pallid 
4 
sturgeon or affect their population status (for example: Milk, Big Sioux, Platte, Kansas, Osage 
rivers), and the Mississippi River downstream from Lock and Dam 26 at Alton, Illinois, for a 
distance that will be specified in the future with emerging data on dispersal and migration. The 
candidate hypotheses only discriminate between upper river (Upper Missouri River downstream 
of Fort Peck Dam and Yellowstone River downstream of Miles City, Montana) and lower river 
(Gavins Point Dam to Mississippi River and downstream); management hypotheses will be more 
geographically focused because many management actions are specific to specific river reaches. 
Inter-reservoir reaches will be considered in a separate prioritization process. 
Approach 
The EA team started with the graphical global conceptual ecological models developed during the 
summer 2013. They then tested understanding of the importance and uncertainty assigned to each 
arrow in the diagrams against existing published information using specific criteria (table 1). 
Table 1. Descriptions of importance and uncertainty categories for conceptual ecological models 
Type Label Description 
Importance 
Uncertainty 
High Moderate Low 
A link that is known or thought to have a direct and substantive altering effect on another condition or process A 
link that is known or thought to have a moderate direct or indirect modifying effect on another condition or 
process A link that is known or thought to have a small direct or indirect modifying effect on another condition 
or process 
High A link with no published literature to support understanding 
Moderate Low 
A link with some support from published studies on other species or rivers A link supported by information from 
peer-reviewed studies specific to the question and species. 
From the thousands of possible combinations of pathways through the CEMs, the team selected 
those that were thought to be of high importance (solid-line arrows) as the candidate set. This was 
regardless of assigned uncertainty (indicated by color) although we acknowledge that a 
subsequent filter of the global hypotheses or the working hypotheses based on uncertainty might 
be a useful approach for targeting hypotheses for research efforts. We developed hypotheses by 
life stage separately for the upper river and the lower river. Hypotheses generally consider a 
primary ecological factor as a driver of physical habitat, water quality, or aquatic community 
dynamics and articulate how these factors influence a particular life stage through bioenergetics 
or direct mortality, thereby influencing the probability of transitioning to the next life stage. 
5 
Whereas some hypotheses have relatively simple, uncomplicated pathways through the 
component diagrams, others involve complex interrelated interactions. For example, a hypothesis 
that considers that population decline is due to reduced survival of free embryos on the Lower 
Missouri River will have pathways between primary ecological factors including flow regime and 
channel-morphology as both of these influence the secondary factors of water quality (e.g. 
temperature) and physical habitat which influence bioenergetics and mortality. These 
complexities are reflected by the knowledge that changing channel morphology changes the 
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efficacy of flow regime in producing specific habitats (Jacobson and Galat, 2006) and may have 
an effect on water temperature by altering cross-channel mixing and evaporation. Most of the 
candidate hypotheses have been broken down into simple pathways for this document, although 
in reality pathways are interrelated. Modeling, and eventual design and implementation of 
management actions, will require explicit consideration of the interacting processes and their 
biotic result. 
The hypotheses are articulated in this document as factors leading to decrease in survival or 
increase in mortality. The underlying assumption is that the decrease (or increase) is relative to a 
rate that supported pallid sturgeon populations before disturbance. 
Dominant Working Hypotheses for Population Decline of Pallid 
Sturgeon in the Missouri River Basin 
The following hypotheses are presented as candidate dominant working hypotheses for 
population decline of pallid sturgeon. The hypotheses are presented as affirmative statements of a 
cause for decreased survival by each life stage; each hypothesis statement carries an implicit (and 
unstated, for brevity) null hypothesis that there is no relation. 
Within each life stage, the hypothesized pathways may be variably interdependent with multiple 
pathways contributing to altered survival probabilities. Dominant working hypotheses in the 
following list were determined by life stage and the list does not account for relative survival 
among life stages. Among life stages, contributions to the pallid sturgeon population will be 
weighted in a subsequent step in the process by using best estimates of survival probabilities from 
each life stage to the next. 
Some hypotheses span multiple life stages or have precursors from a previous life stage that 
determine survival probability at a later life stage. Multiple life-stage hypotheses are noted and 
are presented at the life stage where survival probability is affected. 
6 
Prespawn and spawning adults 
Pre-spawning adults are fish in the final stages of preparing for spawning. Spawning adults refers 
to female fish with oocytes that can be fertilized and male fish with flowing milt. Although there 
is some direct mortality possible from prespawn to spawn, most of the emphasis at this life stage 
is one reproductive behaviors and conditions that determine probability of viable gametes. 
Life	  Stage,	  Location	  
Process	  Category	  
Label	  
Hypothesis	  
Reproductive	  behavior	  and	  synchrony	  
AU1a	  
Barriers	  to	  upstream	  migration	  prevent	  access	  to	  functional	  spawning	  sites	  with	  supportive	  hydraulics	  and	  substrate,	  thereby	  
decreasing	  probability	  of	  producing	  viable	  gametes.	  
AU1b	  
Hydrology-‐related	  events	  are	  inadequate	  to	  cue	  aggregation	  of	  reproductive	  adults,	  thereby	  decreasing	  probability	  of	  mates	  to	  find	  
one	  another.	  
Direct	  mortality	  
AU2a	  
Take	  of	  prespawn	  adults	  through	  poaching	  or	  other	  mechanisms	  has	  increased	  direct	  mortality.	  
Growth	  and	  condition	  
AU3a	  
Population	  augmentation	  has	  increased	  numbers	  of	  conspecifics,	  increasing	  competition	  for	  food	  resources	  in	  a	  fragmented	  system	  
with	  decreased	  productivity,	  thereby	  decreasing	  growth,	  condition,	  and	  fecundity.	  
Reproductive	  behavior	  and	  synchrony	  
AL1a	  
Habitat	  alterations	  have	  decreased	  separation	  of	  reproductive	  shovelnose	  and	  pallid	  sturgeon	  in	  space	  and	  time,	  thereby	  increasing	  
hybridization.	  
AL1b	  
Habitat	  alterations	  have	  decreased	  availability	  of	  functional	  spawning	  habitat	  while	  also	  increasing	  availability	  of	  attractive,	  sub-‐
optimal	  spawning	  habitat,	  thereby	  decreasing	  probability	  of	  mates	  finding	  one	  another.	  
AL1c	  
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Hydrology-‐related	  events	  are	  inadequate	  to	  cue	  aggregation	  of	  reproductive	  adults,	  thereby	  decreasing	  probability	  of	  mates	  to	  find	  
one	  another.	  
Growth	  and	  condition	  
AL2a	  
Channelization	  and	  changes	  in	  flow	  regime	  have	  decreased	  food	  availability	  which	  results	  in	  decreased	  growth,	  condition,	  and	  
fecundity.	  
AL2b	  
Channelization	  and	  changes	  in	  flow	  regime	  have	  increased	  velocities,	  decreased	  habitat	  suitability	  and	  complexity,	  resulting	  in	  
decreased	  growth,	  condition,	  and	  fecundity.	  
7 
Prespawn	  and	  spawning	  adults	  
Lower	  river	   Upper	  river	  

Gametes and Developing Embryos 
Gametes are eggs and sperm, and developing embryos refers to fertilized eggs within the chorion. 
The temporal duration of the life stage is inversely related to temperature and lasts generally 5-8 
days. Emphasis at this life stage is on conditions that impose direct mortality on developing 
embryos. 
Life	  Stage,	  Location	  
Process	  Category	  
Label	  
Hypothesis	  
Direct	  mortality	  
EU1a	  
Hypolimnetic	  releases	  of	  cold	  water	  have	  increased	  embryo	  incubation	  time	  which	  results	  in	  increased	  predation	  prior	  to	  hatch.	  
EU1b	  
Decreased	  turbidity	  has	  increased	  efficacy	  of	  predators	  and	  predation	  prior	  to	  hatch.	  
EU1c	  
Increased	  numbers	  of	  predators	  have	  increased	  predation	  prior	  to	  hatch.	  
Direct	  mortality	  
EL1a	  
Decreased	  turbidity	  has	  increased	  efficacy	  of	  predators	  and	  predation	  prior	  to	  hatch.	  
EL1b	  
Increased	  numbers	  of	  introduced	  or	  invasive	  predators	  have	  increased	  predation	  prior	  to	  hatch.	  
EL1c	  
Channelization	  and	  changed	  flow	  regimes	  have	  increased	  scour	  and	  sediment	  deposition	  in	  embryo	  incubation	  areas	  resulting	  in	  
increases	  in	  direct	  mortality	  of	  developing	  embryos	  by	  detachment,	  entrainment,	  or	  sedimentation	  (by	  crushing	  or	  smothering).	  
8 
Gamete,	  and	  Devleoping	  Embryos	  
Lower	  river	   Upper	  river	  

Free Embryo 
The free embryo life stage is defined as a developing fish between hatch and first feeding. During 
this life stage the free embryo is no longer protected by the chorion and it relies on its yolk 
reserves to continue development. The life stage may last 7 – 12 or more days, depending on 
water temperature. Emphasis for survival at this stage is on habitat conditions within substrate at 
the hatch site, during drift/dispersal, and at retention sites. Availability of food at transition from 
free embryo to exogenously feeding larvae is thought to be an important condition. 
Life	  Stage,	  Location	  
Process	  Category	  
Label	  
Hypothesis	  
Direct	  mortality	  
FU1a	  
Hypolimnetic	  releases	  of	  cold	  water	  have	  increased	  embryo	  incubation	  time	  which	  results	  in	  increased	  predation	  prior	  to	  settling.	  
FU1b	  
Decreased	  turbidity	  has	  increased	  efficacy	  of	  predators	  and	  predation	  prior	  to	  settling.	  
FU1c	  
Increased	  numbers	  of	  predators	  has	  increased	  predation	  prior	  to	  settling.	  
FU1d	  
Barriers	  to	  upstream	  migration	  limit	  available	  downstream	  dispersal	  distance	  such	  that	  dispersing	  free	  embryos	  settle	  in	  anoxic	  
headwaters	  of	  downstream	  reservoirs	  increasing	  direct	  mortality.	  
FU1e	  
Barriers	  to	  upstream	  migration	  limit	  available	  downstream	  dispersal	  distance	  such	  that	  dispersing	  free	  embryos	  settle	  in	  habitats	  
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that	  are	  not	  suitable	  for	  first	  feeding,	  thereby	  increasing	  direct	  mortalitiy.	  
Growth	  and	  condition	  
FU1a	  
Changes	  in	  flow	  regime,	  water	  quality,	  and/or	  local	  habitat	  in	  settling	  areas	  have	  decreased	  the	  prey	  base	  for	  first-‐feeding,	  
decreasing	  growth,	  condition,	  and	  survival.	  
Direct	  mortality	  
FL1a	  
Channelization	  has	  decreased	  post-‐hatch	  refugia	  in	  substrate	  interstices	  resulting	  in	  increased	  direct	  mortality	  from	  predation.	  
FL1b	  
Reservoirs	  have	  decreased	  turbidity,	  resulting	  in	  increased	  efficacy	  of	  predators	  and	  increased	  direct	  mortality	  from	  predation.	  
FL1c	  
Channelization	  has	  decreased	  suitable	  hydraulics	  to	  intercept	  and	  retain	  drifting	  free	  embryos,	  resulting	  in	  increased	  direct	  mortality	  
by	  starvation,	  inability	  to	  transition	  to	  first	  feeding.	  
Growth	  and	  condition	  
FL2a	  
Channelization	  has	  decreased	  supportive	  habitat	  conditions	  for	  first	  feeding	  (increased	  velocities,	  lack	  of	  habitat	  complexity)	  
decreasing	  growth,	  condition,	  and	  survival.	  
FL2b	  
Changes	  in	  flow	  regime,	  water	  quality,	  and/or	  channel	  complexity	  in	  settling	  areas	  result	  in	  lack	  of	  suitable	  food	  for	  first	  feeding	  and	  
decreases	  to	  growth,	  condition,	  and	  survival.	  
9 
Free	  Embryos	  
Lower	  river	  
Upper	  river	  

Exogenously Feeding Larvae 
Exogenously feeding larvae (or larvae) are developing, feeding fish. This stage begins with first 
feeding and ends when fish have a full complement of rays in all fins and has the appearance of 
an adult fish, albeit in miniature. Dominant working hypotheses for this life stage emphasize 
direct mortality related to predation and bioenergetics conditions. 
Life	  Stage,	  Location	  
Process	  Category	  
Label	  
Hypothesis	  
Direct	  mortality	  
LU1a	  
Reservoirs	  have	  decreased	  turbidity,	  resulting	  in	  increased	  efficacy	  of	  predators	  and	  increased	  direct	  mortality	  from	  predation.	  
LU1b	  
Increased	  numbers	  of	  introduced	  or	  invasive	  predators	  have	  increased	  predation.	  
LU1c	  
Reservoirs	  have	  created	  anoxic	  conditions	  in	  headwaters	  where	  many	  free	  embryos	  settle,	  resulting	  in	  increased	  direct	  mortality.	  
Growth	  and	  condition	  
LU2a	  
In	  areas	  upstream	  of	  reservoir	  headwaters,	  increased	  summer	  reservoir	  releases	  result	  in	  increased	  velocities,	  decreases	  in	  
supportive	  habitat,	  and	  decreases	  in	  growth,	  condition,	  and	  survival.	  
LU2b	  
Changes	  in	  flow	  regime	  have	  decreased	  productivity	  of	  suitable	  foods,	  decreasing	  growth,	  condition,	  and	  survival.	  
Direct	  mortality	  
LL1a	  
Reservoirs	  have	  decreased	  turbidity,	  resulting	  in	  increased	  efficacy	  of	  predators	  and	  increased	  direct	  mortality	  from	  predation.	  
LL1b	  
Increased	  numbers	  of	  introduced	  or	  invasive	  predators	  increase	  predation	  
LL1c	  
Changes	  in	  flow	  regime	  and	  channelization	  have	  resulted	  in	  increased	  quality	  of	  physical	  habitat	  for	  predators,	  resulting	  in	  increased	  
predation.	  
Growth	  and	  condition	  
LL2a	  
Changes	  in	  flow	  regime	  and	  channelization	  have	  resulted	  in	  increased	  velocities,	  decrease	  in	  supportive	  channel	  complexity,	  and	  
decreases	  in	  growth,	  condition,	  and	  survival.	  
LL2b	  
Changes	  in	  flow	  regime	  and	  channelization	  have	  resulted	  in	  decreased	  productivity	  of	  suitable	  food,	  decreasing	  growth,	  condition,	  
and	  survival.	  
10 
Exogenously	  Feeding	  Larvae	  
Lower	  river	   Upper	  river	  
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Juveniles 
The juvenile life stage extends from when a fish has a full complement of fin rays to when it 
enters its first reproductive cycle, generally at about 750 mm fork length. During this period, a 
sub-adult stage may be defined when the fish’s diet shifts from predominantly invertebrates to 
predominantly fish, although this transition is not recognized in the current conceptual ecological 
models. Dominant working hypotheses for this life stage emphasize bioenergetic conditions. 
Life	  Stage,	  Location	  
Process	  Category	  
Label	  
Hypothesis	  
Growth	  and	  condition	  
JU1a	  
Reservoir	  releases	  have	  altered	  flow	  and	  temperature	  regimes,	  increasing	  bioenergetic	  demands	  and	  decreasing	  growth,	  condition,	  
and	  survival.	  
JU1b	  
Reservoir	  releases	  have	  altered	  flow	  and	  temperature	  regimes,	  decreasing	  productivity	  and	  flood	  availability,	  and	  resulting	  in	  
decreases	  in	  growth,	  condition,	  and	  survival.	  
JU1c	  
Population	  augmentation	  has	  increased	  numbers	  of	  conspecifics,	  increasing	  competition	  for	  food	  resources	  in	  a	  fragmented	  system	  
with	  decreased	  productivity,	  thereby	  decreasing	  growth,	  condition,	  and	  survival.	  
Growth	  and	  condition	  
JL1a	  
Reservoir	  releases	  have	  decreased	  flow	  variation,	  resulting	  in	  decreased	  productivity	  and	  food	  availability,	  and	  decreases	  in	  growth,	  
condition,	  and	  survival.	  
JL1b	  
Channelization	  has	  decreased	  channel	  complexity,	  resulting	  in	  decreased	  productivity	  and	  food	  availabilty,	  and	  decreases	  in	  growth,	  
condition,	  and	  survival.	  
11 
Juveniles	  
Lower	  river	  
Upper	  river	  
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Missouri River pallid sturgeon 
conceptual ecological models – 
Version 
1.2 Missouri River Pallid Sturgeon Effects Analysis Team1 

February 28, 2014 Introduction 
Conceptual models are used for a variety of purposes in resource management 
applications. A conceptual model is simply an abstract mental image of important parts of 
a system and how they are related. In an ecosystem context, conceptual models are 
defined as “graphical representations of interactions among key ecosystems components, 
processes, and drivers” (Woodward and others, 2008). Conceptual models may vary 
broadly in their structure and complexity (Gentile and others, 2001). Those for ecological 
applications can get very complicated, and often evolve into complex process-based 
(Walters and others, 2000) or probabilistic (Reiman and others, 2001; Stewart-Koster and 
others, 2010) computational models . 
Conceptual models are frequently cited as a necessary step in formal adaptive 
management in which stakeholders and scientists jointly develop a shared understanding 
of what influences an ecosystem or population, and then apply the model to predictions 
of system behavior (hypotheses) under management scenarios (Walters, 1986). The 
conceptual model also functions as a teaching and communication tool in the adaptive 
management process. 
1 Robert B. Jacobson, USGS, Columbia, Missouri Michael J Parsley, USGS, Cook, Washington Michael E. Colvin, OSU, 
Corvallis, Oregon Tim L. Welker, USACE, Yankton, South Dakota Daniel James, USFWS, Pierre, South Dakota Mandy 
Annis, USGS, Columbia, Missouri 
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ecological model presented here are: 
• To provide a broad perspective on factors potentially affecting the endangered 
pallid sturgeon populations in the Missouri River; 



37  

• To serve as a communication tool about those factors and their possible linkages to 
management and restoration actions; 
• To provide a structure from which priority hypotheses will be selected based on 
their importance in explaining pallid sturgeon population dynamics and their value in 
guiding Missouri River management decisions. 
Priority hypotheses developed from the conceptual ecological model components 
presented here will be used in a formalized effects analysis (Murphy and Weiland, 2011) 
to guide structured decision making in the Missouri River. The objective in developing 
the conceptual ecological model is to provide a “universal set” of potential process 
relations that affect pallid sturgeon population dynamics. The universal set consists of a 
large number of process relations developed through the expert opinion of sturgeon 
biologists and river scientists. At a later date, a subset of priority hypotheses derived from 
the process relations will be selected for quantitative simulation modeling based on their 
relevance in explaining pallid sturgeon population dynamics and their value in guiding 
decision making. These models will seek to predict survival at critical life stages as a 
function of management or restoration actions. Linked through a population model 
structure, the component models will provide a framework for assessing effects of 
management on pallid sturgeon population. 
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Background 
The pallid sturgeon (Scaphirhynchus albus) is an endangered, benthic fish endemic to the 
turbid Missouri and Mississippi rivers and the lower portions of larger tributaries. It was 
listed under the endangered species act in 1990 (Dryer and Sandvol, 1993) and in 2000 
the Fish and Wildlife Service (USFWS) published a biological opinion finding that 
USACE operations of the Missouri River were likely to jeopardize the existence of the 
pallid sturgeon. The biological opinion and a 2003 amendment defined elements of a 
reasonable and prudent alternative (RPA) to avoid jeopardy to these Missouri River 
populations (U.S. Fish and Wildlife Service, 2000, 2003). The pallid sturgeon RPA 
elements include (among others) implementation of adaptive management, monitoring, 
and research, in addition to restoration of 20-30 acres per mile (5-7 ha/km) of shallow-
water habitat (SWH), increased pallid sturgeon propagation and augmentation, and flow 
enhancements from Fort Peck and Gavins Point dams. 
Large-scale restoration of Missouri River channel and floodplain habitats date from the 
Missouri River Bank Stabilization and Navigation Project Fish and Wildlife Mitigation 
Program (Mitigation Program), which was authorized in the Water Resources 
Development Act of 1986 (WRDA 1986), 5 years after completion of the Bank 
Stabilization and Navigation Program (BSNP) (National Research Council, 2002). The 
Mitigation Program was intended originally to mitigate for habitat losses due to the 
BSNP, with a goal of restoring 166,750 acres of channel, sandbar, and meander belt 
habitat, approximately 32% of the estimated lost habitat (U. S. Army Corps of Engineers, 
1981). The goals for compliance with the amended biological opinion and for the 
Mitigation Program were formally collected into the Missouri River Recovery Program 
(MRRP) in the Water Resources Development Act of 2007 (WRDA 2007). WRDA 2007 
also authorized mitigation projects along the mainstem Missouri River in the upper river, 
including 
Draft	  –	  February	  28,	  2014	  –	  Not	  for	  citation	  –	  p.	  3	  
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Montana, North Dakota, Nebraska, and South Dakota, and authorized use of U.S. Army 
Corps of Engineers (USACE) funding to assist the Bureau of Reclamation with planning 
and construction of fish passage around the Lower Yellowstone Intake Diversion Dam 
(Intake Dam). 
Implementation of fish, wildlife, and habitat restoration activities on the Missouri River 
has been guided by principles of adaptive management since adoption of the 2000 
Biological Opinion (U.S. Fish and Wildlife Service, 2000) and the 2001 Master Manual 
revision (U. S. Army Corps of Engineers, 2001). Adaptive management was adopted 
more formally with creation of the Missouri River Recovery Implementation Committee 
(MRRIC) in WRDA 2007, and committees or affiliates of MRRIC that are closely 
aligned with adaptive management; the Science and Adaptive Management (SAM) work 
group and the Independent Science Advisory Panel (ISAP). Emphasis on construction of 
conceptual ecological models and implementation of effects analyses were prominent 
recommendations of the ISAP to promote robust adaptive management of the river and 
its imperiled species (Doyle and others, 2011). 
Two levels of conceptual model are presented here to apply to understanding of 
ecological effects on pallid sturgeon populations. The population-level conceptual model 
is based on those of Wildhaber and colleagues (Wildhaber and others, 2007; Wildhaber 
and others, 2011). This model illustrates key components of a population model, with a 
set of conditions and processes that contribute to transition probability from one life stage 
to the next (fig. 1). In addition to identifying key life stages and life-stage transitions 
(survival probabilities), this population-level model illustrates the spatial dimension of 
habitat use by the pallid sturgeon. Because the pallid sturgeon can disperse or migrate for 
10’s to 100’s of kilometers in a season, different life stages play out in different parts of 
the river, generally with spawning habitat at the 
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apex of upstream reproductive migrations and rearing habitat for larval and juvenile fish 
thought to occur substantially farther downstream as young fish disperse. 
The other level of conceptual ecological model – the component model – addresses the 
conditions and processes affecting survival probabilities for each life stage. The 
component level was illustrated by Wildhaber and others (2007, 2011) as linkages among 
processes. Processes included human-related direct mortality, non-human direct mortality 
(predation), rate- affecting factors (such as disease, habitat, prey availability, competition, 
and contaminants), and abiotic and biotic condition factors such as flow regime, sediment 
regime, temperature, and non- native and native fishes (fig. 2). Combinations of 
processes and conditions thought to be most important were shown as interactions that 
affected survival probabilities for each life-stage transition (fig. 3). 
Another conceptual ecological model for pallid sturgeon was developed for application to 
Missouri River restoration activities with emphasis on hierarchical propagation of 
management actions through essential ecosystem characteristics (EEC’s) of abiotic 
effects, habitat effects, and biotic responses (Jacobson and Berkley, 2011). Jacobson and 
Berkley showed a specific application to assessment of how flow modifications may 
affect pallid sturgeon reproductive ecology (fig. 4). They also demonstrated how the 
hierarchical approach could be useful in understanding causal linkages and applied to 
allocation of monitoring and assessment resources. A similar hierarchical approach to 
conceptual ecological modeling was suggested by the Missouri River ISAP for 
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application in understanding species recovery (Doyle and others, 2011). 
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Conceptual Ecological Model Workshops 
The conceptual models discussed in this document arose from a series of workshops 
hosted by the U.S. Army Corps of Engineers (USACE) and the U.S. Fish and Wildlife 
Service (USFWS) in 2013 under the auspices of the USACE Missouri River Recovery 
Program. Workshop participants were sturgeon biologists, landscape ecologists, and river 
experts from state and federal agencies. Workshop goals were to review and refine 
conceptual ecological models and to develop objectives to be used during the planning 
and adaptive management process for the pallid sturgeon. Because of substantive 
difference in management issues, separate workshops were convened for the lower river 
and the upper river (fig. 5). The lower river group met July 17 and 18and the upper river 
group met July 23 and 24. 
During the lower river workshop the attendees adopted a graphical format in which 
hierarchical component-level models feed into individual life-stage survival probabilities.
 This general structure was thought to lead effectively into a stage-based population 
model and was therefore adopted as the eventual endpoint of the modeling process. These 
ideas were subsequently accepted by the upper river workshop attendees. 
The original guidance for the workshops included geographic scope and some working 
assumptions. As the workshops progressed, some of these assumptions were relaxed or 
revised, as indicated by determinations listed below: 
• Guidance: The geographic scope corresponding to the statement is the Missouri 
River from Ft. Peck downstream to the confluence of the Mississippi River and includes 
specific elements of the Biological Opinion like the Intake Diversion Dam Project on the 
Yellowstone River. 
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• 
o Determination: During the workshops it was determined that the reservoir and inter-
reservoir reaches from the headwaters of Lake Sakakawea to Gavins Point Dam would 
not be considered explicitly in this phase of conceptual ecological modeling. The 
potential for inter-reservoir reaches with clear, cold water and hydropeaking releases to 
contribute to pallid sturgeon recovery was considered low but may be usefully considered 
in a subsequent phase of analysis 
o Determination: It was also determined that processes and conditions acting in Missouri 
River tributaries and the Mississippi River should be included in the conceptual 
ecological models if those processes and conditions would affect population processes in 
the target geographic area. 
Guidance: Conceptual ecological model and objectives are focused on Missouri River 
Recovery Program (MRRP) responsibility to avoid jeopardy to listed species. 
o Determination: During the workshops it was determined that the conceptual ecological 
models should be more broadly constructed so as to consider a wide range of conditions 
and processes, beyond those that are the responsibility of the MRRP. This was based on 
the understanding that the conceptual ecological models should be illustrative of the 
universe of hypotheses determining pallid sturgeon population dynamics to provide 
explanation for instances in which MRRP actions to avoid jeopardy are unsuccessful due 
to conditions and processes outside of MRRP control. 
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• Guidance: The drivers identified in the species conceptual ecological models will 
be limited to the USACE management actions that have an effect on species 
performance. 
o Determination: Similar to the logic articulated in the previous bullet, the workshop 
participants believed that the conceptual ecological models should be more broadly 
constructed so as to consider all conditions and processes, even those that are not the 
responsibility of the MRRP. It is anticipated that during subsequent steps in the effects 
analysis process, priority hypotheses will be identified based on their relevance to pallid 
sturgeon population dynamics and their importance to decision making under the MRRP. 
• Guidance: Reasonable and Prudent Alternative (RPA) elements included in the 
conceptual ecological models will be limited to those included within the 2003 Biological 
Opinion (U.S. Fish and Wildlife Service, 2003). Our aim is not to develop models that 
include “everything” that may affect the species. Rather, the models should be focused on 
those issues relevant to decision making for the MRRP. The models developed in these 
workshops are intended to illustrate the effects of Corps’ operations and restoration actions 
on the listed species. As such, they should have a bias toward management actions and how 
they propagate through the ecosystem. 
o Determination: The workshop participants felt that some relevant management actions 
may not have been envisioned when the 2003 Biological Opinion was drafted, and the 
conceptual ecological modeling 
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process was a useful venue for developing and evaluating new potential actions that 
might be feasible under existing authorities. 
At the end of the workshops, smaller teams were assigned to clean up the graphic models 
and to populate spreadsheets that were designed to describe every box and arrow in the 
graphic models; this phase of model revision was completed by September 15, 2013. The 
draft models were provided to interested stakeholders and members of the public for 
technical review during a 30-day review period ending on October 30, 2013. The review 
comments were compiled by the MRRP, and the comments, model materials, and 
workshop notes were supplied to the members of the Sturgeon Effects Analysis Team 
(the authors of this report) in preparation for the next phase of refinement. 
Scope and Objectives 
This report is intended to present and describe refined global, component conceptual 
ecological models for pallid sturgeon in the Missouri River. The models are described as 
“global” to denote that they include a large number of potential relations among 
conditions and processes, each of which can be considered a hypothesis or part of a 
hypothesis. It is acknowledged that some relations may be highly uncertain, some may be 
considered to have small probability, and some may be tenuously linked to management 
actions under the MRRP. Nevertheless, the universe of potential processes is considered 
important to encourage critical thinking about pallid sturgeon population dynamics and to 
set the stage for subsequent refinement and prioritization of hypotheses for simulation 
modeling. 
The models are described as “component” to denote that they apply to conditions and 
processes that determine discrete life-stage survival probabilities. The component models 
are 
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linked conceptually and computationally through the stage-based population level model 
(fig. 1), which, if properly structured and parameterized, will be useful in simulating 
population dynamics responses to management actions. 
This report documents the approach used to refine the component conceptual models 
resulting from the workshops and provides a narrative describing key relations among the 
management and ecological factors that alter survival probabilities. The objective of this 
report is present component conceptual ecological models that clearly, logically, and 
systematically illustrate the current understanding of the universe of conditions and 
processes that may affect pallid sturgeon population dynamics in the Missouri River. 
While we have revised the models that came out of the workshops in an attempt to 
achieve a uniform format, we have maintained as much of the structure and priorities of 
the original team products as possible. The intent is for these models to act as a robust 
foundation for subsequent prioritization of hypotheses and construction of simulation 
models. However, it is also expected that the models will continually be revised as 
learning is updated through adaptive management, research, monitoring, and assessment. 
The conceptual ecological models are considered the first step in a process to prioritize 
and focus on essential models needed to inform management decisions. Eventually, 
conceptual ecological model graphics and descriptions will be refined into a set of 
dominant working hypotheses that represent a scientific perspective on factors that 
contribute to population decline of the pallid sturgeon in the Missouri River. These will 
include plausible, biologically relevant hypotheses without regard to agency authorities 
or responsibilities. A subsequent step will develop hypotheses for the multiple pathways 
from management actions that may lead to increase in survival or decrease in mortality at 
each life stage. These will be referred to as 
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management hypotheses. Management hypotheses will consider actions that could 
logically be accomplished to aid species recovery without testing for whether they fall 
within USACE authorities. The management hypotheses will also be more spatially 
explicit as some management options would be more effective in some areas compared to 
other areas. 
The final step in the prioritization process will involve filtering the management 
hypotheses for those that fall within USACE authorities and USFWS responsibilities. 
This set of actionable hypotheses will guide near-term modeling by the EA team.
 Identification of the bounds of actionable hypotheses will be the responsibility of 
USACE and USFWS. 
Approach 
The component conceptual ecological models are designed in a hierarchical, left-to-right 
structure, culminating in a survival probability. The survival probabilities (yellow 
diamonds) correspond to the survival probabilities in the population-level model (fig. 1), 
such that processes and conditions in the component models are linked to survival from 
one life stage to the next. In this manner, the effects of specific management actions can 
be propagated through the component models to alter survival probabilities, with 
consequent effects on population dynamics. The overall structure is that of a stage-based 
population and corresponds to the general concept of effects analysis discussed by 
Murphy and Weiland (2011). Published work on pallid sturgeon populations and models 
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provides understanding of population dynamics under present-day conditions (Bajer and 
Wildhaber, 2007; Steffensen and others, 2013a; Steffensen and others, 2013b), and an 
initial structure for incorporation of future management and ecological effects. 
Separation of management actions, conditions, and processes by life stage is critical for 
the pallid sturgeon because historical alterations, engineering features, and life-stage 
processes 
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vary spatially and temporally within the sturgeon’s home range (the total length of river 
used by the pallid sturgeon during its life). Because survival probabilities vary 
considerably by life stage, the differential survival probabilities may be key in 
prioritizing management actions. Indeed, workshop participants determined that present 
knowledge of survival probabilities indicates that only 5 of 8 life-stage transitions shown 
in figure 1 were relevant to understanding present-day population dynamics and would be 
considered in the component conceptual ecological models. 
Component Model Structure 
The component models are arranged hierarchically in a modification of a driver-stressor 
format (fig.6). In recognition that the ultimate drivers of river-system change are either 
anthropogenic or geologic/climatic, only the far left column is labeled as independent 
drivers. Each pair of columns, from right to left, can be considered a driver-stressor pair, 
with the final column being the ultimate biotic response (Secondary biotic response, or 
change in survival probability). The columns categorize the hierarchy of factors into 
Management and Restoration, Primary Ecological Factors, Secondary Ecological Factors, 
and Primary Biotic Responses. The columns are similar to tiers of Essential Ecosystem 
Characteristics (EECs) developed to provide hierarchical organization in other conceptual 
ecological models (Harwell and others, 1999; Lubinski and Barko, 2003; Jacobson and 
Berkley, 2011). An important feature of the columns (and tiers of EECs) is that 
uncertainty in predictions and biological relevance generally increase to the right, moving 
from abiotic to habitat to biotic responses. A critical question faced by many adaptive 
management programs is how to allocate resources to predictive modeling, monitoring, 
and assessment among the columns to provide the most cost effective information for 
decision making (Jacobson and Berkley, 2011). 
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The refined conceptual ecological model diagrams include nested boxes allowing for 
additional levels of hierarchical organization within each column. The bounding boxes 
are broad descriptions of ecosystem factors and are common to all component models. 
The colored boxes within the bounding boxes are more specific factors; these factors vary 
by component model to emphasize that different factors are thought to be important in 
different locations and at different life stages. The nested structure provides additional 
flexibility for depicting relations among factors because the linking arrows can be 
attached to either the bounding boxes or to the specific boxes depending on how 
modeling needs and/or available information dictate that the relations should be lumped 
or split. 
Arrows indicate linkages among factors and are depicted by nine different combinations 
of colors and patterns based on workshop participants’ understanding of relative 
uncertainty and importance to population dynamics. Although many more potential 
linkages could have been constructed, the linkages shown in the diagrams present those 
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which workshop participants considered to have at least a small, modifying effect. 
Assignments to uncertainty and importance categories occurred during the modeling 
workshop and have been maintained with few editorial revisions for the versions 
presented here. Relative importance is symbolized as a progression from dotted to dashed 
to solid lines, reflecting low to high importance. A qualitative description of the 
categories is shown in table 1. Relative uncertainty is symbolized as a progression 
from black to red, reflecting low to high uncertainty. Assignment to uncertainty and 
importance categories is expected to change as the models go through subsequent phases 
of review and revision. 
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Table 1. Descriptions of importance and uncertainty categories for conceptual ecological models 
Type Label Description 
Importance 
Uncertainty 
High Moderate Low 
A link that is known or thought to have a direct and substantive effect in altering on another condition or process 
A link that is known or thought to have an indirect, modifying effect on another condition or process 
A link that is known or thought to have a small modifying effect on another condition or process 
Propagation Processes 
High A link with no published literature to support understanding 
Moderate Low 
A link with some support from published studies on other species or rivers A link supported by information from 
peer-reviewed studies specific to the question and species. 
An additional component is designed specifically to describe population augmentation 
through propagation. As represented in the population-scale model (fig. 1), propagation 
occurs as temporary or permanent removal of broodstock from the adult population and 
as stocking of hatchery-reared fish in free-embryo, exogenously feeding larvae, and 
juveniles stages (mostly as juveniles). The conditions and processes that influence how 
propagation takes place are information-based rather than ecological. Propagation 
management decisions are made based on information on relative survival of different 
age classes, relative survival in different parts of the river, and parental genetics as they 
relate to understanding of the natural, underlying genetic composition of the population.
 These decisions are represented on the diagram for the population-level model. 
It is possible that wild-produced and hatchery-produced fish will respond in different 
ways to the same environmental factors, resulting in differential survival probabilities. 
Hatchery 
fish may be poorly acclimated to natural conditions, may have difficulty adapting to 
natural food 
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sources, may lack imprinting to water quality and habitat conditions, or may harbor 
disease in greater proportion than the natural environment. Therefore, it may be important 
to track hatchery fish separately from wild-produced fish in the population-level model. 
Separate tracking of wild-produced and hatchery-produced fish is illustrated in the 
population model (fig. 1) by the dual-color of the boxes representing numbers of wild and 
hatchery individuals in each life stage. Although they are not depicted in the presentation 
of the component models, implementation of dual tracking in the population model may 
also require duplicate component models to capture the differential survival between 
hatchery and wild-produced fish. 
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Independent Drivers 
Independent drivers are categorized into a) social, political, and economic drivers of 
change and b) physical factors (climate, geology, land-use, and non-USACE management 
and engineering) that control fluxes of water, energy, sediment, and chemical constituents 
into the system or present hard geologic or engineered constraints to river processes. The 
two categories are related, but the relation is asymmetric. Physical factors clearly 
influence social, political, and economic drivers of change by determining biophysical 
capacity of the Missouri River, or, for example, imposing extreme events like floods and 
droughts. Because of the complexity of decision making at the scale of the Missouri 
River, the linkage is symbolized as highly important but uncertain. Social, political, and 
economic drivers of change affect physical factors mainly through land-use change and 
non-USACE management activities. Examples might be basin- scale changes in 
agricultural production as a result of biofuels technology or international trade, or 
construction of reservoirs or channel stabilization projects outside of USACE MRRP 
authorities. These factors are symbolized as moderate importance and highly uncertain to 
reflect the judgment that social, political, and economic actions sufficient to change 
physical factors in the Missouri River basin are likely to be small relative to the effects of 
the mainstem reservoirs and channel engineering. Moreover, the effects of these drivers 
are uncertain due to difficulties predicting the net effects of decentralized actions in the 
basin. The independent drivers are identical for all 10 component models although the 
nature of their linkages to other factors varies. 
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Management and Restoration 
There are many linkages from independent drivers to the column of factors labeled 
Management and Restoration. For the purposes of these conceptual ecological models, 
Management and Restoration actions relate specifically to the Corps of Engineers’ 
management actions, with other agency’s actions being represented as a driver. This 
structure follows the substantive effect that USACE management and restoration actions 
have on the mainstem Missouri River and from the intent to apply these models to 
USACE decision making. The management and restoration factors modify inputs from 
the physical and social, political, and economic drivers. This conceptualization of how 
management and restoration actions work in the Missouri River system emphasizes their 
limits. A specific example is the limit of the reservoir system to filter basin-wide floods 
and droughts – the reservoir system acts as a filter that modifies magnitude, frequency, 
duration, timing, and rate of change, but is not adequate to completely counteract the 
extremes imposed on it (Jacobson and Berkley, 2011). Some linkages bypass the 
management and restoration column, indicating those management decisions or 
conditions that propagate to the mainstem but are not affected, or are minimally affected, 
by USACE projects. 
Management and restoration factors have been subdivided into two bounding boxes 
indicating the two broad categories of management actions under USACE authorities. 
The first groups factors related to channel management and restoration, including channel 
configurations (channelization and channel-training structures) and bank stabilization. 
Bank stabilization was given a separate category because some stabilization activities in 
the Upper and Lower Missouri Rivers are independent of the BSNP. The second 
bounding box includes factors related to the mainstem reservoir system, including 
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operating rules, fish-passage structures, water-quality 
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structures, and locations. The factors represent possible actions that might be applied to 
operations of the mainstem reservoir system even if present-day engineering does not 
accommodate them. For example, fish-passage and water-quality structures (structures or 
processes to vary temperature, dissolved oxygen, and/or sediment concentrations in 
releases) were never designed for the mainstem dams but could possibly be installed. The 
category of passage structures includes potential fish-passage designs for the Intake Dam 
on the Lower Yellowstone River. Locations refer to present or future locations of dams 
on the mainstem system. The locations category has specific application to consideration 
of how dam locations operate to impede migrations and dispersal of pallid sturgeon, and 
how those locations interact with the natural genetic structure of the pallid sturgeon 
metapopulation. 
The management and restoration factors are identical for all 10 component models 
although the importance and uncertainty of linkages vary considerably. A large difference 
among component models is the high importance and certainty ascribed to channel 
configuration and bank stabilization on the Lower Missouri River, and the relative low 
importance of channel engineering on the Upper Missouri River. Another 
substantive difference is the increased importance and certainty of climate, geology, and 
land-use effects that bypass management and restoration actions on the lower river to 
affect sediment regime, water-quality regime, and flow regime. This configuration 
reflects the unregulated drainage area downstream from Gavins Point Dam. 
Primary Ecological Factors 
Primary ecological factors are abiotic physical and chemical characteristics of the river 
ecosystem. Three of them are described as regimes – that is, time series of fluxes or 
concentrations that can be described in terms of magnitude, frequency, duration, timing, 
and rate 
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of change. The flow regime frequently receives the most interest in river management 
and restoration because it has been described as the master variable for aquatic 
ecosystems under the assumption that other characteristics of aquatic ecosystems, 
including sediment regime, water- quality regime, and channel morphology, adjust in 
response (Poff and others, 1997). In highly engineered river systems, however, the flow 
regime is typically decoupled from sediment, water quality, and channel morphology 
(Jacobson and Galat, 2006; Jacobson and Galat, 2008; Poff and others, 2009) because 
dams interrupt sediment fluxes and alter water quality characteristics like transport of 
organic material, nutrients, dissolved oxygen, and temperature. In natural rivers channel 
morphology and associated physical habitats are expected to adjust to flow and sediment 
regimes imposed on them, with flow regime being the dominant control. However, in 
engineered rivers like the Lower Missouri River, the channel morphology is controlled in 
large part by river-training structures. 
All 10 component models have a bounding box under primary ecological factors titled 
“Flow, geomorphology, hydraulics, and water-quality interactions”. The complex 
linkages depicted among the specific factors (Channel morphology, Sediment regime, 
Water-quality regime, and Flow regime) illustrate the mutual adjustments and feedbacks 
that are known to exist in dynamic river channels. In more-natural channels (for example 
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the Upper Missouri and Yellowstone rivers) the adjustment might be lumped as the 
bounding box and could be considered to be dominated by flow regime. However, 
because channelization has been a major stressor to the Lower Missouri River and 
because channel reconfiguration has been a dominant management strategy (and RPA 
under the 2003 Biological Opinion), we separate the specific factors of the adjustment 
process. The adjustments are particularly important because they introduce uncertainty in 
predictions of the equilibrium end state of physical and water-quality 
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habitat and when adjustment will be achieved. The complex configuration was retained 
for the upper river conceptual ecological models to address the potential effects of bank 
stabilization. Because there is less direct engineering of the channel and banks in the 
upper river, the adjustments are less important in determining physical and chemical 
habitat. 
Longitudinal connectivity is a primary ecological factor that operates at a broader scale 
and is therefore not shown as interacting within the bounding box. Longitudinal 
connectivity refers to the fragmentation of the mainstem Missouri River and Yellowstone 
river by dams and reservoirs, a factor that has substantial importance in the pallid 
sturgeon life cycle because reproductive sturgeon have been documented migrating 
hundreds of km upstream and larvae have the potential to drift and disperse hundreds to 
over one thousand km downstream (Kynard and others, 2002; Braaten and others, 2008; 
DeLonay and others, 2009; Braaten and others, 2012; DeLonay and others, in review). 
Lack of longitudinal connectivity in the mainstem and perhaps in some tributaries has 
limited upstream migration and downstream dispersal. 
Secondary Ecological Factors 
Secondary Ecological Factors are categorizations of conditions that result from Primary 
Ecological Factors; categorizations are classified into bounding boxes of physical habitat, 
water quality (chemical habitat), and aquatic community composition (biotic habitat).
 Physical habitat, chemical habitat, and biotic habitat are each characterized in terms 
of dynamics, that is, described in terms of how habitat varies over time and over space 
according to concepts of analysis of hydrologic time series and patch dynamics (Pickett 
and White, 1985; Poff and others, 1997; The Nature Conservancy, 2005; Jacobson, 
2013). Variability in space and time arises from the complex interactions of channel 
morphology, flow-, water-quality-, sediment regimes, 
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and life cycles of aquatic organisms that may act as food sources, predators, competitors, 
or disease vectors. 
The bounding boxes are common to all 10 component models but the specific factors and 
how they are linked vary by life stage and location. Within the physical habitat bounding 
box, hydraulics (spatial and temporal distributions of depth, velocity, and turbulence) and 
substrate characteristics are inter-related through the sediment transport capacity of the 
river, except in cases where substrate is associated with engineered structures (such as 
revetment rock) or bedrock exposures. Substrate stability and substrate quality are 
particularly important aspect of substrate because of the benthic nature of pallid sturgeon 
and, in particular, the role of substrate in spawning, fertilization, incubation, and hatch of 
adhesive eggs, and the production of forage for later life stages. 
The water quality bounding box contains specific factors that vary by life stage and 
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location. Although many water-quality parameters related to habitat suitability could be 
defined, we emphasize water temperature, dissolved oxygen, turbidity, and contaminants 
as four factors of potential importance. The category of contaminants is particularly 
broad and may include DDT and its metabolites, polychlorinated biphenyls (PCBs), 
chlordane, mercury, selenium, and cadmium or other metals (Ruelle and Kennlyne, 1993) 
or other endocrine disrupting chemicals (DeLonay and others, 2009). 
The aquatic community bounding box is also relatively broad in nature and varies 
considerably among component models. This bounding box includes elements of the 
aquatic community that contribute food to the pallid sturgeon or present sources of 
predation, competition, or disease (either as pathogens or as vectors for pathogens). For 
reproductive pallid 
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sturgeon, the aquatic community includes the congeneric shovelnose sturgeon 
(Scaphirhynchus platorynchus) which is known to present a hybridization risk (Dryer and 
Sandvol, 1993; Schrey and others, 2011). Characteristics of the aquatic community are 
also linked in various ways to characteristics of physical and chemical habitat. The 
linkages within the Secondary Ecological Factors column provide potential for complex 
hypotheses to explain lack of recruitment in pallid sturgeon, for example: changes in 
physical habitat, while not affecting habitat use by pallid sturgeon directly, may have 
diminished habitat suitability for prey species, thereby diminishing food availability and 
consequent growth rates. 
Primary Biotic Response 
The Primary Biotic Response column is intended to describe specific biotic responses of 
pallid sturgeon to primary and secondary ecological factors. Primary biotic responses 
vary considerably among component models but were generally classified into three 
types: growth and condition, reproductive behaviors and synchrony, and direct mortality. 
Growth and condition relate to factors that describe the bioenergetics of the fish: the 
integration of energy inputs and expenditures that determine somatic and gonadal growth. 
Lack of growth at a critical level leads to starvation and mortality. Direct mortality refers 
to sources of mortality not directly related to bioenergetics, including predation, removal 
(including harvest, entrainment, and impingement on screens, dredges, or props), toxicity, 
and disease. Reproductive behaviors and synchrony are specific to spawning adults and 
include complex interactions between environmental variables and fish behavior that 
influence migration, aggregation, hybridization, spawning site selection, and gamete 
placement during spawning and fertilization. 
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Secondary Biotic Response 
All component models lead to one endpoint, the secondary biotic response or survival 
probability to the next life stage. Most, but not all, linkages from cause to effect 
propagate through each of the columns to the survival endpoint. Some linkages bypass 
parts of the structure. For example, removal of adult fish by harvest links directly to 
social, political, legal, and economic drivers of change (through fish consumption 
advisories, poaching, the worldwide market for caviar, for example) instead of 
propagating through ecological factors. 
The structure based on component models leading to survival probabilities for each life 
stage is generally useful for a stage-based population-level model. One complication is 
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dealing with trans-generational and trans-life stage effects. Such effects may not cause a 
decrease in survival for gametes or the next life stage, but may be instead manifest as 
lower survival probability during subsequent life stages. A trans-generational example is 
when lack of fitness in a reproductive adult results in delayed growth and lower fitness of 
eggs or larvae, and is manifest as mortality in transitioning to later life stages. Trans-stage 
effects are situations where an individual survives a life stage but with reduced fitness so 
survival during later stages is diminished. Trans-generational or trans-life stage effects 
were not emphasized during the modeling workshops If trans-generational or trans-life 
stage hypotheses emerge as priorities they could be accommodated by defining another 
class of secondary biotic response that allows survival but results in enhanced mortality 
probability at later life stages. Trans-generational dna trans-stage connections were added 
to the conceptual ecological models as a secondary ecological factor conditioning 
response and as a secondary biotic responses transferring fitness or contaminant loads to 
the next life stage (fig. 6). 
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Spatial Structure of the Conceptual Ecological Models 
Emerging data on population genetics support the notion that prior to engineering of the 
river, the metapopulation of pallid sturgeon was spatially structured, perhaps related to 
episodic genetic isolation during Pleistocene glacial advances and reorganization of the 
Missouri River drainage network (Schrey and Heist, 2007; Schrey and others, 2011; 
DeLonay and others, in review). One genetic group is characteristic of the Upper 
Missouri River in Montana and North Dakota, another group is prominent in the Middle 
Mississippi and Atchafalaya Rivers and a third genetically intermediate group is 
prominent in the Lower Missouri River, downstream from the Gavins Point Dam (Schrey 
and Heist, 2007). The Upper Missouri River group was most distinct, and less genetic 
differentiation was observed between the Lower Missouri River and the Middle 
Mississippi and Atchafalaya Rivers groups. 
Fragmentation of the Missouri River by dams exerts an additional, interacting spatial 
structure on the underlying, natural structure of the genetic subpopulations (fig. 5). There 
are no passage facilities at the mainstem dams for volitional upstream passage. Only a 
few pallid sturgeon have been tracked upstream of the Melvin Price Lock and Dam on 
the Mississippi River and there has been little evidence for pallid sturgeon passage at 
Intake Dam on the Yellowstone River, a dam which appears to provide conditions 
suitable for upstream fish passage during high water conditions. Downstream migration 
of juveniles or adults through reservoirs and dams is possible and a few juvenile pallid 
sturgeon stocked in the Fort Randall segment have been documented downstream of 
Gavins Point Dam. 
In addition to fragmentation exerted by the mainstem reservoirs, the Lower Missouri and 
Middle Mississippi Rivers have substantial spatial variation associated with channel 
network 
structure (locations of tributaries), variable channelization and engineering, and locations 
of 
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point sources of water quality change (DeLonay and others, in review). It has been 
hypothesized that variable physical and chemical habitat conditions along the Lower 
Missouri River influence aggregation, spawning site selection, downstream dispersal of 
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free-embryo larvae, and retention of early life stages. 
The conceptual ecological models presented here recognize the significant physical and 
biological differences between the upper river and the lower river. The upper river 
(Upper Missouri and Yellowstone Rivers), is characterized by a distinct genetic group of 
fish whose reproductive range is constrained by Fort Peck Dam, Vandalia Dam on the 
Milk River, Intake Dam on the Yellowstone River, and the headwaters of Lake 
Sakakawea. It has been hypothesized that drift distances from Fort Peck Dam, Vandalia 
Dam, or Intake Dam are insufficient for ontogenetic development of free embryos to 
larval stage and that conditions in reservoirs are not suitable for survival of free embryos 
(Kynard and others, 2007; Braaten and others, 2012). This hypothesis is supported by the 
lack of recruitment in the Yellowstone and Upper Missouri Rivers (U.S. Fish and 
Wildlife Service, 2000). In addition, the flow, temperature regime, and floodplain 
connectivity of the Upper Missouri River are strongly affected by releases from Fort Peck 
Dam. The releases from Fort Peck result in decreases in water temperature in the spring 
and summer of about 2-3 oC compared to the Yellowstone River (DeLonay and others, in 
review). Channel morphology of the Upper Missouri and Yellowstone Rivers is relatively 
natural with limited engineering constraints that are associated with bank stabilization 
projects, irrigation intakes, and bridge crossings. 
The lower river, downstream of Gavins Point Dam, differs significantly in several 
respects, including having genetically different groups of pallid sturgeon, and differences 
in alteration of the flow regime, temperature regime, water quality, channel morphology, 
and 
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longitudinal and lateral connectivity. The flow regime from Gavins Point Dam is 
configured to serve several purposes including navigation, hydropower, flood control, 
recreation, and endangered species purposes. Because Lewis and Clark Lake formed by 
Gavins Point Dam is relatively small and shallow, water residence times are short and 
river flows downstream from the dam don’t show the decreased temperatures observed 
downstream of Fort Peck; instead, water temperature tracks closely with air temperature 
in the spring-fall time period (DeLonay and others, in review). The extent of channel 
engineering is very different on the Lower Missouri River compared to the upper river. 
The first 59 miles downstream from Gavins Point Dam (at river mile 811 upstream of the 
Mississippi River) has complex channel morphology and diverse habitats although being 
affected by extremely low sediment transport, channel incision, low turbidity, and 
approximately 33% bank stabilization. From river miles 753 to the confluence with the 
Mississippi River, the river is channelized for stability and maintenance of a navigation 
channel. Agricultural runoff and point discharges from industrial and municipal water 
treatment facilities potentially contribute to water quality stressors. Unlike the upper 
river, downstream dispersal distance for juvenile fish is essentially unlimited as fish may 
disperse into the Middle Mississippi River. What is unknown is whether the channelized 
system on the Lower Missouri River allows free embryos to be retained in suitable 
habitat before reaching starvation, or whether sites where retention may occur will allow 
for growth and recruitment to older stages. 
Although separate consideration of the upper and lower rivers is considered useful at this 
point in the analysis, we recognize that further spatial subdivisions of the upper and lower 
systems may be necessary as priority hypotheses are developed. Separate models may 
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need to be developed for the Yellowstone and Upper Missouri Rivers, for example, or 
separate spatially explicit models may need to be developed to account for the punctuated 
gradient of 
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environmental conditions downstream of Gavins Point Dam. A particularly important 
question is whether the Lower Missouri River should be considered as a single 
population of pallid sturgeon or should be divided into specific sub populations that use 
different parts of the river in their reproductive ranges. 
Inter-reservoir reaches fit generally within these conceptual ecological models, but they 
have not been emphasized because cold, clear water and peaking flows in inter-reservoir 
reaches are generally inconsistent with the highly turbid, warmwater conditions under 
which the fish evolved (Jordan, 2013). Additional spatial detail, including the role of 
inter-reservoir reaches, will be addressed in a later phase of prioritization process. 
Descriptions of Component Models 
The following sections describe the specific component models with an emphasis on the 
identifying the main hypotheses that are illustrated in the models. 
Upper River 
Upper river models (Appendix) share common characteristics on the left hand side of the 
diagrams. In general, management actions involving reservoir engineering and operations 
are thought to have greater importance while actions related to channel management and 
restoration are judged to have less importance, related to the lower river. 
Pre-spawn and Spawning Adult 
Pre-spawning adults are fish in the final stages of preparing for spawning. Spawning 
adults refers to female fish with oocytes that can be released and fertilized and male fish 
with flowing milt. The component model for this life stage is especially complex in 
depicting 
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potential linkages from Secondary Ecological Factors to Primary Biotic Responses 
because of the many ways that reproductive behaviors may be linked to environmental 
variables. 
Removal as a direct source of mortality is considered relatively certain and important and 
reflects concerns about losses to this small segment of the overall population that could 
result from poaching, impingement, entrainment, bycatch mortality in permitted fisheries, 
and removal of fish for broodstock use in hatcheries. Factors related to reproductive 
synchrony are shown as uncertain and important. In particular, characterization of the 
link from spawning site selection to survival to gametes arises from emerging telemetry 
information that documents non- systematic patterns of upstream and downstream 
migration behavior, suggesting a search for suitable spawning sites with suitable mates 
(Fuller and others, 2008; DeLonay and others, in review). Migration is considered to be 
of moderate importance and moderate uncertainty, reflecting analysis of telemetry data 
that shows that pallid sturgeon optimize migration pathways to minimize energy 
expenditures (McElroy and others, 2012; DeLonay and others, in review). Few hybrids 
have been collected in the upper river, so hybridization is thought to be relatively 
unimportant. Growth and condition factors in this life stage include gonad condition 
(fecundity). Growth and condition are linked with importance and substantial uncertainty 
to survival to gametes, reflecting the hypothesis that productivity and food availability 
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may be important for fecundity. 
A variety of secondary ecological factors link with highest importance and moderate 
uncertainty to reproductive behaviors. These represent competing (or inter-related) 
hypotheses for how environmental conditions affect reproductive behaviors and result in 
synchrony – that is, males and females in the same reproductive condition at the same 
time and in a location that is amenable to spawning and fertilization. Physical habitat 
availability is dominantly a spatial issue 
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controlled by local hydraulics and substrate, as well as longitudinal connectivity to allow 
habitats to be accessed. Water-quality factors also have a strong temporal component as 
they may act to cue or synchronize physiology and behaviors in time (DeLonay and 
others, 2009; DeLonay and others, in review). Flow regime is shown as an important 
factor affecting physical habitat and water quality dynamics, as is water-quality regime 
(including temperature). The potential effect of flow regime on migration and 
aggregation behaviors is shown as filtered through physical habitat and water quality 
dynamics, indicating the belief that the fish experience flow regime through some 
combination of hydraulics, temperature, or turbidity. 
Potential management actions that link to important primary ecological factors are 
reservoir operating rules, passage structures, water-quality structures, and dam locations. 
The strength of the linkages of management and restoration actions to primary ecological 
factors like flow and water-quality regimes is confounded somewhat by the fact that 
Upper Missouri and Yellowstone river segments are combined in these models. In the 
Yellowstone the flow regime is nearly natural and unmanaged whereas in the Upper 
Missouri the flow and temperature regimes are highly affected by Fort Peck Dam. 
Therefore, operating rules and water-quality structures don’t apply on the Yellowstone 
but may be considered on the Upper Missouri. Passage structures apply mainly to the 
Yellowstone for facilitation of migration over or around Intake Dam (and potentially 
another low-head dam at Cartersville, Montana); passage would only be considered 
relevant to the Upper Missouri if access to Fort Peck Lake was considered ecologically 
useful for pallid sturgeon. Downstream, the headwaters of Lake Sakakawea are perceived 
to be a unsupportive for early life stages because of unsuitable water quality conditions 
and possible predation. Locations of dams are listed as a management action in relation to 
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historical decisions to locate dams where they did and to future decisions for dam 
locations or removals (however improbable). 
Gametes and Developing Embryos 
Gametes are eggs and sperm and developing embryos refers to fertilized eggs prior to 
hatching. The temporal duration of the life stage is inversely related to temperature and 
lasts generally 5-8 days. 
Survival to hatch is associated with processes of direct mortality. Linkages from water 
quality factors to growth and condition refer mainly to water temperature and dissolved 
oxygen around developing embryos. Direct mortality of embryos through contaminant 
toxicity is thought to have low importance and moderate uncertainty. Although there is 
historical documentation of organic-chemical contaminant accumulation in eggs, 
laboratory studies indicate low mortality (Buckler, 2011; Missouri Department of Health 
and Senior Services, 2011). Exposure to industrial chemicals and pesticides also has been 
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low in the upper river segments. Metals associated with mining may be a significant 
source of contamination (Zelt and others, 1999) (unpub. Basinwide contaminant study). 
Linkages to reproductive behaviors are related to hydraulics (whether gametes end up in 
the right type of substrate and velocity field) and turbidity (presumably because too much 
turbidity can result in loss of adhesion). 
Egg predation is shown as an important, moderately uncertain linkage from the aquatic 
community to survival. Processes of scour and sedimentation are shown as moderately 
important, highly uncertain links from physical habitat conditions to survival.
 Linkages from primary ecological factors to secondary factors are similar to the 
pre-spawning and spawning adult. 
Draft	  –	  February	  28,	  2014	  –	  Not	  for	  citation	  –	  p.	  30	  
Free Embryo 
The free embryo life stage is defined as a developing fish between hatch and first feeding. 
During this life stage the free embryo is no longer protected by the chorion and it relies 
on its yolk reserves to continue development. The life stage may last 7 – 12 or more days, 
depending on temperature (Kynard and others, 2002; Kynard and others, 2007; Braaten 
and others, 2008; Braaten and others, 2012). Field and laboratory studies continue to 
address key questions regarding behavior, downstream dispersal, and survival 
probabilities of sturgeon free embryos after hatch. Recent studies have questioned 
whether drift commences immediately upon hatch or whether instead sturgeon free 
embryos are more likely to survive if they remain in substrate interstices near the 
incubation for some period of time, thereby allowing for more growth and improved 
swimming ability before initiating downstream dispersal and first feeding (McAdam, 
2011; Crossman and Hildebrand, 2012; DeLonay and others, in review). 
Two hypotheses are thought to have high importance for survival of free embryos to the 
exogenously feeding larva stage. The first of these links longitudinal connectivity and 
physical habitat to mortality if the free embryo does not feed successfully and thus starve. 
This hypothesis addresses what happens if the free embryo is not in a suitable habitat 
when its yolk sac is depleted and it therefore starves or is subjected to lethal water quality 
conditions, which has been suggested for free embryos that are transported into Lake 
Sakakawea (Braaten and others, 2012). A related hypothesis links physical habitat to 
survival through growth and condition. This hypothesis addresses the situation when a 
free embryo is retained in a physically supporting habitat that lacks sufficient food 
quantity or quality. 
Two additional hypotheses rated as important depend in part on physical habitat and the 
aquatic community. Predators in the aquatic community are linked to direct mortality. 
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Dispersing free embryos have poor predator avoidance capabilities and have an elevated 
risk of encountering a predator during the dispersal phase. Similarly, competition arises 
from elements of the aquatic community that would seek the same food sources as the 
free embryo when it transitions to first feeding. 
Direct mortality by removal is also shown as a hypothesis to address the situation where 
free embryos are impinged on screens (for example in irrigation diversions) or otherwise 
entrained into water diversions. The importance of this process is currently thought to be 
relatively low although the uncertainty is high. 
Hypothesized linkages to management actions for this life stage are complex and, similar 
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to previously discussed life stages, the hypotheses mix Upper Missouri and Yellowstone 
contexts. Reservoir operations on the Missouri River are strongly linked to flow regime, 
which may propagate through many secondary ecology factors. In particular, water 
velocities and consequent free-embryo transport rates can be affected by reservoir 
releases with high discharges resulting in generally high velocities and greater probability 
that free embryos would be transported into Lake Sakakawea. Reservoir operations or 
implementation of structures that could result in release of warmer water would increase 
developmental rate resulting in earlier transition to exogenously feeding larvae and 
shorter drift distances. Fish passage at Intake Dam on the Yellowstone could increase 
available drift distance by allowing sturgeon to spawn further upstream, if suitable 
spawning habitat exists. Optimization of spawning patches to increase retention of newly 
hatched free embryos or reconstruction of channel morphology to enhance interception of 
drifting free embryos could serve to decrease time and distance in drifting stage. Finally, 
draw-down of Lake Sakakawea could create a longer drift distance and improve retention 
habitat by increasing the length of lotic habitat within the Upper Missouri. 
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Exogenously-feeding Larvae 
Exogenously feeding larvae are developing, feeding fish. This stage begins with first 
feeding and ends when fish transition to juvenile stage with a full complement of rays in 
all fins and having the appearance of an adult fish, albeit in miniature. This stage usually 
completes before the first winter. 
Predation is hypothesized to be an important component of natural mortality but with 
high uncertainty. Predation on this stage has been documented for other sturgeon species 
(Gadomski and Parsley, 2005). Predation of larval pallid sturgeon has been shown in 
laboratory settings to be low when alternative prey is available, and insensitive to 
turbidity within a low to moderate range relative to post-impoundment turbidities (French 
and others, 2010; Blevins, 2011; French and others, 2013). Predation is linked 
dominantly to the aquatic community but, of course, the aquatic community is linked in 
complex ways to various primary and secondary ecological factors. 
Survival is also strongly linked to growth and condition through habitat suitability, food 
availability, and extent of competition. These growth and condition factors are similarly 
linked in complex ways to physical habitat, water quality, and aquatic community factors; 
the conceptual ecological model captures but does not disentangle these inter-relating 
hypotheses. Removal through impingement or entrainment is also possible at this age, but 
no studies have addressed this in the Missouri River so uncertainty is high (Gutreuter and 
others, 2003). 
Lethal water quality (anoxia) is retained as an important, but uncertain, hypothesis for 
this life stage based on the premise that dispersing free embryos may transition to 
exogenously feeding embryos after being transported into the headwaters of Lake 
Sakakawea. 
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Management actions that could influence survival are similar to the free embryo life 
stage, except there is more emphasis on actions that would increase food availability. 
Changes in flow and water quality regimes (especially temperature) may increase or 
diminish physical habitat, water quality, and the aquatic community, with consequence 
for bioenergetics, growth, and condition that will allow larvae and juveniles to survive 
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the winter. Because the larvae are feeding dominantly on zooplankton and invertebrates 
at this stage, conditions that increase these food types may be especially important. 
Overbank flows (floodplain, or lateral, connectivity) are hypothesized to be critical for 
stimulating food production on floodplains, for flushing food resources into the mainstem 
habitats occupied by pallid sturgeon, and perhaps for increased retention (Bayley, 1991; 
Coutant, 2004; Thorp and others, 2006), although uncertainty is high because of the 
challenges of demonstrating the linkages among overbank flows, food resources, and 
occupancy of young fish. Implicit in the hypothesis is the idea that near-natural channel 
morphology in the upper river indicates that quantity and quality of in-channel habitat 
should not be limiting. Increased overbank flows can be accomplished by manipulating 
reservoir releases to increase flooding, by removing engineered levees, and by 
engineering channels to match the new hydrologic regime. These actions would involve 
social-economic tradeoffs. Because few levees exist along the Yellowstone and Upper 
Missouri rivers, levee removal is not envisioned as a relevant action (under channel 
reconfiguration). Increased fish passage would result in greater overall area and food 
available to the fish population whereas water-quality management would be linked to 
increased temperatures and productivity. 
Juvenile 
The juvenile life stage extends from when it has a full complement of fin rays to when it 
enters its first reproductive cycle, generally until about 750 mm fork length. During this 
period, 
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a sub-adult stage may be defined when the fish’s diet shifts from predominantly 
invertebrates to predominantly fish (Gerrity and others, 2006; Grohs and others, 2009); 
however, the current conceptual ecological model groups these two life stages together. 
Emphasis during this life stage is on hypotheses relating survival to growth and 
condition, resulting dominantly from productivity of the aquatic community and water 
temperature (Kappenman and others, 2009). Physical habitat is thought to have a 
secondary effect, although similar to the larval life stage, productivity is thought to be 
linked to flow regime and channel morphology factors that stimulate food production and 
help flush food into pallid sturgeon habitats. Competition, predation, disease, and 
removal through entrainment or poaching are also hypothesized to be important and 
varying from moderately to highly uncertain. 
Similar to the larval life stage, management actions envisioned to increase food resources 
would emphasize flow releases designed to flood overbank areas or removal of 
impediments to overbank flooding in order to increase food production. There is 
uncertainty about the current production of forage in channel habitats. Increased fish 
passage would result in greater overall area and food available to the fish population 
whereas water-quality management would be linked to temperatures and increased 
productivity. 
Lower River 
In comparison to the upper river, the lower river introduces an additional management 
opportunity in restoration of channel configurations (Jacobson and Galat, 2006). Also, the 
severity of flow-regime alteration diminishes in the downstream direction (Galat and 
Lipkin, 2000; Pegg and others, 2003), so reservoir management may assume less 
importance for some life stages in some parts of the lower river. 
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Definition of life stages for the lower river models (Appendix) are identical to the upper 
rivers definitions. 
Pre-spawn and Spawning Adult 
One important and relatively certain hypothesis for this life stage relates survival to 
growth and condition resulting from a combination of physical habitat, water quality 
dynamics, and aquatic community composition. Key linkages are hypothesized to be 
from physical habitat and temperature to habitat suitability, indicating an hypothesis 
about fundamental bioenergetics controls. A less certain linkage is from the aquatic 
community to food availability indicating the potential for lack of prey fish to limit 
reproductive fitness of adult pallid sturgeon. Hybridization is also indicated as an 
important and relatively certain linkage from congenerics in the aquatic community to 
decreased probability of pallid sturgeon survival. 
A variety of physical and water-quality factors are linked to reproductive behaviors and 
synchrony, indicating the intimate and complex relation between physical and chemical 
habitat and reproductive behaviors at this life stage. Among these linkages is the 
hypothesis that reproductive aggregations and probabilities of suitable mates finding each 
other have been diminished by over-provision of hard, coarse substrate in bank revetment 
and channel-training structures (DeLonay and others, in review). This premise for the 
hypothesis is that the small remaining reproductive population is too spread out to find 
suitable mates, resulting in atresia or increased hybridization with shovelnose sturgeon. A 
related hypothesis that channelization has increased migratory energy expenditures and 
thereby decreased reproductive fitness and the probability that mates can find each other 
has not been supported by recent assessments of energy requirements of migratory 
pathways (McElroy and others, 2012). The end result of multiple effects on survival of 
gametes is shown as relatively uncertain because of the competing 
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and possibly inter-related hypotheses. Removal of pre-spawning and spawning adults 
through poaching and impingement has moderate importance and low uncertainty. 
The lower river component models all show a greater role for channel morphology 
management compared to the upper river because of the extent of past alteration and the 
potential for reconfiguration of channel morphology as a restoration action. Channel 
morphology influences this life stage according to two dominant hypotheses. One 
hypothesis holds that adult reproductive fitness relates to growth and condition, indicated 
by food availability. Food availability, in turn, would be linked to habitat suitability for 
prey species, and channel reconfigurations (such as increased habitat diversity and the 
amount of shallow, slow water) that would provide greater habitat for prey species would 
increase pallid sturgeon reproductive fitness and thus increase gamete survival 
probability, without requiring pallid sturgeon to use reconfigured habitats directly. The 
second hypothesis is that construction of more suitable and attractive spawning habitat in 
fewer locations would be sufficient to attract aggregations of reproductive pallid 
sturgeon. 
Reservoir flow management actions link to flow regime and physical habitat, as well as 
directly to reproductive behaviors and synchrony. Managed flow regimes are shown 
interacting strongly with channel morphology to determine physical habitat dynamics, 
and also acting as environmental cues that are hypothesized to help synchronize 
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reproductive fish. Reproductive cues are hypothesized to be important but moderately 
uncertain, in part because they can arise through direct changes in discharge or 
combinations of discharge, temperature, turbidity, or other flow-related variables. 
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Management actions related to passage structures have been hypothesized to influence 
longitudinal connectivity with the potential to provide greater access to suitable spawning 
substrates. Rivers with impediments to passage include the Kansas and Osage, and there 
is potential that historical spawning areas on the mainstem have been inundated upstream 
of Gavins Point Dam. Included in water quality structures are potential management 
actions to pass sediment through or around reservoirs. These actions would increase 
turbidity, result in decreased competition, and potentially increase reproductive fitness. 
Gametes and Developing Embryos 
A dominant hypothesis for limited survival at the gametes and developing embryo stage 
is that spawning sites selection and gametes placement are susceptible to scour and 
deposition processes that either dislodge or bury incubating eggs, resulting in direct 
mortality. This hypothesis is supported by precise mapping of spawning locations on the 
Lower Missouri River that indicate spawning in zones of active sand transport in deep, 
fast, and turbulent water on outside bends (DeLonay and others, in review). Predation is 
also given high importance and moderate uncertainty as a source of mortality based on 
studies on other sturgeon species. Predation on pallid sturgeon embryos likely occurs but 
has not been documented. The effects of water quality on growth or lethal conditions for 
embryos, and the potential roles of disease on survival probabilities have relatively low 
importance but high uncertainty. The role of contaminants in decreasing embryo 
survival is given somewhat greater importance and has lower uncertainty because of the 
historically documented contaminant accumulation of industrial organic chemicals in 
eggs compared to recent laboratory studies indicating only slightly decreased embryo 
survival with increasing exposure to persistent organic chemicals (Buckler, 2011; 
Missouri Department of Health and Senior Services, 2011). 
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The dominant USACE management action hypothesized for this life stage has been 
channel reconfigurations that serve to decrease scour or sedimentation of eggs. Flow 
regime management could also be useful in limiting scour and sedimentation in some 
cases, but would be less specific than channel reconfiguration. Moreover, flow regime 
management would have decreasing influence downstream because the effects of 
reservoir flow releases decrease in the downstream direction. 
Free Embryo 
The most important, but relatively uncertain, hypothesis relating to survival of free 
embryos is shown as the linkage from physical and chemical habitat to growth and 
condition. Increased growth and condition of free embryos is expected to result in 
increased survival when they can access suitable habitats characterized by hydraulics that 
are favorable for retention and water quality -- especially dissolved oxygen -- this is 
amenable to growth. The availability of sufficient, high-quality food is also linked as part 
of habitat suitability for growth and condition when the free embryo transitions to 
exogenous feeding. Additional hypotheses of moderate importance link physical and 
chemical habitat to survival probability through successful first feeding and lethal water 
quality (that is, high temperatures or low dissolved oxygen). The successful first feeding 
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hypothesis relates to hydraulic conditions that allow drifting free embryos to “settle out” 
and be retained in supporting habitats, or conversely, hydraulic conditions that provide 
forage to areas where free embryos first require food. The lethal water quality hypothesis 
relates to the potential lethal effects of high water temperature and low dissolved oxygen 
that can develop at times in the Lower Missouri River during the summer (Blevins, 
2011), and might be more prevalent in slow, deep water in wing-dike complexes. In 
addition, predation on free embryos is depicted as important and but highly uncertain. 
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The primary ecological factor for this life stage is the interaction of channel morphology 
and flow regime that determines physical habitat dynamics and influences water quality 
dynamics in drifting and retention habitats. The main management actions are a) channel 
reconfigurations that would increase hydraulic diversity, encourage recirculating eddies 
to increase retention, and increase hydraulic flow resistance, thereby decreasing mean-
channel velocities, and b) flow management actions that would influence transport of free 
embryos by increasing or decreasing mean velocities. Both management actions depend, 
however, on an understanding that retention in particular locations would increase growth 
and condition relative to retention in other areas. This assumes that management actions 
to create retention areas account for the possibility of increased predation by native or 
non-native species and poor water quality. Management actions affecting water-quality 
regime are limited because little of the river would be directly affected by operational 
changes at Gavins Point Dam and many sources of water-quality stressors exist 
downstream that are beyond USACE management authorities. The possibility exists that 
channel reconfiguration could be designed to increase exchange between the main 
channel and marginal habitats, thereby minimizing stagnant water behind wing dikes 
where elevated temperatures and diminished dissolved oxygen may be likely. 
Exogenously-feeding Larvae 
The two important linkages identified for survival through the first winter are predation 
and growth and condition related to habitat suitability and food availability. The presence 
and efficacy of predators is linked to habitat dynamics of the predators (linkage from 
physical habitat to aquatic community) as well as habitats occupied by the larval pallid 
sturgeon. Habitat suitability is linked to hydraulics, temperature, and dissolved oxygen 
that determine conditions conducive to growth. A moderately important, moderately 
uncertain linkage was drawn between 
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productivity of the aquatic community and food availability; assignment of moderate 
importance to this linkage is based on a lack of evidence for food availability constraints, 
although theory would support the idea that food availability and growth are critical for 
survival through the first winter (Wildhaber and others, 2007; Wildhaber and others, 
2011). 
Management actions to increase survival at this stage that would propagate through 
relevant ecological factors are channel reconfigurations and reservoir operations and 
engineering. Channel reconfigurations have been implemented as the shallow-water 
habitat (SWH) creation RPA on the Lower Missouri River since the 2003 Biological 
Opinion. The SWH effort is reflected in this model as one approach to channel 
reconfiguration actions that alter channel morphology, but also interact in complex ways 
with flow regime, sediment regime, and water quality, to affect physical habitat 
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dynamics, water quality dynamics, and the aquatic community. The complexity of 
linkages and attendant uncertainties evident in this model underscore the understanding 
that although loss of shallow, slow-water habitat and habitat diversity has been well 
documented (Funk and Robinson, 1974; Hesse and Sheets, 1993; Jacobson and Galat, 
2006), the specific mechanisms by which channel reconfiguration may support pallid 
sturgeon populations are poorly understood. Moreover, there is a spatial aspect to channel 
reconfigurations such that configurations to support growth and condition of exogenously 
feeding larvae would be most effective when matched with locations to which free 
embryos and exogenously feeding larvae will disperse. 
Flow management interacts with channel configuration to determine hydraulics, and to 
some extent, water quality in occupied habitats. Flow management also has the potential 
to create overbank floods that would connect with floodplains, boost primary and 
secondary productivity, and flush food resources into habitats occupied by pallid sturgeon 
(Bayley, 1991). 
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This hypothesis is based on several assumptions including: a) food is a limiting factor in 
growth and condition of pallid sturgeon, b) in-channel reconfiguration management 
actions are insufficient to reduce food limitation, c) sufficient non-leveed riparian lands 
exist, and d) floodplain lands can be connected with adequate magnitude, duration, and 
timing for discharges. The desire for private and public levee protection is much more 
prevalent on the Lower Missouri River compared to the upper river, but restoration of as 
much as 80,000 acres of floodplain conservation lands has been planned on the lower 
river (U.S. Army Corps of Engineers, 2003), which could provide for effective floodplain 
connectivity depending on hydrology and local channel condition (Jacobson and others, 
2011). Sediment management to increase downstream turbidity is also hypothesized to 
decrease competition and predation (National Research Council, 2011). All management 
actions involving reservoir engineering and operations on the Lower Missouri River 
occur within the spatial context that magnitude of any action at Gavins Point Dam 
diminishes in relative importance as downstream tributaries affect fluxes of water, 
sediment, and water-quality constituents. 
Juvenile 
The dominant linkages to survival to adult are related to habitat suitability and food 
availability, in their importance to growth and condition. Habitat suitability is strongly 
linked to hydraulic conditions that would support energy efficiency, and to hydraulics 
and aquatic community composition that would support food supply. Water temperature 
is also hypothesized to have a role in regulating growth and condition as it has been 
documented that optimal juvenile growth occurs at 28o C and temperatures greater than 
35 o C may be lethal (Chipps and others, 2008). Competition is recognized as an 
important and uncertain factor influencing growth and 
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condition. Predation, disease, and removal (poaching, entrainment, or impingement) are 
recognized as moderately important contributors to mortality with varying uncertainty. 
Potential management actions that would propagate to affect growth and condition of 
juveniles are similar to those discussed for larval fish. Channel reconfigurations are 
hypothesized to interact with flow regime, sediment regime, and water-quality 
characteristics to affect physical habitat, chemical habitat, and the aquatic community. A 
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key difference may be the type of channel configuration and associated habitats that 
would be most effective in supporting different food sources. A design that encourages 
organic matter retention and mud substrate may, for example, support invertebrate 
production that would benefit young juveniles. Another design might provide hydraulics 
and substrate that would support prey fish production, which would be more important 
for older juveniles that have transitioned to a piscivory (Gerrity and others, 2006; 
Wildhaber and others, 2011). Hence, understanding this complex linkage may require 
increased understanding of the ecological factors that support prey populations (Ridenour 
and others, 2009). Channel configurations may also affect local water residence time and 
consequent temperature, and therefore may be designed to avoid lethal temperatures or 
optimize temperature for growth. 
Flow management actions are similar to those for larval fish. Flow management would 
interact with channel configuration to determine hydraulics, and affect in-channel and 
overbank water quality and aquatic community dynamics. Flows that connect the 
floodplain to channel habitats would boost primary and secondary productivity, and flush 
food resources into mainstem habitats. Additional food in the form of invertebrates may 
support pallid sturgeon directly or indirectly through prey-fish populations. Managment 
actions involving reservoir 
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engineering and operations will diminish in relative importance as downstream tributaries 
affect fluxes of water, sediment, and water-quality constituents. 
Next Steps 
After review, revision, and publication of these conceptual models, the critical next steps 
will be to identify a sub-set of dominant working hypotheses for further consideration. 
The dominant working hypotheses will be selected based on the criteria that they: 
o Describe linkages from management to ecological factors to biotic responses and to 
survival probabilities that are quantitatively relevant to population models; 
o Provide information that is relevant to the decision process; o And are amenable to 
simulation and incorporation into population models. 
We anticipate that the prioritization process will involve both quantitative exploration of 
relevant datasets and compilation of expert opinions. 
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Reviewer Technical Comments and Responses 
A few reviewers provided technical comments on the draft conceptual ecological model 
graphics and spreadsheets. The following responses address comments related to the 
conceptual ecological models; they do not include responses to comments that were 
specific to the draft species objective statement. 
• Suggest deletion of "location" from the driver heading description. 
Organization: Bureau of Reclamation Great Plains Regional Office 
o Location has been moved to an internal factor under “Reservoir engineering and 
operations”. The logic for including dam locations as a management factor has been 
clarified and expanded in the narrative text. Locations of existing or potential future dams 
is considered an important factor in pallid sturgeon reproductive ecology based on how 
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location interacts with the reproductive range of genetic subpopulations. 
• "Mainstem Dam Operation and Placement" is identified as a "Driver." Please 
provide further information on why the "placement" of mainstem dams is 
considered a driving factor. Suggest deletion of "placement" from the driver 
heading description. Organization: Bureau of Reclamation Great Plains Regional Office 
o Similar to discussion on previous comment, the logic has been clarified in the text and 
location has been moved to status as a factor under management and restoration actions. 
• The pallid sturgeon species objectives does not mention shallow water 
habitat needs, though Emergent Sandbar Habitat is mentioned in the 
objectives for both of the birds. Are the shallow water habitat target 
Draft	  –	  February	  28,	  2014	  –	  Not	  for	  citation	  –	  p.	  52	  
requirements specified in the 2000 BiOp and amended 2003 BiOp assumed to have 
as much importance as maintaining all congressionally authorized purposes? It is 
difficult to know without the CEM and ecological requirements narrative docs being 
placeholders only for pallid sturgeon. Organization: MRRIC/Sierra Club, Thomas Ball 
o Reasonable and Prudent Alternatives (RPAs) in the 2000 and 2003 Biological 
Opinions are included within the generic management actions in the conceptual 
ecological models, and specific RPAs are discussed in the narrative text. The text also 
clarifies that the scope of the conceptual ecological model process extends beyond RPAs 
as envisioned in the Biological Opinions. Hence, shallow water habitat (SWH), as 
defined in the 2003 Opinion and subsequently clarified in a USFWS letter, is a subset of 
channel reconfiguration actions considered in the models. 
• Upper and Lower Basin Pallid Sturgeon Conceptual Ecological 
Models/Ecological Effects Models- all life stages: Reasonable and Prudent 
Alternatives are noticeably absent from the Ecological Effects Model. To be 
consistent with the models for least tern and piping plover, the Reasonable and 
Prudent Alternatives should be incorporated into the pallid sturgeon model. 
Organization: Bureau of Reclamation Great Plains Regional Office 
o See previous comment and response. This iteration of “universal” conceptual 
ecological models is meant to be sufficiently broad to include potential management 
actions that are outside those envisioned in the 
Draft	  –	  February	  28,	  2014	  –	  Not	  for	  citation	  –	  p.	  53	  
Biological Opinions as well as to consider ecological conditions and processes that do not 
relate directly to USACE management authorities, but might be necessary to include to 
understand system and species’ responses. While sturgeon and bird conceptual ecological 
model workshops attempted to keep some level of consistency, the much greater 
uncertainty associated with recruitment failure in pallid sturgeon argues for looking 
beyond RPAs. 
• Column headings are quite vague. A description of each column heading 
would reduce ambiguity. For instance, the headings "Direction of Change," 
"Importance," and "Predictability" could be interpreted in multiple ways. 
Organization: Bureau of Reclamation Great Plains Regional Office 
o This iteration of the modeling exercise eliminated the spreadsheet format in favor of 
narrative text. The categories for importance and uncertainty -- maintained in the text and 
on the graphics – have been explicitly defined in the text. 
• There are over ten year’s data in place from monitoring programs that are not 
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incorporated in the literature support for information leading to answers to pallid 
questions. This suggests that none of that data was valuable or alternatively was not 
considered in support for answers. Organization: Columbia Fish and Wildlife 
Conservation Office, US Fish and Wildlife Service 
o Analyses of data from the Pallid Sturgeon Population Assessment Program (PSPAP) 
and the Habitat Assessment and Monitoring Program 
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(HAMP) are just now being published. Some are cited in this text and revisions will 
certainly make use of them. Two manuscripts in review by M. Wildhaber (USGS) 
synthesize data from the PSPAP and additional work has been published recently on 
population viability and modeling (Steffensen and others, 2010; Steffensen and others, 
2012; Steffensen and others, 2013a; Steffensen and others, 2013b). Some analysis from 
HAMP has also been published (Schapaugh and others, 2010; Dzialowski and others, 
2012; Morris and others, 2013) which should provide some useful information. The 
EA team may be able to perform additional analysis on raw data from PSPAP and HAMP 
but that direction will depend on the priority hypotheses defined in the next step. 
• The Biop offers surrogate species or rather fish community as a tool for 
showing progress in lieu of pallid recruitment. The species objectives seek to 
provide intensive research to the cause of young pallid survival, while offering that 
no success is possible. It would be more advisable to offer an alternative in terms of 
river health as described by YOY shovelnose or native fish population fluctuations 
as a place-holder for the time to increase pallid populations. Organization: Columbia 
Fish and Wildlife Conservation Office, US Fish and Wildlife Service 
o The question about whether surrogate species are adequate for determining avoidance 
of jeopardy and for assessment of the MRRP is beyond the scope of this modeling 
exercise. Surrogate species may be considered in identification of metrics for assessing 
priority hypotheses. 
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Determination of which metrics are sufficient for decision making is largely a political 
and collaborative exercise in how much inferential risk stakeholders are willing to accept 
(Jacobson and Berkley, 2011) 
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2011). 
Figure 1. Population-level conceptual ecological model for pallid sturgeon. From Wildhaber and others (2007, 
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Figure 2 . Categories of conditions and processes (Wildhaber and others, 2011). 
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Figure 3. Arrangement of conditions and process affecting transition between two life stages (Wildhaber and 
others, 2011). 
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. 
Figure 4. Hierarchical arrangement of essential ecosystem characteristics applied to spring-rise managed flows 
on the Missouri River (Jacobson and Berkley, 2011). 
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Figure 5. Pre-engineered and post-engineered range of pallid sturgeon in the Missouri and Mississippi river 
basins (DeLonay and others, in review). 
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Figure 6. Example of a component conceptual ecological model for pallid sturgeon effects analysis. 
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Appendix 
Graphical presentations of conceptual ecological models by life stage and location. 
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Identification of Reproductive Indices and Spawners in the Captive Pallid Sturgeon 
Population at Gavins Point National Fish Hatchery 
2013-2014 Annual Report 
Mariah J. Talbott and Molly A.H. Webb USFWS, Bozeman Fish Technology Center 
Project Summary: Because sturgeon are not sexually dimorphic, tools have been 
developed to determine sex and stage of maturity (e.g. Dettlaff et al., 1993; Doroshov et 
al., 1997; Webb et al. 2002; Wildhaber et al., 2005; Malekzadeh et al. 2006). Sex and 
stage of maturity in sturgeon can be determined by minor biopsy, urogenital 
catheterization, ultrasound, endoscopy, or analysis of plasma sex steroid concentrations 
(see Webb et al. 2013 for pros and cons of each technique). Over the last six years, sex 
and stage of maturity and identification of gravid captive pallid sturgeon in the 
broodstock population at the Gavins Point National Fish Hatchery (GPNFH) have been 
accomplished by measuring circulating sex steroid concentrations. Since 2007, we have 
measured circulating sex steroids, specifically testosterone (T) and 17β-estradiol (E2), in 
1,371 samples which represent 717 fish. 
In 2013, plasma was collected from fish in all year classes at GPNFH, except the 2006, 
2007, 2008 and 2011 year classes. A total of 148 fish were sampled. Specific fish were 
targeted in several year classes to collect information about age and size at sexual 
differentiation, puberty and first maturity. 
Project Status/Anticipated/Expected Date of Completion: This project will be 
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completed by December 2014. The last season for collection of data under this grant will 
be March-July 2014. 
Accomplishments/Recommendations/Results: Only four fish out of 18 sampled in the 
2010 year class (3 years of age) had detectable levels of T, and all four were below 1 
ng/ml. The 2009 year class (4 years of age), though sexually differentiated as seen 
through steroid analysis, had no evidence of first maturity. However, from previous 
sampling years, it appears that first maturity in males can occur as early as 4 years of age 
under the environmental conditions at GPNFH. This was observed last year with two 
males successfully spermiating from the 2008 year class and the year before with two 
males in the 2007 year class maturing in 2011. There were no ripe males sampled in the 
2005 (8 years of age) or 2004 (9 years of age) year classes (n=20 total fish sampled per 
year class) and only one ripe male in the 2003 (10 years of age) year class as seen by 
elevated testosterone concentrations. Of the two ripe males in the 2002 (11 years of age) 
year class that were hormonally induced to spermiate, one successfully spermiated 
(50%). Four out of five (80%) ripe males successfully spermiated in the 2001 (12 years of 
age) year class, and one of two (50%) and two of two (100%) ripe males successfully 
spermiated in the 1998 (15 years of age) and 1997 (16 years of age) year classes, 
respectively. 
The youngest fish to be identified as a ripe female by ultrasound and detectable E2 
concentrations during 2013 was 10 years old (2003 year class). The 2003 and all other 
year classes that had ripe females were not randomly sampled, so we cannot calculate the 
percentage of ripe females in each year class as we have done in previous annual reports. 
The only ripe female sampled in the 2002 (11 years old) year class was successfully 
induced to spawn. Five females from the 1999 (14 years old) year class and 2 females 
from the 1997 (16 years old) year class were all successfully spawned following 
hormonal induction. 
Amazingly, there is a single female pallid sturgeon that has an annual cycle. Sturgeon 
females are known to have biennial cycles, with no evidence of an annual cycle in any 
sturgeon species to our knowledge. This female (8153C, 1997 year class) was gravid and 
successfully ovulated in 2009, 2010, 2011, 2012, and 2013. It will be particularly 
interesting and valuable to hormonally induce ovulation in this female and fertilize the 
eggs to assess ovulatory success and egg quality in 2014. A more common spawning 
periodicity, a 2-year cycle, was seen in five females that spawned successfully in 2009 
and again in 2011, three females that spawned successfully in 2010 and 2012, and five 
females that spawned successfully in 2011 and 2013. 
There is evidence for both annual and biennial maturation cycles in male pallid sturgeon 
at GPNFH. Spawning was attempted 6 years in a row (2007 to 2012) for 3 males in the 
1997 year class. Male 77B1F produced milt in 4 consecutive years, however, in 2012 the 
sperm was not motile upon collection. Male 8134E produced milt in 5 of 6 years (2007 to 
2012 except 2009), and the sperm was not motile upon collection in 2010. In the 1998 
year class, one male has produced milt every year (2008 to 2013) except for 2010 when 
sperm collection was not attempted. To learn more about the proportion of males that 
exhibit annual vs. biennial reproductive cycles and whether a male remains an annual or 
biennial spawner, it will be very useful to hormonally induce spermiation in a select 
subset of male pallid sturgeon (Table 1). 
Table 1. Identification of pallid sturgeon in the captive population that would be 
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scientifically valuable to continue to monitor or spawn during the 2014 spawning season. 
Year Class 
1997 1997 1997 1997 1997 1997 1997 1997 1997 1997 1998 1998 1998 1998 1999 1999 1999 
PIT Tag 
1F4848153C 1F4A1D6416 1F48400356 1F4A502C1B 1F4A132460 1F4B211065 1F4838134E 406E677B1F 
1F4B224A2A 1F47730F18 424F15733A 424E3E6127 424E680B49 4232185C03 424B335D71 424D40292D 
423A1E5424 
REASON TO SAMPLE SEX 
Ripe in 2009, 2010, 2011, 2012, 2013; periodicity info F Ripe in 2012; periodicity info F Ripe in 2012; 
periodicity info F Ripe in 2012; periodicity info F Spawn 2010, ripe 2012, periodicity info F Spawn 
in 2010, ripe 2012, periodicity info F Injected 5 seasons in a row, high T 2013 M Injected 4 seasons in a row, 
high T 2013 M Periodicity info, high T 2013 M Periodicity info, high T 2013 M Spawn in 2011, 
periodicity info, high T 2013 M Injected 2009 and 2010; periodicity info, high T 2013 M Injected 2009, 2010, 
2011; periodicity info, high T 2013 M Periodicity info, high T 2013 M Spawn in 2010, periodicity info
 F Spawn in 2010, periodicity info, ripe 2012 F Spawn in 2010, periodicity info, ripe 2012 F 
Year Class 
1999 1999 2001 2001 2001 2001 2001 2001 2001 2001 2001 2002 2002 2002 2002 2002 2002 2002 2002 2002 
2002 2002 2002 2002 2004 2005 2006 2009 2010 
PIT Tag 
424F0C4651 4721491031 425708072B 4256692100 42567E0110 4257182E21 42570D2C61 425672140C 
425539703A 425539703A 425556576A 46282A3500 4255660B4A 4624340927 462268474B 462616257F 
4253633261 42551F6F73 46282A3500 462770532C 4627387537 42566F2C14 462607032A 425569180B NA 
NA NA NA NA 
REASON TO SAMPLE SEX 
Ripe 2012 F Injected 2011, periodicity info, low T 2013 M Ripe in 2010, 2013, periodicity info
 F Spawn in 2011, periodicity info, high T 2013 M Spawn in 2011, periodicity info, high T 2013
 M Steroid info in 2011, 2012 and ultrasound images, ripe 2012 F Steroid info in 2011 ultrasound 
images, high T 2013 M Steroid info in 2011, 2012 and ultrasound images, high T 2013 M Steroid info in 2011, 
2012 and ultrasound images, spawned 2012 F Ripe 2012 F Ripe 2012 F Steroid info in 2012 and ultrasound 
images, spawn 2012 F Steroid info in 2011, 2012, 2013 and ultrasound images M Steroid info in 2011, 2012, 
2013 and ultrasound images M Steroid info in 2011, 2012 and ultrasound images, ripe 2012 F Steroid info in 
2011, 2012 and ultrasound images, not ripe 2012 M Ripe 2012 F Ripe 2012 F Ripe 2012 F Ripe 2012
 F Ripe 2012 F Ripe 2012 F Ripe 2012 F Ripe 2012 F 20 Randomly selected fish, female, 1st 

maturity 
20 Randomly selected fish, female, 1st maturity 20 Randomly selected fish, female, 1st maturity 10 Randomly 
selected fish, male, 1st maturity 10 Randomly selected fish, male, 1st maturity 
This was the first year that a small sample (n=8 for each year class) of young fish (3 and 
4 years of age; 2010 and 2009 year classes) were culled to retrieve paired gonad and 
blood plasma samples to see if plasma sex steroids could determine if sexual 
differentiation had occurred (Table 2). Sex was not determined in two age-3 fish because 
no germ cells were found in the tissue collected for histological sex identification. Sex 
steroids were not detectable in any of the males or females in the 2010 year class even 
though a single male was determined histologically to be pre-meiotic and females 
determined to be previtellogenic (Stage 2 as defined by Webb et al. 2013). Testosterone 
was detectable in all of the Stage 2 males and females in the 2009 year class but not in 
the one male and one female that only had primary spermatogonia and oogonia, 
respectively (Stage 1). For the males in Stage 2 in the 2009 year class (n=5), T 
concentrations 
were between 0.32 and 2.86 ng/ml, and for the one female in Stage 2, T was 1.13 ng/ml. 
There is no statistical difference (α = 0.05) between T levels of males in Stage 2 and 
females in Stage 2 when data from both year classes is combined. From these results, we 
cannot use T to distinguish between males and females in prepubertal stages, although it 
may be possible in the future if a larger sample size is collected and analyzed. 
Table 2. Mean (± standard error measurement) of testosterone (T) concentrations 



73  

measured in 2013 from culled age 3 and 4 male and female captive pallid sturgeon at 
Gavins Point National Fish Hatchery at two different reproductive stages. 
Sex Stage N T (ng/ml) Male 1 1 ND 
Female Male Female 
1 1 2 6 2 6 
ND 0.99±0.42 0.32±0.20 
Blood plasma sex steroids have been analyzed in a total of 1,371 samples from 2007–
2013. Many of these samples are from fish sampled in multiple years. We were able to 
verify predicted sex and stage of maturity from steroid analysis in 347 maturing or 
mature fish through 
Fish with T greater than 40 ng/ml and E2 less than 0.5 ng/ml were classified as males; to 
determine the concentration of sex steroids that differentiate immature/non-reproductive 
females from males requires a large sample size of paired gonad and plasma samples or 
more time to serially sample fish as they become mature. When fish reach maturity and 
sex is verified, we can backtrack through the data to examine the steroid concentrations 
in these females and males when they were non-reproductive. Fish with T greater than 10 
ng/ml and E2 greater than 0.5 ng/ml were classified as females. Of the fish that were 
classified from 2007–2013, 136 samples were correctly classified as males using plasma 
sex steroids, 5 samples were incorrectly classified as female when the true sex was male, 
and 62 samples were collected from fish with T less than 4 ng/nl that were later identified 
as males (Table 3). A total of 68 samples were correctly classified as female, 2 were 
incorrectly classified as male when the true sex was female, and 74 samples were 
collected from fish with T less than 4 ng/nl that were later identified as females 
(Table 3). 
spawning or ultrasound for females or by steroids when fish were serially sampled in 
future 
years. Fish were not classified if they had T below 40 ng/ml and E2 below 0.5 ng/ml. 
Table 3. Percentage of male and female pallid sturgeon raised at Gavins Point National 
Fish Hatchery correctly, incorrectly, and not classified by sex from 2007 to 2013. Fish 
were not classified using sex steroids if T was below 40 ng/ml and E2 was below 0.5 
ng/ml. 
Sample Sex % Correctly Y ear Classified 2007 Male 56.5 2007 Female 27.6 0 
2008 Male 64.5 0 2008 Female 100 0 2009 Male 37.5 0 2009 Female
 42.1 10.5 2010 Male 74.5 0 2010 Female 23 0 2011 Male 92.9 
7.1 2011 Female 88.9 0 2012 Male 85.7 0 2012 Female 92.9 0 2013
 Male 64.3 0 2013 Female 26.2 0 
References 
% Incorrectly Classified 8.7 
% Not Classified 
34.8 72.4 35.5 0 62.5 47.4 25.5 77 0 11.1 14.3 7.1 35.7 73.8 
Dettlaff, T.A., Ginsburg, A.S., Schmalhausen, O.I. 1993. Sturgeon Fishes: 
Developmental Biology and Aquaculture. Springer-Verlag, 300 pp. 
Doroshov, S. I., G. P. Moberg, and J. P. Van Eenennaam. 1997. Observations on the 
reproductive cycle of cultured white sturgeon, Acipenser transmontanus. Environmental 
Biology of Fishes 48: 265-278. 
Malekzadeh Viayeh, R., Webb, M.A.H., Hallajian A., and R. Kazemi. 2006. Biochemical 
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Determination of Reproductive Indices in Wild Hatchery-Reared Pallid Sturgeon in 
the Missouri and Yellowstone Rivers Update, February 2014 
Mariah Talbott and Molly Webb USFWS, Bozeman Fish Technology Center 
Project Summary: This project will determine the age at sexual differentiation, onset of 
puberty and first maturity, and spawning periodicity of wild hatchery-reared pallid 
sturgeon in the Missouri and Yellowstone rivers using known-aged juvenile pallid 
sturgeon. Several federal and private agencies are interested in the effects of regulated 
river management on pallid sturgeon spawning behavior and success throughout the 
Missouri River basin. In an attempt to address this question, research has been conducted 
by federal, state, and universities throughout the Missouri River basin. The research 
typically consists of sampling adult pallid sturgeon, attaching a tracking device, sampling 
blood and/or gonadal tissue, tracking the fish through time, and re-sampling blood and/or 
gonadal tissue from the same fish after presumed spawning. These data (i.e., movement 
and reproductive indices) are correlated with discharge and water temperature from the 
regulated river to determine if and how they influence spawning behavior and success. 
These data are useful in determining the effects of regulated river management on pallid 
sturgeon behavior; however, all studies to date have been conducted on a few individuals. 
The paucity of fish used in these studies has made it difficult to make sound conclusions 
regarding the effects of regulated river management on pallid sturgeon spawning 
behavior and success. 
Since 2009, 476 plasma samples from hatchery-reared pallid sturgeon captured in the 
Missouri and Yellowstone rivers have been received to determine age-at-maturity. The 
younger year classes (known-aged fish) released into the Missouri and Yellowstone 
rivers provide an opportunity to determine age and size at sexual differentiation, onset of 
puberty, and age at first maturity. The 1997-year class released into the Missouri River 
provides an incredible opportunity to determine age and size at onset of puberty, first 
sexual maturity, and spawning periodicity in pallid sturgeon as these fish are now over 10 
years old. Sex steroids can be used to determine sex and stage of maturity less invasively 
in sturgeon species compared to other techniques such as biopsy (Webb and Doroshov, 
2011). 
The objective of this project is to analyze blood plasma sex steroid concentrations in wild 
hatchery-reared pallid sturgeon in the upper Missouri and Yellowstone rivers to 
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determine the age and size at sexual differentiation and first maturity of wild hatchery-
reared pallid sturgeon in the upper Missouri and Yellowstone rivers. 
Project Status/Anticipated/Expected Date of Completion: This project is currently 
underway. Analysis of all 476 pallid sturgeon plasma samples are reported here. 
Accomplishments/Recommendations/Results: 
Methods 
Blood plasma samples from hatchery reared and released pallid sturgeon that have been 
analyzed to date for testosterone (T) and estradiol (E2) concentrations were collected 
from: RPMA 1 by Montana Fish Wildlife and Parks (MTFWP) personnel in the Spring 
and Fall of 2011, 2012 and 
12013; RPMA 2 on the Missouri River by USFWS personnel in Spring of 2010, 2011 
and Fall 2011, 2012; RPMA 2 on the Missouri River by MTFWP in Spring 2012; RPMA 
2 on the Yellowstone by MTFWP in Fall 2011 and Fall 2013; RPMA 3 by USFWS 
personnel in Spring 2012 and 2013. Capture location on the Missouri River varied 
between river mile (RM) 1880 and 1985 for RPMA 1 and between RM 1533 and 1762 in 
RPMA 2. Capture location on the Yellowstone River was recorded in latitude and 
longitude and has not been translated to river mile. No collection location information has 
been provided for samples collected in RPMA 3. Blood samples were collected from the 
caudal vasculature, centrifuged to separate plasma, frozen, and sent to the Bozeman Fish 
Technology Center (BFTC) for analysis of plasma T and E2 concentrations. Blood 
plasma steroid concentrations were measured by radioimmunoassay following the 
methods described in Fitzpatrick et al. (1986) and modified by Feist et al. (1990). 
Results and Discussion 
Blood plasma T and E2 concentrations have been analyzed for a total of 476 samples to 
date. From these 476 samples (1% are from fish serially sampled over time), only five 
reproductive males have been identified.  These males were all from the 1997 year class 
and were captured in RPMA 1. They were 14 to 16 years old at capture, and their size 
range was 1011- 1170 cm fork length and 4848-7380 g body weight. 
Table 1. Age, year class, collection date (mm/dd/yy), collection location, blood plasma 
testosterone (T), fork length and weight of 5 ripe male pallid sturgeon captured in the 
Missouri River. These fish were reared in a conservation propagation facility and 
released into the Missouri River at 1 year of age. 
 
The youngest year class to be sampled was 2010 (age 1 at time of capture) and the oldest 
was 1997 (age 16 at time of capture). Estradiol was not detectable in any samples 
indicating that by the age of 16, none of the females had reached puberty (i.e. 
vitellogenesis). The youngest male to show signs of reproductive maturity has been 
documented at the age of 14 as seen by plasma T concentrations above 40 ng/ml. A T 
concentration of 40 ng/ml has been defined as the indicator of spawning readiness in 
males using captive pallid sturgeon at Gavins Point National Fish Hatchery (GPNFH) 
(Webb and Talbott, in prep); captive pallid sturgeon males (n=9) with less than 40 ng/ml 
of T have not successfully spermiated following hormonal injection. Plasma T above 40 
ng/ml has been measured in 3-year old pallid sturgeon males reared at GPNFH. These 
males have successfully spermiated in captivity following hormonal injection and are 
hence capable of spermiating naturally. Further, a female from GPNFH was successfully 
spawned at the age of 9 (T = 66.73 ng/ml and E2 = 0.48 ng/ml). This illustrates that the 
age to maturity is greater in hatchery reared and released pallid sturgeon compared to fish 
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held in a conservation propagation facility for captive broodstock purposes. A possible 
contributing factor to this disparity is that wild fish are significantly smaller than captive 
fish of the same age. For example, the average weight of a 4-year old fish captured from 
RPMA 1 is 310 g, whereas the average weight of a 4-year old fish at GPNFH is 1310 g. 
 
 
 
We are not able to classify sex or stage of maturity in fish with T concentrations below 
40 ng/ml without detectable E2 (which would identify the fish as a maturing female) 
because we do not have paired gonad and plasma sex steroid samples to clearly discern 
the concentration of T that may be used to discriminate non-reproductive females from 
non-reproductive males. However, we can describe the steroid results in relationship to 
age, and we could use discriminant function results from other species of sturgeon to 
predict sex in the non-reproductive pallid sturgeon population (Webb and Doroshov, 
2011); however, the error rate for misidentification of sex would be unknown.  
The highest plasma T concentrations in non-reproductive hatchery reared and released 
pallid sturgeon were 25.9 ng/nl and 15.95 ng/ml measured in 14 and 16-year old fish, 
respectively. All other measurements of plasma T varied between non-detectable and 
10.39 ng/ml, with the majority below 2 ng/ml. Plasma T was below 2 ng/ml in 42% of 
age 16-year old fish, and 75%, 54%, 0%, and 74% of 15-, 14-, 13- and 12-year old fish, 
respectively. Only 23 fish (9%) of age 11 and younger had plasma T concentrations 
greater than 2 ng/ml. Testosterone was not detectable in 173 (36% of total) blood samples 
from fish of all ages except age 13 (n = 5). However, age 13 only accounted for 1% of the 
total fish sampled. 
Comparisons of the data (plasma T, weight, length) between RPMAs within year classes 
and years collected were conducted with student t-tests to detect statistical differences in 
means. Comparisons could only be made if three or more fish were sampled in each 
RPMA within the same collection year and from the same year class. A significant 
difference (p<0.0001) in plasma T between RPMA 1 (1.15±0.17 ng/ml) and RPMA 2 
(0.16±0.06 ng/ml) was found in the 2008 year class sampled in 2011 (3-year olds). Both 
the 2001 and 2002 year classes sampled in 2013 differed in T concentration between 
RPMA 2 and RPMA 3, with higher T in RPMA 2. 
In Feist et al. (2004), plasma T was successfully used to delineate between 18-month old 
captive reared white sturgeon males (T > 2 ng/ml) and females (T < 2 ng/ml) raised at 
constant 18oC. The measurable but low concentrations of plasma T in one-year old pallid 
sturgeon would indicate that these fish have sexually differentiated. However, given 
cooler and variable water temperatures, which influence lipid accumulation which in turn 
influences time to sexual differentiation, are much lower year round than those 
temperatures seen in culture in California, a different plasma T concentration than greater 
than or less than 2 ng/ml may be required to delineate between young male and female 
pallid sturgeon released into the wild at an age less than 1. To do this, it would be 
extremely valuable in the future to sacrifice a small subset (n=30) of young (1-2 year old) 
hatchery reared and released pallid sturgeon from a strong year class to look at gonadal 
maturation and plasma sex steroid concentrations. 
 
Comparisons of the data (plasma T, weight, length) between RPMAs within year classes 
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and years collected were conducted with student t-tests to detect statistical differences in 
means. Comparisons could only be made if three or more fish were sampled in each 
RPMA within the same collection year and from the same year class. A significant 
difference (p<0.0001) in plasma T between RPMA 1 (1.15±0.17 ng/ml) and RPMA 2 
(0.16±0.06 ng/ml) was found in the 2008 year class sampled in 2011 (3-year olds). Both 
the 2001 and 2002 year classes sampled in 2013 differed in T concentration between 
RPMA 2 and RPMA 3, with higher T in RPMA 2 fish in both instances. Differences in 
both weight and length between RPMA 1 and RPMA 2 were observed in the 2006 year 
class sampled in 2012 (6 year olds) and the 2008 year class sampled in 2011 (3 year 
olds). Mean (± SEM) weight and length of 6 year old RPMA 1 fish sampled in 2012 was 
380±30 g and 500±16 cm, respectively, whereas the same year class fish from RPMA 2 
were 246±22 g and 432±12 cm. There were also differences in weight and length 
between RPMA 2 and RPMA 3 fish in the 2002 (11 years old at capture) and 2005 (8 
years old at capture) year classes sampled in 2013. In the 2002 year class sampled in 
2013, RPMA 2 fish weighed more (1817±101 g) and were greater in length (788±14 cm) 
than the RPMA 3 fish (1163±119 g and 689±19 cm, respectively). However in the 2005 
year class sampled in 2013, the opposite was true; RPMA 3 fish (664±26 g, 591±4 cm) 
were bigger than RPMA 2 fish (394±67 g, 497±28 cm). Other differences observed were 
in length in the 2006 year class sampled in 2011 (5 year olds at capture) (RPMA 1 = 
504±7 cm; RPMA 2 = 439±21 cm) and the 2009 year class sampled in 2012 (3 year olds 
at capture) (RPMA 1 = 422±12 cm; RPMA 2 = 381±9 cm) as well as weight in the 2007 
year class sampled in 2012 (5 year olds at capture) (RPMA 1 = 333±40 g; RPMA 2 = 
261±22 g). The pattern of differences remained consistent between RPMA 1 and RPMA 
2 fish; RPMA 1 fish were greater in mean weight and length than RPMA 2 fish. 
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This document serves as the 2013 annual report for the pallid sturgeon carrying capacity 
research project. During 2013, we sampled research priority management area 2 (RPMA 
2), and focused on two tasks: 1) collecting habitat data to facilitate future 
macroinvertebrate sampling and 2) collecting diet data from the most abundant fish 
species. Each objective from the original proposal is listed below and the activities that 
occurred in 2013 to meet each objective. Additionally, future plans to address each 
objective are included. 
Objectives: 1) Estimate density and standing stock of the pallid sturgeon population, 
with emphasis on the hatchery-reared pallid sturgeon and long-term persistence.  
A mark-recapture sampling approach that targeted areas of high relative abundance of 
pallid sturgeon was used to determine if mark-recapture techniques are feasible for pallid 
sturgeon in RPMA 2. Six crews sampled Missouri river mile 2504 for four days; the first 
day was used as a marking day and the resulting three days were recapture days. Given 
the raw data, it appears a closed-population abundance model would work to estimate 
abundance within reasonable confidence. We are currently analyzing the mark-recapture 
data collected during this sampling week and plan to have rough estimates of abundance 
by early spring of 2014. Additionally, we obtained more funding from the Western Power 
Administration for the 2014 sampling season to lengthen targeted sampling efforts and 
reduce uncertainty in abundance estimates. 
2) Estimate survival rate of the hatchery-reared pallid sturgeon with focus on long-
term persistence. 
We plan to update the current survival estimates of pallid sturgeon (Hadley and Rotella 
2008, Rotella 2010) by using additional years of targeted sampling data beginning in 
2014. 
3) Compare density estimates to estimates of hatchery-reared pallid sturgeon at large 
from survival estimates and stocking history. 
We plan to begin comparing abundance estimates of pallid sturgeon from mark- recapture 
techniques to abundances based on survival estimation during the 2014 year. 
4) Estimate production of the prey base (i.e., invertebrates and small-bodies fishes). 
Habitat data was collected via side scan sonar throughout the Missouri and Yellowstone 
rivers from August - November 2013 at six major reaches in RPMA 2. Each reach 
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consisted of a 15-40 kilometer stretch of river, which encompassed major 
geomorphological features and incorporated temperature variability throughout the 
system. A total of 159 river kilometers were mapped in the summer and fall of 2013. A 
substrate classification scheme (e.g., sand, boulders, cobble/gravel, and large woody 
debris) will be devised in ArcGis, and verified through ground-truthing in the spring. 
Sonar data processing and map production will follow Kaeser and Litts (2010). Once 
constructed, these habitat maps will be paired with temperature data collected throughout 
RPMA 2 to devise a sampling protocol for the macroinvertebrate community that 
sufficiently reflects the physical habitat variability found throughout RPMA 2. This 
process will be accomplished throughout the winter of 2014. We will use this approach to 
model macroinvertebrate production throughout the study area, as opposed to the 
traditional “reach scale” sampling approach. This approach is novel and will provide 
macroinvertebrate community production maps for any area of interest within RPMA 2. 
This, in turn, will allow us to produce food webs that represent different ‘areas of 
inference’ most relevant to fish species with a high degree of movement 
 
In the spring of 2014, we will begin quantitatively sampling the macroinvertebrate 
community within RPMA 2. We plan to sample macroinvertebrates quarterly (at 
minimum) and will begin to process samples in 2014. In 2015, we will begin creating 
models to estimate annual macroinvertebrate community production throughout RPMA 
2. 
The areal density (per m2) of small-bodied fish will be quantified in RPMA2 during 
2014. Using these density estimates and published species specific growth rate estimates 
we will estimate annual production of this group of fishes. 
 
5.   Assess the potential of food limitation for hatchery-reared pallid sturgeon. An 
estimate of food limitation for hatchery reared pallid sturgeon requires the construction of 
a supply and demand energy flow food web model that incorporates the production of 
biomass of pallid sturgeon, the production of resources (macroinvertebrates and small 
fish) that the sturgeon require to meet their nutritional demands, and estimates of 
pathways of potential food (energy) in the ecosystem that is not being utilized by the 
pallid sturgeon. This food web approach requires estimation of two major components, 
production of abundant taxa in the food web, and diets of those abundant taxa. Production 
of major components in the food web will be estimated using annual biomass estimates in 
concert with estimates of growth rates. Diets will be estimated using a variety of methods 
appropriate for each taxon. 
We began diet quantification this fall for all abundant fish species. Additionally, diets of 
abundant fish species in the food web will be quantified this spring to address any 
seasonal changes in diet. Estimates of fish production will begin in the spring of 2014 
with reliable abundance estimates of major fish taxa. Additionally, samples will be 
collected throughout 2014 to estimate annual macroinvertebrate production. Following 
the estimation of macroinvertebrate production, diets of dominant macroinvertebrate taxa 
will be estimated in 2015. 
With estimates of production and the quantity of diets of major (in terms of abundance) 
taxa in the food webs we can begin to estimate the potential for food limitation for 
hatchery-reared pallid sturgeon. Modeling will begin once all components are analyzed 
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and is projected to occur 2016. 
 
6)  Use Population and production models to estimate carrying capacity. In 2015 and 
2016, we will begin creating models to examine if density- dependence exists for pallid 
sturgeon and if there may be a carrying capacity for RPMA 2. As stated in objective 5, 
we will begin to construct energy-flow food webs which, using a supply and demand 
framework, will address the potential of energy limitation for the pallid sturgeon. 
Limitation of food resources would suggest that the hatchery–reared population of pallid 
sturgeon may be near carrying capacity. Whereas a surplus of energy may suggest that 
this population has not reached its carrying capacity in the system. 
 
7) Compare estimated carrying capacity to estimated historical abundance by Braaten 
et al. (2009).  After estimating a carrying capacity for RPMA 2, we can compare this 
value, along with our current estimates of abundance, to those historical abundances 
reported by Braaten et al. 2009. We plan to begin these comparisons in 2015 and 2016. 
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1Introduction	  
Pallid	  sturgeon	  (Scaphirhynchus	  albus)	  are	  endangered	  throughout	  their	  range	  and	  were	  listed	  
under	  the	  Endangered	  Species	  Act	  in	  1990.	  The	  primary	  limiting	  factor	  for	  pallid	  sturgeon	  
recovery	  in	  the	  Missouri	  River	  appears	  to	  be	  a	  lack	  of	  natural	  recruitment	  over	  the	  past	  25-‐30	  
years.	  Because	  of	  this	  lack	  (or	  low	  level)	  of	  natural	  recruitment,	  stocking	  of	  hatchery	  produced	  
pallid	  sturgeon	  juveniles	  has	  been	  used	  to	  supplement	  and	  maintain	  pallid	  sturgeon.	  Adult	  pallid	  
sturgeon	  are	  captured	  annually	  in	  the	  Missouri	  River	  and	  taken	  to	  fish	  hatcheries	  for	  spawning,	  
after	  which	  they	  are	  returned	  to	  the	  capture	  area.	  However,	  the	  pallid	  sturgeon	  recovery	  plan	  
requires	  that	  all	  hatchery-‐produced	  pallid	  sturgeon	  are	  identifiable	  by	  some	  type	  of	  tag.	  In	  the	  
past,	  offspring	  were	  reared	  in	  hatcheries	  until	  they	  were	  large	  enough	  to	  be	  marked	  with	  PIT	  
tags	  or	  other	  physical	  tags.	  
Typically	  juveniles	  remain	  in	  hatcheries	  for	  nearly	  a	  year	  before	  they	  reach	  the	  size	  at	  which	  they	  
can	  be	  tagged,	  approximately	  140-‐220mm.	  Pallid	  sturgeon	  are	  highly	  fecund	  and	  will	  produce	  
several	  thousand	  offspring	  in	  a	  single	  year,	  resulting	  in	  large	  numbers	  of	  offspring	  necessary	  to	  
maintain	  separately	  until	  tagging	  size.	  Hatchery	  space	  constraints	  often	  limit	  the	  number	  of	  
juvenile	  pallid	  sturgeon	  that	  can	  be	  retained,	  resulting	  in	  culling	  of	  large	  numbers	  of	  offspring	  
each	  year.	  In	  hatcheries,	  juvenile	  pallid	  sturgeon	  are	  also	  highly	  susceptible	  to	  outbreaks	  of	  
iridovirus	  that	  can	  severely	  limit	  survival.	  In	  order	  to	  reduce	  the	  time	  required	  to	  rear	  pallid	  
sturgeon	  in	  hatcheries	  and	  allow	  greater	  numbers	  of	  juveniles	  to	  be	  released,	  the	  use	  of	  
Mendelian	  inherited	  genetic	  markers	  is	  a	  viable	  alternative	  to	  physical	  tags	  (DeHaan	  et	  al.	  2005;	  
DeHaan	  et	  al.	  2008).	  The	  use	  of	  genetic	  tags	  can	  greatly	  increase	  the	  number	  of	  pallid	  sturgeon	  
that	  can	  be	  released	  each	  year	  by	  allowing	  their	  release	  at	  smaller	  sizes.	  
The	  geographic	  focus	  of	  this	  project	  was	  the	  upper	  and	  middle	  Missouri	  River.	  The	  upper	  
Missouri	  River	  is	  defined	  as	  the	  area	  upstream	  of	  Gavins	  Point	  Dam	  in	  South	  Dakota	  and	  
including	  the	  Yellowstone	  River	  and	  its	  tributaries	  (RPMA	  1	  and	  RPMA	  2).	  The	  middle	  Missouri	  
River	  (RPMA	  3	  and	  RPMA	  4)	  extends	  downstream	  from	  Gavins	  Point	  Dam	  to	  the	  confluence	  with	  
the	  Mississippi	  River.	  There	  were	  three	  main	  objectives	  completed	  during	  FY2013.	  These	  
objectives	  include:	  
1)	   Estimate	  the	  degree	  of	  relatedness	  among	  adult	  pallid	  sturgeon	  at	  federal	  (national)	  and	  
state	  fish	  hatcheries	  (NFH	  and	  SFH,	  respectively)	  to	  be	  used	  as	  hatchery	  broodstock	  for	  the	  
Missouri	  River	  and	  provide	  mating	  plans	  for	  hatchery	  spawning	  (Miles	  City	  SFH	  and	  Garrison	  
Dam	  SFH,	  and	  Gavins	  Point	  NFH)	  as	  needed	  
2)	   Add	  adult	  pallid	  sturgeon	  to	  the	  genetic	  baseline	  dataset	  used	  to	  distinguish	  hatchery	  and	  
natural	  origin	  juveniles	  
3)	   Use	  the	  baseline	  dataset	  to	  conduct	  species	  ID	  for	  any	  unmarked	  juvenile	  sturgeon	  
collected	  in	  the	  Missouri	  River	  and	  use	  parentage	  analysis	  to	  determine	  if	  unmarked	  juveniles	  
identified	  as	  pallid	  sturgeon	  are	  hatchery	  or	  natural	  origin	  fish	  
Methods	  
Fin	  clips	  preserved	  in	  95%	  non-‐denatured	  ethanol	  were	  collected	  by	  biologists	  participating	  in	  
monitoring	  efforts	  for	  juvenile	  and	  adult	  putative	  pallid	  sturgeon.	  Samples	  were	  returned	  to	  the	  
U.S.	  Fish	  and	  Wildlife	  Service	  (USFWS)	  Northeast	  Fishery	  Center	  Conservation	  Genetics	  Lab	  with	  



82  

biological	  information	  including	  PIT	  tag,	  length,	  weight,	  sampling	  location,	  and	  sampling	  date.	  
DNA	  was	  extracted	  using	  the	  Purgene	  method	  (Qiagen,	  Valencia,	  CA).	  DNA	  concentrations	  were	  
obtained	  and	  concentrations	  were	  standardized	  for	  polymerase	  chain	  reaction	  (PCR).	  DeHaan	  et	  
al.	  (2005)	  identified	  17	  microsatellite	  loci	  that	  can	  be	  used	  for	  parentage	  analysis	  in	  pallid	  
sturgeon	  as	  well	  as	  for	  differentiating	  pallid	  and	  shovelnose	  sturgeon:	  Spl15,	  Spl18,	  Spl19,	  Spl26,	  
Spl30,	  Spl34,	  Spl35,	  Spl36,	  Spl40,	  Spl56,	  Spl60,	  Spl101,	  Spl105,	  Spl106,	  Spl119,	  Spl158,	  Spl173	  
(McQuown	  et	  al.	  2000).	  Multiplex	  reactions	  were	  created	  to	  streamline	  the	  amplification	  
process;	  four	  pre-‐PCR	  multiplex	  reactions	  were	  created,	  with	  3	  to	  5	  loci	  within	  each	  reaction.	  
Locus	  SPL40	  and	  SPL105	  were	  amplified	  separately,	  and	  then	  added	  to	  one	  of	  the	  multiplexes	  
post-‐PCR.	  For	  the	  multiplex	  reactions,	  reagent	  concentrations	  were	  the	  same.	  Each	  20	  uL	  PCR	  
reaction	  consisted	  of	  1.5	  ml	  of	  genomic	  DNA	  extract,	  1.5	  X	  PCR	  buffer	  (10	  mM	  Tris-‐HCl,	  pH	  8.3;	  
50	  mM	  KCl),	  3.75	  mM	  MgCl2,	  0.3175	  mM	  each	  dNTP,	  0.12-‐0.80	  mM	  of	  each	  primer	  (forward	  
primer	  fluorescently	  labeled;	  Applied	  Biosystems,	  Foster	  City,	  CA),	  .06	  units	  of	  Taq	  polymerase	  
(Promega	  Corporation,	  Madison,	  WI),	  and	  deionized	  water	  added	  to	  achieve	  the	  final	  volume.	  
Single	  PCR	  reactions,	  SPL40	  and	  SPL105,	  were	  10ul	  PCR	  reactions,	  and	  each	  consisted	  of	  1.5	  ml	  
of	  genomic	  DNA	  extract,	  1.5	  X	  PCR	  buffer	  (10	  mM	  Tris-‐HCl,	  pH	  8.3;	  50	  mM	  KCl),	  3.75	  mM	  MgCl2,	  
0.3175	  mM	  each	  dNTP,	  0.12-‐0.24	  mM	  of	  each	  primer	  (forward	  primer	  fluorescently	  labeled;	  
Applied	  Biosystems,	  Foster	  City,	  CA),	  0.06	  units	  of	  Taq	  polymerase	  (Promega	  Corporation,	  
Madison,	  WI),	  and	  deionized	  water	  added	  to	  achieve	  the	  final	  volume.	   The	  amplification	  
cycle	  for	  all	  loci,	  except	  SPL105	  which	  had	  a	  different	  annealing	  temperature,	  consisted	  of	  an	  
initial	  denaturing	  at	  94	  °C	  for	  2	  min;	  35	  cycles	  of	  94	  °C	  denaturing	  for	  45	  sec,	  56	  °C	  annealing	  for	  
45	  sec,	  72	  °C	  extension	  for	  2	  min;	  and	  a	  30	  min	  extension	  at72	  °C.	  Locus	  SPL105	  had	  an	  
annealing	  temperature	  of	  50	  °C.	  Genotypes	  were	  visualized	  using	  an	  ABI	  3130	  (Applied	  
Biosystems,	  Foster	  City,	  CA).	  Genescan	  and	  Genotyper	  software	  from	  Applied	  Biosystems	  (Foster	  
City,	  CA)	  was	  used	  to	  identify	  alleles	  at	  each	  of	  the	  17	  loci.	  
Species	  identification	  
Tranah	  et	  al.	  (2004)	  used	  nine	  microsatellite	  loci	  to	  discriminate	  pallid	  and	  shovelnose	  sturgeon	  
in	  the	  upper	  Missouri	  River	  with	  an	  82	  to	  95%	  probability	  of	  correct	  assignment.	  The	  17	  loci	  used	  
in	  these	  analyses	  included	  the	  loci	  identified	  by	  Tranah	  et	  al.	  (2004)	  and	  additional	  loci	  that	  
allowed	  the	  discrimination	  between	  pallid	  and	  shovelnose	  sturgeon	  with	  a	  high	  degree	  of	  
confidence	  (DeHaan	  et	  al.	  2005).	  
Genetic	  based	  species	  assignments	  and	  detection	  of	  hybridization	  were	  accomplished	  using	  the	  
computer	  program	  NewHybrids	  (Anderson	  and	  Thompson	  2002).	  This	  Bayesian-‐based	  method	  
uses	  markers	  that	  differ	  in	  allele	  frequency	  but	  do	  not	  have	  fixed	  differences	  between	  known	  
baseline	  groups,	  (such	  as	  with	  pallid	  and	  shovelnose	  sturgeon	  in	  the	  upper	  and	  middle	  Missouri	  
River),	  and	  the	  model	  computes	  the	  posterior	  probability	  that	  each	  individual	  belongs	  to	  one	  of	  
the	  two	  species	  or	  one	  of	  four	  classes	  of	  hybrids	  (F1’s,	  F2’s,	  and	  backcrosses).	  Individuals	  were	  
classified	  as	  a	  pallid	  sturgeon	  if	  the	  probability	  of	  assignment	  to	  known	  pallid	  sturgeon	  was	  95%	  
or	  greater,	  based	  on	  methods	  developed	  by	  USFWS	  Abernathy	  Fish	  Technology	  Center	  and	  in	  
conjunction	  with	  Dr.	  Ed	  Heist	  (Southern	  Illinois	  University).	   However,	  for	  individuals	  sampled	  
in	  the	  lower	  portion	  of	  the	  basin	  (RPMA	  3&4),	  if	  the	  probability	  of	  assignment	  is	  90%	  or	  greater,	  
origin	  determination	  is	  also	  conducted	  due	  to	  the	  slightly	  reduced	  ability	  to	  distinguish	  pallid	  
and	  shovelnose	  sturgeon	  based	  on	  allele-‐frequency	  differences	  between	  both	  species.	  
Hatchery	  versus	  unknown	  origin	  identification	  
Following	  species	  identification,	  genetic	  parentage	  analysis	  was	  used	  to	  determine	  if	  a	  pallid	  
sturgeon	  originated	  from	  the	  hatchery	  program	  or	  was	  naturally	  produced	  within	  the	  Missouri	  
River.	  Multi-‐locus	  genotypes	  for	  almost	  every	  hatchery-‐spawned	  adult	  since	  2000	  have	  been	  
obtained	  at	  17	  microsatellite	  loci	  (see	  objectives	  1&2),	  and	  genotype	  data	  are	  stored	  in	  a	  



83  

Microsoft	  Access	  database	  developed	  and	  maintained	  by	  NEFC.	  A	  tagging	  database	  developed	  
by	  USFWS	  Missouri	  River	  FWMAO	  maintains	  additional	  information	  such	  as	  spawning	  and	  
stocking	  information,	  and	  this	  database	  is	  used	  to	  reference	  genetic	  parentage	  assignments	  to	  
known	  spawning	  pairs	  and	  stocking	  locations.	  
	  
Parentage	  assignments	  were	  conducted	  using	  Cervus	  (ver	  3.0;	  Kalinowski	  et	  al.	  2007).	  Genetic	  
parentage	  assignments	  occur	  using	  modified	  exclusion	  based	  method	  allowing	  for	  a	  single	  
mismatch	  in	  the	  offspring-‐parent-‐parent	  triplet.	  If	  a	  juvenile	  fish	  is	  not	  compatible	  at	  two	  or	  
more	  loci	  with	  a	  particular	  hatchery-‐spawned	  pair,	  then	  that	  pair	  is	  excluded	  as	  potential	  
parents	  of	  that	  juvenile	  sturgeon.	  DeHaan	  et	  al.	  (2005)	  determined	  that	  by	  using	  17	  highly	  
variable	  loci	  and	  allowing	  for	  a	  single	  mismatch	  to	  accommodate	  for	  genotype	  or	  lab	  errors,	  the	  
probability	  of	  an	  incorrect	  match	  was	  very	  low.	  Parentage	  assignments	  were	  compared	  to	  the	  
spawning	  database	  maintained	  by	  USFWS	  Missouri	  River	  Fish	  and	  Wildlife	  Conservation	  Office	  
to	  confirm	  if	  a	  genetically	  assigned	  spawning	  pair	  represented	  a	  known	  spawning	  pair.	  If	  the	  
juvenile	  fish	  was	  not	  assigned	  to	  any	  hatchery	  parents,	  then	  the	  individual	  was	  identified	  as	  
unknown	  origin.	  Additionally,	  a	  small	  number	  of	  broodstock	  have	  not	  been	  genotyped	  and	  
therefore	  are	  not	  available	  for	  parentage	  assignment,	  and	  some	  spawning	  records	  are	  
incomplete	  for	  individual	  spawning	  pairs	  (one	  or	  both	  parents	  lists	  as	  “unknown”	  or	  “mixture”).	  
Thus,	  if	  not	  assigned	  to	  a	  documented	  spawning	  pair,	  results	  cannot	  be	  confirmed	  if	  a	  fish	  is	  not	  
of	  hatchery	  origin	  or	  wild	  simply	  because	  they	  are	  not	  assigned	  to	  hatchery	  parents.	  Therefore,	  
individuals	  not	  assigned	  to	  hatchery	  families	  are	  identified	  as	  “unknown”	  origin.	  
Results	  
Objective	  1	  –	  Estimate	  the	  degree	  of	  relatedness	  among	  Missouri	  River	  broodstock	  
Due	  to	  the	  limited	  number	  of	  pallid	  sturgeon	  broodstock	  available	  during	  a	  spawning	  season,	  
genetic	  information	  was	  used	  to	  help	  reduce	  the	  potential	  for	  inbreeding	  and	  to	  maintain	  
genetic	  diversity	  during	  hatchery	  production.	  Relatedness	  estimates	  of	  adult	  pallid	  sturgeon	  
broodstock	  are	  used	  to	  identify	  spawning	  pairs	  to	  avoid;	  such	  as	  crosses	  between	  full	  and	  half	  
siblings,	  and	  to	  allow	  for	  the	  minimum	  degree	  of	  relatedness	  among	  families	  created.	  Pairwise	  
relatedness	  values	  (Rxy)	  were	  determined	  between	  all	  individuals	  using	  multi-‐locus	  genotypes	  for	  
all	  pairs	  of	  broodstock	  using	  the	  computer	  program	  SPAGeDi	  (Hardy	  and	  Vekemans	  2002),	  based	  
on	  relatedness	  algorithm	  of	  Queller	  and	  Goodnight	  (1989).	  
Potential	  broodstock	  are	  genotyped	  at	  17	  microsatellite	  loci.	  Following	  genetic	  species	  
identification	  (pallid,	  shovelnose,	  or	  hybrid),	  origin	  (hatchery	  or	  unknown)	  was	  assessed	  for	  
individuals	  identified	  as	  pallid	  sturgeon.	  Mating	  plans	  were	  developed	  for	  broodstock	  of	  
reproductive	  maturity,	  including	  cryopreserved	  milt	  from	  males	  previously	  captured	  for	  
spawning.	  
5	  
Two	  broodstock	  reports	  were	  provided	  during	  FY	  2013.	  One	  report	  made	  spawning	  
recommendations	  for	  two	  reproductive	  pallid	  sturgeon	  females	  and	  two	  reproductive	  pallid	  
sturgeon	  males	  at	  Miles	  City	  SFH	  (Kalie	  and	  Bartron	  2013a)	  Also,	  a	  potential	  110	  pallid	  sturgeon	  
males	  that	  had	  been	  previously	  cryopreserved	  at	  Garrison	  Dam	  NFH	  were	  also	  included	  in	  the	  
report.	   The	  second	  report	  provided	  spawning	  recommendations	  for	  12	  captive	  females	  and	  
14	  captive	  males	  at	  Gavins	  Point	  NFH	  (Kalie	  and	  Bartron	  2013b).	  All	  potential	  broodstock,	  
including	  the	  cryopreserved	  milt,	  were	  determined	  genetically	  to	  be	  pallid	  sturgeon	  (Table	  1),	  
and	  the	  broodstock	  used	  at	  Miles	  City	  SFH	  were	  of	  wild	  origin.	  No	  wild	  caught	  broodstock	  were	  
spawned	  at	  Gavins	  Point	  NFH	  in	  FY	  2013.	  
Genetic	  evaluation	  of	  hatchery	  produced	  families	  was	  conducted	  to	  confirm	  inheritance	  of	  the	  
microsatellite	  alleles	  to	  ensure	  the	  future	  applicability	  of	  the	  use	  of	  genetic	  parentage	  analysis	  
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for	  “marking”	  individuals.	   Fin	  clips	  from	  242	  pallid	  sturgeon	  in	  the	  captive	  broodstock	  
program	  at	  Gavins	  Point	  National	  Fish	  Hatchery	  were	  analyzed	  in	  2013	  for	  origin	  (Kalie	  and	  
Bartron	  2013c).	  These	  individuals	  were	  mainly	  from	  the	  2007	  and	  2010	  year	  classes.	  Also,	  30	  
individuals	  were	  be	  analyzed	  from	  the	  families	  created	  in	  2012	  to	  confirm	  inheritance.	  
	  
Objective	  2	  –	  Continue	  to	  add	  adult	  pallid	  sturgeon	  to	  the	  genetic	  baseline	  dataset	  
Broodstock	  collection	  efforts	  generally	  capture	  more	  adults	  than	  are	  eventually	  spawned	  
because	  not	  all	  adults	  are	  reproductively	  viable	  in	  a	  given	  spawn	  year,	  reproductive	  viability	  can	  
not	  necessarily	  be	  determined	  at	  time	  of	  collection,	  or	  adults	  were	  collected	  for	  broodstock	  use	  
in	  future	  years.	  These	  additional	  adults	  collected	  from	  the	  Missouri	  River	  are	  also	  genotyped	  
and	  characterized	  for	  species	  and	  origin	  determination.	  Because	  these	  additional	  adults	  are	  
returned	  to	  the	  river,	  they	  do	  have	  the	  potential	  to	  reproduce	  in	  the	  wild	  in	  subsequent	  years.	  
Inclusion	  of	  these	  adults	  into	  the	  baseline	  dataset	  is	  useful	  for	  future	  analysis	  of	  natural	  
reproduction.	  
A	  total	  of	  97	  additional	  adults	  or	  broodstock	  were	  genotyped	  and	  included	  into	  the	  genetic	  
baseline	  following	  species	  and	  origin	  determination.	  Two	  individuals	  were	  sampled	  from	  RPMA	  
1,	  12	  individuals	  from	  RPMA	  2,	  six	  individuals	  in	  RPMA	  3,	  and	  77	  individuals	  were	  sampled	  from	  
RPMA	  4.	  Species	  identification	  was	  first	  performed	  to	  determine	  if	  samples	  received	  were	  from	  
pallid	  sturgeon,	  shovelnose	  sturgeon,	  or	  a	  hybrid	  between	  pallid	  and	  shovelnose.	  Of	  the	  97	  adult	  
samples	  analyzed,	  88	  were	  identified	  to	  be	  pallid	  sturgeon,	  one	  individual	  was	  identified	  as	  
shovelnose,	  and	  8	  were	  identified	  to	  be	  hybrids.	  Of	  the	  88	  pallid	  sturgeon	  identified,	  38	  were	  of	  
hatchery	  origin	  and	  50	  were	  of	  unknown	  origin	  (Table	  2).	  
Additionally,	  fin	  clips	  are	  received	  from	  Blind	  Pony	  SFH	  from	  adults	  for	  use	  as	  potential	  
broodstock.	  These	  individuals	  are	  genotyped	  and	  analyzed	  for	  consistency	  to	  be	  added	  into	  the	  
genetic	  database	  for	  future	  reference	  to	  spawning	  pairs	  if	  the	  adults	  are	  used	  as	  broodstock.	  
Mating	  plans,	  species	  determination,	  and	  origin	  determination	  reporting	  for	  those	  adults	  is	  the	  
responsibility	  of	  Southern	  Illinois	  University.	  In	  2013,	  a	  total	  of	  42	  samples	  were	  genotyped	  by	  
NEFC	  for	  Blind	  Pony	  SHF.	  
In	  order	  to	  improve	  the	  parentage	  assignments	  and	  therefore	  origin	  determination,	  work	  was	  
conducted	  to	  address	  some	  of	  the	  missing	  genotypes	  from	  broodstock	  spawned	  in	  1992.	  
Genotype	  data	  was	  missing	  two	  females	  and	  three	  males	  from	  the	  1992	  spawn	  year	  class.	  
Genotype	  reconstruction	  was	  performed	  by	  Dr.	  Ed	  Heist	  at	  SIU	  with	  assistance	  from	  the	  
Northeast	  Fishery	  Center.	  NEFC	  provided	  genotypes	  for	  several	  archive	  samples	  from	  1992	  year	  
class	  offspring	  to	  aide	  in	  the	  reconstruction	  of	  parental	  genotypes.	  With	  the	  addition	  of	  these	  
samples	  to	  our	  broodstock	  baseline,	  parentage	  analysis	  was	  performed	  on	  all	  remaining	  
unknowns	  in	  the	  database	  from	  RPMA	  1-‐4	  (n=476	  individuals).	  In	  total,	  95	  of	  these	  unknown	  
individuals	  were	  assigned	  parentage	  to	  the	  reconstructed	  broodstock.	  Seventy	  out	  of	  the	  95	  
individuals	  assigned	  parentage	  were	  assigned	  to	  female	  1992A	  and	  25	  were	  assigned	  to	  1992B	  	  
Objective	  3	  –	  Conduct	  genetic	  parentage	  analysis	  for	  unknown	  juvenile	  pallid	  sturgeon	  to	  
determine	  hatchery	  vs.	  natural	  origin	  
A	  total	  of	  245	  putative	  pallid	  sturgeon	  samples	  were	  provided	  from	  larvae,	  young-‐of-‐year,	  or	  
juveniles	  for	  species	  and	  origin	  determination	  (Table	  4).	  Six	  individuals	  were	  sampled	  from	  
RPMA	  1,	  56	  individuals	  were	  sampled	  from	  RPMA	  2,	  43	  individuals	  were	  sampled	  from	  RPMA	  3,	  
and	  140	  samples	  were	  from	  RPMA	  4.	  Species	  identification	  was	  first	  performed	  to	  determine	  if	  
samples	  received	  were	  from	  pallid	  sturgeon,	  shovelnose	  sturgeon,	  of	  a	  hybrid	  between	  pallid	  
and	  shovelnose,	  or	  if	  of	  unknown	  origin.	  Of	  the	  245	  samples	  provided,	  a	  total	  of	  131	  pallid	  
sturgeon	  were	  identified,	  86	  were	  determined	  to	  be	  a	  shovelnose	  sturgeon,	  and	  28	  were	  
determined	  to	  be	  hybrids.	   Of	  the	  131	  samples	  identified	  to	  be	  pallid	  sturgeon,	  119	  were	  of	  
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hatchery	  origin	  and	  12	  were	  of	  unknown	  origin	  (Table	  4).	  Results	  from	  all	  samples	  received	  were	  
provided	  to	  the	  biologist	  who	  collected	  and	  sent	  the	  sample.	  
Additionally,	  genetic	  analysis	  of	  unmarked	  pallid	  sturgeon	  in	  RPMA	  1	  and	  2	  was	  also	  completed	  
with	  supplemental	  funding	  by	  Montana	  Department	  of	  Fish	  Wildlife	  and	  Parks.	  A	  total	  of	  455	  
individuals	  (typically	  juveniles)	  were	  analyzed	  for	  species	  identification	  and	  hatchery	  versus	  
unknown	  origin	  identification.	  Results	  were	  provided	  to	  MTFWP	  in	  a	  separate	  report	  (Kalie	  and	  
Bartron	  2013d).	  
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Abstract: 

The global proliferation of dams within the last half century has prompted ecologists to 

understand the effects of regulated rivers on large-river fishes.  Currently, much of the 

effort to mitigate the influence of dams on large-river fishes has been focused on 

downriver effects and little attention has been given to upriver effects.  Through a 

combination of field observations and laboratory experiments, we tested the hypothesis 

that abiotic conditions upriver of the dam are the mechanism for the lack of recruitment 

in pallid sturgeon (Scaphirhynchus albus), an iconic large-river endangered species.  

Here we show for the first time that anoxic upriver habitat in reservoirs (i.e., the 

transition zone between the river and reservoir) is responsible for the lack of recruitment 

in pallid sturgeon.  The anoxic condition in the transition zone is a function of reduced 

river velocities and the concentration of fine particulate organic material with high 

microbial respiration.  As predicted, the river was oxic at all sampling locations.  Our 

results indicate reservoirs are an ecological sink for pallid sturgeon.  A paradigm shift in 
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regulated-river management that includes upriver effects of reservoirs is needed to 

conserve pallid sturgeon and likely other large-river fishes. 

 

This paper has been accepted for publication in Fisheries-look for it in a coming issue. 
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219-‐3000EXECUTIVE	  SUMMARY	  
The	  oil	  and	  gas	  industry	  is	  proposing	  to	  conduct	  seismic	  geophysical	  surveys	  within	  Lake	  Sakakawea,	  
a	  reservoir	  in	  the	  Missouri	  River	  basin	  of	  central	  North	  Dakota.	  The	  Stony	  Creek	  3D	  seismic	  survey	  is	  
one	  such	  project	  proposed	  by	  Hess	  Corporation	  (Hess).	  If	  permitted,	  this	  project	  will	  include	  the	  use	  
of	  airguns	  within	  specific	  areas	  of	  Lake	  Sakakawea.	  Because	  there	  is	  little	  information	  on	  the	  effects	  
of	  seismic	  sound	  on	  fishes,	  Hess	  contracted	  CSA	  International,	  Inc.	  to	  design	  and	  conduct	  a	  study	  of	  
the	  potential	  effects	  of	  seismic	  sound	  on	  selected	  fish	  species	  living	  in	  Lake	  Sakakawea.	  
This	  Study	  was	  designed	  to	  assist	  in	  determining	  acceptable	  sound	  pressure	  levels	  to	  mitigate	  
possible	  impacts	  of	  such	  studies,	  and	  specifically	  by	  the	  Stony	  Creek	  3D	  seismic	  survey	  proposed	  by	  
Hess.	  The	  Study	  provides	  the	  quantified	  and	  statistically	  reliable	  data	  needed	  to	  evaluate	  the	  
possible	  risks	  associated	  with	  the	  use	  of	  the	  specific	  airgun	  array	  proposed	  for	  the	  Hess	  project,	  
including	  the	  specific	  sound	  pressure	  levels	  from	  that	  array,	  on	  species	  of	  concern	  (pallid	  sturgeon,	  
paddlefish,	  and	  walleye)	  in	  Lake	  Sakakawea.	  
The	  Study	  consisted	  of	  exposing	  caged	  specimens	  of	  the	  three	  species	  to	  impulsive	  sound	  generated	  
by	  a	  seismic	  airgun	  array	  using	  an	  experimental	  design	  that	  permitted	  a	  comprehensive	  statistical	  
analysis	  of	  results.	  Using	  this	  design,	  fish	  were	  placed	  in	  cages	  at	  different	  distances	  from	  the	  airgun	  
array	  in	  order	  to	  determine	  if	  there	  was	  a	  functional	  relationship	  between	  sound	  level	  and	  potential	  
effects	  on	  body	  tissues	  such	  as	  the	  swim	  bladder	  and	  kidney.	  Control	  fish	  were	  treated	  identically	  to	  
exposed	  fish	  except	  they	  received	  no	  seismic	  sound	  exposure	  when	  in	  the	  cages.	  
The	  single	  shot	  exposure	  paradigm	  used	  in	  this	  Study	  was	  selected	  because	  it	  was	  determined	  to	  be	  
the	  best	  simulation	  of	  the	  proposed	  seismic	  survey	  strategy.	  That	  plan	  calls	  for	  the	  seismic	  vessel	  
carrying	  the	  airgun	  to	  move	  along	  preplanned	  transects	  where	  a	  single	  shot	  would	  be	  generated	  by	  
the	  airgun	  array	  at	  each	  preplanned	  shot	  point.	  After	  a	  shot	  is	  completed	  the	  vessel	  would	  move	  on	  
the	  order	  of	  100	  m	  to	  the	  next	  location	  where	  another	  shot	  would	  be	  conducted.	  The	  distance	  
traveled	  by	  the	  airgun	  vessel	  would,	  most	  likely,	  assure	  that	  if	  a	  fish	  were	  exposed	  to	  two	  shots,	  one	  
shot	  would	  usually	  be	  much	  higher	  in	  energy	  than	  the	  other	  so	  that	  any	  observed	  effect	  could	  be	  
assumed	  to	  be	  in	  consequence	  primarily	  of	  the	  higher	  energy	  exposure.	  Thus,	  in	  this	  experiment,	  it	  
was	  decided	  that	  only	  a	  single	  shot	  would	  be	  appropriate	  to	  simulate	  the	  effective	  sound	  level	  to	  
which	  fish	  would	  likely	  be	  exposed	  during	  the	  actual	  survey.	  
Fish	  were	  exposed	  to	  a	  single	  shot	  from	  the	  airgun	  array.	  The	  signal	  levels	  at	  the	  source,	  and	  at	  the	  
cages	  in	  which	  fish	  were	  held,	  were	  continuously	  measured	  by	  a	  calibrated	  sound	  measurement	  
system.	  
The	  sounds	  to	  which	  fish	  were	  exposed	  simulated	  the	  sound	  to	  which	  fishes	  would	  be	  exposed	  in	  an	  
actual	  seismic	  survey.	  In	  such	  a	  survey,	  the	  seismic	  vessel	  moves	  330	  feet	  between	  shots.	  Thus,	  
under	  normal	  circumstances,	  fishes	  are	  highly	  likely	  to	  encounter	  only	  one	  shot	  at	  maximum	  
intensity;	  any	  other	  shots	  impinging	  on	  the	  fish	  would	  be	  substantially	  lower	  in	  intensity.	  
After	  the	  fish	  were	  exposed	  to	  the	  seismic	  array	  they	  were	  returned	  to	  the	  fish	  hatchery	  from	  which	  
they	  were	  obtained.	  The	  fish	  were	  held	  for	  7	  days	  post-‐exposure	  and	  then	  euthanized	  (sacrificed),	  
necropsied	  (autopsied),	  and	  examined	  for	  injuries	  that	  were	  potentially	  mortal.	  
ES-‐1	  
The	  results	  from	  the	  Study	  showed	  that	  there	  was	  no	  mortality	  to	  any	  of	  the	  pallid	  sturgeon	  or	  
paddlefish	  during	  exposure	  to	  the	  seismic	  airgun,	  even	  when	  the	  animals	  were	  in	  cages	  that	  were	  
approximately	  1	  to	  3	  m	  from	  the	  guns	  where	  the	  exposed	  peak	  negative	  sound	  pressure	  level	  (Peak-‐	  
SPL)	  was	  224	  dB	  re	  1	  μPa	  (205	  dB	  re	  1	  μPa2·∙s	  sound	  exposure	  level	  [SEL]).	  Moreover,	  there	  was	  no	  
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mortality	  over	  the	  7-‐day	  post-‐exposure	  holding	  period.	  
Necropsy	  on	  the	  pallid	  sturgeon	  and	  paddlefish	  included	  examining	  the	  swim	  bladder	  and	  kidney	  for	  
ruptures	  and	  hemorrhages.	  Damage	  to	  these	  tissues	  would	  potentially	  indicate	  a	  mortal	  injury,	  
resulting	  in	  death	  in	  wild	  animals.	  Statistical	  analysis	  of	  the	  data	  showed	  that	  there	  were	  no	  
differences	  in	  injury	  rates	  between	  exposed	  or	  control	  pallid	  sturgeon	  or	  paddlefish.	  
A	  similar	  study	  was	  conducted	  with	  both	  adult	  and	  young-‐of-‐year	  walleye.	  Unfortunately,	  most	  of	  
the	  exposed	  and	  control	  fish	  died	  due	  to	  problems	  in	  handling	  the	  animals	  and	  issues	  with	  low	  
oxygen	  in	  the	  transport	  tanks.	  Therefore	  it	  was	  not	  possible	  to	  do	  any	  statistical	  analysis	  on	  the	  data,	  
thus	  the	  potential	  effects	  of	  seismic	  sound	  exposure	  on	  walleye	  could	  not	  be	  evaluated.	  
The	  results	  of	  the	  study	  for	  pallid	  sturgeon	  and	  paddlefish	  demonstrate	  that	  the	  probability	  of	  mortal	  
injury	  in	  either	  species	  was	  the	  same	  for	  exposed	  fish	  as	  it	  was	  for	  control	  fish	  at	  least	  to	  7	  days	  
post-‐exposure	  to	  sound	  from	  a	  seismic	  airgun	  array,	  the	  same	  size	  as	  that	  planned	  for	  the	  Stony	  
Creek	  3D	  seismic	  survey.	  
It	  is	  concluded	  that	  although	  each	  seismic	  survey	  differs	  in	  the	  size	  of	  the	  airgun	  array,	  operational	  
water	  depths,	  and	  in	  the	  species	  potentially	  affected,	  the	  results	  from	  the	  Study	  indicate	  levels	  of	  
impulsive	  seismic	  airgun	  sound	  that	  adult	  fish	  can	  be	  exposed	  to	  without	  immediate	  mortality.	  Thus,	  
it	  is	  clear	  from	  the	  results	  of	  this	  Study	  that	  pallid	  sturgeon	  and	  paddlefish	  with	  body	  mass	  on	  the	  
order	  of	  200	  to	  400	  g	  exposed	  to	  a	  received	  single	  impulse	  sound	  exposure	  level	  of	  205	  dB	  re	  1	  
μPa2·∙s	  did	  not	  die	  immediately	  or	  within	  7	  days	  of	  exposure,	  and	  that	  the	  probability	  of	  mortal	  injury	  
did	  not	  differ	  between	  exposed	  and	  control	  fish.	  
	  
The	  complete	  report	  can	  be	  found	  on	  the	  pallidsturgeon.com	  website	  under	  the	  Scientific	  
Publications	  heading.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Final Lower Yellowstone River IFN Approach Report December 5, 2013 

Executive	  Summary	  
The Missouri River natural resources Council requested the development of an approach 
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to determining Instream Flow Needs (IFN) for pallid sturgeon (Scaphirhynchus albus) 
and other native fish in a lower Yellowstone River from its confluence with the Bighorn 
River to its mouth at the Missouri River. This report provides the basis and background 
information for a recommended approach to determining instream flow needs. The 
approach presented here relies on existing data and other information that can be used to 
develop an instream flow recommendation for the lower Yellowstone River. Further it 
outlines additional data needed to go beyond use of the current data and provides 
recommendations for additional methodologies that could be employed with additional 
data gathering. 
There were three objectives to development of the flow recommendation approach.  
1) Review and analyze existing biological, hydrological, geomorphological data, as 
well as, the habitat requirements of the native fish assemblage and other relevant 
reports and studies to evaluate their adequacy for developing an instream flow regime for 
the lower Yellowstone River from its confluence with the Bighorn River to its mouth. 
2) Identify additional data collection and analysis needed, if any, to develop an 
instream flow regime for the lower Yellowstone River from its confluence with the 
Bighorn River to its mouth. The purpose of this objective is to identify information gaps 
in existing data in a way that allows the Upper Basin Pallid Sturgeon Working Group 
(UBWG) to determine if collecting additional information will substantially improve our 
understanding of pallid sturgeon instream flow requirements and is cost and time 
effective. 
3) Provide detailed recommendations on developing an instream flow regime for the 
lower Yellowstone River from its confluence with the Bighorn River to its mouth based 
on existing data, reports, and studies reviewed and analyzed in Objective 1 as well as 
additional data and analysis needs if any identified in Objective 2. The purpose of this 
objective is to create a comprehensive plan for the UBWG to follow in developing 
instream flow requirements for pallid sturgeon in the Yellowstone River. 
We used an electronic data search and meetings with key agencies and individuals to 
locate the existing data. There are online data available on websites from agencies 
such as MFWP, USFWS, USGS, and Yellowstone River Conservation District Council. 
We supplemented the online search with personal contacts at these agencies. After the 
data was located and acquired, we cataloged the data according to subject with keywords 
and search terms. When practical, we used searchable electronic file formats to assist in 
the development of a strategy for developing instream flow need for pallid sturgeon and 
associated ecosystem in the Yellowstone River. We used the results of the data review to 
identify specific data gaps or limitations in the existing data sets. Any data gaps also 
included a list of approximate time and cost to acquire the data and what benefit that data 
may bring to developing and instream flow regime. 
 
 Detailed recommendations are included in this report, which documents the existing data 
(with a list of the documents in the references section and full reports, when available on 
a separate CD), a review of the existing data and its applicability to developing an 
instream flow regime, a discussion of data gaps and the cost and benefit of obtaining the 
missing data to develop an instream flow recommendation. 
The potential approaches for developing instream flow recommendations range from 
river wide techniques based on generalized metrics to site specific approaches based on 



92  

the needs of a specific species or group of species. The broad based approach is more 
appropriate where knowledge about flow-habitat needs of specific life stages or species 
are limited and generalized flow-ecology relationships can be derived. Site specific 
approaches are more appropriate where data or studies about individual species or groups 
of species have been collected. Several key ecosystem components are needed for 
defining instream flow needs and making instream flow recommendations. A 
comprehensive flow regime includes components of hydrology, geomorphology, biology, 
water quality and connectivity (Annear et al. 2004). There are approaches to instream 
flow determinations that include some but not all of these components. 
The data requirements for each method or hydraulic model are similar but vary in the 
level of detail required. For each hydrologic approach, the data include hydrologic data, 
either gaged or synthesized for each stream or stream reach. Hydraulic model data 
include a channel description, stage–discharge relationships, hydrologic data, and, for the 
habitat suitability models, habitat suitability of use criteria for each species of interest. 
The hydrologic approaches require hydrology data for each stream or stream reach of 
interest. These data include, average annual discharge and if available, monthly or daily 
flow statistics to determine hydrograph shape. Hydrologic data sets for the lower 
Yellowstone River and Missouri River are available from USGS gage records. Habitat 
suitability of use criteria is required for any approach that couples hydraulic simulations 
and habitat use. For each approach, either one-dimensional or two-dimensional, 
hydrologic data are required, which are used to develop the relationship of flow with 
time. 
Fish species have certain habitat requirements that can differ by life stage and by season. 
Data for habitat studies on pallid sturgeon and other key fish were reviewed to determine 
data for habitat use. Since the historical range of the species was throughout the Missouri 
River basin, studies from other sections of the river were included in the analysis to 
broaden the data sets for the habitat analysis. Numerous studies on pallid sturgeon life 
history, biology, reproduction, and migration have been conducted on the lower 
Yellowstone River and Missouri River since the 1970s. Additional biological studies 
were conducted in the 1980s and 1990s and continue to present. These data are applicable 
to the development of instream flow recommendations for pallid sturgeon. 
The existing data from biological and physical habitat studies have sufficient information 
for use in making preliminary determinations of the instream flow needs for pallid 
sturgeon and other fish species in some reaches of the lower Yellowstone River. The 
evaluation of IFN for the Missouri River was not included in the original scope of work, 
however, after the data analysis and review it is apparent that adequate data exists to 
include the Missouri River from Fort Peck Dam downstream to the Yellowstone River in 
an Instream Flow Recommendation for Pallid Sturgeon. Many of the same data that 
would be utilized for the lower Yellowstone River are applicable to the Missouri River 
downstream of Fort Peck Dam. Further, the telemetry studies for pallid sturgeon 
document the use of both rivers by individual pallid sturgeon over multiple years. This 
biological link demonstrates the importance of developing concurrent instream flow 
recommendations on both rivers. 
The instream flow determinations should include seasonal periodicity for the main 
species of interest and other species upon which they depend. Examples of this 
periodicity include spawning migrations, larval drift, and juvenile and adult feeding and 
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resting behaviors. The instream flow determinations should specify which species and 
lifestage is the priority for each month or time period. The determinations should also 
include the rationale for how the determinations benefit other species present during 
those specific time periods. 
The data analysis process for the instream flow determination downstream of Intake Dam 
would require the use of existing River2D data sets combined with the existing habitat 
use data. The habitat suitability criteria would need to be calculated from the existing 
habitat use data sets. This analysis would likely require one to two weeks time after all 
data sets are acquired. The data from the Gerrity studies has been acquired and is in 
digital form. The data from studies by Bramblett, Fuller and Bratten would need to be 
acquired. The data from the recent migration studies and larval drift studies would need 
to be obtained from the researchers. 
The USGS collected River2D data sets that were evaluated as part of this project. River 
2D simulation data files for the Intake, Elk Island, and Fairview sites are in digital form 
for a range of flows. New flows for those sites could be readily simulated if needed. 
Simulations for new flow would require approximately 1 day per flow. River2D data files 
from the Missouri River sites were acquired with the lower Yellowstone River River2D 
files. The Missouri River River2D files would need to have further evaluation but a 
preliminary analysis shows that the data sets could be used. 
Habitat output for analysis could either be directly taken from River2D, if habitat 
suitability were generated for the model, or could be analyzed in a GIS framework. The 
habitat-flow relationships generated by River2D can be combined with hydrology data 
for a time series analysis. 
A site-specific instream flow study is recommended upstream of Intake Dam on the 
lower Yellowstone River. A new instream flow study for site specific data is needed to 
develop instream flow needs for the lower Yellowstone River from Intake Dam upstream 
to the Bighorn River. While there are several potential instream flow techniques that 
could be applied, a two dimensional hydraulic model is recommended. The preferred 
model for the study is River2D from the University of Alberta to be consistent with other 
instream flow studies conducted on other sections of the lower Yellowstone River. 
River2D was used for instream flow studies downstream of Intake Dam and on the 
Missouri River between the Yellowstone River and Fort Peck Dam. 
The complete report is available on the pallidsturgeon.com website under the Scientific 
Publications heading. 
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Summary   
 In 2013, flows were generally below average at both Fort Benton and Landusky 
(Fred Robinson Bridge).  Peak flows were nearly average at Fort Benton but discharge at 
Landusky was above flood stage in early June. A total of 451 pallid sturgeon were 
captured upstream of Fort Peck Reservoir in 2013. Three of these were wild fish.   
Hatchery raised pallid sturgeon (HRPS) from the 1997 year class and from 2004 and later 
year classes were also caught.  Thirty percent of the fish were from 2009 and 20% from 
2008.  During standardized trammel netting, pallid sturgeon were caught at a record high 
exceeding 2 per net; shovelnose catch, at 5.1 per net, was above the average of 4.2.  In 
2013, additional random trammel net sampling was added downstream of the long term 
section.  In the new lower reach, pallid sturgeon were the most common species captured 
(1.7 per net) and shovelnose sturgeon catch was less than 1 fish per drift.  Nearly all of 
the pallid sturgeon captured were located in the lowest 50 miles of the study area.  
However, all areas sampled with trammel nets downstream of the Marias confluence, 
captured HRPS in 2013.   
 In 2013, during radio telemetry studies, we monitored the movements of three 
wild adult and 19 HRPS in RPMA 1 for 522 relocation events.  Most (85%) of these 
relocations were obtained in the Fred Robinson Bridge section. A wild male pallid 
sturgeon, last captured in 2001 was netted in the vicinity of a radio tagged sexually 
mature 1997 HRPS. One 1997 HRPS was relocated in the Marias River in August and 
September. 
 The Marias River is an important tributary for sturgeon.  This was the second 
sequential year of experimental flow releases from Tiber dam to evaluate their spawning. 
In 2013, Tiber outflows were raised to 2,000 cfs for 10 days in mid-June.  Shovelnose 
sturgeon did not appear to spawn during the controlled 7 week release of 1,000 cfs in 
2012.  Sturgeon larvae and embryos were captured in the Marias in 2013; spawning 
appeared to occur at 1990 cfs.   There appears to be a trigger flow between 1,000 and 
2,000 cfs for adult shovelnose sturgeon to enter the Marias River.  This contrasts with the 
mainstem Missouri where shovelnose sturgeon movements do not appear to be 
influenced by flow.  As the HRPS mature it will be worthwhile to monitor their 
movements to see if they use the Marias and Teton Rivers for spawning.  If pallid 
sturgeon spawned in these tributaries there should be sufficient larval drift distance for 
juvenile recruitment. 
 
 
Results  
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 RPMA 1 is over 200 miles long and extends from Morony Dam downstream to 
the headwaters of Fort Peck (Figure 1).  Pallid sturgeon population monitoring was 
primarily conducted in the lower 50 miles of RPMA 1 and included trammel netting, set 
lines and radio telemetry.  In 2013, Missouri River flows were generally below average at 
both Fort Benton and Landusky.  Peak flows were nearly average at Fort Benton (Figure 
2), but peak flow at the Landusky was above flood stage; the Missouri River climbed 9 ft 
in 18 hours there in early June (Figure 3).   
 A total of 451 pallid sturgeon were captured upstream of Fort Peck Reservoir in 
2013. Three were wild pallid sturgeon.  The remainder were HRPS from the 1997 year 
class and from 2004 and later year classes.  Setlines were the most effective sampling 
method.  Thirty percent of the fish were from 2009 and 20% from 2008 (Table 1).  
Growth rates for the older year classes were much less in 2013 than in 2012 (Table 1).   
The youngest year class did exhibit good growth this year.  During standardized trammel 
netting, pallid sturgeon were caught at a record high exceeding 2 per net; shovelnose 
CPUE, at 5.1 per net, was above the average of 4.2 per net (Figure 4).    In 2013, 
additional random trammel net sampling was done downstream of the long term section.  
The new section was from Rock Creek to the headwaters of Fort Peck.  In that reach, 
pallid sturgeon were the most common species captured (1.7 per net) and shovelnose 
sturgeon catch was less than 1 fish per drift (Figure 4).   Starting in 2008, set lines have 
been deployed in a standardized manner; pallid sturgeon catch rates have hovered around 
2.5 per set since 2010 (Figure 5).   Channel catfish, sauger and shovelnose sturgeon are 
other species frequently captured with set lines.   Setline catch rate of shovelnose 
sturgeon has declined over the years (Figure 5).  We compared HRPS year class CPUE 
for different gear types and locations. This evaluation indicated that year class catch was 
similar with standard trammel, lower reach trammel and long lines (Figure 6).  For 
example the 2009 year class was the most frequently sampled in all cases (Figure 6). 
 Nearly all pallid sturgeon were sampled in the lowest 50 miles of RPMA 1, but 
this was due in part, to biased sampling.  In 2013, pallid sturgeon were captured in every 
general location where the efficient sturgeon sampling techniques of set lining, trawling 
and trammel netting were used (Figure 7).   However, the Fred Robinson area had a very 
high percentage of catch in relation to effort (Figure 7).  Trawling for deep water minnow 
species is completed annually in the lower part of RPMA 1.  In the last two years, despite 
excellent sampling conditions of fairly low flow, CPUE of sicklefin chub has been at 
record low levels.   Sturgeon chub catch has also been low for such excellent sampling 
conditions (Figure 8).  Pallid sturgeon numbers have been steadily increasing in RPMA 
1.  The favorite prey items of juvenile pallid sturgeon appear to be sicklefin and sturgeon 
chub (Gerrity et al. 2006).  The reduction in CPUE of these chubs is a concern if it 
represents a real decline.  Continued or more extensive monitoring will be helpful to 
identify the impacts of increasing pallid numbers on the entire RPMA 1 fish community.  
Fisheries staff in RPMA 1 has been coordinating with other agencies to inform anglers 
and the public about the endangered pallid sturgeon and pallid sturgeon identification 
(Figure 9).  Education of anglers will increase in importance as more anglers begin to 
catch HRPS.  
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Figure 1.  Map of the study area, pallid sturgeon recovery management area 1 (RPMA – 

1), Middle Missouri River, MT. 
   

 
Figure 2.  Mean daily flows at the Fort Benton in 2013 compared with the 123 year 

median. 
 

 
Figure 3.  Mean daily flow at Landusky in 2013 compared with the 79 year median. 
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Table 1.  Number of pallid sturgeon captured in the Middle Missouri River, MT in 2013, 

by method and year class. Includes year classes determined from genetic 
sampling. 

 
Year 

Stocked 
Long 
line 

 
Other 

Trammel  
net 

 
Trawl 

  
Total 

Growth 
2012 

Growth 
2013 

1997 15  12  27 55 -7 
2004 1  1  2   
2005 28 4 17  49 43 5 
2006 32  25  57 30 8 
2007 23  17 2 42 57 6 
2008 53 3 29 1 86 51 21 
2009 63 3 74 4 144 85 38 
2010 13  19  33 47 82 
2012   2  2   

UNKNOWN 3  3  6   
WILD   3  3   

Grand Total 231 10 202 7 451   
 
 

 
Figure 4.  Pallid sturgeon and shovelnose sturgeon catch rate trend for standardized fall 

trammel netting population assessment surveys conducted in the Middle Missouri 
River, 1996 – 2013.   
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Figure 5.  Catch rate of four species (2008 – 2013) in standard April long lines RM 1880 

– 1930.  

 
Figure 6.   Catch by year class for two locations of trammel nets compared with setlines. 
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Figure 7.   Percent of pallid sturgeon caught in relation to intensity of sampling for 
sturgeon efficient gear including trammel nets, long lines and trawls.  

 

 
Figure 8.  Catch rate of minnow species captured in deep water habitats with a beam 

trawl; compared with mean August flow at the Fred Robinson Bridge.  
 

 
Figure 9. Metal 2 x 3 foot sign to be installed at access points on the Missouri River 

upstream of Fort Peck in 2013. 
 
Radio Telemetry 

In 2013, we used radio telemetry to monitor the movements of three wild adults 
and 19 hatchery-reared pallid sturgeon in RPMA 1.  These 22 individuals accounted for 
522 relocation events.  Most (85%) of these relocations were obtained in the Fred 
Robinson Bridge section (RM 1867.0-1943.9) of the Missouri River.  Our focus on the 
lower river for radio installations likely biases relocations towards the lower river. One 
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1997 HRPS of unknown stocking location was relocated in the Marias River from 15 
August to 18 September 2013. Although these relocations were not obtained during the 
spawning or pulse period it is still the first direct evidence of Marias River use by pallid 
sturgeon in this study (Figure 10).   
 

 
	  
Figure 10.  Movement history for a HRPS in the Marias River, 2013.  The parallel 

vertical bars represent the presumed spawning season for pallid sturgeon based on 
temperature and flow.  The circled area denotes the time that the individual spent 
in the Marias River. 

 
We tracked the reproductive and movement history of a wild, female pallid 

sturgeon from 2010-2013 (Figure 11).  In 2010, she was spawned at the Miles City 
hatchery.  It was presumed that she was reproductively inactive in 2011.  We recaptured 
her in the spring of 2012 and based on hormone analysis (Molly Webb, Bozeman fish 
technology center) it was determined that she was reproductively active.  We closely 
followed her movements in 2012.  She was relocated a number of times near Fred 
Robinson Bridge (RM 1924.0) during the presumed spawning season in the vicinity of a 
ripe male, HRPS from the 1997 year class.  Conclusive attempts to spawn or actual 
successful spawning was not documented for this individual.  She was re-transmittered in 
the fall of 2013 as a black-egg female.  We assumed she would be reproductively active 
in 2014.  But histological analysis of her eggs in fall 2013 revealed a very low 
polarization index (PI= 0.17) for fall.  This low index is confusing but indicates she may 
have spawned in 2012 and the egg maturation is delayed or she may have been atretic in 
2012. We plan to recapture her in spring 2014 to determine spawning status and continue 
reproductive and movement monitoring.    

Figure 12 shows the movement patterns of a reproductively inactive and a 
reproductively active (male) both 1997 HRPS.  During the spawning period, targeted 
trammel netting was conducted near the reproductively active individual.  This effort 
resulted in the capture of an adult, wild, male pallid sturgeon that was last captured in 
2001.  The gametes from this male were cryopreserved in 2001 and his progeny have 
been recaptured below Fort Peck Reservoir. Some circumstantial evidence indicates that 
reproductively active individuals exhibit higher overall movement distances than 
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reproductively inactive individuals.  This suggests that there may be behavioral as well as 
physiological indicators for reproductive condition.  We plan to deploy many more radios 
in HRPS as they reach sexual maturity.  This larger sample size will be useful to 
investigate both the physiology and behavior of spawning pallid sturgeon in future years.  
In 2014, we plan to work with Montana State University to monitor existing and newly 
tagged pallid sturgeon and to continue to recapture individuals to assess spawning 
condition.  Through these efforts we hope to identify spawning areas and potential 
upstream spawning areas.    
 
 

 
Figure 11.  Reproductive movements of a wild, female pallid sturgeon, 2011-2013.  The 

parallel vertical lines represent the yearly, presumed spawning periods.   
 

 
Figure 12.  Movement comparison of a reproductively active (RA) and a reproductively 

inactive (RI) hatchery-reared pallid sturgeon, 2013.  The parallel vertical lines 
represent the yearly, presumed spawning period.    

 
Marias River Sturgeon spawning  
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This was the second sequential year of experimental flow releases from Tiber dam 
to evaluate shovelnose sturgeon spawning.  The Marias is the only tributary upstream of 
Fort Peck where sturgeon have been recorded. The mouth of the Marias was one of the 
main areas where pallid sturgeon were historically captured (Gardner 1990).  Goodman et 
al. (2012) found that shovelnose spawned in 2006 and 2008 after the hydrograph peaked 
to at least 4,000 cfs.  Sturgeon reproduction in the Marias has also been verified by larval 
fish sampling in 1978 (Berg 1981), 1996 and 1997 (Gardner 1998); in all cases, spring 
discharge exceeded 3,000 cfs. Sturgeon spawning was not documented when peak flows 
reached 500 or 700 cfs (Goodman et al. 2012).  In 2012 and 2013 we conducted larval 
fish sampling above and below the Teton in the Maras River from late May into mid July 
(2012) or late July (2013).  Shovelnose sturgeon did not appear to spawn in the Marias in 
2012 under a controlled 7 week release of 1,000 cfs (Figure 13, Tews and Jensen 2013).  
In 2013, Tiber outflows were about 500 cfs until early June and were raised to 2,000 cfs 
for the experimental 10 day flow release (Figure 13).  During both years, the high 
releases occurred during optimal spawning temperatures of 60 -68 °F (Kappenman et al. 
2013).  Two sturgeon embryos and 7 sturgeon larvae were captured in 2013 during four 
sampling events (Table 2).  It takes at least four days for shovelnose sturgeon embryos to 
develop into larvae at 68 F (Columbo et al. 2007).   Therefore, in all cases, embryos and 
larvae corresponded to shovelnose sturgeon spawning at flows of 1990 cfs, or occurred 
immediately after the peak 2013 flow of 2050 cfs was recorded. Spawning appears to 
have started immediately when discharge reached 1990 cfs.   

We also evaluated adult shovelnose sturgeon use of the lower Marias River in 
relation to discharge.  Netting surveys in the lower Marias have not been standardized so 
CPUE does not necessarily reflect sturgeon abundance.  Instead, we looked at migration 
of radio-tagged adult shovelnose sturgeon into the lower Marias in relation to flow.   In 
recent years there have been over 100 radio-tagged shovelnose sturgeon in the Missouri 
River above Fort Peck.  We compared the number of shovelnose found in the mainstem 
Missouri above Little Sandy Creek (RM 2025) to the number entering the Marias.   Less 
than 15% of radio tagged adult shovelnose sturgeon that were recorded upstream of Little 
Sandy Creek in the Missouri entered the Marias during low flow (1,000 cfs or less) years; 
At least 30% entered the Marias during years where flow exceeded 1,900 cfs (Table 3). 
This indicates there is a trigger flow between 1,000 and 2,000 cfs for adult shovelnose 
sturgeon to enter the Marias River. It seems likely this flow is closer to 2,000 cfs based 
on the flows observed for shovelnose spawning.  This behavior differs from that seen in 
this reach of the mainstem Missouri, where shovelnose movements do not appear to be 
influenced by low or high discharge (Richards et. al 2013).  As the HRPS mature it will 
be worthwhile to monitor their movements to see if they use the Marias and Teton Rivers 
for spawning.  Past work indicates sturgeon will migrate up the Teton when flows reach 
approximately 300 cfs. Sturgeon larvae have been sampled from the Teton during high 
flow years (Gardner 1998).  Suitable sturgeon spawning habitat likely exists about 100 
miles upstream which may have implications for pallid sturgeon reproduction.  The Teton 
has major dewatering problems, but in high flow years can have flows well above 300 cfs 
for weeks. If pallid sturgeon spawned in these tributaries there should be adequate drift 
distance above Fort Peck. 
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Figure 13.   Temperatures and flows of the Marias River -at Loma for 2012 and 2013.  

Dark box corresponds to optimal sturgeon spawning temperatures of 60 -68 F 
(Kappeman et al. 2013). 

 
Table 2.  Sturgeon larvae sampled in the Lower Marias in 2013. 

Date CFS Loma Embryo Larvae Temp F 
5/28/2013 468 0 0 59.5 
6/4/2013 787 0 0 54.1 

6/10/2013 663 0 0 65.7 
6/13/2013 1550 0 0 64.0 
6/17/2013 1910 1 0 64.9 
6/20/2013 1990 0 0 64.7 
6/24/2013 2000 1 4 66.3 
6/27/2013 989 0 1 68.6 
7/1/2013 967 0 2 76.5 
7/3/2013 691 0 0 79.1 

7/10/2013 690 0 0 75.5 
7/16/2013 670 0 0 72.4 
7/22/2013 659 0 0 74.8 
7/30/2013 730 0 0 70.9 

 
Table 3.Percent of radio-tagged shovelnose sturgeon (SNS) that were relocated above 

Little Sandy Creek on the Missouri River (RM 2025) that entered the Marias 
River by year, compared with evidence of sturgeon reproduction.  

 
 
 
 

Year 

 
High 

June Q 
Chester 

CFS 

 
Mean 

June Q 
Chester 

CFS 

 
Teton 
high 

June Q 
CFS 

 
Teton 
mean 

June Q 
CFS 

Mean 
June 

temp F 
Mouth 
Marias 

 
# 

SNS 
>RM 
2025 

 
# 

Mar 
RM 
0.5 

 
 

Larval 
sturgeon 
sampled 

 
% of SNS 
above RM 
2025 in the 

Marias 
2006 4,740 1583 338 99 66.8 19 8 Yes 42.1 
2007 521 504 37 10 69.4 28 4 No 14.3 
2008 4,200 1,512 459 256 63.7 53 16 Yes 30.2 
2009 639 568 121 88 66.3 66 9 No 13.6 
2010 570 517 293 146 65 80 5 Not 6.3 
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evaluated 
2012 1,030 972 122 65 65 51 5 No 9.8 
2013 1,990 1,500 125 65 64.9 46 14 Yes 30.4 
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Lower	  Yellowstone	  River	  Pallid	  Sturgeon	  Progress	  Report	  
	  

	  
Period	  covered:	  January	  2013	  –	  March	  2014	  
	  
Author:	  	  Mathew	  Rugg	  
Lower	  Yellowstone	  River	  Biologist	  
Montana	  Fish,	  Wildlife	  &	  Parks	  
Glendive,	  MT	  59330	  
(218)	  205-‐6132	  
email:	  mrugg@mt.gov	  

	  
The	  following	  activities	  summarize	  Yellowstone	  River	  pallid	  sturgeon	  research	  and	  

recovery	  activities	  in	  2013.	  
	  
	  

Multiple	  research	  and	  recovery	  activities	  occurred	  in	  2013.	  	  Flow	  conditions	  in	  2013	  
were	  similar	  to	  those	  of	  2012.	  	  Daily	  flow	  conditions	  during	  2013	  were	  similar	  to	  historic	  daily	  
mean	  discharges	  through	  June.	  	  Low	  precipitation	  resulted	  in	  discharges	  below	  average	  from	  
July	  to	  September	  (Figure	  1).	  	  The	  annual	  mean	  discharge	  was	  also	  slightly	  below	  the	  historic	  
mean	  (since	  1967	  when	  record	  began)	  at	  the	  USGS	  gauging	  station	  near	  Sidney,	  Montana.	  
	  
	  
PALLID	  STURGEON	  MONITORING	  
	  

Annual	  targeted	  monitoring	  of	  hatchery-‐reared	  pallid	  sturgeon	  was	  conducted	  using	  
primarily	  drifted	  trammel	  nets	  and	  some	  baited	  trotlines.	  	  The	  data	  derived	  from	  these	  efforts	  
are	  used	  in	  multiple	  ways,	  but	  the	  most	  important	  is	  to	  estimate	  survival	  of	  stocked	  pallid	  
sturgeon.	  	  Survival	  estimates	  are	  generated	  by	  Jay	  Rotella	  utilizing	  these	  data	  and	  by	  data	  
collected	  by	  other	  field	  crews.	  	  Bluff	  pool	  habitats	  between	  Intake	  Diversion	  and	  the	  confluence	  
with	  the	  Missouri	  River	  are	  traditional	  focal	  points	  of	  our	  efforts.	  	  In	  2013,	  low	  flow	  conditions	  
created	  low	  velocities	  within	  these	  habitats	  and	  subsequently	  these	  low	  velocities	  created	  
difficult	  trammel	  netting	  conditions.	  	  	  
	  
RESULTS	  

In	  2013,	  247	  trammel	  nets	  were	  deployed,	  yielding	  a	  total	  netting	  effort	  of	  
approximately	  71	  hours	  and	  83	  km	  drifted.	  Fourteen	  trotlines	  were	  set	  over	  a	  two	  day	  period.	  	  
The	  average	  soak	  time	  for	  trotlines	  was	  8	  hours.	  	  Trammel	  nets	  accounted	  for	  all	  of	  the	  sampled	  
sturgeon.	  	  A	  total	  of	  93	  hatchery-‐reared	  pallid	  sturgeon	  were	  captured	  ranging	  in	  size	  from	  273	  
mm	  to	  1420	  mm,	  with	  the	  majority	  of	  the	  catch	  (75%)	  comprised	  of	  individuals	  between	  350	  
and	  450	  mm.	  	  	  Pallid	  sturgeon	  catch	  rates	  by	  hour	  (1.3	  fish/hr)	  and	  by	  distance	  (1.1	  fish/km)	  
were	  the	  lowest	  on	  record.	  	  	  

Data	  from	  the	  2013	  efforts	  revealed	  the	  largest	  proportion	  of	  pallid	  sturgeon	  captured	  
consisted	  of	  the	  2010	  and	  2012	  year-‐classes.	  	  The	  2008	  and	  2009	  year-‐classes	  had	  the	  second	  
highest	  proportion	  of	  pallid	  sturgeon	  captured.	  	  Pallid	  sturgeon	  stocked	  at	  Intake	  continued	  to	  
represent	  the	  largest	  proportion	  of	  stocking	  location	  captures	  in	  2013.	  	  The	  upstream	  stocking	  
location,	  Fallon,	  had	  the	  second	  highest	  proportion	  of	  individuals	  represented	  in	  the	  total	  
captures.	  
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TARGETED	  PALLID	  STURGEON	  MONITORING	  UPSTREAM	  OF	  INTAKE	  DIVERSION	  DAM	  
	  

Monitoring	  of	  hatchery-‐reared	  pallid	  sturgeon	  upstream	  of	  Intake	  diversion	  dam	  began	  
in	  2011	  and	  was	  repeated	  in	  2012	  and	  2013.	  	  Previous	  telemetry	  investigations	  suggested	  
suitable	  pallid	  sturgeon	  habitat	  is	  available	  upstream	  of	  Intake	  diversion	  dam.	  	  In	  addition	  to	  
annual	  spring	  sauger	  and	  walleye	  tagging	  efforts,	  targeted	  sampling	  was	  conducted	  to	  
document	  presence	  of	  juvenile	  pallid	  sturgeon	  above	  Intake	  diversion	  dam.	  	  Trammel	  net	  
sampling	  focused	  on	  bluff	  pools	  and	  relatively	  deep	  runs	  between	  Intake	  diversion	  and	  Terry	  
Bridge.	  	  	  
	  
RESULTS	  

Eight	  days	  of	  netting	  effort	  above	  Intake	  diversion	  dam	  resulted	  in	  71	  total	  trammel	  net	  
drifts	  that	  equated	  to	  17	  netting	  hours	  and	  18.4	  km	  drifted.	  	  The	  effort	  resulted	  in	  the	  capture	  of	  
two	  pallid	  sturgeon	  and	  91	  shovelnose	  sturgeon.	  	  The	  two	  captured	  pallid	  sturgeon	  were	  both	  
caught	  on	  April	  18th,	  during	  sampling	  aimed	  at	  catching	  walleye	  and	  sauger.	  	  The	  resultant	  pallid	  
sturgeon	  catch	  rate	  above	  Intake	  diversion	  dam	  was	  0.12	  fish/hr	  and	  0.11	  fish/km	  while	  
shovelnose	  sturgeon	  catch	  rate	  was	  5.3	  fish/hr	  and	  4.9	  fish/km.	  	  Both	  pallid	  sturgeon	  and	  
shovelnose	  sturgeon	  catch	  rates	  were	  lower	  upstream	  of	  Intake	  than	  downstream.	  	  	  

One	  of	  the	  pallid	  sturgeon	  sampled	  upstream	  of	  Intake	  was	  a	  2010	  year-‐class	  individual	  
that	  was	  originally	  stocked	  near	  Fallon,	  Montana	  as	  a	  yearling.	  	  The	  second	  pallid	  sturgeon	  
captured	  upstream	  of	  Intake	  was	  a	  2001	  year-‐class	  individual	  that	  was	  originally	  stocked	  near	  
Sidney,	  Montana	  (RM	  31)	  as	  a	  yearling.	  	  Upon	  recapture	  in	  2013,	  the	  2001	  year-‐class	  individual	  
had	  a	  fork-‐length	  of	  792	  mm	  and	  a	  weight	  of	  1785	  g.	  	  This	  individual	  was	  of	  special	  interest	  as	  it	  
had	  passed	  upstream	  of	  the	  Intake	  diversion	  dam	  at	  some	  time	  after	  being	  stocked	  downstream	  
of	  the	  dam.	  	  Thus,	  the	  fish	  was	  equipped	  with	  a	  radio	  telemetry	  tag	  so	  as	  to	  monitor	  the	  
movements	  and	  river	  use	  of	  a	  juvenile,	  hatchery-‐reared	  pallid	  sturgeon	  that	  is	  nearing	  maturity.	  	  
A	  total	  of	  16	  relocation	  events	  took	  place,	  with	  at	  least	  one	  relocation	  occurring	  each	  month	  
through	  December.	  	  	  The	  fish	  was	  relocated	  consistently	  at	  or	  below	  the	  Powder	  River	  
confluence	  (RM	  147)	  through	  April	  and	  early	  May.	  	  From	  mid-‐May	  through	  early	  July,	  the	  fish	  
was	  relocated	  directly	  upstream	  of	  Wolf	  Rapids	  (RM	  151).	  	  Subsequently	  the	  fish	  moved	  back	  
downstream	  to	  the	  Powder	  River	  confluence	  from	  mid-‐July	  through	  early	  September.	  	  In	  late	  
October,	  the	  individual	  was	  relocated	  near	  the	  Kinsey	  bridge	  (RM	  170),	  and	  the	  remainder	  of	  
relocations	  through	  March	  2014	  were	  in	  this	  same	  vicinity.	  	  	  

	  
	  

MIGRATION	  PATHEWAYS,	  HABITAT	  USE,	  AND	  REPRODUCTION	  OF	  PALLID	  STURGEON	  
	  
This	  was	  year	  three	  of	  a	  collaborative	  effort	  between	  USGS	  and	  Montana	  FWP	  

investigating	  and	  assessing	  migration	  pathways,	  habitat	  use	  and	  reproduction	  of	  pallid	  sturgeon	  
in	  the	  Yellowstone	  River.	  	  The	  research	  need	  stems	  from	  recovery	  efforts	  to	  attain	  passage	  at	  
Intake	  diversion	  dam,	  where	  limited	  data	  are	  available	  regarding	  migrations	  and	  reproduction	  of	  
pallid	  sturgeon.	  	  Additionally,	  the	  data	  will	  be	  utilized	  to	  derive	  comparison	  of	  pallid	  sturgeon	  
migrations	  in	  the	  natural	  Yellowstone	  River	  to	  those	  of	  the	  lower	  channelized	  Missouri	  River.	  	  
Efforts	  to	  monitor	  pallid	  sturgeon	  reproduction	  in	  the	  Yellowstone	  River	  is	  warranted	  to	  
examine	  temporal	  periodicity	  of	  spawning	  events	  in	  relation	  to	  environmental	  conditions	  and	  to	  
quantify	  specific	  habitat	  on	  spawning	  grounds	  in	  a	  natural	  system.	  	  Objectives	  of	  the	  research	  
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were	  1)	  examine	  migration	  pathways-‐timing,	  extent,	  main	  and	  side	  channel	  use	  and	  approach	  to	  
Intake	  2)	  analyze	  habitat	  use-‐depths	  and	  velocities	  3)	  document	  spawning-‐timing,	  habitat	  and	  
location	  4)	  document	  the	  hatch	  of	  embryos.	  	  

	  
Beginning	  in	  early	  April,	  we	  conducted	  manual	  tracking	  runs	  for	  telemetered	  adult	  fish	  

on	  the	  Yellowstone	  River	  at	  intervals	  ranging	  from	  once	  per	  week	  to	  once	  per	  day.	  	  Tracking	  
data	  was	  supplemented	  with	  telemetry	  ground	  stations.	  	  Depth	  and	  velocity	  of	  pallid	  sturgeon	  
migration	  pathways	  were	  quantified	  using	  an	  acoustic	  Doppler	  current	  profiler	  (ADCP).	  	  Blood	  
and	  gonad	  samples	  were	  submitted	  to	  Molly	  Webb	  for	  verification	  of	  spawning	  or	  atresia.	  	  
Larval	  trawls	  were	  conducted	  in	  attempt	  to	  capture	  embryos.	  	  	  
	  
RESULTS	  
	   Results	  of	  this	  research	  will	  be	  available	  by	  Braaten	  et	  al.	  in	  early	  2014.	  	  
	  
	  

 
Figure	  1.	  Yellowstone	  River	  daily	  mean	  discharge	  for	  2013	  and	  historic	  daily	  median	  discharge	  
near	  Sidney,	  Montana	  (USGS	  gaging	  station	  06329500).	  Data	  provided	  by	  USGS.	  
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RPMA-1 Recommendations:  

! Monitor pallid population densities/growth/condition to ensure population is at 
objective 

! Stock pallid sturgeon to increase genetic diversity and follow genetic stocking 
plan  

! Take genetics from hatchery raised pallid sturgeon to identify to family if 
needed. 

! Expand pallid sturgeon sampling upstream to the mouth of the Marias 
! Monitor sturgeon reproductive status and attempt to determine spawning habitat 

and conditions in Marias and Missouri Rivers with telemetry. 
! Continue to sample for minnow abundance in pallid sturgeon habitat 

! Evaluate/pursue system operations that encourage more natural river 
habitat  

! USBR to provide more natural flow conditions from Tiber and Canyon 
Ferry Dams 

! USACE to provide Ft Peck Reservoir pool level that protects upstream 
riverine habitat  

! Expand public education program 
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Brief Update on Montana’s Pallid Sturgeon Population Assessment Program 

Tyler M. Haddix, John Hunziker, Landon Holte and Ryan Lott 
 
Montana has been part of the Missouri River basins Pallid Sturgeon Population 
Assessment Program since 2006. The 2013 field season was the eight consecutive year 
that standardized sampling for pallid sturgeon and other native fishes occurred 
downstream of Fort Peck Dam.  The Population Assessment Program has two main 
goals; the first is to provide the information to detect changes in pallid sturgeon and 
native target species population in the Missouri Basin.  The second goal is to provide the 
information to determine habitat preferences over time for pallid sturgeon and native 
target species within the Basin.  Underlying the goals of the program are the three main 
objectives. The first is to evaluate annual and long-term trends in pallid sturgeon 
abundance and geographical distribution throughout the Missouri River System.  The 
second objective is to evaluate annual results and long-term trends in habitat usage of 
pallid sturgeon by season and life stage.  The third objective is to evaluate population 
structure and dynamics of pallid sturgeon in the System. 
In Montana, the Population Assessment Program has broken the Missouri River into 
three Segments, with the first situated from Fort Peck Dam downstream to the mouth of 
the Milk River.  Segment 2 is from the mouth of the Milk River downstream to Wolf 
Point, MT.  Segment 3 is downstream of Wolf Point to the confluence of the Yellowstone 
River.  The USFWS samples Segment 4, which is situated in North Dakota from the 
confluence of the Yellowstone River downstream to the headwaters of Lake Sakakawea.  
Standard random sampling of at least 25 percent of the river bends are sampled in each 
Segment during both the Sturgeon Season (ice off until June 30) and the Fish Community 
Season (July 1 to October 30).  Trammel nets, otter trawls and trotlines are used during 
both seasons, while mini fyke nets are added during the Fish Community Season.  
Since 2006, a total of 1,761 hatchery reared juvenile pallid sturgeon have been captured 
in the Missouri River downstream of Fort Peck Dam.  Of the total, 1,339 were captured 
in Segment 3 (Downstream of Wolf Point) and 422 were captured in Segment 2 
(Upstream of Wolf Point).  From 2006 to 2010 the majority of pallid sturgeon captured 
occurred in downstream areas of Segment 3.  However, during and post the high flows 
that occurred in 2011 a large proportion of pallid sturgeon have been captured in 
upstream areas, when compared to years prior to the flood.   
The size structure of hatchery reared pallid sturgeon in Segment 2 and 3 has changed 
since 2006, although the shift in length has been slow.  The average length of hatchery 
reared pallid sturgeon captured in 2006 was 263 mm, while in 2013 the average has 
increased to 403 mm.  Data on age at length over time has indicated that growth rates for 
all year classes are began slowing down over the last three years.  This could be a sign 
that the carrying capacity of sturgeon is close to being reached, however more analysis 
needs to be done to better understand the mechanisms at play. 
While growth of hatchery produced pallid sturgeon residing in Segments 2 and 3 has 
been relatively slow, their average relative condition has not changed appreciably.   
 
Over the eight sampling years a total of 13 different year classes of hatchery reared pallid 
sturgeon have been captured.  The majority of the fish have come from the 2005 to the 
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2010 year classes.  Very few of the oldest year classes (1997 to 1999) have been sampled 
in Segments 2 or 3. 
Although the Population Assessment sampling has captured more pallid sturgeon in 
every subsequent year of sampling, the increasing trend in catch has not been observed in 
the catch-per-unit-effort of the standard pallid sampling gears.  The zero inflated data 
(lots of nets with zero catches) makes the data difficult to analyze and more powerful 
non-parametric analysis needs to be conducted to better understand how much the 
population of pallids and other native fishes have changed over the past eight years.  
Population Assessment data have been used in Dr. Jay Rotella’s survival estimate work 
and from that work we believe that the hatchery reared pallid sturgeon in RPMA 2 are 
surviving at a relatively high rate, which should be increasing the population size of 
pallids based on the historic stocking rates.  The U.S. Army Corps of Engineers will be 
contracting out a Power Analysis of the Population Assessment data in the near future, 
which will be very beneficial in identifying how powerful the data we have and continue 
to collect meet the overall goals and objectives of the Program. 
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Pallid Sturgeon Population Assessment Program - Segment 4 Update 
USFWS Bismarck 

Ryan Wilson 
Since 2005 the US Fish and Wildlife Services Bismarck Office has been sampling 
segment 4 of the Population Assessment Program funded by the US Army Corps of 
Engineers.  Segment 4 is the Missouri River from its confluence with the Yellowstone 
River downstream to the headwaters of Lake Sakakawea.  This segment is approximately 
55 river miles in the length and is characterized by a fairly natural flow regime due to the 
influence of the unregulated Yellowstone River. 
2013 was the ninth year of standardized sampling in segment 4.  Three hundred seventy 
five pallid sturgeon were captured in 2013 which is the second highest total (2012 n = 
734).  Eleven wild adults and one pallid/shovelnose sturgeon hybrid were collected while 
the remaining 360 were hatchery released pallids.  The eleven wild adults were the most 
captured in nine years of random sampling.  The hybrid is the fourth hybrid captured in 
segment 4 since 2005.  Thirteen of the fourteen year classes that have been stocked above 
segment 4 were captured in 2013.  The only year class not sampled was the 1998 year 
class which had only 200 individuals stocked.  The majority of hatchery released pallids 
that were collected were from the 2006-2009 year classes which had more than 10,000 
individuals stocked annually.    
Three gears are used to capture pallid sturgeon: trammel nets, otter trawls and trotlines.  
Trammel nets are the most effective gear for capturing pallid sturgeon in segment 4.  The 
number of captures of pallid sturgeon with trammel nets has steadily increased with the 
exception of 2010 when 599 were collected. Catch per unit effort of pallid sturgeon in 
segment 4 with trammels shows a slight upward trend which coincides with the increased 
number of stocked juvenile pallids (Figure 1). 
For the fourth consecutive year our office, along with Montana Fish Wildlife and Parks’ 
Fort Peck office, has conducted a targeted sampling effort using trammel nets in segment 
4.  The main objective of this effort is to use the pallid captures to populate survival 
estimate models.  During this four day effort 200 pallid sturgeon were captured with 37 
being collected multiple times.  Two adults were also captured. 
Since 2005, 1,952 hatchery released juveniles, 104 wild adults and 4 hybrids have been 
captured in segment 4.  Eighteen radio transmitters have been implanted in older hatchery 
released pallids.  The hope is that we can follow these fish to their spawning  grounds as 
they reach sexual maturity.  Since 2010, 180 blood samples have been collected from 
hatchery released pallid sturgeon.  The blood samples are used to detect the onset of 
sexual maturity in these fish.  So far none of the hatchery fish have reached sexual 
maturity in segment 4.   
Over 240,000 pallid sturgeon have been stocked in the Missouri and Yellowstone Rivers 
above the confluence since 1998.   The majority (75%) of hatchery released pallids that 
have been captured below the confluence were stocked at Yellowstone River stocking 
sites. 
There has been a steady decline in both the numbers and catch per unit effort of sicklefin 
and sturgeon chub with the otter trawl since 2009.   We are not sure if this decline is 
related to the increase number of pallid sturgeon in the river or the increase in other 
predators such as sauger. 
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Pallid Sturgeon Population Assessment 

- Dane Shuman USFWS Great Plains Fish and Wildlife Conservation Office, Pierre, SD 
 

Pallid sturgeon Scaphirhynchus albus and the Missouri River fish community 

were sampled in the unchannelized Missouri River downstream of Fort Randall Dam to 

the headwaters of Lewis and Clark Lake (Segments 5 and 6; Recovery Priority 

Management Area 3 [RPMA 3]) using standardized gears and protocols during 2013. Ten 

randomly-selected bends were sampled with a minimum of eight deployments of each 

standard gear (i.e., gill net, trot line, otter trawl, trammel net, and mini-fyke net) in each 

bend. The confluence of the Niobrara River delineates Segment 5 (upstream of the 

confluence) from Segment 6 (downstream of the confluence to the headwaters of Lewis 

and Clark Lake); however, both segments were pooled for this report.  

Pallid sturgeon propagation and stocking efforts appear to be maintaining a stable 

relative abundance in Segments 5 and 6. We captured 146 pallid sturgeon in 2013, 94% 

of which were confirmed hatchery origin; the remaining 6% are currently of unknown 

origin. Passive integrated transponder (PIT) tags were detected in 107 (73%) of captured 

fish and the presence of PIT tags was unknown for two fish due to equipment 

malfunction. For standardized random gear deployments, 18 pallid sturgeon were 

captured with gill nets, 52 with trotlines, 19 with trammel nets, and 13 with otter trawls. 

An additional 44 pallid sturgeon were captured in duplicate samples with the otter trawl 

(N = 26) and trammel net (N = 18). Relative abundance estimates in 2013 were generally 

similar to previous years in Segments 5 and 6. Growth and condition in Segments 5 and 6 

are consistent with populations in other segments of the Pallid Sturgeon Population 
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Assessment Program. In 2013, we captured pallid sturgeon from 12 of the 14 year classes 

stocked in RPMA 3. Fish from the 2010 and 2012 year classes were not collected in 

2013, but the 2012 year class was stocked after most sampling was completed. 

Pallid sturgeon were captured throughout Segments 5 and 6 (i.e., collected at 

every bend sampled) but 58% of captures were downstream of the Niobrara River 

confluence in Segment 6. Since 2003, 55% of pallid sturgeon captured in random gear 

deployments in Segments 5 and 6 have been collected in Segment 6, with 134 (13%) 

from Bend 8 and 117 (11%) from Bend 9. 

Similar to previous years, most (50%) pallid sturgeon collected in 2013 were 

captured in braided channel macrohabitat. However, most of Segment 6 is classified as 

braided channel macrohabitat. We also collected pallid sturgeon from outside bend 

(13%), confluence (12%), channel crossover (11%), large-connected secondary channel 

(8%), and inside bend (6%) macrohabitats. All fish were captured in the channel border 

mesohabitat  

The relative abundance of shovelnose sturgeon S. platorynchus in 2013, blue 

sucker Cycleptus elongatus, and sauger Sander canadense appear to be declining, 

potentially due to limited natural recruitment. Only large shovelnose sturgeon and blue 

sucker occurred in our sampling during 2013, suggesting a lack of natural recruitment. 

Although evidence of sauger reproduction exists, body condition is relatively low and the 

abundance of larger (likely sexually mature) fish is low. 

Sturgeon chub Macrhybopsis gelida, shoal chub M. aestivalis, and sicklefin chub 

M. meek, population abundances are low or these species are absent from Segments 5 and 

6, based on catch numbers. Only two sturgeon chub (collected in 2012) have been caught 
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while sicklefin chub and shoal chub have not been caught in Segments 5 and 6 during 11 

years of monitoring.  

Brassy minnow Hybognathus hankinsoni, plains minnow H. placitus, and western 

silvery minnow H. argyritis are rare in Segments 5 and 6 and may be declining. Only 177 

brassy minnows, 6 plains minnows, and 6 western silvery minnows have been collected 

during 11 years of monitoring. Additionally, the relative abundance of Hybognathus spp. 

has been decreasing since 2010. However, the presence of smaller individuals in our 

sampling (e.g., 30 mm) suggests brassy minnows and western silvery minnows are 

reproducing in Segments 5 and 6.  

The sand shiner Notropis stramineus population appears stable or increasing in 

Segments 5 and 6. The relative abundance of sand shiner is low, but appears to have 

rebounded from the extremely low relative abundances observed in 2009 and 2010. The 

abundance of small individuals collected during the Fish Community Season may 

indicate a strong year class during 2013 in Segments 5 and 6.  

A total of 2,497 fish comprised of 45 fish species and one hybrid were caught in 

Segments 5 and 6 of the Missouri River during 2013. None of the four exotic Asian 

carps, bighead carp Hypophthalmichthys noblis, silver carp H. molitrix, grass carp 

Ctenopharyngodon idella, or black carp Mylopharyngodon piceus were captured or 

observed. We collected two snapping turtles Chelydra serpentine and 25 false map turtles 

Graptemys pseudogeographica. 
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Examination of pallid sturgeon use, migrations and spawning in  
Milk River and Missouri River below Fort Peck Dam during 2013. 
David Fuller, Montana Fish, Wildlife and Parks 
 
This report may be found on the pallidsturgeon.org website under the 
heading Annual Reports. 
 
 
 
 
 
 
 
 
 
 
 

 


