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This report documents the work of the Upper Missouri River Basin Pallid Sturgeon 

Workgroup (Workgroup) during the period August 2012 through July 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  
Rob Klumb, U.S. Fish and Wildlife Service, RPMA 3 
Anne Tews, Montana Fish, Wildlife and Parks, RPMA 1 
Jason Rhotan, 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 
 
The Stocking and Tagging focus area representative position was vacant at the 
time of the preparation of this report.  The vacancy was subsequently filled by 
Kevin Kappenman, U.S. Fish and Wildlife Service. 
 
Chris Hunter served as facilitator during this period and assembled this report. 
 
This report is dedicated to the memory of Rob Klumb who tragically passed away 
as this report was being prepared. Dr. Klumb began his professional career with the 
U.S. Fish and Wildlife Service-Great Plains Fish and Wildlife Conserservation 
Office (FWCO) in 2002.  Rob was an exceptional biologist leading a variety of 
research projects on the Missouri River.  He was always a mentor to his students, 
staff and colleagues and demonstrated a sincere passion for fisheries management 
and research.  Rob’s scientific integrity was well respected and generated many 
professional and personal relationships.  During 2009 Rob was promoted to the 
Project Leader position for the Great Plains FWCO and he served as an Adjunct 
Associate Professor at South Dakota State University.  Rob’s passion and ideals 
were infectious; he will be forever missed. 
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Upper Basin Pallid Sturgeon Governing Board Meeting 
Montana Fish, Wildlife and Parks Headquarters, Miles City, Montana 
August 1, 2012 
 
Present:  Caleb Bollman, Mike Backes, Tyler Haddix, Anne Tews, Jason Rhotan, Lee Nelson, 
Ken Staigmiller, Pat Bratten, Lou Hanebury, Rob Holm, Ryan Wilson, Tim Welker, Rob Klumb, 
Robb Leary, Chris Hunter 
 
10-Year Strategy 
 
There is a 10-year strategy for Recovery of Pallid Sturgeon in the Upper Missouri River Basin.  
This was developed for the upper basin and was peer reviewed.  The spreadsheet accompanies 
this narrative description.  It also includes a description of the RFP process. 
 
We are going to try to go through the spreadsheet line-by-line.  The question was asked should 
we remove the ones that have been completed and put them on a new document?  It was agreed 
to keep it as one document and put the completed ones at the bottom.  After further discussion it 
was agreed to have 3 tabs: completed, ongoing, wish list (pending). 
It was also suggested we replace the dollar amount columns with x’s to indicate years worked on 
these then put them on a separate tab on the spreadsheet.  This would be a 4th tab. Try to capture 
the financial stuff in the notes column. 
 
Hunter to update the narrative 10 year strategy incorporating comments and changes described 
above. 
 
Broodstock Genetic Management Plan – Heist, Bartron and Kalie – Update by Robb Leary –see 
Robb’s powerpoint presentation attached. 
 
This work was funded by WAPA and was supposed to be done by March 2012.  Robb received a 
draft last week which he felt was very poorly done.  
 
Robb says that PS are only going to be maintained by captive breeding over the next 50 years.  
Thus artificial propagation is the most important aspect of keeping these fish around.  It will be 
critical to maintain genetic variation represented by the remaining native sturgeon. 
 
Robb presents a priority scheme for evaluating fish captured to determine which should be 
spawned. 
 
Anne brings up the issue about taking genetics from all fish captured that can’t be identified via 
PIT tag.  There is general agreement that this is necessary in order to manage the genetics.  But 
this has not been standard protocol due to cost.  
 
Lou Hanebury – Budget update 
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There is about $60,000 that will be carried over for FY  2012.  This $60,000 is committed to 
projects that are still being completed. This is in addition to the $300,000 that WAPA has made 
available.  WAPA received guidance from their solicitors that the pallid work can be sole-
sourced.  
 
The RPMA fish leaders think they need funds for genetic testing on about 500 fish/year @ 
$40/year.  This is  $20,000/year.  See previous item. 
 
   2012   2013  2014 
Headwaters   
Carrying Capacity 73,000 (49,500)* 120,000 120,000 
FWP   50,000   50,000    50,000 
Tags   10,000 
Miller   83,480 
Facilitator  10,000   10,000    10,000 
Rob Klumb  73,900   74,000 
Blood Work     15,000 
 
Total   300,380  269,000** 160,000 
 
 
 
*Perhaps take the 23,000 from here for genetics testing (20,000) and 4 new pit tag readers 
(3,000). 
**The remaining $30,000 will be held in reserve for genetics work in FY2013 or further website 
development, other equipment, testing or work that comes up.  There is no need for an RFP 
process this year for FY 2013 funds. 
 
 
RFP Process 
 
A few years ago the Governing Board did have peer-review of the proposals. It proved to be very 
time consuming and required some additional work to find reviewers and herd the process.   
Molly Webb has suggested creating a technical committee that would run the RFP process. 
 
A suggestion that the GB continue the procedure as last year but with the change that if they get 
a couple of good proposals they will send them out for peer review to determine which proposal 
to fund.  This means the GB must have the RFPs ready in the summer rather than the fall.  The 
ideas for the RFPs must be developed for the spring meeting. 
 
In addition if a GB board member submits a proposal they will not participate in the decision 
making process.   This is a continuation of past practice. 
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Video and Website Update 
 
The video is now 1.5 hours long and Terry needs some good review to get it down to an hour.  
Hopefully he will send out copies for review.  We really want to get this cut down so we can get 
it on PBS. 
 
Stocking and Tagging Committee member 
 
Need to send out a request for nominations from the Workgroup to represent the Stocking and 
Tagging Committee. 
 
Fish for Research Projects 
 
The Recovery Team determines which funded research projects will get fish from the captive 
brood to conduct their research.  Rob Klumb raised some concerns regarding the way the 
Recovery Team prioritized the fish last year. He pointed out that along with WAPA, multiple 
partners are funding pallid sturgeon research throughout the basin. These partners are obligating 
their funds to the goal of pallid sturgeon recovery and most, if not all of these projects align with 
our most recent "Research needs" document produced by the Ruckelhaus Institute and/or the 
current recovery plan. Having a second layer of "prioritization" by the Recovery Team is not 
warranted unless there is agreement or a feeling by the Recovery Team that those documents are 
considered dated. Also, when the Upper Basin Workgroup completes revision of our 10-year 
strategy and sets out our RFPs for a given year, what is one to make if after all that, the funded 
projects get de-emphasized by the recovery team?  Unfortunately, the process last year resulted 
in a number of projects having no fish to work with which potentially could alienate funding 
partners. In the past, in a more team spirited approach, it was attempted to give all funded 
projects something to work with in times of scarcity. He further noted that everyone can 
recognize (especially after the last couple years) that there are no guarantees in the pallid 
production world. Rob suggested the workgroup formally advocate for a higher prioritization of 
pallid production for research, whether from wild or captive broodstock.   
 
 
Potential December Meeting Topics 
 
-The 10-year strategy for recovery of pallid sturgeon in the upper Missouri River Basin narrative  
(Chris – incorporate comments that have been presented and send out for review). 
- WAPA funded studies 
-Genetics Management Plan-By December it will be more than one year late 
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UBPS Workgroup Meeting – Conference Call with Ed Heist- September 24, 2012 
 
Present:  Ryan Wilson, Rob Holm, Rob Klumb, Tim Welker, Ed Heist, Steve Krentz, Jeff Kalie, 
Dave Fuller, Don Skaar, George Jordan, Robb Leary, Bob Snyder, Lee Nelson, Mollie Webb, 
Kevin Kappenman, Craig Bockholt, Anne Tews 
 
Ryan will ask those with comments to go thorough them and have Ed respond. 
 
Ed Heist – The effective population size is 0 if we assume that those fish in the wild will not 
spawn on their own.  The number of breeding individuals that will contribute and variance of 
reproductive success are the keys to effective populations size.  The second part, variance of 
reproductive success, is really speculative.  It is especially difficult to calculate when you have a 
long lived species and overlapping generations.  Generation one has a effective population of 0, 
but trying to calculate the effective population of subsequent generations-the hatchery released 
fished is full of assumptions making the number very speculative. 
 
 
Bob Snyder asked if we should  be concentrating on another number, like a measure of  
maintaining genetic diversity, rather than effective population size?  Ed agrees with this.  He 
says that based on recaptures in the RPMAs it appears that it will be possible to  capture hatchery 
spawned fish in the wild that will allow you to maintain the genetic diversity.  Leary points out 
that the captive broodstock will be useful in maintaining the families that have been stocked but 
have not turned up in any numbers as recaptures. 
 
Ryan asked about Table 1 in the report.  This table says that genetic diversity in terms of 
heterozygosity has not declined.  Ed says this is not surprising because of the methods being 
used to avoid inbreeding. 
 
Ed pointed out there is some loss of alleles from one generation to the next.  But this is not 
surprising because you can’t have more alleles in the offspring than in the parents. So you will 
have a loss in allelic richness, but the loss that is occurring is not biologically significant.  Robb 
pointed out that some of this loss is just due to sampling error and statistical shit.  Robb would 
not put much emphasis on this small loss since he thinks it is more a result of the statistical 
analysis.  Ed agrees.  This table actually indicates we are doing a good job-need to maintain it.   
 
Rob Klumb-Can this table be done by RPMA?  Jeff says yes he is working on that.  The fish in 
this analysis are recaptures that makes it possible to do by RPMA. 
 
Ryan asks Jeff about the number of families in the recaptures.  Jeff replied that he just re-
calculated these numbers and they are wroing in the draft report.  The new numbers are 147 and 
broodstock-134 (42 females and 92 males).  
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In response to a question about how the geneticists will deal with the comments they have 
received Ed said he plans to write responses to all of the comments he has received. 
 
Molly reported that the propagation committee met yesterday to discuss the draft report.   Their 
main overall comment was they thought there would be more clear and concise guidelines for 
how to use the captive broodstock.  They want some of the management applications 
incorporated into the document.  She would like to see a meeting of the Workgroup members 
with the authors to try to incorporate some of their ideas.  Ed said he is willing to participate in 
such a meeting.  Jeff said he would also participate.  Jeff cannot commit for Meredith who is on 
maternity leave until the end of October.   
 
Bob Snyder provided some specific examples of the issues raised b the Propagation Committee.  
In response Ed made it very clear this is a population genetic management plan-not a broodstock 
management plan. 
 
Snyder was looking for a concrete goal statement for the broodstock population.  Within the 
workgroup there are different opinions and philosophys about how to use the broodstock. He 
wanted some statement of what the broodstock would look like genetically and how it should be 
used. This ties into the space and capabilities at Gavins Point.  
 
He would also like to see a discussion of what it means to maintain a broodstock over time when 
individual generations are as long as a career.  Ed says they do talk about culling from the 
broodstock if the fish will be available in the RPMAs. Culling means that both the male and 
female have contributed and have offspring out in the RPMAs so can be culled from the 
broodstock. This is based on individual males and females not on families.  In this way you keep 
the broodstock from getting too large.  This is Ed’s recommendation that as long as you have 
families represented in the wild, then you don’t need them represented in the broodstock.  This 
will also reduce domestication.  He does not want to set policy, but this is his recommendation. 
Policy direction needs to come from the Governing Board and the Recovery Team, Ed can only 
make recommendations. Need to get the unrepresented genetics out in the wild-hence the 
emphasis on getting the cryopreserved males represented. 
 
 
 
Someone asked if there is a minimum number we should be stocking from each family group.  
Ed replied that it would be ideal to have equal numbers of offspring from each adult represented 
in the wild.  Use the mortality info to come up with the number that will give you the number of 
adults you want to have out there to collect from the wild. 
 
There was a discussion of what we do in the future when we have some families much more 
strongly represented in the wild than others.  We just have to be sure that we don’t spawn fish 
just because they have been caught.  You will have to make decisions on what fish are spawned 
based on balancing representation in the third generation (1st generation is the wild fish, 2nd 
generation are the fish we currently stocking, the third generation is the one that comes from 
collecting the second generation from the wild and spawning them. 
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There was some discussion about the pros and cons of collecting fish from the wild versus going 
totally with a broodstock program.  Part of the answer to this is the difference in selection 
pressures in the wild versus selection pressures in the hatchery.  Some people would like to see 
this document lay out all the pros and cons and make a recommendation.  Ed says he can address 
this and make a recommendation-the fish in the wild are preferable to using fish from the 
broodstock. 
 
Molly asks about priority 2 fish, can you define ‘limited numbers’ in the document?  Ed replied 
it is in reference to the median number of fish recaptured.  So this is a number that will  change 
from year to year. 
 
Snyder asks if the document meets expectations of the GB regarding limiting future controversy 
about what fish to spawn and release.  Rob Holm said he is hopeful that the final report will be a 
lot closer, but that some of our expectations could not be met. 
 
Ed says below Gavins Point most of the adult pallid sturgeon are from the upper basin from the 
2002 and 2004 year classes.  George thinks this may be because large numbers of upper basin  
fish were stocked below Gavins Point when the iridovirus broke in the upper basin and no one 
wanted to euthanize the fish so they were stocked below Gavins. 
 
-Geneticists will consolidate and incorporate comments they have received into the document.  
Timeframe – a more complete draft will be done in time for people to read before the early 
December meeting. 
-A meeting as suggested by Molly-perhaps early December 
-GB meeting piggy-back on the genetics meeting 
 
Ryan will send out an e-mail with potential dates.  
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Governing Board Meeting 
December 11 and 12, 2012 

Ft Keough,  Miles City Montana 
 

Present:  Ryan Wilson, Rob Holm, Jason Rhoten, John Huntzinger, Tyler Haddix, Rob Klumb, 
Chris Hooley, , Ken Staigmiller, Kevin Kappenman, Dave Fuller, Mike Backes, Kevin McCoy, 
Caleb Bollman Ed Heist, Pat Bratten, Brad Schmitz, Bob Snyder, Robb Leary, Nick Stas, Chris 
Hunter.  On the phone: Gary Davis. 
 
Chairman Wilson announced that Kevin Kappenman is the newest Governing Board member 
and is representing the Stocking and Tagging Committee. 
 
The next item on the agenda was a discussion of the 10 Year Strategy.  The narrative section of 
the plan was discussed first.  It was suggested to take out references to dollar amounts by the 
agencies in Section II, but leave in the $50 million for the total amount.   
Discussion then focuses on how we move forward with this.  Do we update it or do we do a 
whole new one for the next 10 years.  The general feeling was to have a new document for the 
next 10 years.  Rob suggested that each committee chair take this back to the committee and 
have them work on the relevant sections. 
 
Committee chairs send their comments/suggestions on the narrative to Chris and he will 
incorporate all the comments.  Comments then due to Chris by February 14. and then I 
will try to put it together. 
 
The group then considered the spreadsheet discussing how it could be updated.  General 
agreement they would like to have the PI or Contact Person and report identified in the 
spreadsheet.  The group discussed for a while the usefulness of the spreadsheet and what the GB 
wants to use it for.  There was also some discussion about how this relates to the WAPA funded 
projects spreadsheet and how to link all this together to make an easily workable library. 
 
Bob Snyder began a discussion about the real need being to prioritize what this group feels is 
important for recovery.  There was agreement that this is a more important exercise than the 
bookkeeping exercise of this 10-year strategy. 
 
Rob H. suggested having groups work on what is most needed for recovery in RPMA 1, 2 and 3.  
Need to keep the biggest issues in front of the decision makers regardless of how politically or 
socially unacceptable they may seem to be. 
Bob Snyder stated the short-term goal of keeping fish alive has been met and now we need to 
move on to the next big issues: spawning and recruitment.  These implicitly include the issues 
passage and flows. 
There was agreement that the GB should develop a list of what the fish need for recovery by 
RPMA.  The question was then raised what do we do with this document?  Should we send out a 
letter to the BOR and Corps or what?  The document could summarize what has been done and 
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what has been learned and accomplished and based on that this is what the Workgroup feels 
needs to be done.   This should be less than 10 pages, perhaps professionally edited and 
produced.  Want to distribute this widely.  Need to be as specific as possible with the 
recommendations for example, temperatures and flows should be laid out. 
 
Discuss setting aside a day during the March meeting to work on this. 
 
This list could be used to select projects for WAPA funding in future years. 
 
Need to go back to the spreadsheet and what we can do with it.  So we are basically going to 
leave it be.  Hunter will hide the columns with the dollars in them.  We are going to need 
something like this to monitor the WAPA studies. 
 
After a break Ryan starts discussion of the 2013 budget.  There is still $49,033 of WAPA 
funding.  Ryan suggested brainstorming by going through the 10-year strategy spreadsheet. 
 
Ideas that we generated: 
 -There was a study conducted to determine pallid sturgeon susceptibility to VHS, but there were 
problems with the study.  Would re-doing the study be a good use of the money?  Ken thinks it 
was funded for $25K at the time. 
 
-Pit tags we are using are not going to be produced in two years.  We could buy some dual pit tag 
readers that can read both the old pit tags and the new ones ($5,000).  Could also buy more pit 
tags.  In both cases this would be a small sum.  WAPA doesn’t buy equipment, but they could 
give the money to Jason and he could buy and distribute them. 
 
-The first year of Klumb’s study was not fully funded and the high flows caused them some 
logistical problems.  One possibility is to re-fund that first year of the study ($31,000). 
 
-Rob suggests a Broodstock Genetics Management Plan for the Gavins Point Broodstock fish.  It 
was suggested that to a large degree this must be done by the staff at Gavins  Point in 
combination with the Propagation Committee and the RPMA management biologists. 
 
-Molly needs money for fall 2013 and 2014 for blood work on the Gavins Point broodstock. 
 
-Richland County Conservation District has 15 dump sites to be cleaned up-car bodies, concrete, 
tires.   
 
-There is a similar potential project in South Dakota on the Yankton/Sioux reservation. 
 
-Montana FWP is trying to quantify habitat loss due to Ft Peck dam.  They could probably use 
some additional funding. 
 
Here are the two proposals for spending the remaining $49,000: 
Future Brood Blood, funding for Klumb’s study and Pit tag readers for field crews or Send out 
an RFP  for a No Regrets habitat  project. 
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The vote is to go ahead and spend it on the Future Brood bloodwork ($15K) , Klumb’s 
study ($31K) and the dual pit tag readers for field crews ($4K).  Nick Stas says it is 
important to get this information to Lou by January. 
 
Ryan brings up the subject of developing a reporting process for tracking  ongoing WAPA 
funded projects.  Pat Bratten,  Rob Klumb, Caleb Bollman are  tasked with developing a 
reporting template for PI’s. 
 
There was a discussion about the Sloughing Easement program. This program has not been able 
to move forward.  The money is currently sitting with Montana FWP.  The Governing Board 
wants to explore giving the money to a private organization such as MARS or EcoAssets.   
 
 Jason will try to get someone from MARS or Eco Assets to attend the March meeting to 
discuss how this might work. 
 
 
Ed Heist presented a power point presentation on the Population Genetics Management Plan for 
the Upper Missouri River PS (attached).  The presentation answered many questions.  The 
recommendations were well received.   
 
Any additional comments to the geneticists by January 1 and they will prepare a final 
report by February 1.  The stocking and tagging committee need to take the information in 
this report and suggest changes in the FWS stocking policy.   
 
The Workgroup needs to develop a Management Plan for the Future Broodstock held at 
Gavins Point NFH.  The Plan will include the recommendations from the Pallid Sturgeon 
Genetics Management Plan, input from RPMA managers and Fish Health committee 
members.  The Propagation Committee will lead this task.    
 
Kevin will prepare a short addendum to the FWS stocking policy to   submit to FWS so we 
can stock fish from the captive broodstock. 
 
Bob Snyder had a few additional comments that were more related to implementing the Genetics 
Management  plan.  For example the importance of the Ft Randall fish and how they could help 
increase the Ne.  Rob K says these fish are few and far between-it would take a lot of effort to 
get them.   A decision needs to be made as to whether it is worth the effort to get one, two or 
three of these fish.  There is a consensus that it is not worth a concentrated effort. 
 
The genetics of the three RPMAs seems pretty balanced.  Can possibly balance these out with 
stocking in the future. 
 
 
 Rob H says we have approximately 400 fish from each of three families to stock this year (1275 
total)..  Where should we stock them?  To some extent it depends on carrying capacity-if we are 
already beyond carrying capacity what do we do?  We don’t know carrying capacity at this time.  
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Tyler explains that they are not opposed to stocking fish with new genetics-his crew will come 
up with what they think the number of fish stocked that will result in a reasonable chance that we 
will get one or two as adults that could be captured and spawned.   
 
Tyler has computed that about 250 fish stocked in the Missouri.  A similar number should 
be calculated for the other RPMAs.  This was done last year.  These will be incorporated 
into the stocking and tagging plan. 
 
 
Wednesday, December 12 
 
Martha and Terry Lonner, Bill Miller, Lee Nelson, Steve Dalbey and Anne Tews join for day 2 
 
Martha presents her progress on the website.  Public outreach was one of the key considerations 
in the development of the site.  The site is on their development server so to look at the site as it 
is developed  you can go to psturgeon.mediaworksmt.com.  pallid sturgeon.org will be the final 
domain name. 
 
It is a ‘dynamic’ site so it is easy to add content.  Also they have gone away from the menus and 
are doing it differently because of the mobile searching that people do on their smart phones.  
Also the site has to be reactive to screen size of smart phones. 
 
There are three sections to the site:  public part; upper basin only portion (this is also public but 
we will be expanding it); backend where Workgroup members can post information or share 
information this will only be available to members of the workgroup and is accessed via login.  
This is the non-public portion of the site. 
 
The slide show on the home page can be changed easily.  The GB needs to assign a couple of 
‘administrators’ that will have the ability to do this and otherwise change content of the 
webpage.  
 
Martha went through the site demonstrating how the Navigation bar works.  She also 
demonstrated the member log-in and some of its functionality.  The Workgroup members can 
post news, photos, or write to each other. 
 
We need to have a committee meeting to make writing assignments so we can populate the 
website.  We need to have a website meeting with their technical guy so we can start to 
populate this site.   
 
We need to find a commercial server where we can house this site.  Martha says there are several 
and the annual cost is about $80/year.  Martha will give us the name of a server. 
 
Bill Miller provides an update on the instream flow study for the Yellowstone.  His goal is to 
provide a detailed recommendation on developing instream flow recommendations for ps on the 
Yellowstone (Big Horn to Missouri) 
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Tasks 
1  Data Acquisition 
2.  Review existing data-USGS hydraulic models have been tested, data sets for the five instream 
flow components are available at least to some degree 
3.  ID data gaps 
4.  Provide detailed recommendations on developing an instream flow regime for the lower 
Yellowstone 
 
He is taking an ecological flow approach to mimic the natural hydrograph to the degree possible.  
Consists of 5 components: hydrology, geomorphology, biology, water quality and connectivity. 
 
Based on his work to date we already have a Threshold Level recommendation from the Wetted 
Perimeter.  We have the data to do a partial ecological level recommendation and could do a 
comprehensive level recommendation with additional hydraulic/habitat data from upstream of 
Intake.  To make a comprehensive level recommendation we need to have pallid sturgeon habitat 
use data and also consider how this work would mesh with Missouri River flows. 
 
Steve Krentz reports via phone that there is going to be some seismic work on the  the upper end 
of Lake Sakakawea next fall.  Because of the low water level of Lake Sakakawea, the seismic 
survey company will not be able to use their airguns, instead they want to use explosives.  He is 
looking for information on the use and effects of explosives and air guns on fish. 
 
There was a November meeting regarding Intake.  This summer the irrigtion district piled rock 
making it higher than it has ever been.  Now there is a rock wall 2-3 feet above the water.  The 
rocking structure broke and so the district is not happy and neither is FWP for very different 
reasons.  At a September meeting of YCCD  the Corps said there was no money to fix the 
rocking structure or fix the dam and they would proceed with the bypass.  A month later the 
Corps said they would build a dam in addition to the bypass.  They will put a concrete cap dam 
in the river and a bypass around Joe’s island with about 15% of flow going down the bypass.  
The current completion date is 2015.  In addition all selective withdrawal options at Ft Peck are 
off the table.  And finally there is talk that the success criteria are going to be changed. 
 
March meeting date 5, 6 7.  Billings at the WAPA headquarters.  The Crown Plaza, 
Northern Hotel and Best Western Clocktower are all lodging options.  The truly brave and 
thrifty can opt for the historic Dude Rancher. 
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Billings, MT 
March 5-7 

MARCH 5 
 
8:00-8:10  Opening Comments - Chair Wilson 
 
8:10-8:25 Recovery Team Update - Wilson 
  Recovery Plan Revision 
  Recovery Coordinator Update   
 
8:25 – 9:00 Workgroup Business - Chair/Group 
  Population Genetics Plan 
  Updated Survival Estimates 
  Haul/No Haul List  
  Reporting Template 
  Other Business?    
 
9:00-9:45 Agency Updates (15 minutes each) 
  US Army Corps of Engineers – Tim Welker/George Williams 
  Western Area Power – Lou Hanebury 
  PPL Montana – Steve Leathe 
 
9:45-10:00 Break 
 
10:00-11:00 Hatchery Updates (Twenty minutes each) 
        Gavins Point – Craig Bockholt 
        Garrison – Rob Holm  
        Miles City – Mike Rhodes   
 
    Research 
 
11:00-11:20  Reservoir Headwater Study – Chris Guy 
11:20-11:40    Gavins Point Captive Brood Project and Reproductive Indices of    

Hatchery Reared Pallid Sturgeon – Molly Webb 
 
11:40-12:50 Lunch – on your own   
 
12:50-2:50  Intake Diversion Update (Twenty minutes each plus Q and A) 
        Fish and Wildlife Service – Casey Kruse 
    Corps of Engineers – Tiffany Vanosdall 
    Bureau of Reclamation – Justin Kucera/Mike Horn 
    MT Fish Wildlife and Parks – FWP representative  
2:50-3:10  Break 
  
                       Outreach Session 
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3:10-3:30 Pallid Sturgeon Website Development – Martha Lonner/Chris Hunter 
3:35-3:50 Pallid Sturgeon Website - Middle Basin Interest – Gerald Mestl 
3:50-5:00 Video “In Murky Waters the Plight of the Pallid Sturgeon”- Terry Lonner 

  
 
MARCH 6 
 
 Habitat Projects/Issues  
   
8:00-8:20   Pallid Sturgeon Instream Flow Study – Bill Miller 
8:20-8:40   Fish Habitat Partnership – Steve Krentz 
    Lake Sakakawea Seismic Work    
    Oil Development Issues in ND 
 
8:40-9:00   Blueway Initiative – George Jordan   
9:00-9:20   MARS – Tom Hinz  
9:20-9:40   EcoAssests – David Patrick  
 
9:40-10:00  Break 
 
     Missouri/Yellowstone River Session  
10:00-10:20  Missouri River above Ft Peck Dam – Anne Tews 
10:20-10:40     Pallid Sturgeon Movements and Reproduction 2012 – Dave Fuller 
10:40-11:00   Missouri River below Ft. Peck Dam – Tyler Haddix 
11:00-11:20   Missouri River below the Confluence ND – Ryan Wilson 
11:20-11:50  Yellowstone River, MT – Jason Rhoten/ Pat Braaten 
   
 
11:50-1:10  Lunch – on your own 
 
1:10-1:30  Missouri River, Ft Randall Reach – Rob Klumb 
   SDSU Research – Rob Klumb 
  
1:30- 2:45  Upcoming Activities - Workgroup 
    Brood Stock Collection Logistics  
    Stocking and Tagging Discussion 
    Research Activities 
    Other?   
     
3:00-5:00  Develop “Pallid Sturgeon Needs” Document - Workgroup 
 
March 7    8:00-12:00  Develop “Pallid Sturgeon Needs” Document - Continued 
 
 

Upper Basin Pallid Sturgeon Workgroup annual meeting March 4, 2013 
Western Area Power Administration meeting room, Billings, MT 
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In the absence of Ryan Wilson, who was temporarily delayed, Hunter opens the meeting going 
over logistics and doing introductions. 
 
Nick Staas provides an overview of Western Area Power Administration’s (WAPA) mandates 
and operations.  Their biggest power customers are in Nebraska and Minnesota.  They have 
many smaller customers.  Lou Hanebury discusses the annual contract with FWS and the MOU 
with the cooperating agencies to provide funding.  This allows them to pay vendors directly 
avoiding any overhead charges. The Interagency contract revision between the U.S. Fish and 
Wildlife Service has been signed and executed. A total of $300,000 from Western has therefore 
been obligated to 2013 recovery projects.  Funds are now available to seven projects; Molly 
Webb and Rob Klumb (USFWS), Jason Rhoten (MTFWP – radio telemetry tags, genetics 
testing), Chris Guy (MSU - carrying capacity); and Don Skaar (MRNRC – Upper Basin 
Facilitator).   
 
Steve Leathe of PPL, describes how PPL got involved in the pallid sturgeon recovery efforts.  He 
reviews the PPL dams on the upper Missouri which include Hauser, Holter, Black Eagle, 
Rainbow, Cochrane, Ryan and Morony.  It was during the re-licensing negotiations that began in 
1987 and ended in 1995 that PPL made the commitment to support pallid sturgeon research on 
the mid-Missouri downstream of Morony.  They made this commitment in spite of fact that 
USFWS declared the dams not likely to adversely affect 7 T&E species including pallids. The 
Missouri River Technical Advisory Committee has approximately $500K/year and the 
committee makes recommendations on how the money will be spent, but it must be in keeping 
with the terms of the license. The FERC license has 24 requirements for fisheries protection, 
mitigation & enhancement (including pallid sturgeon) on the 350-mile section of river from 
Hauser Reservoir to the headwaters of Fort Peck Reservoir.  PPL provides equipment, has 
funded special research and restoration projects, helps fund FWP staff and operations to the tune 
of about $88K/yr for pallid sturgeon work.  They also spend about $61k per year for the 
telemetry system.  PPL would really like some help funding the telemetry system.   
 
Tim Welker and George Williams provide the Corps update via power point and the webinar 
hook up.  They briefly reviewed the primary studies they are funding.  These are Milk River 
(Fuller), Pallid Sturgeon Behavior Study at Intake (Bratten), Pallid propagation and population 
augmentation (Welker), Intake Bypass (Hartley) and Fort Peck temperature feasibility 
(Palensky).  The total funding for these projects is about 1.4 million.    In addition the Corps is 
working on the Synthesis report for the population assessment monitoring work and a Lower 
Missouri River PVA is being done (Wildhaber).  They are also working on a Geographic 
Distribution and Habitat Associations of pallid sturgeon in the Missouri River.  This is a spatial 
assessment that will identify areas of concentration of pallid sturgeon and associate with habitat 
types.  This work being done by a private contractor.  The Corps purchased 30,000 pit tags for 
the hatcheries and are going to field test the new PIT tag readers because the tags currently being 
used will be phased out in 5 years.  They have developed a new web based data management 
system that the population assessment folks will be using-no more paper, everything will be 
entered on computer in the field.  The Corps also helps fund the facilitator position. 
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Kevin Kappenman asked about the status of the Ft Peck temperature study. They don’t really 
know-they don’t hear much either.  Things appear to have been stalled lately 
 
Molly Webb provided update on the determination of reproductive indices in captive and wild 
hatchery-reared sturgeon.  She has been using sex steroids to determine reproductive status.  
They have taken over 1200  blood samples from over 600 fish.  Using ultrasound have gotten 
good at identifying gravid females (over 90% accurate).  It appears that sexual differentiation 
occurs at 1 year.  Age at first sex maturity in males in captivity is 4 years, in the wild 14 years. In 
females sexual maturity is reached at 9 years captivity and 15 years in the wild.  There is a strong 
correlation between weight and reaching sexual maturity.  This is based on a very low sample 
size but has also seen in white sturgeon.  Fish in the wild just take longer to get to a given weight 
than those in the hatchery.  This is likely due to water temp and food availability. 
 
Anne Tews went over the work on RPMA 1.  In 2012 the flow was essentially the median.  The 
Marias River  flow of 1,000 cfs was not sufficient to initiate shovelnose stugeon spawning.  The 
Marias is the only tributary above Ft Peck with sturgeon.  No shovelnose or pallid stugeon have 
been recorded from the Musselshell or Judith.  Shovelnose sturgeon do spawn in the Teton 
	 
Jason Rhoten presented the results of 2012 monitoring on Lower Yellowstone.  Flows in the 
Lower Yellowstone were below mean discharge following on the huge 2011 flow event.  They 
caught fewer pallid sturgeon this year than in the past few years.  The majority of those caught 
had been stocked at Intake.  Most of the fish caught were from the 2009 year class. Every fish 
captured was marked in some way.  They worked upstream of Intake in August and September.  
The 2012 results were very similar to 2011 catch rates.   
 
The new screening structure on the irrigation canal at Intake is functional and should save 
500,000 fish per year.  But it required more head for the irrigators to get their water right.  The 
irrigation district raised the dam stage higher by placing more rock than ever before.  They even 
broke the rocking equipment.  Part of this was perhaps due to repairing the dam from the 2011 
high flows.  The Corps engineers say they may need a little more head but certainly not much.  
The concern is that the increased height of the dam will hurt passage. 
 
Pat Bratten provided an update on pallid sturgeon spawning in the Yellowstone.  Spawning has 
been documented (females had eggs at one point, but not when captured later) but no validation 
of survival of embryos and drift-entry of free embryos.  He wanted to look at migration 
pathways, quantify hydraulic conditions which is relevant to Intake design and identify the 
timing and location of spawning events and finally verify survival of embryos, hatch and drifting 
of free embryos.  They had  41 telemetered pallid sturgeon-3 gravid females and conducted an 
intensive tracking effort.  The  pattern of use was similar to most years except 2011 when many 
pallids went up the Missouri.  They had five radio tagged fish migrate to Intake Dam-none of 
them were gravid female transmittered pallid sturgeon.  No transmittered pallid sturgeon passed 
over Intake.  Several fish were using the south bank downstream of Intake.  This has implications 
for fish passage.  The fish in general used the same pathways on the outside of bends and 
crossing over at riffles.  Some individuals used some side channels, some side channels not used 
at all.  Taking all the pathway info they used 1-3.5 meter depth range 75% of the time.  They 
used a whole range of velocities but most of the time between .5 and 1.5 meters per second.  This 
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is column velocity, not bottom velocity.  They really need to have a bottom velocity to be useful 
for passage design.  They captured a spawning female at Yellowstone river mile (RM) 6.8 on 
June 19, temp 20.5 C flow 21,500 cfs.  This is the same area where Dave Fuller documented 
spawning a few years ago.  The spawning area is a deep swift area that was inhabited by several 
males.  They started sampling for free embryos and captured one in this area.  It was sent for 
genetics work and it turned out it was from a different non-transmittered female.   
 
Chris Guy gave the update on the Ft Peck Headwaters project.  Last year they thought they had 
found the smoking gun-total ammonia levels at the tail of the headwaters where high-they had 
0.15 mg/l total ammonia.  They ran some experiments looking at several substrate types and 
impact on larval sturgeon.  The Missouri River muck had very high ammonia.  They then did 
some experiments with different age post hatch larvae (immediate post hatch (IPH) and 40 day 
old) and levels of ammonia.  IPH larvae had high mortality and there was virtually none in the 
40-day post hatch.  But in the field, the un-ionized ammonia levels were very low.  They 
continued to look at sedimentation impacts on these same aged fish.  The data indicate 
sedimentation rate is not an issue-no real difference between treatments and controls.  They next 
tried different substrate types (sand, gravel, Fullers earth, muck) to see if there were any effects 
on IPH and 40 day-post hatch.  It appeared that IPH preferred sand but the 40 day old showed no 
preference.  So Chris went back and looked at DO data from the headwaters.  He wanted to 
measure DO right at the bottom and in the thalweg.  In the main river in the bottom the DO is the 
same top to bottom but in the headwaters when you get down to near the bottom the DO was 
down to 1.32. In the lab they killed all pallid sturgeon at 1.5 mg/l dissolved oxygen.  They also 
killed all paddlefish at this level.  Chris doesn’t think sedimentation, ammonia, pH or 
contaminants are an issue in the headwaters, but does think DO is a problem and would like to 
look at DO in Lake Sac. 
 
After lunch 
 
Intake Diversion Update 
 
Tiffany Vanosdall Corps Project Manager for Intake Diversion-Planning Branch 
 
She has been working on this for 4.5 years.  The cost of the project went from 40 million to 120 
million so they went back to the study group to look at alternatives that had been discarded 
previously.  A bypass channel option was discussed.  New alternatives such as trap and haul but 
did not come up with anything that sounded good.  The bypass channel alternative was carried 
forward.  The success criteria originally developed by FWS for the Corps are now being re-
considered.  The original success criteria included long and short-term criteria including 
biological criteria.  But with this new look the Corps pushed back and said they will only be 
responsible for engineering criteria.  The FWS is now working with BOR on their success 
criteria.   
 
The Corps is now working on two alternatives:  the rock ramp and a 15% bypass channel which 
is the preferred alternative in the draft EA.  The Bypass channel is preferred because it is much 
cheaper.  Attraction flow is a moderate concern on the bypass channel.  Constructability is a low 
concern with the bypass but high with rock ramp.  O and M and sustainability are high concerns 
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for rock ramp and low concerns for bypass channel.  The bypass channel would utilize an 
upstream entrance to the existing side channel.  It would end right below the Intake Dam.  They 
would also do some work on the dam itself.  They don’t want to rely on the irrigation district to 
maintain the rock dam.  They want to build a new concrete weir, 24 feet wide and 1-2 feet higher 
than the existing rock barrier, just upstream of the existing dam.   
Risks with the bypass channel: 
How much attraction flow is enough? 
Pallid movement-will they find the entrance? 
Channel length-how long is too long and too short results in too high a gradient. 
Larval drift-how far will they go before the spawn? 
Channel stability-will it last, how much maintenance? 
What if it doesn’t work? 
 
Estimated costs - At this point the Corps has spent about $30 million on the diversion.  The Rock 
ramp would be $80 million.  The bypass channel is $60 milliion.  O and M is a little lower for 
the bypass channel since there would be no annual rock work on dam. 
 
The EA is being reviewed internally.  They are currently doing an external independent peer 
review.  They hope to have the public review in April or May.  The Fonsi study is scheduled to 
be complete in September with design complete in FY 14 and construction complete in FY 17. 
 
Mike Horn – Bureau of Reclamation 
 
BOR is going to do some sampling work this year to assess the effectiveness of the new 
diversion.  They will redo the old larval fish entrainment netting study.  They will also assess if 
the screens are keeping out fish larger than 40 mm.  They started this last year but do not have 
the data worked up yet.   
In 2014 they will try to put in some shovelnose larvae of different ages and sizes and see how the 
screens perform. 
 
 
 
 
Jason Rhoten/Tyler Haddix – Montana Fish, Wildlife and Parks 
Flow Enhancement below Ft Peck Dam-Intake Montana River Restoration 
 
Intake acts as a fish barrier to multiple species including pallid sturgeon.  Prevention of passage 
was one of the triggers for listing pallid sturgeon.  The FWS formed the Biological Review Team 
(BRT) that reviewed the 100+ options.  The BRT recognized returning river to near natural had 
best chance to succeed for pallids.  At an October 18, 2012 meeting of YRCDC the Corps 
presented Intake issues and challenges.  The Corps said they could not allocate funds to fix the 
rocking structure and that a new dam was not an option because it was unnecessary.  At a Nov 
20, 2012 cooperating agency meeting the agencies were told that the bypass and dam were a 
package deal.  The early diagrams show the dam being 24 feet wide.  The new dam is higher 
than the existing structure.  It will not allow fish passage. Aat least with the existing rock 
structure there was some occasional passage of paddlefish, blue sucker and sauger among others.  
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So current passage no matter how limited, will be lost.  That puts all the eggs in one basket of an 
unproven bypass channel.  BRT also recognizes this problem and has asked that fish passage be 
given at least equal consideration.   
 
FWP received the new success criteria on Jan 26 with a 26-hour comment period.  They 
provided comments to the FWS in a Feb 5  letter. 
Tyler Haddix then went over a letter 2/6/13 from FWS to Corps.  FWS says that when the project 
is completed and meets the new success criteria it will obviate the need to implement any Fort 
Peck temperature or flow modification.  In any given year roughly 5-10% of the adult radio 
tagged population goes up to Intake.  In 2011 there was about 40 % which is the highest known.  
There are about as many fish that migrate up to Wolf Point (120 miles) in the impacted Missouri 
River that migrate up to Intake Diversion am (72 miles) on the relatively natural Yellowstone on 
an annual basis.   But the suppressed temperature and altered hydrograph in the Missouri is 
wrong for migration and spawning.  The FWS maintains that there is more shallow water and 
slow water habitat in the Yellowstone-in general that is true, but not during the spring runoff and 
descending limb when the larval fish are drifting.  Of course if there was more water in the 
Missouri to help with initiating migration and spawning then this would reduce the slow and 
shallow water habitat in the Missouri as well. 
Tyler says based on 2011 flows we need about 20,000-30,000 cfs to initiate pallid migrations in 
the Missouri.  In 2011 pallid sturgeon went up the Missouri almost 200 miles. 
The lack of any biological criteria in the new success criteria is of great concern to the State of 
Montana.  The Corps will only be responsible for attaining hydraulic criteria for one year then 
they are off the hook.  There is grave concern that the success criteria being negotiated with BOR 
will not include biological criteria and even if they do, that BOR will not accept them. 
 
Casey Kruse – Fish and Wildlife Service 
 
Casey wrote the letter that FWP critiqued.  Casey says the devil of how to make Intake happen is 
in the details.  Building a policy decision for an agency is difficult and tricky.  Science helps 
guide the policy decision but it is not the only consideration.  So why the changes in the success 
criteria in the biological opinion?  The letter was spurred by recent activity by the Corps and 
BOR at Intake.  The leadership of some of these agencies may not be willing to take the amount 
of risk inherent in the original criteria.  They were having a hard time maintaining enthusiasm 
given the cost and risk of the project.  The BOR has not been as engaged in the Intake project as 
the COE and they have responsibility for on-going maintenance and monitoring.  Kruse is 
hoping to get commitments from BOR to assume the responsibility for O and M, adaptive 
management and monitoring and the success criteria they will have to meet.  Kasey says the 
COE and BOR were not willing to go forward with the project given the cost and risk of the 
project and the success criteria.  They were asking is $100 million a good use of money and if it 
isn’t successful how much more are we going to have to spend? Under the ESA the Corps 
responsibility is on the Missouri, so convincing the leadership to spend money in the 
Yellowstone is difficult.  Especially if they spend the 100 million on Intake and it doesn’t work.  
Then they have to go to Ft Peck and do the $500,000,000 fix there.  From a business decision 
they should walk away from Intake and just do Fort Peck. 
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The real issue at Intake is passage.  If the COE/BOR provide passage and there is no recruitment 
the federal agencies will still have met their obligations under ESA.  However if this doesn’t 
work the population is still in jeopardy and the Corps is still on the hook.  Then there will be 
another consultation. 
 
Steve Dalbey said the State’s support for Intake was based on full river width passage, the 
original success criteria and if it doesn’t work then go back to Ft Peck.  The State is very 
concerned that now all three of these pillars of the state’s  position are gone and that is why they 
are getting the reaction from this group. 
 
 
Martha and Terry Lonner 
 
Martha provides an update on the website which you can visit at psturgeon.mediaworks.com.  
They hope to have the site go live the first of May.  Martha describes the website, the need to 
populate it and also the backend of the site that is for private use only. 
Gerald Mestl says that the middle basin is interested in having a presence on the site and he will 
try to populate at least a portion of it by May 1. 
Terry shows the final version of the documentary.  He now has it down to 59 minutes so it could 
go on PBS.  He has given PBS the most recent version 
 
March 6 
 
Hunter updates the group on the Mediaworks presentation yesterday.  The group discusses an 
approach to populating the website.  Hunter will summarize information that must be generated 
to populated the website and forward it to committee chairs. 
 
 
Ryan Wilson 
 
George Jordan has moved on and the FWS is now talking to cooperators about how to fill that 
position. 
 
The Governing Board met in July in Miles City and again in December at the same location.  
The group discussed the population genetics management plan for upper basin. A draft was 
received in August.  The authors received many comments and a revised version was presented 
at December meeting and approved. 
 
Ryan then discussed Jay Rotella’s survival estimates.  He added data through 2010 and came 
back with a report and he still had some money in contract.  So he corrected some input files and 
incorporated the effort from RPMA 2 and also pit tag loss.  He submitted an addendum to the 
report in March.  Anne suggests we have him hold a seminar on how to input new data into the 
estimates. 
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Ryan also described the haul/no-haul list update.  Kim developed the new list as a computer 
application.  It asks a series of questions so you will know whether to haul or not and whether 
genetics samples must collected. 
 
Kevin Kappenman was elected to the Governing Board at the December meeting. 
 
Bill Miller – Instream Flow Needs for Pallid sturgeon 
Bill’s study area includes the Yellowstone River from the Big Horn downstream to the 
confluence with the Missori.  The study focuses on pallids but includes other species as well.  
They have been collecting data and reviewing it.  They will identify data gaps and provide 
detailed recommendations for developing an instream flow regime for the lower Yellowstone. 
Bill has been collecting habitat use data, life history studies, geomorphology studies, instream 
flow studies, fish passage studies and fish population information to know about seasonal 
changes, life stages.  They did this largely through internet search and individual requests.  Got 
over 100 publications. 
He is looking at a year round flow regime (riverine ecology/environmental flow context).  Some 
examples of this type of approach include the Province of Alberta used a similar approach called  
Ecological limits of hydrologic alteration.  The goal is to get back as close as possible to the 
natural flow regime given all of the changes that have occurred. 
Bill is looking at these ecological components: hydrology, geomorphology, biology, water 
quality and connectivity. 
Preliminary Findings and Recommendations: 
-Current data can be used for preliminary instream flow analysis and recommendations 
-Hydrology based analysis can be applied during peak flows. 
-Life history cues need to be incorporated into flow recommendation 
-2D hydraulic data sets can be used to look at site-specific changes to habitat with flow for the 
Yellowstone River downstream to the Missouri River. 
-Hydraulic habitat data is required for upstream of the Intake Diversion 
-The Yellowstone River and Missouri River should be evaluated as a unit since movement 
studies show pallid sturgeon using those two rivers as a unit. 
-Additional data on habitat use by all life stages may be needed for a full instream flow 
evaluation. 
 
Steve Krentz 
 
Steve gives a description of the Fish Habitat Partnership.  The partnership includes about 10 
states in the Missouri River watershed.  The purpose of these partnerships is to put money for 
habitat projects where it needs to be.  They are using GIS modeling to identify the areas that 
need habitat restoration and protection.  The modeling looks at things from a broader scale.  
Steve makes the analogy with the waterfowl partnerships which use their modeling to identify 
impacts to waterfowl fox example when changes in farm bill are discussed-hopes we can have 
this kind of information 
 
Steve reports that at Lake Sacajawea seismic surveys are planned for the headwaters.  They will 
use a giant airgun to look for oil and gas.  It sounds like there may be lots of oil and gas potential 
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under the reservoir.  The seismic surveys have the potential to be detrimental to all kinds of fish 
species.  Concerns include ruptured air bladders and other organs. 
 
Oil and gas development near Williston is leading to lots of infrastructure work including a new 
bridge over the river. 
 
Tom Hinz and Pat Byorth  MARS (Montana Aquatic Resources Services) 
 
MARS was incorporated as a non-profit in 2012.  Their goal is to direct in-lieu funds (ILF) and 
non-ILF mitigation funds to conduct the most significant restoration possible.  They can provide 
in-lieu fee mitigation and aquatic resource restoration and protection services.  It is a source of 
funding for resource restoration and can provide capacity.  The ILF comes from the EPA wetland 
program-there are three ways to mitigate for wetland loss.  One of them is to pay a fee to a non-
profit that will then do mitigation.  When someone creates a wetland impact MARS can receive 
the money and has to get that money back on the ground for mitigation within 3 years.  The 
restoration is supposed to be near where the impact occurred and it should be similar habitat that 
is restored.  They can bundle several impact projects into a larger project.  They can also work 
with private landowners, agencies, land trusts etc.  They want to get high priority ecologically 
significant restoration on the ground. 
The 2011 floods caused the Exxon mobile pipeline spill this was non-ILF but still a water quality 
act violation.  MARS wants to use the fine money to fund Channel Migration Easements.  They 
are working with Exxon and BNSF to define the floodplain along the Yellowstone.  They can 
use this to identify landownership.  They will then go out on the ground to work with willing 
landowners to compensate them for their land and also to protect the floodplain so the river can 
do its work. 
 
David Patrick – Eco Assets 
 
He does mitigation banks under section 404 of the Clean Water Act.  They have a mitigation 
bank on the Yellowstone.  A new rule for mitigation was promulgated in 2008-this rule 
suggested that mitigation banks were the best way to do this type of work.  They have private 
investors that want to invest in conservation efforts.  They ID sites within the channel migration 
zone and then try to restore a section of river.  They get credit for the restoration that goes into 
the bank.  They can do the same in riparian buffer zone which is usually 300 feet.  They might 
remove Russian olive and/or tamarisk, spray for weeds etc.  and they get credits for this.  Their 
plan needs to be approved by EPA, FWS, FWP, DNRC.  They have several sites along the 
Yellowstone where they are doing work.  They cannot work in the channel migration zone 
outside the riparian buffer where they are getting credits.  But they run into this situation 
frequently.  David thinks they could use the Workgroup’s channel sloughing conservation money 
to compensate the landowner for a sloughing easement with the landowner.   
 
Tyler Haddix – 2012 population assessment Ft peck to the confluence 
 
Tyler begins with 2011 water year pallid captures from Ft Peck to Wolf Point.  A high proportion 
of captures of hatchery reared pallids (HRPS) were further upstream than they typically see.  
Most of the fish were 2008 and 2009 year classes, there were no 1997 year class pallids captured.  
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They are seeing growth of the hatchery reared pallids, the condition factor for the year classes 
seems to be pretty steady-this is a good thing since there is concern about the density of fish.   
From Wolf Point to the confluence is the real pallid sturgeon nirvana.  They capture  more year 
classes in this area and get larger fish down here-they did get one 1997 fish near the confluence.  
The condition of the fish seems to be constant over the years.  Catch per unit effort also seems 
pretty constant even though there have been many fish stocked. 
The 2012 data has not been summarized.  Tyler and crew captured 419 HRPS in segments 2 and 
3.  The HRPS captured were from 9 different stocking points but Wolf Point and Culbertson 
accounted for 60% of captures.  A 1997 year class pallid was caught in the Dredge Cuts 
measuring 1,060 mm and 4.5 kg.  In 2012 they captured more pallid sturgeon upstream in the 
crappy habitat than they ever have.  They think this is due to the big flows/habitat creation from 
2011 flow.  Length frequency histograms moving to the right-the fish are definitely getting 
bigger. 
 
Dave Fuller – Missouri River Use (or lack thereof) by Pallid Sturgeon 
 
Pallid sturgeon implanted with radios in 2012 totaled 35 and in 2013 should have 49. 
 
Dave provided a review of the last 4 years of tracking information.  2009 had very low flow, 
2010 there was some Milk River contribution to the flow, 2011 was off the charts high flow and 
2012 the flow was higher than in most of the past 10 years.  In 2011 they found pallids way up 
river and in the Milk due to the high flows,  but they did not return in 2012.  When there are no 
flow enhancements from the Milk or spillway the pallids generally over winter and then head 
downstream.  When there is a flow enhancement like in 2010 fish come up as far as Milk River 
and then they head back down. 
 
Dave then reviewed the larval sturgeon collection at Wolf Point.  They saw good numbers of 
larvae in 2011 and 2012.  They can distinguish between Missouri and Yellowstone shovelnose 
stugeon YOY based on size.  The shovelnose spawn earlier in the Yellowstone by about 3 weeks 
due to the warmer water temperature. 
 
 
Ryan Wilson  Pallid Sturgeon Monitoring in Segment 4 
 
In 2012 Ryan and crew captured 318 pallids.  They captured 300 juveniles and 3 wild adults 
during their population assessment sampling.  2010 was the biggest year every for pallid captures 
which Ryan attributes to it being the year that Lake Sac came up and they got sturgeon 
everywhere.  2012 was a more normal year and an improvement over 2011. 
All of the fish they capture are stocked upstream and largely in the Yellowstone (78%).   
 
Rob Holm-Garrison Fish hatchery 
 
Rob began by showing pallid sturgeon production over the last decade at Garrison.  The three big 
years were 2007, 2008, 2009 followed not too far by 2004.   
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Rob gave an update on the milt repository – 96 individual wild males and 13 or 14 from Gavins 
Broodstock-no longer collecting milt from broodstock-may start again when they have to start 
culling the brood. 
The current inventory of fish for stocking this year is 1200 fish available for RPMA 2 and 3. The 
percentage survival from hatch was not real good – 21%.  There has been very little mortality 
since hatch and early post hatch.  The egg quality was not real good and at least one female had 
very few eggs.  He talked a bit about effective population size.  He feels we could get the 
effective population size up to 180 when we use all the cryo preserved milt and get the genetics 
from the broodstock that are not represented in the wild. 
 
Craig Bockholt – Gavins Point 
 
Craig began by providing a broodstock inventory.  The Gavins broodstock consists of  fish from 
1997 on up except for 2000.  They started an inventory in 2011 and finished in January 2013.  
They found an unknown family from the 2003 year class and there are still numerous fish that 
are not on the master list.  They have a total of 2160 fish from 15 year classes.  Craig says they 
are starting to run out of room in the hatchery.  They need to start culling this year following the 
cull list from the genetic management plan. 
 
They have also been working on feed and feeding rate issues.  They felt they were overfeeding 
some fish-pretty fatty.  So they started looking at feed and feed rates.  They also increased the 
flow in the tanks to try to get them moving-don’t want them to be coach potatoes. 
 
Craig feels there are having some issues with captive spawning.  To reduce stress on the fish they 
decided to just spawn them once a year.  They are having some gas supersaturation issues.  They 
have four wells and each has different water chemistry.  The Koch rings in the column are 
getting gunked up with manganese.  Need to do some work on the column. 
 
In 2013 hope to complete a broodstock culture manual.   
 
 
Jeff Kalie and Meredith Bartron  Provide an overview of pallid sturgeon genetic analysis via web 
ex and conference call 
 
Jeff reports they were able to add 10 individuals to the genetics baseline which allowed them to 
be assigned to parents.   
 
Meredith goes over the Population Genetics Management Plan and the identification of 
broodstock to target for collection based on:  number of offspring recaptured (genetic parentage 
and tagging data) and number of offspring in the captive broodstock.  The goal is to equalize the 
genetic contributions and to capture as much of the genetic variation as possible.  Meredith went 
over the Broodstock Collection Guidance table and explained the different levels of priority and 
actions. 
 
Kenny Staigmiller - Missouri river sturgeon iridovirus sampling 
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Kenny reports data collected over several years.  He says they sampled just shy of 400 fin clips.  
They found about 6% contained iridovirus using the PCR.  Of those that were positive abut 
evenly distributed between shovelnose and pallids so about 6% in each of these populations.  
They got positives from all sections of the river including the Yellowstone.  They quit sampling 
in 2010 but could start it up again if necessary for some reason.  They test hatchery fish regularly 
with PCR and the hatcheries have come up clean the last couple of years. 
 
There was a discussion about a request from a graduate student to  obtain up to 700 fin rays. The 
general discussion was that they did not see a benefit to the pallids or to the science to collect 
these for the student.  Tyler feels that there is plenty of public data out there that they could use.  
Ryan will write the student and let him know we will not be collecting these fin rays. 
 
Broodstock collection 
 
Anne has one female that is not represented they need to catch for broodstock.  They need to take 
blood and send it to Molly to see if she is ready to spawn. The fish would go to Miles City if 
ready.  There are two males in RPMA 2 that are not represented that need to be collected.  The 
group is looking at the third week of April (15th) to collect broodstock. 
 
Anne asked if the Workgroup ever sends letters on things like the Intake issue.  Generally people 
feel like their agencies are already involved in this at the highest levels.  
 
There was some discussion about how to move forward with the sloughing easement project now 
that the group has heard from MARS and Eco Assets.  Tyler and Jason will talk to both MARS 
and Eco Assets and see where we want to go. 
 
 
 
10 Year Strategy 
The only person that responded to the request for edits of the 10-year strategy was Rob Klumb.  
Hunter will incorporate Rob’s comments and we will call it good. 
 
Ryan started a brain storming session on the white paper idea that Bob Snyder suggested at the 
last meeting.  It would be a listing of the priority items for the recovery of the species. 
 
Drainage wide 
Manage flows to promote natural geomorphic processes 
 
Let the channel migrate (easements)  
 
Restore channel form and function-side channel connectivity 
 
Manage for exclusion of AIS species 
 
Continue managing F1 populations for genetic diversity 
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Maintain and create fish passage on tribs and mainstems 
 
Promote collaboration amount agencies 
 
Make recommendation for instream flow for pallids in all RPMAs 
 
Identify and protect current valuable habitats for pallid sturgeon life history (need to provide 
specific habitat types) 
 
Continue monitoring to assess success. 
 
Follow the 10 year strategy 
 
Maintain broodstock and facility 
 
 
 
 
 
RPMA 1 
A more natural hydrograph for the Marias and out of Canyon Ferry 
 
Manage Ft Peck reservoir levels for pallid sturgeon 
 
Determine carrying capacity of river for pallids and shovelnose sturgeon. 
 
 
RPMA 2 
 
Provide fish passage at Intake Diversion dam 
 
Flow enhancements at Fort Peck Dam for pallid sturgeon 
 
Warm water release at Ft Peck Dam for pallid sturgeon 
 
 
RPMA 3 
 
Eliminate peaking on the mainstem at Ft Randall 
 
Modify temperature releases from Ft Randall 
 
Create fish passage on Spencer Dam on the Niobrara 
 
Kevin points out that Skidmore in the last few pages of his document has pretty much the same 
list and citations.  We can use this in writing the document. 
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George suggests having a one page abstract that gets to the key points so that really busy people 
can get the jist of the paper very quickly.  He noted that if the abstract piques their interest they 
can read the rest. 
 
Matt Marsh – WAPA really wants us to fund projects that do not include overhead.  Specifically 
the USFWS has not agreed to this at this time so they would prefer we not contract with FWS 
unless they are the only ones that can really do the work. 
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Annual Reports for the 2012 Field Season and 
Work Contracted by WAPA 

 
 

Gavins Point National Fish Hatchery Captive Pallid Sturgeon Broodstock 
Spring, 2012 

 
Molly A.H. Webb and Mariah Talbott 

USFWS, Bozeman Fish Technology Center 
4050 Bridger Canyon Road 

Bozeman, MT 59715 
(406)994-9907 

Molly_Webb@fws.gov 
 
A total of 247 pallid sturgeons in the captive broodstock population at Gavins Point National 
Fish Hatchery (GPNFH) were analyzed by ultrasound and blood was collected for analysis of 
plasma sex steroids (testosterone and estradiol) in March, 2012 to assess sex and stage of 
maturity. A database was generated for the captive pallid sturgeon sampled in 2007–2011 and 
the 2012 sampling data is currently being added to it.   
 
In 2012, plasma was collected from fish in all year classes at GPNFH, except the 2011 year class 
which was being housed at Garrison National Fish Hatchery at the time of sampling.  Specific 
fish were targeted in several year classes to collect information about age and size at sexual 
differentiation, puberty and first maturity.  The 2009 year class has sexually differentiated.  The 
2007 year class (n=20 total fish sampled) has 2 ripe males as identified by sex steroids (i.e. 
elevated testosterone).  The 2008 and 2009 year classes, though sexually differentiated, had no 
evidence of first maturity.  Therefore, it appears that first maturity in males can occur as early as 
4 years of age under the environmental conditions at GPNFH.  The 2006 and 2003 year classes 
(n=20 total fish sampled from each year class) have 2 ripe males each as identified by sex 
steroids, and the 2005 year classes (n=10 total fish sampled) has 1 ripe male.  The 2004 year 
class (n=10 total fish sampled) had no ripe males as seen by elevated testosterone concentrations.  
Assuming a 1:1 sex ratio and equal probability of capture by sex, it appears that 20% of the 
population of males is reproductive within the 2003, 2005, 2006, and 2007 year classes.  It is not 
know at this time due to the low sample size the estimated proportion of ripe males in the 2004 
year class.  In older year classes (1997, 1998, 2001, and 2002), it appears that the proportion of 
ripe males increases.  It will be very valuable to hormonally inject the males from the youngest 
year classes (2005, 2006, and 2007; Table 1) that have elevated plasma testosterone 
concentrations and assess spermiation success and sperm quality during the 2011 spawning 
season. 
 
The earliest year class with evidence of puberty in females is the 2003 year class.  One fish has a 
plasma estradiol concentration of 1 ng/ml suggesting the onset of puberty and vitellogenesis.  It 
will be valuable to collect an ovarian sample from this female by needle biopsy to assess stage of 
maturity macroscopically and microscopically (see Table 1 for female identification).  This will 
confirm that the youngest age at puberty in female pallid sturgeon in the conservation 
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propagation program is 8 years of age.  There are several other females the 1997, 1999, 2001, 
and 2002 year classes that have similar circulating estradiol concentrations (>0.4 to <1.0 ng/ml) 
and were identified by ultrasound as having ovarian follicles.  It would be very valuable to 
collect an ovarian sample from these females to confirm the estradiol concentration that is 
indicative of onset of vitellogenesis and the ultrasound image (see Table 1 for female 
identification). 
 
In the 2002 year class, two females appear to be ripe as seen by ultrasound and plasma sex 
steroid concentrations.  Collection of ovarian follicles and somatic tissue from these females will 
confirm first sexual maturity.  It will be very valuable to hormonally induce ovulation in these 
females to ascertain ovulatory success or a dummy-run (Table 1).  A dummy-run has been seen 
in several young pallid sturgeon females at GPNFH and is not uncommon in long-lived species.  
In a dummy-run, the hormonal cascade resulting in production of ovarian follicles occurs but 
maturation of follicles does not occur and follicular atresia ensues.   
 
Two females in the 2001 year class appear to be ripe as seen by ultrasound and plasma sex 
steroid concentrations.  It would be beneficial to confirm ripe ovarian follicles in these females, 
and they could be spawned as needed for research purposes if needed (i.e. production of embryos 
and larvae for research needs). 
 
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 was gravid and successfully ovulated in 2009 and 2010 and is 
again ripe in 2011 as seen by ultrasound and plasma sex steroid concentrations.  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 (Table 1). 
 
There is evidence for both annual and biennial maturation cycles in male pallid sturgeon at 
GPNFH.  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 (see Table 1).   
 
Several females were gravid in 2010 and were not spawned.  These females have undergone 
follicular atresia.  It would be very valuable to collect an ovarian sample by needle biopsy from 
these females to assess the rate of gonad recrudescence.  It is assumed that the presence of atretic 
bodies seen macroscopically and microscopically in ovarian tissue is an indication of failed 
spawning the previous spawning season.  Following the resorption and disappearance of atretic 
bodies in females that are known to have gone atretic will provide critical insight into the validity 
of this assumption (see Table 1 for female identification). 
 
To understand the classification of sex steroids by sex and stage of maturity it would be very 
useful to collect an ovarian tissue sample by needle biopsy from a small subset of females 
identified as immature (presence of oogonia and ovigerous folds) by ultrasound.  This 
information is critical to the successful discrimination of the sexes by less-invasive techniques 
such as ultrasound and plasma sex steroid analysis (see Table 1 for fish identification).  
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Blood was not collected from the 2010 year class because the fish were not PIT tagged.  It would 
be very useful to collect blood from a random sample of 10 fish within this year class to 
determine whether sexual differentiation has occurred. 
 
 
Table 1.  Identification of pallid sturgeon with elevated sex steroids in March 2012 in the captive 
population that would be scientifically valuable to spawn during the 2012 spawning season. 

PIT TAG  YR CLASS TANK REASON TO SAMPLE 
4A4A14577D 2008 B-2 Young ripe male; assess sperm quality 
4A4A06007C 2008 B-2 Young ripe male; assess sperm quality 
47181D6415 2007 F-3 Young ripe male; assess sperm quality 
47132E6527 2007 F-3 Young ripe male; assess sperm quality 
4722201300 2006 C-1 Young ripe male; assess sperm quality 
4723613126 2006 C-1 Young ripe male; assess sperm quality 
42564E6111 2002 B-5 Male; assess sperm quality in ‘02 YC  
4254677762 2002 B-5 Male; assess sperm quality in ‘02 YC 
42556C4937 2002 A-5 Male; assess sperm quality in’02 YC 
462616257F 2002 A-5 Male; assess sperm quality in ‘02 YC 
4256191353 2002 A-5 Male; assess sperm quality in ‘02 YC 
46282A3500 2002 B-5 Female; check spawn success in ’02 YC  
4627387537 2002 A-5 Female; check spawn success in ’02 YC 
42566F2C14 2002 A-5 Female; check spawn success in ’02 YC 
4628127555 2002 A-4 Female; check spawn success in ’02 YC 
42567E0110 2001 C-5 Male; spawned in ’11, periodicity info 
4256692100 2001 C-5 Male; spawned in ’11, periodicity info 
4255516251 2001 C-5 Male; spawned in ’11, periodicity info 
425708072B 2001 C-5 Female; ripe in ‘10, periodicity info 
425556576A 2001 C-5 Female; spawn if needed 
425539703A 2001 C-5 Female; spawn if needed 
4721491031 1999 G-1 Male; injected ‘11, periodicity info 
424F0C4651 1999 G-1 Female; spawn in ’10, periodicity info 
 424E354E4B 1999 G-1 Female; spawn in ’10, periodicity info 
424D40292D 1999 G-1 Female; spawn in ’10, periodicity info 
423A1E5424 1999 G-1 Female; spawn in ’10, periodicity info 
424E680B49 1998 C-4 Ripe male; inject for periodicity  
424E3E6127 1998 C-4 Ripe male; inject for periodicity  
406E677B1F 1997 F-2 Ripe male; inject for periodicity  
4250324A29 1997 F-2 Ripe male; inject for periodicity  
7F7D41431D 1997 F-2 Ripe male; inject for periodicity  
1F4838134E 1997 F-2 Ripe male; inject for periodicity  
1F4848153C 1997 G-1 Gravid female with annual cycle 
1F4A502C1B 1997 F-2 Female; spawn in ‘10, periodicity info 
1F4A132460 1997 F-2 Female; spawn in ‘10, periodicity info 
1F4B211065 1997 F-2 Female; spawn in ‘10, periodicity info 
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Missouri River above Fort Peck Dam 2012 – RPMA 1 
Author:  Anne Tews  
 
Summary   
 In 2012, peak flow above Fort Peck at the Robinson Bridge was similar to the 78 year 
median. The Marias River is an important tributary for sturgeon; it is the only tributary upstream 
of Fort Peck where sturgeon have been sampled. Past research has found that shovelnose 
sturgeon spawned in the Marias at flows as low as 1,000 cfs when peak flows exceed 3,000 cfs.  
Shovelnose sturgeon did not appear to spawn in the Marias in 2012 under a controlled 7 week 
release of 1,000 cfs.  A total of 336 pallid sturgeon were captured upstream of Fort Peck 
Reservoir in 2012.  Hatchery raised pallid sturgeon exhibited good growth and condition in 2012, 
despite low minnow catch rates.  During standardized trammel netting, pallid sturgeon were 
caught at record high of 2 per net; shovelnose catch per net was about average at 4.5 per net. 
Pallid sturgeon were found primarily in the lowest 50 miles of RPMA 1, with about 10% near the 
Coal Banks/Marias Confluence areas.  There are only 2 known wild pallid sturgeon left in 
RPMA 1, however PS-97 males are starting to become sexually mature.  Reproductively active 
pallid sturgeon were in the Robinson Bridge area during appropriate conditions for sturgeon 
spawning. 
 
Results 

In 2012, the Missouri River upstream of Fort Peck, RPMA – 1 (Figure 1), had a peak 
flow similar to the 78 year median peak at Robinson Bridge.  Flows were generally above the 
median early in the field season and dropped to well below the median by late summer (Figure 
2).  The Marias is an important tributary to the Missouri; it is the only tributary upstream of Fort 
Peck where sturgeon have been recorded. Furthermore, the mouth of the Marias was one of the 
main areas where pallid sturgeon were historically captured (Gardner 1990).  In 2012, there was 
a controlled release from the Marias River of 1,000 cfs for about 7 weeks (Figure 3) to evaluate 
sturgeon spawning behavior.  Goodman et al. (2012) found that shovelnose spawned in 2006 and 
2008 after the hydrograph peaked to at least 4000 cfs.  Sturgeon reproduction in the Marias has 
also been verified by larval fish sampling in 1978 (Berg 1981), 1996 and 1997 (Gardner 1998, 
Figure 4).  Sturgeon spawning was not documented when peak flows reached 500 or 700 cfs 
(Goodman et al. 2012).   In all cases sturgeon spawning was documented in the Marias when the 
spring rise reached at least 3,000 cfs and spawning occurred when flows were at least 1000 cfs 
(Figure 4, for example).  In 2012, shovelnose sturgeon were found in high numbers in the Marias 
when temperatures were appropriate for spawning (60 – 68 ˚F, Kappeman, Bozeman Fish 
Technology Center).  However, there were not any sturgeon larvae or eggs sampled in 2012 
(Figure 5).  This indicates that the 990 cfs threshold level suggested by Goodman et al. (2012) 
may be too low to initiate substantial shovelnose sturgeon spawning in the Marias River, but is 
sufficient for staging of reproductively active fish.  In 2011, flows were generally much higher in 
the Marias, but were reduced during sturgeon spawning due to replacement storage requests by 
the ACOE (Figure 3).   However, in 2011, the Teton had peak flows over 3,000 cfs (Figure 3) 
and many shovelnose sturgeon migrated up the Teton.   Past work has indicated sturgeon will 
migrate up the Teton when flow reaches 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.   
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 In 2012, there were 336 pallid sturgeon sampled in RPMA1 (Table 1).   Setlines were the 
most effective sampling method.  Hatchery raised pallid sturgeon exhibited good growth and 
condition in 2012 (Table 2), despite below average minnow catch.  Mode length of pallid 
sturgeon was about 500 mm (Figure 6).  Pallid sturgeon were caught at record high of 2 per net 
during standardized trammel netting; shovelnose catch per net was about average at 4.5 per net 
(Figure 7).   Pallid sturgeon were found primarily in the lowest 50 miles of RPMA 1 but about 
10% of pallid sturgeon continue to reside between Coal Banks Landing and the Marias River 
(about river mile 2040) in 2010 – 2012 (Figure 8).   
 There are only 2 known wild pallid sturgeon left in RPMA 1, however males from PS-97 
are starting to become sexually mature.  In 2012, one wild female and two PS-97 males were 
identified as sexually mature from blood analysis (Molly Webb, Bozeman Technology Center).  
A reproductively active male and female were both in the Robinson Bridge vicinity during the 
estimated spawning window (Figure 9).  They then ascended and remained upstream of this area, 
the male was near the Marias River confluence in late summer (Figure 9).  It is apparent that 
researchers need to determine reproductive condition of pallid sturgeon to evaluate potential 
spawning areas.  The non-reproductive wild female was near the Marias River in the spring and 
moved downstream after the sturgeon spawning season (Figure 9).  Reproductively inactive PS-
97 exhibited similar patterns to many of those of unknown reproductive condition (Figure 10).  
Most PS-97 were typically relocated within 10 miles of the Fred Robinson Bridge.  One PS-97 
lived upstream of Judith Landing all year (Figure 10).   
 
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 recommendations 
! Take genetics from hatchery raised pallid sturgeon to identify to family if needed. 

!   Monitor reproductive status and attempt to determine spawning habitat and conditions 
!   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  
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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 Fred Robinson Bridge 2012 compared with the 78 year 

median. 
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Figure 3.   Flows in the Marias and Teton Rivers 2011 and Marias 2012 – USGS data. 
 

 
Figure 41.   Mean Marias daily flow (CFS) at Chester (USGS data) and temperature (˚F) at RM 

3.0 in 1997. Adapted from Gardner 1998. Temperatures for optimal (60 – 68 ˚F - dark 
area) shovelnose sturgeon embryo development are shown.  Acipenseridae larvae 

captured in the Marias (circles) and Teton (triangle) shown. 
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Figure 5.   Mean daily flow (CFS) on the Marias at Loma (USGS data) and temperature (˚F) at 

RM 3.0 in 2012. Temperatures suitable (light box) and optimal (dark area) for 
shovelnose sturgeon embryo development are shown.  No sturgeon larvae sampled. 

 
Table 1.  Effort by sampling method and number of pallid sturgeon captured in the Middle 

Missouri River, MT in 2012.   

Group 

Trammel  
net  

(Sets)  

Trammel net 
(standard 

sets)  
Trawl    
(Tows)  

Setline 
   

(Sets/hrs.)  
Rod  

(Sets/hrs.)  

Total  

Wild 3  0 0 0 0 3 (2 fish)  
PS-97 3 4 0 14 0 21 
PS-01 0 0 0 0 0 0 
PS-03 0 0 0 0 0 0 
PS-04 0 0 0 4 0 4 
PS-05 1 10 0 30 0 41 
PS-06 3 27 0 44 0 74 
PS-07 1 12 3 18 0 34 
PS-08 2 19 4 37 0 62 
PS-09 2 15 5 47 0 69 
PS-10 1 5 0 6 0 12 
PS- ? 1 7 0 7 1 16 

Total 17 99 12 207 1 336 
Effort 111 50 100 200/2855 1/.4  

Table 2. Hatchery raised pallid sturgeon growth by age class, from mean annual length. 
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Average annual growth (mm) at Age-class  

Year Class  2  3  4  5  6  7  8  9  10  11  12  13  14  15  
1997  97  73  -27  43  47  6  27  58  55  14  62  13  83  55  
2005  24  60  28  21  32  43          
2006  57  38  18  51  30           
2007  25  31  42  57            
2008  34  58  51             
2009  62  85              
2010  47               

 
 
 

 
 
Figure 6.  Size distribution of all pallid sturgeon captured in 2010-2012. 
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Figure 7.  Pallid sturgeon and shovelnose sturgeon catch rate trend for standardized fall trammel 
netting population assessment surveys conducted in the Middle Missouri River, 1996 – 
2012.   

 
Figure 8.  Pallid sturgeon capture locations and relocations in RPMA 1 for 2010 - 2012.  Dots 

represent sampling by passive and active capture techniques.   
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Figure 9.  Reproductively active (spawning) and wild adult female (inactive) pallid sturgeon 

movement in 2012 compared with flow. Optimal sturgeon spawning temperatures (60 – 
68 F˚) depicted by vertical solid lines.   

 
Figure10.  Seasonal movements of 1997 year class pallid sturgeon of unknown or inactive 

reproductive condition compared with flow. Optimal sturgeon spawning temperatures 
(60 – 68 F˚) depicted by vertical solid lines.  
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Background 

In 2011, record setting snowfall coupled with record spring rains resulted in rapid filling 
of Fort Peck Reservoir above full pool and subsequent, releasing water over the Fort Peck 
Spillway. The hydrologic regime in the Missouri River downstream Fort Peck Dam during 2011 
was unique among the last several years due to these spillway releases, increased discharge from 
the Fort Peck Powerhouses and elevated discharge conditions during spring and early summer 
from the Milk River. This resulted in an increased use of adult pallid sturgeon (Fuller and 
Haddix 2012) and hatchery reared juvenile pallid sturgeon (Haddix et al. 2012) in the reach of 
the Missouri River from Fort Peck Dam to Wolf Point.  Additionally, an aggregation of adult 
pallid sturgeon was located just downstream of the Milk River and the first genetically confirmed 
wild produced pallid sturgeon larvae was collected in this reach as a result of these flows (Fuller 
and Haddix 2012).   In 2012, no spillway releases were conducted and discharge was much lower 
in the Milk River than in 2011.  Thus, 2012 served as a “post treatment” to the epic events of 
2011 as Fort Peck Dam resumed “normal” operations. 
 
Scope and Objectives 

The Objectives of this work were to (1) assess pallid sturgeon migrations and use of the 
Milk River and Missouri River between Fort Peck Dam and the Yellowstone River confluence; 
(2)  quantify reproductive products (eggs, free embryos, larvae) and potential spawning reaches 
in the Milk River and Missouri River below Fort Peck Dam; and (3) assess and quantify 
settlement of pallid sturgeon larvae from the drift based on collections of young-of-year pallid 
sturgeon in lower reaches of the Missouri River. 
 
Study Area           
 The Missouri River study area extended from Fort Peck Dam located at river mile 
(RM)1770 (rkm 2,850) downstream to RM 1553.5 (rkm 2,500) (near Williston, North Dakota; 
Figure 1).  The study area also included the lower 115 miles of the Milk River from Vandalia 
Dam to its confluence with the Missouri River.   
 

 
Figure 1.  Study area of the Missouri River, Milk River and lower Yellowstone River. 
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Methods 
Pallid sturgeon were sampled using drifted trammel nets and were implanted with radio 

tags (MCFT-3L tags, 16 mm x 73 mm, air weight = 26 g, 2,929-day longevity, 5-second pulse 
interval, 149.760 Mhz, Lotek Wireless Incorporated, New Market, Ontario).  The coded signal 
emitted by each tag is unique to facilitate identification of individual fish. Surgical procedures 
followed methods outlined in Braaten and Fuller (2005).  Most fish were collected in prior years 
during brood stock collection near the confluence of the Missouri and Yellowstone rivers. 

Manual tracking of fish by boat during 2012 was initiated in April.   The Missouri River 
between Fort Peck Dam and Wolf Point (70 m) was tracked from April through October.  The 
Milk River was not manually tracked in 2012 (see results).  One radio frequency (149.760 MHz) 
was monitored during the boat-tracking run using a 4-element Yagi antennae.  Several variables 
(e.g, radio frequency, fish code, latitude, longitude, time-of-day) were recorded at fish locations. 

Stationary telemetry logging stations were deployed in April 2012 at four sites on the 
Missouri River (Nickels, rm 1,760; near Wolf Point, rm 1,720; near Culbertson, rm 1,620; at rm 
1,584 just upstream from the Yellowstone River confluence) and one site on the Milk River (rm 
2.5).  Additionally, there were several sites on the Yellowstone River which are mentioned in a 
separate report.  The logging stations were placed on shore with two 4-element Yagi antennae. 
Each logging station was equipped with a battery powered receiver (Lotek SRX- 400), solar 
panel, an environmental enclosure kit containing dual 12-volt batteries, and an antenna 
switchbox. Data recorded by the logging stations were downloaded to a laptop computer two 
times per month between April and October.  Coupled with manual tracking efforts, the array of 
telemetry logging stations facilitated detection of dates and times of movement events between 
and within rivers and river reaches.    

Sampling for free embryos and larvae was conducted in the lower Milk River and 
Missouri River near Wolf Point following methods outlined in Braaten et al. (2010). Sampling 
was conducted two times per week at multiple replicate locations.  After sampling was 
completed, net contents were transferred to black rubber trays where Acipenseriformes larvae 
(sturgeon and paddlefish) were extracted from the detritus.  Extracted Acipenseriformes larvae 
were placed immediately in 95% non-denatured ethanol for genetic analysis.  After extracting 
these larvae, the remaining sample was placed in a 10% formalin solution containing phloxine-B 
dye and contents were separated and identified in the lab.    
 

Targeted sampling for young-of-year pallid sturgeon followed trawling methods outlined 
in Braaten and Fuller (2007) and was conducted every week from mid-July through mid-
September.  Sampling for young-of-year sturgeon (Scaphirhynchus spp.) was conducted with a 
benthic (beam) trawl in the Missouri River above the Yellowstone River confluence (i.e., ATC) 
and Missouri River below the Yellowstone River confluence (i.e., BTC).  Four replicate 
sampling locations were established at each site where each replicate was comprised of an inside 
bend, outside bend, and channel crossover habitat complex (IOCX) associated with a river bend.  
Fin clips were obtained for all Scaphirhynchus spp. collected, stored in 95% ethanol, and 
genetically processed by Ed Heist at Southern Illinois University to distinguish individuals as 
pallid sturgeon or shovelnose sturgeon.  If identified as a pallid sturgeon, further analysis to 
determine parentage was performed. 
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Results 
 For task 1, telemetered wild adult pallid sturgeon (n=41) were manually tracked in the 
Missouri River ATC to Fort Peck Dam.  There was no use of the Milk River by telemetered 
pallid sturgeon in 2012.  Similar to 2005-2010, use of the Missouri River ATC by adult pallid 
sturgeon in 2012 declined through the spring and reached a low during the spawning season 
(<10% from late May to July; Figure 2).  There were only two fish that were located upstream of 
Wolf Point in 2012 prior to the spawning season; however, both emigrated out of this reach and 
into the Yellowstone River by late May.  Use of this reach increased in July as fish completed 
spawning in the Yellowstone River and migrated to post-spawn areas in the Missouri River 
above and below the confluence of the Yellowstone River where most would eventually over-
winter. 

Date
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Figure 2.  Percentage (%) of telemetered adult pallid sturgeon located in the Missouri River 
above the confluence of the Yellowstone River by date from 2005 – 2012.  
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For task 2, sampling for larvae was conducted in the Milk River during 16 events 

spanning from 22-May through 17-July, 2012.  No sturgeon or paddlefish larvae were collected 
during this time.   
 
 Larval sampling was conducted on the Missouri River near Wolf Point during 20 events 
from 23-May through 26-July.  A total of 109 paddlefish larvae and 31 Scaphirynchus larvae was 
collected (Table 1).  Genetic analysis of the Scaphirhynchus larvae indicated that they were all 
shovelnose sturgeon. 
 
 
 
 
Table 1. Sampling dates and paddlefish (pdfh), shovelnose sturgeon (snsg), and pallid sturgeon 
(pdsg) larvae collected in the Missouri River near Wolf Point in 2012. 
 
 
 May June July Total 

Date 23 25 29 1 6 7 11 14 18 21 26 28 2 5 11 13 16 19 22 26  
pdfh 0 0 0 0 0 0 0 13 13 1 7 2 7 29 21 12 3 0 1 0 109 
snsg 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 2 11 3 7 2 31 
pdsg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 
 

 For task 3, beam trawling for young-of-year sturgeon was conducted weekly from 24-
July through 11-September, 2012.  Channel catfish (Ictaluris punctatus) and sturgeon chub 
(Macrohybopsis gelida) made up 64% and 19% of the catch, respectively (Table 2).  A total of 
156 young-of-year sturgeon were collected in the MRBTC while one was collected in the 
MRATC.  All were determined to be shovelnose sturgeon through genetic analysis (Southern 
Illinois University, Carbondale). 

Based on the small size of these shovelnose sturgeon (Table 3), spawning was very 
prolonged in 2012.  This was most likely due to sustained high discharge(~12,000 ft3/s) from 
Fort Peck Dam and cool water temperatures associated with hypolimnetic releases from the dam.  
Although larval sampling ceased on 26-July, it is likely shovelnose sturgeon embryos were likely 
hatching into mid-August based on growth models developed by Braaten and Fuller (2007). 
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Table 2.  Total catch of fish by the benthic trawl in the Missouri River above the confluence of 
the Yellowstone River (MRATC), Missouri River below the confluence of the Yellowstone 
River (MRBTC), and total catch from 24-July to 11-Sept, 2012.   
 
Species (MRATC)  (MRBTC) Total 
Blue sucker  2 2 
Common carp  3 3 
Channel catfish 26 1635 1661 
Emerald shiner 4 12 16 
Flathead chub 19 25 44 
Freshwater drum 1 23 24 
Goldeye  1 1 
Hybognathus spp.  9 9 
Longnose dace  4 4 
No fish 26 10 36 
Paddlefish  1 1 
Pallid sturgeon 
(Hatchery-reared) 

3 7 10 

River carpsucker  5 5 
Sicklefin chub 19 18 37 
Sturgeon chub 92 396 488 
Sauger  25 25 
Shovelnose 
sturgeon 

4 17 21 

Shovelnose 
sturgeon (YOY) 

1 156 157 

Stonecat 1 55 56 
Unidentified 
Cyprinid 

 1 1 

Walleye  3 3 
White bass  1 1 
White crappie  3 3 
White sucker  1 1 
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Table 3.  Number of young-of-year shovelnose sturgeon collected in standard trawls, targeted 
trawls, minimum length (mm), maximum length (mm), and mean length (mm) in 2012 by date. 
 
 

Date Total (n) Standard 
(n) 

Targeted 
(n) 

Min. 
Length  

Max 
Length  

Mean 
Length 

7-24-12 5 1 4 18 45 29.0 
7-30-12 13 4 9 13 67 29.8 
8-8-12 37 8 29 20 112 38.0 
8-14-12 39 8 31 27 63 34.8 
8-22-12 7 5 2 33 76 53.1 
8-28-12 18 8 10 26 135 50.8 
9-5-12 12 5 7 34 152 71.6 
9-11-12 26 4 22 38 98 66.1 

 
 

 
Discussion 
 

During 2012, there was very little use of wild adult pallid sturgeon in the Missouri River 
above the confluence of the Yellowstone River and no use of the Milk River.  These results are 
very similar to every other year in which no flow enhancements were implemented i.e., spillway 
releases.  

Documentation of use, spawning and reproduction in the Missouri River in 2011 
indicates that the Missouri River is used by pallid sturgeon when flow regimes are suitable 
regardless of temperature.  Results of the 2011 study added substantial new information on pallid 
sturgeon movement, river use, and behavior. Verification of successful reproduction by wild 
pallid sturgeon has provided information that shows spawning, fertilization, egg survival, and 
hatch can occur in the Missouri River when flows deviate from baseline operations. 

  To recap, the one year that flows deviated from “normal” operations in the Missouri 
River and spillway operations were a necessity; 1) adult pallid sturgeon migrated 180 miles up 
the Missouri River from the confluence of the Yellowstone River, 2) several used the Milk 
River, 3) wild adult pallid sturgeon formed and aggregation in the Missouri River just 
downstream of the Milk River, 4) successfully spawned, as evidenced by the collection of a wild 
produced pallid sturgeon larvae and, 5) increased suitable rearing habitat for hatchery-reared 
juvenile pallid sturgeon.  All other years, wild adult pallid sturgeon are rarely located in upper 
reaches of the Missouri River and thus; there are no aggregations, there is little to no use of the 
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Milk River, no spawning, no recruitment, and majority of hatchery-reared pallid sturgeon 
migrate to downstream reaches of the Missouri River after 2-3 years of being stocked in these 
upstream reaches. 

Successful spawning of shovelnose sturgeon has been documented in the Missouri River 
below Fort Peck Dam every year since 2001 (Fuller and Braaten 2012, Fuller and Haddix 2012, 
this report).  These spawning events are likely from a population that resides year-round in areas 
of the Missouri River above Wolf Point.  Therefore, unlike pallid sturgeon, traditional migration 
cues are not required to draw these fish to upstream spawning reaches. 

Further studies on trigger flows required to cue pallid sturgeon to migrate into the 
Missouri River and to spawn are essential.  Since very few sexually mature adult pallid sturgeon 
have been observed in the Missouri River with the exception of 2011, limited data exists that 
details the flow parameters required to stimulate wild pallid sturgeon migrations and spawning. 
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Background 
 The upper Missouri River basin including the lower Yellowstone River and Missouri 
River between Fort Peck Dam and Lake Sakakawea contains a wild stock of pallid sturgeon 
Scaphirhynchus albus that has declined from nearly a 1,000 individuals in the 1960s to fewer 
than 150 individuals in recent years (Braaten and others, 2009).  The wild stock is comprised of 
large adults (e.g., > 1000 mm; USFWS 2007) as wild-produced small individuals have not been 
detected during decades of netting efforts.  The lack of small and young individuals in the wild 
population provides evidence of complete recruitment failure for 50+ years (Braaten and others, 
in preparation).  Multiple factors including river fragmentation and alteration of discharge and 
water temperature regimes for the Missouri River, and fragmentation of the Yellowstone River 
have been implicated as agents of recruitment failure, negatively affecting reproductive success 
and survival of pallid sturgeon (USFWS 1993; USFWS 2000, 2003). 

The Yellowstone River is a focal point for pallid sturgeon research and restoration 
activities within the upper Missouri River basin.  Unlike other river reaches throughout the range 
of pallid sturgeon, the Yellowstone River retains natural channel morphology and relatively 
natural hydrologic and thermal regimes that support spawning of wild-stock pallid sturgeon 
(Fuller and others, 2008; Fuller and Braaten, 2013).  On this basis, the Yellowstone River 
provides the rare opportunity to understand reproductive dynamics of pallid sturgeon in a natural 
environment and provide inferences on natural reproductive processes for altered river reaches.  
Although reproduction is known to occur in the Yellowstone River, fragmentation of the system 
is hypothesized to limit recruitment potential from natural spawning events through a 
combination of factors involving migrations, spawning and early life history dynamics.  
Specifically, pallid sturgeon have unimpeded migrational access to about 73 miles of the lower 
Yellowstone River.  Upstream access beyond that point is impeded by Intake Diversion Dam - a 
rock and boulder dam constructed in the early 1900s that spans the width of the river.   Studies to 
date indicate that pallid sturgeon will ascend the Yellowstone River to Intake Dam (Fuller and 
others, 2008; Braaten and others, in revision), but passage over or through the dam has not been 
documented by wild adults. Rehabilitation of the Yellowstone River has focused on creating 
passage through the reach affected by the dam as a means of facilitating access to upstream 
spawning areas.  Access to and spawning in upstream reaches of the river will increase the length 
of free-flowing riverine habitat available for drifting free embryos and larvae following hatch 
(Braaten and others, 2008; 2012).  Currently, the limited availability of free-flowing riverine 
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habitat between spawning locations and the downstream reservoir (i.e., Lake Sakakawea, North 
Dakota) is one hypothesis for recruitment failure for pallid sturgeon in the fragmented upper 
Missouri River basin (Kynard and others, 2007; Braaten and others, 2008; 2012).   
 Several alternatives for providing pallid sturgeon passage through the reach affected by 
Intake Dam have been proposed, but construction of a by-pass channel around Intake Dam has 
emerged as a preferred design alternative (U. S. Army Corps of Engineers, 2012).  In this design, 
a 2.9-mile long side channel approximately 150-250 feet wide would be constructed around 
Intake Dam (U. S. Army Corps of Engineers 2012).  The downstream entrance of the constructed 
side channel would join the mainstem river on the south bank of the river immediately 
downstream from the existing dam.   This alternative also includes construction of a new 
concrete dam slightly upstream from the existing rock dam.  Whereas initial designs for the by-
pass channel alternative have been developed, limited information on migration patterns, side 
channel use/avoidance, swimming abilities, and depths and velocities negotiated by pallid 
sturgeon is available to guide design specifications for the proposed by-pass channel relative to 
the needs of pallid sturgeon. 
 In 2011, collaborative investigations between the U. S Geological Survey and Montana 
Fish, Wildlife and Parks were initiated to examine multiple facets of pallid sturgeon migrations 
and reproductive biology in the Yellowstone River (Braaten and others, in revision).  As a pilot 
project in 2011, the study examined migration pathways of pallid sturgeon (e.g., main channel 
and side channel routes used by migrating individuals), depths and velocities negotiated by 
migrating pallid sturgeon, the periodicity of pallid sturgeon arrival at Intake Dam, migration 
approach pathways to Intake Dam, and spawning of pallid sturgeon in the Yellowstone River.  
Work in 2012 expanded on the 2011 pilot project and included multifaceted objectives focused 
on examining migrations of pallid sturgeon to facilitate engineering design specifications for fish 
passage alternatives at Intake Dam, and examining reproductive biology of pallid sturgeon in a 
natural river environment. 
 The first objective was to examine the migrations and migration pathways of telemetered 
pallid sturgeon in the Yellowstone River.  This objective provided information on the spatial and 
temporal extant of migrations in the Yellowstone River, depths and velocities negotiated by 
migrating individuals, use or avoidance of side channels during migrations, and pallid sturgeon 
migration pathways as individuals approached Intake Dam.  
 The second objective was to examine the spatial and temporal dynamics of spawning in 
the Yellowstone River.  Whereas earlier studies documented spawning and provided inferences 
on the timing and location of spawning events in the Yellowstone River (Fuller and others, 2008; 
Fuller and Braaten 2013; Braaten and others, in revision), the specific location(s) and date(s) of 
spawning had not been ascertained. 
 The third objective was to verify successful hatch of embryos and drift-entry of free 
embryos in the Yellowstone River.  Whereas spawning is known to occur in the Yellowstone 
River, verification of hatch and drift entry have not been demonstrated as no pallid sturgeon 
embryos, free embryos or larvae have been collected in the Yellowstone River prior to 2012. 

Methods 
For 2012, a total of 41 wild adult male and female pallid sturgeon comprised the 

telemetered research population.  The telemetered population included individuals that carried 
radio transmitters from earlier studies, individuals that had expired or expiring transmitters from 
earlier studies that were re-implanted with new transmitters, and individuals that had not been 
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previously implanted with radio transmitters.  Three females (radio codes 30, 35, 36) were 
identified as potential spawn candidates for 2012 based on the presence of black eggs and 
elevated reproductive hormones (testosterone, T; estradiol, E2) when assessed on April 25-26, 
2012 (code 30, T = 32.83 ng/ml, E2 = 4.58 ng/ml; code 35, T = 49.9 ng/ml, E2 = 4.63 ng/ml; 
code 36, T = 87.19 ng/ml, E2 = 8.47 ng/ml). 

Manual tracking by boat of the Yellowstone River and Missouri River downstream from 
the Yellowstone River confluence was initiated in April.  Pallid sturgeon relocation points and 
associated environmental point attributes (e.g., depth, temperature, conductivity) were recorded 
on a highly customized mobile mapping and electronic data collection application linked to a 
differential global positioning system (DGPS).  Relocations characterized pallid sturgeon either 
maintaining a stationary point in the river or depicted a continuous series of point locations 
characterizing upstream migration pathways for actively migrating individuals.  Quantification 
of depths and velocities at migration points and in the channel cross section at the migration 
point was executed using an acoustic Doppler current profiler, DGPS positioning, and navigation 
software.  Automated ground-based logging stations were deployed in the Yellowstone River 
(RM 0.75, 7.0, 16.5, 37.0, 72.8) and in the Missouri River to complement manual tracking and 
obtain additional information on migrations and movements among river reaches. 

Sampling for pallid sturgeon free embryos and larvae was conducted below suspected 
spawning sites (see below) in the lower reaches of the Yellowstone River.  The sampling 
apparatus was comprised of a 3.0-m long tapered rectangular net (1-mm mesh) affixed to a 
rectangular net-mouth frame (0.75-m width, 0.5-m height).  Two sounding weights (4.5-kg) were 
attached to the net frame.  Following Braaten and others (2010), one pair of nets was fished 
simultaneously during deployment, with one net deployed on the port and starboard sides of the 
boat.  Nets were fished adjacent to the river bed.  Sample contents were transferred to black pans, 
and all acipenseriform (Scaphirhynchus sp. and paddlefish Polyodon spathula) eggs, embryos, 
free embryos and larvae extracted from the detritus were preserved immediately in 95% non-
denatured ethanol.  All acipenserifom free embryos and larvae were genetically analyzed to 
confirm species identity as paddlefish, shovelnose sturgeon or pallid sturgeon. 

 
Results 

Flow conditions in the Yellowstone River during 2012 were lower than the 1911-2011 
trends as mean discharge during April (9,563 cfs), May (15,643), June (23,957) and July 
(10,761) represented 89%, 85%, 62% and 47%, respectively, of the long-term means (Figure 1).  
Periods of elevated flow conditions occurred in late April, mid- to late May, and early June, with 
maximum discharge (39,600 cfs) occurring on June 9.  Pronounced fluctuations in water 
temperature occurred throughout the season as temperature declines up to 8oC and rapidly 
warming over short time intervals were noted in several instances.  Migrations of pallid sturgeon 
into the Yellowstone River were initiated by early April, increased during late April and May, 
and reached a maximum (90% of the telemetered population) in late May (Figure 1).  Use of the 
Yellowstone River remained high through mid-June, then declined as pallid sturgeon emigrated 
from the Yellowstone River.   
 The spatial extent and timing of migrations in the Yellowstone River during 2012 varied 
markedly among individuals and groups of pallid sturgeon.  Manual tracking complemented with 
detections from the telemetry logging station at Intake identified that five male pallid sturgeon 
(radio codes 42, 52, 69, 72, 76) migrated to Intake Dam, but did not pass over the dam (Figure 
2).  Code 42 initiated a late-April upstream migration as discharge increased, and reached Intake 
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on May 2.  Sustained upstream migrations by codes 52, 69 and 72 occurred during the increasing 
hydrograph in early June with code 52 arriving at Intake on June 9 and code 72 arriving at Intake 
on June 13.  Code 69 migrated downstream as discharge receded then ascended the river to 
Intake on June 22.  Code 76 remained in the lower Yellowstone River through early June, 
migrated upstream through mid-June, and reached Intake on June 22.  In all cases, the period of 
residency at Intake was brief during 2012 as all detected pallid sturgeon remained in close 
proximity to the dam for 1-2 days prior to initiating downstream migrations.  No telemetered 
female pallid sturgeon were detected at Intake Dam.    
 Whereas five male pallid sturgeon migrated to Intake Dam during 2012, the majority of 
the telemetered male pallid sturgeon migrated into and resided in the lower or middle reaches of 
the Yellowstone River.  For example, male codes 10, 11, 21, 22, 51 and 83 exhibited maximum 
upstream detection locations between river mile 20-40 of the Yellowstone River (Figure 3).  A 
second group of 18 male pallid sturgeon exhibited restricted upstream migrations as the 
maximum detected location was below river mile 20 (Figure 3).  However, whereas upstream 
migrations of numerous males were restricted to the lower and middle reaches of the 
Yellowstone River, many males (e.g., codes 15, 22, 46, 48, 49, 50, 51, 68, 75, 77) had migrated 
or been relocated in the Missouri River upstream from the Yellowstone River confluence (up to 
180 river miles) prior to Yellowstone River entry.    

Gravid females represented one portion of the highly migratory pallid sturgeon 
population.  Code 30 exhibited pronounced pre-spawn migrations as this individual initially 
migrated nearly 40 miles into the Missouri River near Culbertson, Montana, between April 26 
and May 6, resided above the Culbertson logging station for 5 days, then migrated downstream 
during May 11 – 15 (Figure 4).  Following the Missouri River descent, code 30 entered the 
Yellowstone River on May 22 and exhibited several upstream and downstream migrations with 
the most upstream migration persisting to river mile 63.8 on June 9. Similar to female code 30, 
female code 35 exhibited extensive upstream and downstream migrations as upstream migrations 
were detected to river mile 27.2 on May 22, river mile 26.3 on June 6, and river mile 37.0 on 
June 19 (Figure 4).  Female code 36 similarly exhibited upstream and downstream migrations 
with a maximum detected upstream detection point to river mile 37.2 occurring on May 23 
(Figure 4). 

Based on mean daily river locations in the Yellowstone River and Missouri River, the 
total distance migrated by males (excluding individuals that were infrequently found) and gravid 
females was estimated for the pre-spawn period.  For males, the pre-spawn period was defined as 
the date and location of initial detection in April or May extending to mid-June when spawning 
activity was observed in the lower Yellowstone River and many males were included in the 
spawning aggregation (see below).  A similar procedure was used for female codes 30 and 35, 
but the pre-spawn period for code 36 was terminated at June 1 as spawning for this female likely 
occurred close to this date (see below).  The estimated pre-spawn migration distance for the 29 
males assessed averaged 155 miles (range 44 – 470 miles).  Code 82 was the least migratory 
male as this individual remained primarily in the lower 10 miles of the Yellowstone River.  Male 
code 50 exhibited the greatest migratory distance as this individual initially occupied the 
Yellowstone River in mid-April, exhibited extensive migrations in the Missouri River during late 
April and early May that extended to river mile 1760 (about 10 downstream from Fort Peck 
Dam), then re-entered the Yellowstone River and remained in the lower reaches.  Total migration 
distances of < 100 miles, 101-150 miles, 151-200 miles, 201-250 miles, and > 250 miles were 
characteristics of 31%, 21%, 28%, 10%, and 10%, respectively, of the telemetered male pallid 
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sturgeon.  The average pre-spawn migration distance for gravid females was 218 miles.  Female 
code 30 exhibited the greatest migration distance (estimated 289 miles) as this female used the 
Missouri River prior to Yellowstone River entry.  Female code 35 traversed an estimated 205 
miles as migrations were restricted to the Yellowstone River.  Code 36 migrated through an 
estimated 161 miles with migrations primarily restricted to the Yellowstone River.  It should be 
noted that the migration distances are likely conservative as the estimates are based on mean 
daily locations and do not include small-scale up- and downstream movements that could occur 
between relocation dates. 
Migration Pathways 
 Migration pathways for eight males (codes 16, 42, 51, 52, 69, 72, 76, 92), two gravid 
females (codes 30, 36), and one non-gravid female (code 37) were obtained between April 30 
and June 13 throughout much of the Yellowstone River.  Of the five male pallid sturgeon that 
migrated to Intake, high-intensity tracking of codes 52 and 76 characterized pathways traversed 
as these individuals approached Intake Dam.  On June 9, code 52 was initially located at river 
mile 67.6 (Figure 5).  After marking this individual at river mile 69.5 (1:57 p.m.), code 52 
entered a small side channel (approximately 400-m-long) on the inside bend of the main channel 
and proceeded upstream in the side channel.  Code 52 persisted migrating upstream and 
successfully negotiated the upstream inlet of the side channel at 2:45 p.m.  After migrating along 
the north bank of the main river channel from 3:31 to 4:27 p.m., code 52 crossed the channel and 
approached Intake Dam along the south bank of the river where upstream progression was 
observed until 9:42 p.m.  Thereafter, slight downstream movement towards mid-river was noted 
for the last location at 9:45 p.m.   Code 76 was first located downstream from Intake Dam at 
river mile 71.8 (10:05 a.m.), and the approach pathway to the dam included locations extending 
from the south bank of the river to the southern one-half of the river channel (Figure 6).  
Upstream movement was maintained by code 76 until about 5:00 p.m.; thereafter, relocations for 
code 76 remained clustered below the dam in the mid-channel. 
 Under moderate flow conditions in the Yellowstone River during 2012, pallid sturgeon 
exhibited migration pathways primarily through main channel habitats; however, migrations 
through braided channel configurations and primary or secondary side channels were also noted.  
For example, main channel migration pathways were primary routes used by code 16 (May 17), 
code 30 (June 6), code 36 (May 23), code 42 (April 30), code 51 (May 21), code 72 (May 23) 
and code 69 (June 8) as side channels within the migration corridor received limited use 
(Appendix A).  In other cases, use of side channels or split channel configurations by migrating 
pallid sturgeon were observed; however, use was not consistent among individuals.  For 
example, the migration pathway for code 36 and code 37 was simultaneously assessed on May 
22 under identical conditions (Appendix A4).  Early in the migration pathway (from about river 
mile 18.0 to river mile 20.0), both pallid sturgeon used a similar main channel migration pathway 
but did not use the short (0.5-mile-long) or long (1.75-mile-long) side channels available within 
this reach.  At about river mile 20.0, commonality in the migration pathway diverged as code 36 
and code 37 used opposite channels in the split channel configuration.  Additional inconsistency 
in side channel use was noted between code 36 and code 69.  Specifically, on May 23 at a 
discharge of 19,300 cfs, code 36 migrated past the downstream entrance of a side channel joining 
the river at river mile 36.5 and proceeded upstream along a main channel pathway (Appendix 
A5).  At a similar discharge of 20,400 cfs on June 5, code 69 was first located (2:21 p.m.) 
emerging from the upstream inlet of the same side channel (Appendix A12) that was not used by 
code 36.  Thus, under similar discharge conditions, the 1.1-mile-long side channel was used as a 
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migration route by code 69 but not used by code 36.  The migration pathway of code 69 was also 
observed through a braided channel configuration on June 6 (Appendix A12).  Passage through 
the 2.4-mile-long braided channel was successful as code 69 was relocated upstream on June 7.  
Upstream movement in a relatively long (1.7 mile) side channel near river mile 63.7-63.8 was 
noted for code 30 on June 9.  After moving upstream a distance of about 1.2 miles, code 30 
turned around and swam downstream out of the side channel into the mainstem river.  Failure of 
code 30 to completely negotiate the entire length of the side channel may have been related to 
unsuitable hydraulic conditions in the side channel.  Alternatively, upstream migration behavior 
of code 30 may have been compromised by boat operations while attempting to obtain an 
accurate telemetry location. 
 Point observations along migration pathways provided estimates of pallid sturgeon 
migration rates, and hydraulic conditions (depth, velocity) used by and available to migrating 
individuals.  Across individuals, upstream migration rates of telemetered pallid sturgeon along 
pathways averaged 0.25 m/s (range 0.10 – 0.47 m/s; mean = 0.55 miles per hour, range 0.22 – 
1.05 miles per hour; N = 16 migration pathways).  Pallid sturgeon used an average depth of 2.8 
m while migrating, but the range of depths used varied from 1.3 m to 5.2 m (Figure 7).  About 
80% of the depth use observations were located in 1.0 - 3.5 m.  In comparison, available depths 
averaged 2.9 m, and varied from 1.1 m to about 9.0 m.  Pallid sturgeon used an average water 
column velocity of 1.16 m/s, but used water column velocities varied from 0.15 – 2.61 m (Figure 
7).  Nearly 75% of the water velocities used by pallid sturgeon were 0.5 – 1.5 m/s.  Water 
column velocities available to pallid sturgeon averaged 1.13 m/s, with velocities of 0 – 2.7 m/s 
available along the migration points.  Collectively, these results indicate that the average 
migrating pallid sturgeon swam upstream at a sustained rate of about 1.41 m/s to achieve a 
ground speed of 0.25 m/s against an average water velocity of 1.16 m/s. 
 In addition to quantifying depths and velocities used and available at migration points, 
detailed quantification of depths and velocities composing an 800-m reach of the Yellowstone 
River was conducted to characterize pathway conditions negotiated by two migrating pallid 
sturgeon (Figure 8).  Within this reach, available depths varied from about 1.0 m to 5.0 m and 
water velocities from 0.5 m/s to 2.5 m/s.  Pallid sturgeon code 51 and code 72 negotiated the 
reach using two different pathways.  Code 51 entered the reach along the south bank of the main 
channel, maintained upstream migration along the south bank, then crossed the channel to the 
north bank about mid-way through the reach.  In contrast, the migration trajectory for code 72 
was initiated and maintained along the north bank of the river, followed by a cross-over to the 
south bank mid-way through the reach.  Water depths used by the two pallid sturgeon differed 
slightly, but water velocities used were similar – ranging from about 1.0 m/s to 1.7 m/s (Figure 
8). 
Spawning 
 Pallid sturgeon female code 30 was a spawn-candidate for 2012 based on the 
reproductive assessment in April.  Following a rapid upstream migration during June 6 – 9 and 
rapid downstream migration during June 9 – 10, code 30 was targeted for reproductive 
assessment to determine if spawning had occurred in the upstream reaches of the Yellowstone 
River (Figure 9).  On June 12, code 30 was captured at river mile 11.7 and weighed 16.0 kg; 
ultrasound confirmed with gonadal biopsy indicated that code 30 had not spawned upstream as 
her body cavity remained filled with eggs.  For the next several days, code 30 exhibited upstream 
(to at least river mile 16.5) and downstream (near the Yellowstone River confluence) movements 
past aggregations of males.  On June 19, code 30 was targeted for reproductive assessment 
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within an aggregation of males at river mile 6.7 – 7.1 (Figure 10).  Code 30 and a male pallid 
sturgeon were captured in the same net with both individuals freely expressing sex products.  
Code 30 was weighed (16.0 kg), blood for hormone analysis was obtained, and quickly released.   
The presence of code 30 in the male aggregation, in conjunction with the observation that sex 
products were being released, provided evidence that spawning was occurring in the capture 
area.  Identical weights of code 30 on June 12 and June 19 suggested that spawning was in the 
early stages as progressed spawning would be expected to decrease egg volume and reduce 
overall body weight.  Numerous males were present in the spawning aggregation as evidenced 
by the detection of codes 11, 46, 49, 50, 51, 52, 68, 77, 70, and 82.  On June 20, code 30 and the 
male aggregation (detected codes 11, 46, 48, 50, 51, 52, 59, 68, 73, 77, 82) remained at the 
spawning location as of 12:15 p.m.  Spawning activities were completed by mid- to late 
afternoon June 20 as code 30 was solitary slightly upstream from the spawn location and male 
aggregation at about 5:00 p.m. At 9:30 a.m. on June 21, code 30 was solitary about 1-mile 
upstream from the spawning location where she remained for several days prior to exiting the 
Yellowstone River.  In addition, several of the males had exited the spawn area on June 21 and 
were found in the lower reaches of the Yellowstone River.  Hormone analysis from the June 19 
collection indicated T = 15.45 ng/ml, E2 = non-detectable.  River discharge averaged 21,250 
cubic feet per second on June 19 and 20.  From noon on June 19 to 5:00 p.m. on June 20, water 
temperature (based on hourly measurements from a data logger located at river mile 2.5) 
averaged 20.3oC (minimum = 19.8oC, maximum = 21.0oC). 

Detailed assessment and quantification of hydraulic conditions in the code 30 spawning 
reach will be conducted in 2013, but a general description is as follows.  The spawning area was 
located along the eastern edge of the channel in a swift-flowing trough (Figure 10).  Point 
measurements in several areas of the spawning reach on June 20 indicated depths of 3.0 – 4.6 m, 
and a combination of substrates including sand, gravel, cobble, and large rock.  River-ward from 
this trough and outside of the spawning area, sand was the primary substrate. 

Pallid sturgeon female code 35 was a second spawn candidate for 2012 following the 
initial reproductive assessment in April.  Code 35 remained primarily in the lower portions of the 
Yellowstone River during early May, then exhibited repeated upstream (extending to rivermile 
27.2) and downstream migrations during late May (Figure 9).   At the initiation of another 
upstream migration  in early June, code 35 was captured on June 4 for reproductive assessment.  
She remained full of eggs as determined from gonadal examination, and weighed 28 kg.  
Although her weight on June 4 was slightly less than recorded on April 23 (30 kg), code 35 had 
obviously not spawned.  Hormone analysis from June 4 indicated an elevated concentration of T 
= 82.07 ng/ml, but E2 had declined to a non-detectable concentration.  Code 35 maintained the 
repeated upstream and downstream movement patterns through mid-June, and was detected at 
her maximum upstream location on June 19 (river mile 37.0).  Code 35 was detected at about 
5:00 p.m. on June 20 moving downstream towards the male aggregation at the code 30 spawn 
site.  However, code 35 maintained the downstream migration past the male aggregation.  Her 
downstream migration was maintained as code 35 was detected moving past the lower 
Yellowstone River logging station around 4:00 a.m. on June 21. After exiting the Yellowstone 
River, code 35 was not detected in the Yellowstone River again until June 24, but contacts were 
restricted to the lower portion of the river.  It was undetermined if code 35 spawned. 

Pallid sturgeon female code 36 was the third spawn candidate for 2012 based on 
reproductive assessment in April.  After exhibiting moderate upstream and downstream 
migrations through mid-May, code 36 was captured on May 15 for reproductive assessment.  She 
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remained full of eggs and maintained a weight (18.0 kg) similar to the April 26 assessment (17.5 
kg).  Code 36 exhibited three additional upstream and downstream migration events through late 
May (maximum extent to river mile 37.2 on May 23), then exited the Yellowstone River after 
June 1.  Code 36 was not found in the Yellowstone River after June 1, but was located on June 
12 in the Missouri River slightly downstream from the Yellowstone River confluence.  Upon 
capture, ultrasound examination identified that code 36 was void of eggs and had spawned.  
Code 36 weighed 16 kg, representing an 11.1% loss of body weight due to spawning.  The 
location and timing of the code 36 spawning event were undetermined. 
Collections of Free Embryos and Larvae 
 Intensive sampling for pallid sturgeon free embryos and larvae was initiated on June 18 
(prior to the code 30 spawning event) and persisted through June 26 in attempt to verify 
successful hatch and drift-entry of progeny from the code 30 spawning event.  Sampling was 
concentrated primarily below the code 30 spawning location, but sampling was also conducted at 
locations downstream to river mile 2.5.  A total of 184 samples was collected, partitioned among 
June 18 (8 samples), June 19 (14 samples), June 20 (14 samples), June 21 (12 samples), June 23 
(28 samples), June 24 (28 samples), June 25 (56 samples) and June 26 (24 samples). 
 The sampling regime yielded 335 acipenseriform free embryos and larvae, and 80 
acipenserifom eggs and developing embryos.  Genetic analysis differentiated all free embryos 
and larvae as paddlefish, shovelnose sturgeon, or pallid sturgeon.  Paddlefish composed 79.4% 
(N = 266) and shovelnose sturgeon 20.3% (N = 68) of the free embryos and larvae sampled 
across dates.   One wild-produced pallid sturgeon free embryo (0.3% of all individuals sampled) 
was genetically identified from a sample collected on June 25 immediately downstream from the 
code 30 female spawn site.  Results from genetic parentage analysis indicated that the pallid 
sturgeon free embryo was not progeny from female code 30 or any of the males detected in the 
spawning aggregation.  Rather, the pallid sturgeon free embryo was progeny from a known 
female (PIT 115557463A) spawned in the hatchery in 2008 and a known male (PIT 
44440A7B73) spawned in the hatchery in 2007 and 2009.  Neither fish carried a transmitter, and 
as such, the location and timing of the spawn event that produced the wild free embryo were not 
known. 

Discussion 
 Migrations of pallid sturgeon into the Yellowstone River during 2012 were initiated by 
early April, increased through late May to a maximum of 90% of the telemetered population, and 
residency was maintained through mid- to late June.  Thereafter, pallid sturgeon use of the 
Yellowstone River declined as the stock emigrated from the river system.  The river entry and 
use patterns observed in 2012 were similar to most other years of study (Fuller and Braaten 
2013; Braaten and others, in revision) with the exception of 2011.  In 2011, migrations into the 
Yellowstone River were initiated by early April but the maximum proportion of pallid sturgeon 
using the Yellowstone River (about 60%) was lower than other years (e.g., > 80%) as numerous 
pallid sturgeon migrated into and used the Missouri River below Fort Peck Dam. 
 Substantial variation in movements and migrations of telemetered pallid sturgeon was 
noted during 2012 as several individuals exhibited long-distance migrations while others 
exhibited more restricted movements.  Long-distance migrations within the Yellowstone River 
were depicted by male codes 42, 52, 69, 72 and 76 who exhibited migrations to Intake Dam.  For 
most of these individuals, the persistent upstream migrations to Intake Dam generally coincided 
with periods of elevated discharge conditions; however, migrations to Intake were not 
exclusively associated with seasonal discharge maxima as evidenced by the finding that pallid 
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sturgeon arrived at Intake Dam from May 2 – June 22 but maximum discharge occurred on June 
9.  Under high discharge conditions during 2011, eight telemetered pallid sturgeon were noted at 
Intake Dam with arrival dates as early as May 6 and residency at the dam persisting through June 
16 (Braaten and others, in revision).   Although no female pallid sturgeon were detected at Intake 
Dam in 2012, one gravid female was detected below Intake in 2007 (Fuller and others, 2008) and 
2011 (Braaten and others, in revision).  Code 72 was a repeat migrant to Intake as this individual 
also migrated to Intake Dam in 2011 (telemetry code 19 in 2011, arriving on June 9 versus June 
13 in 2012) at a discharge of 57,200 cfs (versus 30,000 cfs in 2012).  Based on the finding that 
pallid sturgeon arrived at Intake over a broad time interval and under a range of discharge 
conditions, the selected fish passage alternative for the reach affected by Intake Dam should 
similarly facilitate pallid sturgeon passage through a broad range of discharge conditions to 
accommodate early, mid-, and late pre-spawn migrants arriving at the Intake reach. 

In addition to pallid sturgeon that migrated to Intake Dam, long-distance migrations were 
characteristic of females and many other males.  Migration distances for all females exceeded 
160 miles with the greatest female migration distance exhibited by code 30 (289 miles) who used 
both the Missouri River and Yellowstone River.  The majority of males (69%) exhibited 
migration distances that exceeded 100 miles.  Conversely, the remaining 31% of males exhibited 
migration distances less than 100 miles.  Based on intensive telemetry relocation efforts in 2007 
and 2008, Fuller and Braaten (2013) report that total migration distance of pallid sturgeon within 
the Yellowstone River averaged 90 miles for males (range 14 – 267 miles) and 171 miles for 
females (range 102 – 242 miles).   
 As a fish passage alternative in the reach affected by Intake Dam, the proposed by-pass 
channel would be constructed on the south bank of the river with the downstream entrance of the 
by-pass channel joining the mainstem river just downstream from the existing rock dam.  One 
uncertainty associated with this alternative centers on pallid sturgeon approach pathways to the 
dam, and whether the south-bank entrance of the by-pass channel will be encountered along the 
migration pathway of pallid sturgeon. Detailed assessments of approach pathways to Intake Dam 
in 2012 identified that pallid sturgeon codes 52 and 72 approached the dam closely along the 
outside bend south bank location or within the southern one-half of the river channel.  These 
results contrast findings from 2011 as approach pathways and relocations of pallid sturgeon were 
oriented towards the middle and northern portion of the river channel along the inside bend 
(Braaten and others, in revision).  Based on a limited number of observations, differences in 
approach pathways to Intake Dam between years may be related to differences in discharge 
between years and the subsequent influence of discharge on habitat suitability throughout the 
river channel.  For example, during the high discharge year of 2011, pallid sturgeon migrated 
primarily along the inside bends of the main channel where velocities were lower relative to 
riverward areas of the main channel.  The north bank inside bend location downstream from 
Intake Dam in 2011 may have provided more suitable velocities for upstream migration than the 
mid- or outside bend channel locations as code 72 approached Intake Dam at 56,300 cfs 
(compared to 23,600 - 39,600 cfs in 2012). Collectively, results from 2011 and 2012 suggest that 
pallid sturgeon approach pathways to Intake Dam can vary depending on flow conditions.  In 
addition, residency at Intake Dam during 2012 was brief as manual relocations complemented 
with detections from the Intake logging indicated that pallid sturgeon remained below the dam 
for only 1-2 days.  Within the short time frames of assessing codes 52 and 72, there was little 
evidence of extensive lateral search behavior exhibited by the pallid sturgeon.  Pallid sturgeon 
during elevated discharge conditions of 2011 exhibited substantial variability in residence time 
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below Intake Dam as some individuals were present for one day while other individuals 
remained for several days (Braaten and others, in revision). 
 Assessments of migration pathways identified pallid sturgeon swimming routes and 
associated habitat elements used by migrating individuals within the heterogeneous channel of 
the Yellowstone River.  Under the moderate flow conditions of 2012, migrations of pallid 
sturgeon occurred primarily in the main channel along the inside bends; however, migrations 
through outside bend and mid-channel habitats also occurred.  These results contrast the small 
data set obtained in 2011 as pallid sturgeon migrated almost exclusively along the inside bend 
under elevated discharge conditions of 2011.  As noted earlier, migration pathways may differ 
under different discharge due to the effects of discharge on velocity and depth suitability 
throughout the river channel. 
 Prior to 2011 and 2012, little information was available on pallid sturgeon use of and 
migrations through side channels as related to the potential by-pass channel alternative for the 
reach affected by Intake Dam.  The limited migration pathway data set from 2011 identified that 
pallid sturgeon did use side channels (Braaten and others, in revision)  as successful upstream 
passage was documented through short side channels (e.g. 0.25 – 1.25 miles long) located on the 
inside bends of the main channel.  Pallid sturgeon were also located in longer side channels 
during 2011, but upstream passage was not documented as individuals were either sedentary or 
moving downstream through the channel.  In 2012, migrations of pallid sturgeon occurred 
primarily in the main channel as multiple side channels (e.g., 0.5 – 2.0 miles long) within the 
migration corridor were infrequently used during upstream migration.  However, some use and 
successful passage through side channels 0.25 – 1.6 miles long was documented for a few 
individuals.  In addition, use and upstream progression was occurring in a relatively long side 
channel (1.7 miles long) by female code 30 prior to this individual turning around and moving 
downstream.  Based on these results, pallid sturgeon will use side channels during upstream 
migrations; however, use may be infrequent.  In addition, results from 2011 and 2012 depict 
inconsistencies in side channel use among individuals.  For example, in early June 2011, two 
pallid sturgeon were tracked under similar discharge conditions through an inside bend complex 
that contained a side channel.  One pallid sturgeon entered and successfully negotiated the side 
channel as part of the migration pathway.  The other individual did not enter and use the side 
channel.  Rather, this individual maintained a migration pathway exclusively in the main 
channel.  Similar inconsistencies in side channel use between individuals under similar discharge 
conditions were observed in 2012 as presented for codes 36 and 37, and codes 36 and 69.  
Additional variation in migration pathways was noted for codes 51 and 72 in the main channel of 
the Yellowstone River. 

One of the primary objectives of this study was to quantify hydraulic conditions 
negotiated by adult pallid sturgeon during upstream migrations.  This information is essential for 
designing fish passage alternatives that increase the likelihood of pallid sturgeon passage in the 
reach affected by Intake Dam.  Pallid sturgeon migrating up the Yellowstone River during 2012 
used a broad range of depths and velocities, but the majority of migration locations (≥ 75%) 
occurred in depths of 1.0 - 3.5 m and mean water column velocities of 0.5 – 1.5 m/s.  In most 
cases, upstream migrations in the main channel and split channel configurations were nearly 
continuous as pallid sturgeon likely exhibited a combination of sustained (e.g., long-term 
endurance without fatigue) and prolonged (e.g., endurance of 20 seconds to 30 minutes; Peake 
and others, 1997; Katopodis and Gervais 2011) swimming  behavior.  Evidence of burst 
swimming behavior (high-output swimming for < 20 seconds; Peake and others, 1997; 
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Katopodis and Gervais 2011) was also noted for code 52 in the small side channel below Intake 
Dam as this individual emerged from the side channel inlet into the mainstem river.  Collective 
expression of sustained, prolonged and burst swimming behaviors through the migration 
pathways resulted in an average ground speed of about 0.25 m/s against an average use velocity 
of 1.16 m/s.  Under elevated flow conditions of 2011, Braaten and others (in revision) similarly 
found that migrating pallid sturgeon exhibited grounds speeds of about 0.20 – 0.25 m/s. 

Spawning in the Yellowstone River was documented for two females (code 30, non-
telemetered parent of the free embryo) and spawning by a third female (code 36) in either the 
Yellowstone River or Missouri River was confirmed in 2012.  Whereas the exact date(s) of 
spawning events was not determined for all females, results suggest slight variation in the timing 
of spawning events for pallid sturgeon as female code 36 spawned prior to June 12 and known 
spawning of code 30 occurred on June 19-20.  The spawning event that produced the pallid 
sturgeon free embryo collected in 2012 likely occurred on a date similar to the code 30 spawning 
event given the early developmental stage of the free embryo.  Under a discharge regime similar 
to 2012, Fuller and others (2008) suggested that spawning in 2007 likely occurred between June 
13 – 16 as a spawn-candidate female and multiple males formed an aggregation during these 
dates.  Under elevated discharges in the Yellowstone River during 2011, spawning had not 
occurred prior to June 21 – the last date a telemetered spawn-candidate female was found in the 
Yellowstone River (Braaten and others, in revision).  The collection of code 30 on June 19 
isolated not only the specific date of the spawning event in 2012, but also identified the specific 
location of a spawning event in the Yellowstone River (river mile 6.7-7.1).  Fuller and others 
(2008) suggested that this reach of the Yellowstone River was a spawning site in 2007 as the 
spawn-candidate female and multiple males formed an aggregation near river mile 7.5 of the 
Yellowstone River.  Close proximity of the 2007 aggregation site and 2012 known spawning site 
suggests that this reach may be a repeat spawn location under discharge conditions characteristic 
of 2007 and 2012.  Although confirmed spawning occurs in the lower reaches of the Yellowstone 
River, spawning may also occur in the middle reaches of the Yellowstone River (Fuller and 
others, 2008). 

Although results from this study and earlier investigations provide inferences suggesting 
that pallid sturgeon spawning may occur annually in the Yellowstone River (Bramblett and 
White, 2001; Fuller and others, 2008; Fuller and Braaten 2013), no studies have verified 
successful fertilization, survival and hatch of embryos, and drift-entry of free embryos.  
Collection of the wild-produced pallid sturgeon free embryo in 2012 indicates that the 
reproductive process from fertilization to drift-entry of free embryos was successful under the 
hydrological and thermal regimes characteristic of the Yellowstone River in 2012.  Only one 
other study has verified survival and hatch of pallid sturgeon embryos throughout the range of 
pallid sturgeon as a genetically confirmed wild-produced pallid sturgeon free embryo was also 
sampled in the Missouri River below Fort Peck Dam during 2011 (Fuller and Haddix, 2013).   
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Figure 1.  Percent of telemetered pallid sturgeon in the Yellowstone River by month and 
corresponding discharge and water temperature conditions during 2012.  The percentage was 
based on a total of 41 pallid sturgeon telemetered during 2012.  
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Movements and locations by date of five telemetered pallid sturgeon 
migrating to Intake Diversion Dam (located at river mile 72.8) on the Yellowstone River, and 
corresponding discharge and water temperature conditions in 2012. 

 
 
Figure 3.  Locations of telemetered male pallid sturgeon exhibiting migrations extending beyond 
river mile 20.0 (top panel) and below river mile 20.0 (middle and lower panels) of the 
Yellowstone River by date in 2012.    

 
Figure 4.  Locations of telemetered female pallid sturgeon exhibiting migrations in the 
Yellowstone River and Missouri River upstream from the Yellowstone River confluence by date 
in 2012.  The Yellowstone River confluence is located at river mile 1582.0. 
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Figure 5.  Migration pathway for male pallid sturgeon code 52 approaching Intake Diversion 
Dam in 2012. 
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Figure 6.  Migration pathways for male pallid sturgeon codes 52 and 76 approaching Intake 
Diversion Dam in 2012. 
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Figure 7.  Depths and velocities used by and available to migrating pallid sturgeon in the 
Yellowstone River, 2012. 

Availability	mean	=	2.9	m	
Use	mean	=	2.8	m 

Availability	mean	=	1.13	m/s	
Use	mean	=	1.16	m/s 

Availability	mean	=	2.9	m	
Use	mean	=	2.8	m 
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Figure 8.  Migration pathway reach successfully negotiated by male pallid sturgeon codes 51 and 
72 in the Yellowstone River, and corresponding depth and velocity use and availability. 
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Figure 9.  Migrations and locations of gravid female pallid sturgeon codes 30, 35, and 36 in the 
Yellowstone River during 2012, and corresponding discharge and temperature conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10.  Spawn location of female pallid sturgeon code 30 in the lower Yellowstone River on 
June 19 – 20, 2012. 
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2012 Montana Pallid Sturgeon Population Assessment Summary 

Prepared by: Tyler Haddix 

 

Introduction 

During 2012 Montana Fish, Wildlife & Parks continued the Pallid Sturgeon Population 

Assessment Program (Program) in three segments of the Missouri River downstream of Fort 

Peck Dam.  Segment 1 consists of the Missouri River from Fort Peck Dam downstream to the 

mouth of the Milk River.  Segment 2 contains the Missouri River from the confluence of the 

Milk River downstream to the Montana Highway 13 bridge, which is located just downstream of 

the town of Wolf Point.  Segment 3 consists of the Missouri River from the Highway 13 bridge 

downstream to the confluence of the Missouri and Yellowstone Rivers, located in North Dakota.  

The information below is taken from the executive summaries of the Programs 2012 annual 

reports for each segment.   For further detail please see the full 2012 Program reports for 

Segments 1 through 3. 

Segment 1 

Segment 1 of the Missouri River has been sampled during each year starting in 2006 to 

2012, during both the sturgeon and fish community seasons.  Segment 1 is situated directly 

downstream of Fort Peck Dam and is the most highly altered area of the Missouri River 

downstream of Fort Peck Dam within Montana.  Segment 1 is used as a reference area, whereas 

the same river bend is sampled annually.  

Over the seven years of sampling Segment 1 it has become apparent that the altered 

nature of the river precludes several native species from thriving.  No pallid sturgeon 

Schaphirynchus albus have been collected during standardized sampling.  In addition, no 

sicklefin chub Macrhybobsis meeki and only one sturgeon chub M. gelida have been collected 

during the fourteen sampling events over seven years.  While some target species have been 

absent or somewhat rare, adult shovelnose sturgeon S. platorynchus, blue suckers Cycleptus 

elongates and sand shiners Notropis stramineus have consistently been collected.  

During 2012 a total of 83 shovelnose sturgeon were collected in Segment 1.  Shovelnose 

sturgeon averaged 647.3 mm in length and 1182.5 g in weight.  The smallest shovelnose 

sturgeon captured measured 539 mm, with the largest specimen measuring 779 mm.  No young-
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of-the-year or age-1 sized shovelnose sturgeon have been sampled within Segment 1 through the 

seven years of sampling.  

The relative abundance of shovelnose sturgeon has remained relatively constant through 

the past seven years with the exception of 2009.  During 2009 trammel net catch-per-unit-effort 

(CPUE) was at a seven year high with 4.5 fish/100 m during the fish community season.  

However, during the sturgeon season of the same year, CPUE was estimated at only 0.05 

fish/100m, the lowest recorded trammel net CPUE for the same seven year period.  During 2012 

trammel net CPUE was higher during the sturgeon season (CPUE = 1.2 fish/100 m) than the fish 

community season (CPUE = 0.5 fish/100 m).  Similarly, shovelnose sturgeon CPUE of trotlines 

was higher during the sturgeon season than during the fish community season. 

The size distribution of shovelnose sturgeon captured within Segment 1 has not changed 

appreciably since 2006, with only adult sized fish being captured. Additionally, the length-

weight relationship for Segment 1 caught shovelnose sturgeon has remained relatively constant 

over the seven sampling seasons. 

Other native target species that were collected in 2012 include blue suckers, sauger 

Sander canadense, and sand shiners.  A total of three blue suckers averaging 753.07 mm in 

length were captured, all of which were caught in trammel nets.  Similarly, a total of three sauger 

were caught, averaging 426.3 mm and again all were captured in trammel nets.  No western 

silvery minnows Hybognathus argyritis were caught in 2012. 

During 2012 white suckers Catostomus commersoni were the most abundant fish 

sampled.  A total of 760 white suckers were captured, 630 using mini fyke nets.  White suckers 

sampled in mini fyke nets averaged 40.0 mm in length.  Other gears captured adult white 

suckers.  White suckers have been one if not the most common species collected within Segment 

1 over the past seven years.  

Although 2011 and 2012 were relatively high water years in Segment 1, our data do not 

support large increases in the populations of any species.  Even though Segment 1 is upstream of 

the Fort Peck Spillway, flows were significantly increased during both 2011 and subsequently 

2012.  Montana Fish, Wildlife & Parks (FWP) management data indicated a large influx of adult 

walleye S. vitreus, sauger and northern pike Esox lucius in 2011 due to entrainment of fish 

through the Fort Peck Spillway.  This increase in predators within the Missouri River could have 

masked any increases in production of cyprinids or catostomids by heavy predation. However, 
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no empirical data exists to fully support this hypothesis.  While pallid sturgeon responded to high 

flows in 2011 within Segments 2 and 3 by moving further upstream than prior years, little 

evidence exists to suggest mass movements of pallid sturgeon into Segment 1.  Nonetheless, 

during 2012 FWP did collect one hatchery reared pallid sturgeon from the 1997 year class in the 

dredge cuts adjacent to Segment 1.  This fish was collected in a gill net during FWP’s annual 

trend netting. This was the first time a hatchery reared pallid sturgeon was documented within 

Segment 1.  Even though it was only one fish, the presence of the first hatchery reared pallid 

sturgeon using waters directly downstream of Fort Peck Dam after a spill gives further support 

that flow enhancements out of Fort Peck Dam may benefit pallid sturgeon.  This finding, coupled 

with the change in distribution of pallid sturgeon in Segments 2 and 3 as well as the documented 

use of adult fish in the Missouri River during 2011 greatly increases our knowledge of pallid 

sturgeon behavior during more natural Missouri River flows. 

 
Segment 2 

The 2012 sampling year marked the seventh field season for the Pallid Sturgeon Population 

Assessment Program (Program) crew in Montana. Members of the Program were enthusiastic to 

see what changes, physically and biologically had occurred in Segment 2 of the Missouri River. 

Some differences were clear, such as increased pallid sturgeon Scaphirhynchus albus catches, 

migrated channels and newly formed sand bars.  However, other changes were not as clear, such 

as differences determining the effects of the high flows on native cyprinid populations.  While 

some metrics are easily compared among years, such as species distribution, relative condition 

and size structure, catch-per-unit-effort (CPUE) is difficult to compare between 2012 and 2011.  

High flows during 2011 likely reduced the efficiencies of the gears and therefore direct 

comparisons between the two years inappropriate.  However, CPUE estimates obtained in 2012 

are comparable to years prior to 2011. 

A total of twelve randomly selected river bends were sampled in Segment 2 in 2012 

during both sturgeon and fish community seasons resulting in 216 otter trawl deployments 

equaling 55.7 km, 267 trammel net drifts accounting for 65.7 km of sampling, 1,920 trotline 

hooks baited with nightcrawlers and ninety-six overnight mini-fyke net sets.  

Pallid sturgeon captures in Segment 2 in 2012 (N=166) by far eclipsed that of any of the 

previous years. In fact, more pallid sturgeon were captured in 2012 than the previous six years 

combined (N=155). Across both seasons, trammel nets reported a catch per unit of effort (CPUE) 
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of 0.046 fish/100m, which was a new record high. When compared amongst seasons, trammel 

net CPUE was reported to be 0.06 fish/100m and 0.03fish/100m for the sturgeon and fish 

community seasons, respectively. Although trammel net CPUE continues to be erratic among 

seasons, an overall trend of increasing CPUE across both seasons remains. The combined otter 

trawl CPUE for both seasons was recorded at .021 fish/100m. The otter trawl CPUE comparison 

between seasons demonstrates 0.031 fish/100m for sturgeon season, while a CPUE of 0.01 

fish/100m was witnessed for fish community season. Trotlines remain one of the most effective 

gear to sample pallid sturgeon in Segment 2. The combined CPUE for trotlines in Segment 2 in 

2012 was 0.57 fish/20 hooks.  A breakdown of both seasons displays a CPUE of 0.54 fish/20 

hooks and 0.60 fish/20 hooks for sturgeon and fish community seasons, respectively. Trotline 

CPUE across both seasons, as well as among seasons, exhibited substantial increases compared 

to previous years.    

All but five of the pallid sturgeon captured in Segment 2 during 2012 were of known year 

classes, with nine total year classes represented in sampling. Year class in rank of abundance 

(Table 3) were; 2009 (N=60), 2006 (N=29), 2008 (N=26), 2010 (N=23), 2005 (N=8), 2007 

(N=7), 2001 (N=4), 2004 (N=2), 1999 (N=1) and 1997 (N=1). Of the 166 pallid sturgeon 

captured in Segment 2 in 2012, 127 were from known stocking locations all originating in 

RPMA 2, including 12 fish stocked in the Yellowstone River and 115 stocked in the Missouri 

River. Of those known stocking locations, the largest sample came from Wolf Point site (N=72), 

followed by Culbertson (N=36), School Trust (N=6), Intake (N=5), Sidney (N=5), and Forsyth, 

Fairview and the mouth of the Milk River all having one recapture 

            Pallid sturgeon in Segment 2 during the 2012 field season averaged 391 mm in fork 

length and averaged 226 g in weight, both of which were higher than any previous year. Average 

length and weight increases can be attributed to larger, older fish being captured.   In 2012 four 

pallid sturgeon were captured ranging from 655 mm to 1060 mm, all of which were larger than 

any pallid sturgeon previously recorded in Segment 2 by the Program’s crews. Two of these fish 

were from the 1997 and 2001 year classes, both of which had never been observed in Segment 2 

prior to 2012.  The relative condition (Wr) of pallid sturgeon in 2012 dropped slightly for both 

sub-stock (200-329 mm) and stock category pallid sturgeon. This decrease, when compared to 

2011, was minimal and Wr for those categories is still higher than that witnessed in 2010.   
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Shovelnose sturgeon S. platorynchus continue to be one of the most abundant species 

across all of Segment 2. Sampling in 2012 produced 1,264 shovelnose sturgeon, which eclipsed 

the previous high recorded in 2010 (N=1,085). All gears remain effective at sampling shovelnose 

sturgeon in Segment 2. During the 2012 sampling year, trammel nets recorded the largest 

percentage of catch (56%), followed by trotlines (31%), otter trawl (12%) and angling (1%). 

Trammel net CPUE of quality and larger shovelnose sturgeon for combined seasons in Segment 

2 in 2012 (0.95 fish/100m) was very comparable to 2008-2010 (1.03, 0.88 and 0.88 fish/100m, 

respectively). Trammel net CPUE for the smaller size classes of shovelnose sturgeon remains 

very low in Segment 2, likely due to the low abundance of those fish. Shovelnose sturgeon otter 

trawl CPUE of quality and larger shovelnose sturgeon for combined seasons was reported for 

Segment 2 in 2012 as 0.33 fish/100m, which was essentially unchanged from 2011 (0.33 

fish/100m) and 2010 (0.32 fish/100m). The combined season CPUE was equalized by a lower 

than average catch rate during sturgeon season (0.23 fish/100m) and an above average (0.42 

fish/100m) during fish community season. Trotlines remain an effective tool for sampling 

shovelnose sturgeon in Segment 2. The CPUE across seasons was calculated at 3.19 fish/20 

hooks. To break it down by season, sturgeon season exhibited a CPUE of 3.35 fish/20 hooks, 

while fish community season trotline CPUE was recorded as 3.02 fish/20 hooks.   

Shovelnose sturgeon in Segment 2 during 2012 averaged 590 mm in length and 852 g in 

weight. The population size structure, which is dominated by individuals larger than 400 mm, 

has remained similar since the inception of the Program in 2006. For example, in 2012, 

individuals under 400 mm comprised only 0.7% of the shovelnose sturgeon sampled. Although 

the smallest shovelnose sturgeon to date (239 mm) was sampled in Segment 2 in 2012, young of 

the year shovelnose sturgeon continue to be absent in sampling. Conversely, smaller shovelnose 

sturgeon are much more frequently observed in Segment 3 and 4 of the Missouri River.  

A total of 48 sturgeon chubs Macrhybopsis gelida were sampled in Segment 2 during 

2012, which was an increase from 2011 (N=21) and nearly identical to 2010 (N=47). With a 

reported combined season CPUE of 0.08 fish/100m, catch rates have remained reasonably 

comparable since 2009. Among seasons, sturgeon chub otter trawl CPUE in Segment 2 in 2012 

during the sturgeon season was reported as 0.14 fish/100m. In contrast, the CPUE documented 

during fish community season was 0.02 fish/100m. Like previous years, elevated CPUE during 

sturgeon season indicates a likely upstream migration of sturgeon chubs during spawning season. 
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All but the smallest sturgeon chub (30 mm) captured were greater than 70 mm in TL, indicating 

that Segment 2 continues to be dominated by an adult class of fish. 

  A total of nine sicklefin chubs M. meeki were sampled in Segment 2 in 2012, all of which 

were captured in the lower 12 miles of the segment. Otter trawl CPUE for each season remains 

highly variable due to small sample size. As in previous sample years, the majority of sicklefin 

chubs (78%) captured in Segment 2 in 2012 were observed during sturgeon season, suggesting 

similar spawning movements exhibited by sturgeon chubs.    

 A total of nine sand shiners Notropis stramineus were captured in Segment 2 in 2012. 

Mini-fyke nets accounted for all but one sand shiner, which was caught in the otter trawl. This 

was by far the lowest number of sand shiners sampled since the Program’s origination. In 

response, the lowest ever recorded CPUE for mini-fyke nets was observed (0.1 fish/net night) in 

Segment 2 in 2012. The average TL (45.6 mm) for sand shiners in Segment 2 in 2012 did not 

differ much from previous years, however, unlike previous years, the lack of fish under 30 mm 

in 2012 would indicate there were no age-0 fish captured while sampling.   

 Sampling in Segment 2 in 2012 yielded the capture of only four western silvery minnows 

Hybognathus argyritis, which was less than that seen in 2011 (N=14) and remarkably fewer than 

2010 (N=270). All four individuals were observed in mini-fyke nets. As a result, the lowest ever 

CPUE was calculated for Hybognathus spp. in Segment 2 with only 0.04 fish/net night. Western 

silvery minnows sampled in 2012 averaged 93.5 mm TL, with all but one measuring over 90 

mm. The length frequency for this very small sample size would indicate that, similar to sand 

shiners, no age-0 fish were captured in Segment 2 in 2012.   

 A total of eleven blue suckers Cycleptus elongates were captured during Segment 2 

sampling in 2012, with trammel nets being responsible for all but one individual. The CPUE 

calculated for Segment 2 in 2012 was 0.018 fish/100 m, 0.03 fish/100 m and 0.003 fish/100 m 

for both, sturgeon season and fish community season, respectively. Like other species, the 

pattern of elevated CPUE during sturgeon season seems to indicate spring spawning movements 

upstream by adult populations of blue suckers in Segment 2. The average TL of blue suckers in 

Segment 2 in 2012 was 680 mm, which nearly identical to past years. As indicated by the length 

frequency, the sampled population of blue suckers in 2012 once again was comprised of mature 

fish. Only two presumed YOY blue suckers have been captured in Segment 2, one each in 2010 

and 2011.     
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 The sampling of Segment 2 in 2012 resulted in the capture of 256 sauger Sander 

canadense, with the majority (79%) being sampled during sturgeon season. All gears remain 

successful at capturing sauger in Segment 2; with trammel nets recording 201 sauger, the otter 

trawl sampling 32, followed by mini-fyke nets catching 15 and trotlines accounting for six. 

Trammel net CPUE in Segment 2 regarding sauger has remained relatively unchanged since the 

Program’s inception in 2006. However, new record highs were observed in both overall (0.27 

fish/100 m) and sturgeon season (0.48 fish/100 m) CPUE. Otter trawl CPUE for both seasons 

(0.06 fish/100 m) in Segment 2 in 2012, like trammel nets, remains comparable to past years. 

Also, like trammel nets, a record high CPUE was witnessed during sturgeon season with 0.07 

fish/100 m. Mini-fyke net CPUE in Segment 2 in 2012 (0.13 fish/net night) reached its highest 

mark since a record high was set in 2007 (0.14 fish/net night). However, with mini-fyke net 

sampling being the most useful tool to monitor YOY sauger production, none were present in the 

sampling efforts of 2012. Like blue suckers, sauger are more frequently observed during 

sturgeon season, which coincides with an upstream spawning movement which includes large 

numbers of individuals entering the Milk River in the spring.  

Overall, the increase in pallid sturgeon captures within Segment 2 during 2012 is an 

important finding and is likely related to the high water of 2011.  Data collected in Segment 3 

during 2012 indicated that pallid sturgeon had moved upstream from the lower portions of 

Segment 3 where they have been traditionally captured to areas upstream and adjacent to 

Segment 2.  From the data collected in Segment 2 it is apparent that many of the pallid sturgeon 

from Segment 3 moved upstream into Segment 2.  This is important because during years prior 

to 2011 a significant portion of the Missouri River downstream of Fort Peck Dam had few to no 

pallid sturgeon rearing in it.  Therefore, to observe that channel forming flows from the Fort 

Peck Dam Project can change the distribution and habitat use of rearing pallid sturgeon may be 

critical in the recovery of the species.  As hatchery reared pallid sturgeon grow into larger size 

classes and presumably become more dependent on fish for their diets, expanding the amount of 

available habitat may become necessary if density dependent mechanisms begin to be observed.  

It is interesting to note that not only did the flows of 2011 change the behavior and habitat use of 

hatchery reared juvenile pallid sturgeon, but it also changed the behavior of adult wild pallid 

sturgeon within RPMA 2.  The flows of 2011 triggered approximately 38% (FWP Data) of the 

radio tagged wild adult pallid sturgeon of RPMA 2 to migrate into areas of Segment 2 during the 
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spawning season.  Those observations coupled with the Program’s data indicate that 

modifications from the normal operations of Fort Peck Dam could be critical in recovering this 

species within RPMA 2.  

 
Segment 3 

 
The 2012 season was the seventh consecutive year that the pallid sturgeon population 

assessment program (Program) has been in place in Segment 3 of the Missouri River.  With the 

historically high flows of 2011, data obtained in 2012 were extremely valuable in understanding 

the effects the high flows had on pallid sturgeon Scaphirhynchus albus and the rest of the fish 

community.  Since high waters in 2011 made sampling difficult and likely reduced the 

efficiencies of the Programs standard gears, relative abundance data obtained in 2012 are best 

compared to years prior to 2011.  However, other types of data such as relative condition, 

distribution and size structure are comparable across all years. 

 Sampling began in the sturgeon season on April 9th and ended on June 21st.  A total of 24 

randomly selected river bends were sampled during the sturgeon season using both the otter 

trawl and trammel nets.  In addition, 11 randomly selected river bends were sampled using 

standard trotlines.  The fish community season in Segment 3 began on July 17th and went until 

October 24th.  A total of 23 randomly selected river bends were sampled using the otter trawl and 

mini fyke nets, while 25 bends were sampled with trammel nets.  During the fish community 

season trotlines were used in 14 random river bends. 

 More pallid sturgeon were captured within segment 3 during 2012 than any previous 

sampling year.  A total of 253 pallid sturgeon, all of hatchery origin were sampled in random and 

non-random sampling.  The longitudinal distribution of pallid sturgeon captures during 2012 

differed from previous years of sampling, with the majority of pallid sturgeon captures occurred 

upstream of river mile 1,640.  In years prior to 2011, the majority of pallid sturgeon captures 

occurred downstream of this area in the lower most portions of Segment 3.  A similar change in 

the distribution of pallid sturgeon prior and post 2011 occurred in upstream Segment 2.  By far 

more pallid sturgeon were captured in Segment 2 during 2012 than any previous year.  These 

fish likely migrated upstream out of Segment 3 into Segment 2.   The change in pallid sturgeon 

distribution is likely due to the high flows of 2011 and the changes in habitat created by that 

event.   
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A total of 11 year classes of hatchery reared pallid sturgeon were sampled in 2012, with 

the most common being the 2009 year class with 78 sampled. The largest pallid sturgeon sample 

was from the 1997 year class, which measured 795 mm in length and weighed 1,730 g.  The size 

structure of pallid sturgeon captured in Segment 3 has been changing in a positive way since 

beginning the Program in 2006.  From 2006 to 2012 the proportion of larger pallid sturgeon in 

the catch has increased every year.  During 2006, a majority of the pallid sturgeon captured 

during the sturgeon season were of sub-stock size, whereas in 2012 no sub-stock sized fish were 

captured.  This is positive in terms of the hatchery reared pallid sturgeon population growing into 

larger size classes, but also indicates no natural recruitment has been documented in the river.  

While the size structure of hatchery reared pallid sturgeon is increasing, there are still relatively 

few fish of quality or larger size classes present. 

The average relative condition factor of pallid sturgeon has not appreciably changed over 

the seven years of the Program’s sampling.  This is an important metric to keep track of, since it 

may help identify if the carrying capacity of Scaphirhynchus spp.is being met.  Although no 

significant change in relative condition has been observed, the growth rates of stocked pallid 

sturgeon do generally decline as fish get older.  In other words, the growth rates of younger year 

classes are on average growing at a faster rate than the older year classes of hatchery stocked 

fish.  While the growth rates of fish often decline at some age, the decrease that is being 

observed in the Missouri River may be due to the switch a pallid sturgeon from insectivory to 

piscivory.   

During 2012 a total of 456 shovelnose sturgeon Scaphirhynchus  platorynchus were 

sampled within Segment 3 in random and non-random sampling.  The catch-per-unit-effort 

(CPUE) of shovelnose sturgeon for both otter trawls and trammel nets during 2012 drastically 

increased from 2011.  However, the large increase in CPUE was likely due to low gear 

efficiencies in 2011 due to high Missouri River discharge.  Total shovelnose sturgeon CPUE in 

2012 was similar to years prior to 2011.  Although the overall CPUE of shovelnose sturgeon has 

not changed greatly over the years, with the exception of 2011, data collected have proven 

valuable in determining recruitment.   

Shovelnose data indicate that through the seven years of sampling, two years stand out as 

far as good production and recruitment years, 2007 and 2010.  During 2007 and 2010 standard 

sampling collected a higher proportion of shovelnose sturgeon smaller than 150 mm in length 
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than all other sampling years.  Subsequently, each of those cohorts were identified the following 

season as fish between 150 and 250 mm, and again they made up a larger proportion of the total 

catch than other sampling years.  The ability to detect and follow a strong year class of 

shovelnose sturgeon is extremely important in identifying environmental conditions that may 

influence year class strength.  The strong year classes of shovelnose sturgeon produced in 2007 

and 2010 were likely related to Missouri and Milk River discharge.  During 2007 the Missouri 

River peaked at nearly 12,000 cfs in early June and had a second peak of over 10,000 cfs in late 

June.  During this time period, the Milk River was inputting approximately 5,000 cfs into the 

Missouri River, which was roughly half of the Missouri River’s discharge.  Similar to 2007, 

during 2010 flows Missouri River flows in late June were at nearly 12,000 cfs.  In addition, 

during late June in 2010 the Milk River was inputting approximately 6,000 cfs or approximately 

half of the Missouri Rivers discharge.  For both years, the warm and turbid water of the Milk 

River likely had a great influence on the Missouri River and made for excellent spawning, 

incubating and hatching conditions.   

The relative abundance of many native cyprinids such as sturgeon chub Macrhybopsis 

gelida, sicklefin chub M. meeki, sand shiner Notropis stramineus and western silvery minnows 

Hypognathus argyritis have been being monitored by the combination of otter trawls and mini 

fyke nets.  The relative abundance of all these species have either decreased in recent years or 

have remained at very low detection levels.  For instance, sturgeon chub CPUE using the otter 

trawl was at a seven year high in 2006 with more than 0.6 fish/100 m trawled.  Since 2006 otter 

trawl CPUE has decreased to 0.21 fish/100 m, in 2012.  A similar pattern has been observed in 

sand shiner CPUE in mini fyke nets.  During 2006 mini fyke nets captured an average of 13.7 

sand shiners per net night, while during 2012 only 1.7 sand shiners were capture on average per 

net night.  Similar to sturgeon chubs and sand shiners, the relative abundance of western silvery 

minnows has went from a high in 2008 to very few fish captured the last four years.  While the 

relative abundance of sicklefin chubs has not significantly changed, the presence of this species 

in our otter trawling has consistently been low since sampling began. 

The apparent decrease in several native cyprinid populations might be explained by the 

relatively high number of predators in the system over the past couple of years.  The sauger 

population appears to have increased since the inception of the program.  The good water years 

of 2007, 2010 and 2011 seem to have produced good year classes of sauger.  As mentioned for 
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shovelnose sturgeon, Milk River flows likely had an important influence on good sauger 

recruitment.  In addition to good sauger numbers, the stocking of pallid sturgeon within RPMA 2 

may be putting more stress on native cyprinid populations.  In addition, the spill event that took 

place at Fort Peck Dam for the majority of the spring and summer of 2011 increased the numbers 

of adult predators in the system instantly.  Walleye, northern pike, smallmouth bass, channel 

catfish and lake trout all were entrained through the spillway and were displaced in the Missouri 

River downstream of the dam.   

While the same good water years that produced sauger and shovelnose sturgeon and 

likely led to higher survival and growth of hatchery reared pallid sturgeon, likely had a positive 

effect on native cyprinid populations.  However, while native cyprinids only live for a short few 

years, sauger and sturgeon are longer lived and may make it harder for cyprinid populations to 

bounce back after years of poor water conditions.  The fact that we haven’t seen any bump in 

native cyprinid numbers after the 2011 water year may provide evidence of heavy predation of 

native cyprinids by predators.   

In summary, the data the Program is collecting is invaluable as far as gaining further 

insight into pallid sturgeon growth, distribution, habitat use and condition.  The data collected 

over the past seven years will provide the baseline for the aquatic ecosystem of the Missouri 

River and will allow us to monitor both pallid sturgeon and their prey base as hatchery stocked 

fish reach larger sizes and eventually become sexually mature.  Native cyprinid data, coupled 

with relative condition of both pallid and shovelnose sturgeon will give us insights in to prey 

availability and whether the carrying capacity of the system has been reached or not.  Water 

seems to be the key to many of the questions that have historically been asked.  The flows out of 

the Fort Peck Project in 2011 greatly influenced adult and juvenile pallid sturgeon behavior and 

habitat use.  Additionally, data collected from the Project is allowing us to understand how 

important inputs from the lower Missouri Rivers largest tributary, the Milk River is to native 

fish, including pallid and shovelnose sturgeon.  The Milk River’s importance is likely heightened 

due to the hypolimnetic withdrawals and altered hydrograph that occurs do to the normal 

operations of Fort Peck Dam.  Developing a flow regime from Fort Peck Dam that would satisfy 

the needs of the majority of the users of the Missouri River and the pallid sturgeon sounds 

daunting.  However, the Programs data are ever clearer in understanding that small changes in 
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flow, temperature and suspended sediment may lead to large benefits in the health of the 

Missouri River and get us closer to recovering the pallid sturgeon. 
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2012 North Dakota Pallid Sturgeon Population Assessment Summary 
for RPMA II Section 4 

U.S. Fish and Wildlife Service 
Missouri River Fish and Wildlife Conservation Office, Bismarck 

2012 Summary Report 
 

The Missouri River below the confluence of the Yellowstone River is a highly dynamic system 

and features a diverse assemblage of habitats that typify the historic conditions of the river.  The 

influence of the Yellowstone River and the seasonal fluctuations in the hydrograph, including the 

immense sediment load, greatly influence the fish community, including the pallid sturgeon.  The 

elevation of Lake Sakakawea also influences the lower portion of segment 4.      	
 

The USFWS Missouri River Fish and Wildlife Conservation Office in Bismarck began sampling 

the twelve random river bends of segment 4 on the 17th of April and completed sampling on the 

16th of October.  Over 116,000 meters were drifted with trammel nets which included nearly 

48,000 meters during a targeted sampling effort.  Otter trawls were towed 75,846 meters during 

the fish community and sturgeon seasons.  Additionally, mini fyke nets were set in 12 bends 

during the fish community season and trotlines were deployed in 12 random bends during fish 

community season.   

 

Pallid sturgeon (Scaphrynchus albus) is the primary target of this sampling effort.  Three 

hundred hatchery released and eighteen wild adult pallid sturgeon were captured in 2012.  This 

was less than 2010 (N = 724) but was the second most captured in eight years of sampling.  

Following standard protocols we captured 64 pallid sturgeon in twelve random bends with 

trammel nets. Trotlines caught 50 hatchery released pallid sturgeon while 38 were sampled with 

the otter trawl.  Additionally, 80 hatchery released pallid sturgeon and one wild adult were 

captured during a two and a half day targeted sampling effort with trammel nets in the lower 

section of segment 4.  Fifteen wild adults were collected below the confluence during a spring 

targeted brood stock collection effort.   

 

Pallid sturgeon from 11 of the 13 year classes that have been stocked in RPMA 2 were collected 

in 2012.  Pallid sturgeon from 10 stocking locations used within the Missouri and Yellowstone 

Rivers above the confluence were sampled with the majority (75%) originating from 
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Yellowstone stocking sites.  Relative condition factor for all pallid sturgeon captured during this 

effort ranged from 0.91 to 1.16.  Growth rates for recaptured juvenile sturgeon ranged from 

0.050 to 0.280 mm/day with younger sturgeon showing a higher growth rate (Figure 4). 

 

A total of 767 shovelnose sturgeon S. platorynchus were sampled during the 2012 sampling 

season in segment 4.  The majority were sampled in trammel nets (N = 598) followed by the 

otter trawl (N = 155) and trotlines (N = 13).  The total number of shovelnose sturgeon sampled in 

2012 was the highest in eight years of sampling. Quality and above size class fish continued to 

account for the majority shovelnose sturgeon sampled.   

 

In 2012, six of the eight native Missouri River species that were targeted for this assessment 

were sampled.  Sturgeon chub Macrohybopsis gelida were sampled in otter trawls (N = 461) and 

mini-fyke nets (N = 1). A total of 111 sicklefin chubs M. meeki were collected in segment 4 with 

all sicklefin chubs being captured in the otter trawl.  Shoal chubs M. aestivalis and sand shiners 

Notropos stramineus were the two targeted native species not captured in any gear. Shoal chubs 

have not been sampled in eight years while this is the third year no sand shiners were collected.  

Western silvery minnows, Hybognathus argyritis, were captured during the fish community 

season in mini-fyke nets (N = 128). Only eight western silvery minnows were captured in the 

otter trawl.  A total of 24 blue suckers Cycleptus elongates were collected in trammel nets (N = 

20) and otter trawls (N = 4). No young of the year blue suckers were collected.   Sauger Sander 

canadense were captured in all gears during both seasons.  Trammel nets captured the most 

sauger (N = 463), followed by the otter trawl (N = 92), mini-fyke nets (N = 27) and trotlines (N 

= 1).  A total of 221,713 fish representing 34 species were sampled in segment 4 of the Missouri 

River during 2012. 
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email: jason.rhoten@gmail.com 

 
The following activities summarize Yellowstone River pallid sturgeon research and recovery 
activities that occurred during this time in 2012. 
 
  
Multiple research and recovery activities occurred in 2012.  Flow conditions in 2011 were 
abnormally greater than normal and at a magnitude that provided challenges for some research 
activities.  Early flow conditions of 2012 were similar to annual mean discharges until June.  
Beginning in June, low precipitation resulted in discharges below average (Figure 1).  The 
annual mean discharge was also below the historic mean (since 1967 when record began) at the 
USGS gauging station in Sidney, Montana (Figure 2).  
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Figure 1. Daily mean discharge in 2012 and historic daily mean discharge of the Yellowstone 
River at the Sidney gauging station. Data provided by USGS. 
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Figure 2. Water year mean discharge of the Yellowstone River at Sidney gauging station. Data 
provided by USGS. 
 
Targeted Pallid Sturgeon Monitoring. 
Annual targeted monitoring of hatchery-reared pallid sturgeon was conducted in August and 
September.  The data are used in multiple ways but one of the most important is to estimate 
survival of stocked pallid sturgeon.  The survival estimates are provided by Jay Rotella utilizing 
this and 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, however in 
2012 low flow conditions created low velocities within these habitats.  Low velocities within 
these tradition focal locations created difficult trammel netting conditions.  Subsequently effort 
was dispersed in runs associated with relative deeper depths and sufficient velocity to drift nets.  
Pallid sturgeon were sampled by drifting 1-inch mesh trammel nets and by setting trotlines 
equipped with twenty hooks baited with night crawler worms.   
 
Results:  
In the 2012 field season, 204 trammel net drifts were conducted and 43 trotlines were set and 
lifted.  These efforts yielded a total netting effort of 65 hrs and 53 km drifted that resulted in 97 
hatchery-reared juvenile pallid sturgeon captures (Table 1).   Despite the second highest total 
netting hours recorded, total pallid sturgeon capture was the lowest recorded since sampling 
began in 2006.  Pallid sturgeon catch rates of 1.5 fish/hr were the lowest on record and the catch 
rates of 1.8 fish/km were also the second lowest on record (Table 2).  The observed low catch 
rates of 2012 are not fully understood.  Conclusions drawn from a single season of low catch 
rates are limited but it is hypothesized that low velocities present in traditional pallid sturgeon 
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target locations (bluff pools) decreased trammel net gear efficiency in these locations.  Another 
possibility for low catch rates in 2012 may be attributed to lack of pallid sturgeon stocking.  No 
pallid sturgeon were stocked in 2012, thus no captures of recently released individuals occurred 
whereas net captures and subsequently catch rates from previous seasons reflect total captures 
including recently released individuals.  Trotline effort in 2012 resulted in six pallid sturgeon 
captures. 
 
 
 
 
Table 1. Yellowstone River total net effort, total trotline effort, and total pallid sturgeon captures 
since 2006. 
 
 

Year Net effort (hr) Net captures Trotline effort 
(Lines) 

Trotline captures 

2006 12 105 - - 

2007 21 179 - - 

2008 40 140 - - 

2009 36 158 144 65 

2010 80 482 112 18 

2011 56 146 - - 

2012 65 97 43 6 

 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Yellowstone River calculated catch per unit effort (fish per hr and fish per km) for pallid 
and shovelnose sturgeon since 2006.  
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Year  Net: Pallid/hr  Net: Pallid/km  Net: SNS/hr  Net: SNS/km  

2006  8.8  -  -  -  

2007  8.5  -  -  -  

2008  3.5  - -  -  

2009 4.3  2.2  42.9  21.3 

2010 6.0  4.7  16.6  12.8 

2011 2.4  1.5  9.9  5.5 

2012 1.5  1.8  15.1 18.5 

 
 
 
 
Data from the 2012 pallid sturgeon targeted monitoring revealed the largest proportion of pallid 
sturgeon captured consisted of the 2009-year class (Figure 3).  Within the 2009-year class 
majority of these fish were of the fall fingerling release.   The 2010 and 2008-year classes had 
the second highest proportion of pallid sturgeon captured.  Pallid sturgeon stocked at Intake 
represented the largest proportion of stocking location captures in the 2012 (Figure 4).  The 
upstream stocking location, Fallon, had the second highest proportion of individuals represented 
in the total captures. 
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Figure 3. Year class and release season of juvenile pallid sturgeon captured in the Yellowstone 
River during the 2012 field season.   
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Figure 4. Stocking location of pallid sturgeon captured in the Yellowstone River during the 2012 
field season. 
 
 
 
Targeted Pallid Sturgeon Monitoring Upstream of Intake 
Monitoring the population of hatchery-reared pallid sturgeon above Intake Diversion Dam began 
in 2011.  Sampling above Intake diversion dam was again conducted in 2012.  Previous 
telemetry investigation suggested suitable pallid sturgeon habitat is available upstream of Intake 
Diversion Dam.  In 2012, targeted monitoring effort was conducted to document presence of 
juvenile pallid sturgeon above Intake Diversion Dam.  Netting and trotline sampling focused on 
bluff pools and relatively deep runs between Intake diversion to downstream of the Terry Bridge. 
 
Results: 
Five days of netting effort resulted in 44 total trammel net drifts.  The 44 total drifts equated to a 
sum of eleven netting hours and 12.8 km drifted (Table 3).  The effort resulted in the capture of 
three pallid sturgeon and 216 shovelnose sturgeon.  The resultant pallid sturgeon catch rate was 
0.27 fish/hr and that equated to a pallid sturgeon catch rate of 0.24 fish/km while shovelnose 
sturgeon catch rates were 19.2 fish/hr and 16.9 fish/km (Table 4).  One day of trotline effort was 
conducted that resulted in an effort of eight lines that captured no pallid sturgeon and one 
shovelnose sturgeon.  Two of the three pallid sturgeon captured above Intake diversion dam were 
from the 2010 year class.  The other pallid sturgeon’s year class identification was not obtained 
at this time because of elastomere mark failure; however, we are awaiting genetic analysis results 
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that should reveal the year class.  Stocking location was not attainable for any of the pallid 
sturgeon sampled above Intake.  
 
 Table 3. Yellowstone River upstream on Intake diversion dam total net effort, total trotline 
effort, and total pallid sturgeon captures since 2011. 
 
 

Year Net effort (hr) Net captures Trotline effort 
(Lines) 

Trotline captures 

2011 7.2 3 - - 

2012 11.2 3 8 0 

 
 
 
 
 
Table 4. Yellowstone River upstream on Intake diversion dam calculated catch per unit effort 
(fish per hr and fish per km) for pallid and shovelnose sturgeon since 2011.  
 

Year  Net: Pallid/hr  Net: Pallid/km  Net: SNS/hr  Net: SNS/km  

2011 0.42  0.19  23.3  10.7 

2012 0.27 0.24  19.2 16.9 

 
 
 
Migration Pathways, Habitat Use and Reproduction of Pallid Sturgeon 
This was year two 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 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.  
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In collaborative effort with the USGS, 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.  It was 
anticipated that there would be multiple male pallid sturgeon and three telemetered gravid female 
pallid sturgeon (codes 30, 35 and 36)  utilizing the Yellowstone River in the 2012 field season.   
 
Results: 
Twenty migration pathways were mapped between mid-May through mid-June.  Each of these 
pathways had between 4-20 fish locations.  In addition, there was a 900 meter long reach with 
relatively high velocities mapped over a documented migration route.  Individual migration 
pathways were documented and mapped in the Yellowstone River as far upstream as Intake 
diversion dam but ranged downstream to the confluence.  Pallid sturgeon migration on the lower 
channelized Missouri River typically can be characterized by a steady upstream migration with 
spawning documented at the apex of the upstream migration point.  In the Yellowstone River 
pallid sturgeon migration is less predictable and fish often migrate upstream and downstream 
multiple times (Figure 5).   Female pallid sturgeon known as radio code 30 traveled a minimum 
of 142 river miles and male radio code 52 traveled minimum of 189 river miles.  
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 Figure 5. Migration timing and distance of pallid sturgeon in the Yellowstone River during the 
2012 field season. 
 
 
 In 2012, the first pallid sturgeon was detected at Intake on May 2 and the last detection was June 
23.  Four radio equipped pallid sturgeon migrated upstream to river mile 72 where they 
encountered Intake diversion dam.  There was one additional non-telemetered adult pallid 
sturgeon incidentally captured at Intake diversion dam.  Radio codes 42, 52, 72 and 76 did not 
pass the Intake diversion dam, a known fish barrier.  After encountering the barrier these 
telemetered fish remained at the structure from one to two days before moving downstream.  
Radio codes 52 and 76 were intensively monitored on their approach to Intake diversion dam.  
Radio code 52 migrated upstream to Intake on June 9, 2012.  The approach migration occurred 
on river right, the bank of the proposed fish bypass channel entrance.  Radio code 76 migrated 
upstream to Intake on June 22, 2012 with an approach also on river right (figure 6).  
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Figure 6. The 2012 upstream migration locations of pallid sturgeon codes 52 and 76 in the 
Yellowstone River as they approached Intake Diversion Dam.  
 
 
Pallid sturgeon were observed using multiple side channels in the Yellowstone River.  The use of 
side channels during upstream migration was variable, whereas a in some instances a specific 
side channel may have been selected for upstream migration by one individual but may not have 
been selected for use by a different individual.   
 
 
During the 2012 field season, there were three spawn-ready female pallid sturgeon.  On June 19, 
2012, intensive upstream and downstream migration monitoring indicated that female pallid 
sturgeon code 30 had uncharacteristically remained in a location for an extended period of time.  
Water temperatures were within ranges required for spawning and it was suspected code 30 may 
have spawned in the Yellowstone River around river mile 7.  The decision was made to capture 
her to confirm or reject this hypothesis.  Radio code 30 was captured with an adult male pallid 
sturgeon.  Both fish were immediately brought aboard for analysis.  Sex gametes from both these 
male and female pallid sturgeon were freely and abundantly released.  It was assumed the fish 
were spawning at time of capture.    
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Following the assumed spawning, larval trawling was conducted downstream of the spawning 
site between river mile 2.0-7.0.  In total there were 335 Acipenseriform collected.  Genetic 
analysis confirmed a pallid sturgeon free embryo was sampled.  Parentage analysis suggests both 
parents are in our genetic database and have been utilized for propagation however; neither 
parent was equipped with a radio transmitter.  
 
 
 
 
Other Miscellaneous Activities: 
 
Our crews assisted in adult broodstock collection in May.  
 
The results of this research will be presented to the Upper Basin Pallid Sturgeon Workgroup and 
most likely will be presented at the Missouri River Natural Resources Conference (MRNRC).         
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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 (Recovery Priority Management Area 3; [RPMA 3]) using 

standardized gears and protocols during 2012.  Ten randomly selected bends were sampled with 

a minimum of 8 deployments of each standard gear (i.e., gill net, trot line, otter trawl, and 

minifyke net) in each bend.  The confluence of a major tributary, the Niobrara River, delineates 

Segment 5 (upstream of the confluence) from Segment 6 (the confluence downstream to the 

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

Water conditions within Segments 5 and 6 were dramatically different than the previous year 

(2011), when record discharges exceeded 4,248 cubic meters per second (m3s-1; 150,000 cfs) for 

37 consecutive days starting on 25 June.  Discharge was > 2,123 m3s-1 (75,000 cfs) for a total of 

115 days (May 31 – September 22). 

A total of 95 pallid sturgeon were captured in 2012; 97% were of known hatchery origin. 

Passive integrated transponder (PIT) tags were detected in 75% of captured fish, but not detected 

in 32 pallid sturgeon, however status (i.e., hatchery, wild, or unknown) was obtained for 29 of 

those fish based on the presence of secondary marks (i.e. elastomer tag presence, scute removal, 
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and genetics).  Genetic analysis of unmarked fish identified one hatchery-origin fish from the 

1997 year class, two from the 2001 year class, one from the 2002 year class, three from the 2005 

year class, three from the 2007 year class, seven from the 2008 year class, and two from the 2009 

year class.  Twenty-seven percent of the unmarked, genetically-confirmed hatchery-propagated 

fish were from the 2008 year class, of which only 7% of the total 4,047 fish had PIT tags inserted 

prior to release.  Additionally, eight fish from the 2006 year class captured during sampling did 

not have a PIT tag implanted at stocking but were identified by a removed scute or elastomer tag.   

Recaptured pallid sturgeon in 2012 represented all years classes stocked (1997-1999 and 

2001-2010) as part of population supplementation efforts, except for the 1999 year class.  For 

standardized random gear deployments, 21 pallid sturgeon were captured with gill nets, 27 with 

trotlines, 16 with trammel nets, and eight with otter trawls.  In 2012, the relative abundance of 

hatchery-reared pallid sturgeon captured in gill nets was 3.5 times higher than 2009 and 2010 

and increased 186% compared to the overall running average (2003-2011).  Hatchery-reared 

pallid sturgeon relative abundance in 2012, indexed by drifted trammel nets, decreased 6% 

during the fall through spring (i.e. the sturgeon season) and increased 30% during the summer 

(i.e. fish community season), when compared to the overall running averages (2003-2010).  

Additionally, hatchery-reared pallid sturgeon relative abundance in the otter trawl slightly 

increased (2%) during the sturgeon season and decreased 49% during the fish community season, 

compared to the overall means (2005-2010).  Similarly, mean CPUE of all pallid sturgeon (i.e., 

hatchery, wild, and unknown origin) captured during the fish community season increased 26% 

for trammel nets and decreased 50% for otter trawls, when compared to the long-term averages.  

Using seasonally-pooled data, annual CPUE increased for all pallid sturgeon (i.e., fish of known 
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hatchery origin and unknown origin combined) captured in trammel nets (5%) and decreased for 

those caught in otter trawls (22%) compared to the long-term averages.   

Spatially, pallid sturgeon were captured throughout most of Segments 5 and 6 but 55% of 

recaptures were downstream of the confluence of the Niobrara and Missouri rivers in the delta 

formed in Segment 6.  Twenty-three percent of pallid sturgeon were caught in the same location 

where an active gear initially captured a pallid sturgeon (i.e., non-random duplicate samples).  A 

total of 19 pallid sturgeon were captured with a combination of gears (trammel net, gill net, otter 

trawl, and trot line) from bend 16 in Segment 5.  Additionally, 34 pallid sturgeon were captured 

at three bends within Segment 6: bend 4 (n = 14), bend 7 (n = 10), and bend 11 (n = 10).  Pallid 

sturgeon were captured in the channel border mesohabitat of braided channels (55%), outside 

bends (29%), channel crossovers (14%), inside bends (1%), and confluence (1%) macrohabitat 

types.  

The 19 pallid sturgeon caught  in Segment 5 were comprised of eight year classes (2001-

2003 and 2005-2009) based on identifiable tags or marks as well as a wide range of fork lengths 

(467-755 mm) and weights (300-1,560 g).  The 34 fish caught in Segment 6 were comprised of 

11 year classes (1997, 1998, 2001-2003, and 2005-2010), had fork lengths ranging from 389-

1,055 mm and weighed170 to 4,200 g.  Mean relative condition (Kn) of pallid sturgeon by year 

class ranged from 0.82 to 1.00, which was similar to previous years.  Age-2 and age-3 pallid 

sturgeon grew between 0.44-0.33mm/d while those age 5-11 grew between 0.22-0.14 mm/d.  

The mean growth rate of age-14 pallid sturgeon was 0.08 mm/d, while the mean growth rate for 

the 1997 year class (age-15) was 0.12 mm/d.  Mean weight gain was > 0.31 g/d for all year 

classes and was highest for the 1997 year class (0.81 g/d).   
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A total of 113 shovelnose sturgeon S. platorynchus were captured in standard gears 

during 2012 (38 with gill nets, 46 with trammel nets, 15 with otter trawls, and 14 with trot lines).  

All shovelnose sturgeon have been floy-tagged as part of a U.S. Geological Survey study to 

estimate population size and survival.  During 2012, no young-of-year Scaphirhynchus spp. were 

captured and the ratio of pallid sturgeon to shovelnose sturgeon in random deployments of 

standard gears (0.64 pallid sturgeon: 1 shovelnose sturgeon) has been decreasing since 2006. 

In addition to sturgeon, eight native Missouri River species were targeted for assessment. 

These include shoal chub Macrhybopsis aestivalis, sturgeon chub M. gelida, sicklefin chub M. 

meeki, western silvery minnow Hybognathus argyritis, plains minnow H. placitus, sand shiner 

Notropis stramineus, blue sucker Cycleptus elongatus, and sauger Sander canadense.  A total of 

two sturgeon chubs were collected during 2012 in the otter trawl.  Each specimen was collected 

approximately seven river kilometers downstream of Fort Randall Dam on a separate sampling 

occasion.  These are the first observation of sturgeon chub in Segment 5 since monitoring began 

in 2003.  None have been observed in Segment 6.  Sicklefin chub or shoal chub were not 

captured in 2012, similar to the previous nine years.  Sand shiners were captured with mini-fyke 

nets (n = 106) during the fish community season.  A single Hybognathus spp. (brassy minnow H. 

hankinsoni) was captured in a mini-fyke net during the fish community season.  A single blue 

sucker was captured in a trammel net during the sturgeon season.  During 2012, a total of 81 

sauger were caught in standard gears (29 in trammel nets, 27 in otter trawls, 19 in gill nets, and 6 

in mini-fyke nets).  Sauger were captured (n = 54; 67%) primarily during the sturgeon season.  A 

total of 47 fish species and one hybrid were caught in Segments 5 and 6 of the Missouri River 

during 2012.  None of the four exotic Asian carps, bighead carp Hypophthalmichthys noblis, 
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silver carp H. molitrix, grass carp Ctenopharyngodon idella, or black carp Mylopharyngodon 

piceus were captured or observed. 
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Final Report to: Western Area Power Authority 
 
Introduction 

Pallid sturgeon (Scaphirhynchus albus), are highly endangered throughout their range 
and were listed under the Endangered Species Act as endangered in 1990 (Dryer and Sandvol 
1993).  Pallid sturgeon are especially imperiled in the upper Missouri River basin where no 
natural recruitment has occurred for several decades and the few remaining wild pallid sturgeon 
are very old (Webb et al. 2005).  Hatchery propagation was implemented in the upper Missouri 
River to prevent extinction of the species which was predicted to occur in the early decades of 
the 21st century as the remaining wild pallid sturgeon died off (Kapuscinski 2002).  These efforts 
have been successful in increasing the numbers of upper Missouri River basin pallid sturgeon 
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due to high survival of a large number of hatchery produced fish stocked into the wild.  Hatchery 
reared offspring are also maintained in the Gavins Point National Fish Hatchery (GPNFH) 
Captive Broodstock Program.  Thus, the upper Missouri River population of pallid sturgeon is no 
longer in imminent risk of demographic extinction.  However, if a relatively small number of 
wild adults contributed large numbers of offspring to both the captive broodstock program and 
the wild stockings, the next generation of upper Missouri River pallid sturgeon may have 
reduced fitness and evolutionary potential due to a loss of genetic variation and the potential for 
inbreeding.    

The use of genetic tools for monitoring and assessment of pallid sturgeon restoration has 
been well integrated into the recovery program for purposes such as identification of 
Scaphirhynchus species and their hybrids (Schrey et al. 2011; Schrey et al. 2007; Tranah et al. 
2004; Tranah et al. 2001), identification of hatchery produced fish (DeHaan et al. 2008), and to 
evaluate hatchery practices (Saltzgiver et al. 2012).  The availability of individually-based 
genetic data along with existing data on propagation, and stocking history for pallid sturgeon in 
the upper Missouri River basin recovery priority management areas (RPMAs) 1-3 allows for 
evaluation of reproductive contribution and determination of potential of inbreeding through 
artificial propagation.  Integration of these genetic monitoring results can be used to guide the 
recovery program to achieve the goals of maintaining genetic diversity, and also provide 
guidance to continued stocking, hatchery, and management efforts within the upper Missouri 
River basin.  However, it must be realized that the molecular markers used to make these 
assessments (chiefly microsatellites) presumably have no direct effect on the fitness of the 
sturgeon. Thus, it makes no sense for managers to focus on conserving microsatellite alleles per 
se.  They are, however, indicators of how processes such as genetic drift, gene flow, mutation, 
and overall maintenance of diversity between generations are occurring in the surveyed 
populations.  Because these markers are inherited from both parents, microsatellite data allow us 
to estimate levels of genetic diversity and relatedness and/or parentage to design hatchery crosses 
because patterns at such loci are expected to reflect levels of the loss of genetic variation and the 
amount of inbreeding that that may be occurring over the entire genome. 

In this management plan, we provide guidance for the genetic management of upper 
Missouri River pallid sturgeon including the use of additional wild broodstock fish, offspring of 
wild broodstock fish in either the GPNFH  Captive Broodstock Program or stocked into the 
upper Missouri River basin, cryopreserved sperm, and incorporation of hatchery activities in the 
pallid sturgeon recovery and restoration program.  This plan covers only the Great Plains 
Management Unit (GPMU) which comprises three recovery priority management areas 
(RPMAs).  RPMA 1 includes the Missouri River above Fort Peck Dam, RPMA 2 includes the 
Yellowstone River and Missouri River below Fort Peck Dam and above Garrison Dam, and 
RPMA 3 includes a short stretch of riverine habitat above Lewis and Clark Lake (USFWS 2007).  
The regions formerly classified as RPMAs 4-6 are currently divided into three management 
units.  The Central Lowlands Management Unit (CLMU) includes the Missouri River from 
Gavins Point Dam to the mouth of the Grand River.  The Interior Highlands Management Unit 
(IHMU) includes the Missouri River below the mouth of the Grand River and the Mississippi 
River above the confluence with the Ohio River.  The Coastal Plains Management Unit (CPMU) 
includes the Mississippi River below the confluence with the Ohio River and the Atchafalaya 
River.  While this plan only covers the GPMU, we discuss the potential genetic effects of fish 
transfers among management units.  To develop these guidelines, propagation and stocking 
records, and estimates of genetic diversity for pallid sturgeon in the upper Missouri River basin 
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RPMAs 1-3 were evaluated with well-established principles for genetic management of hatchery 
propagation (Allendorf and Luikart 2007; George et al. 2009; Hallerman 2003).  The 
recommendations provide guidance for decision making regarding the capture of wild 
broodstock, use of captive broodstock for reproduction, and spawning and stocking strategies, 
including which fish should have high priority for future spawning and which should not be 
spawned again.  Recommendations are based on the goal of maintaining as much as possible of 
the natural genetic variation present in the native upper Missouri River basin pallid sturgeon so 
that future pallid sturgeon generations do not suffer from inbreeding depression, outbreeding 
depression, or domestication and retain sufficient genetic variation so that they can adapt to 
changing conditions.    

For the purposes of this plan, in describing pallid sturgeon generations the remaining wild 
parental population is designated as the P0 generation, their offspring as the F1 generation, and 
subsequent generations as F2, F3 etc. (see Figure 1).  Pallid sturgeon were first spawned and 
propagated in 1992.  Because of the long generation length of pallid sturgeon, production of the 
F1 generation, which has already been going on for two decades, may continue for years to come 
through the use of cryopreserved sperm, continued spawning of wild adults, and through the use 
of genetic parentage analysis to identify wild adults previously spawned but whose offspring 
have not been detected through subsequent surveys in the wild (or in the captive broodstock).   
Of particular concern is when and how to produce the F2 generation.   In this report we describe 
additional information needs required prior to spawning an F2 generation and guidelines as to 
how to best accomplish broodstock identification to maintain the genetic diversity present in the 
F1 generation and to achieve recovery program goals. 
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Figure 1.  Upper basin pallid sturgeon generations referred to in this document. 
 
 
1. Effective Population Size (Ne) , Drift, and Inbreeding 
 Genetic drift, inbreeding, and directional selection are the primary factors that result in 
the loss of genetic variation from populations.  Genetic drift is the random change in allele 
(gene) frequencies between generations.  This results because random sampling error causes the 
alleles of some parents to be passed to offspring more frequently than others and also because 
some parents produce more offspring than others.  Inbreeding occurs when an individual’s 
parents are related.  Because the population of GPMU pallid sturgeon is closed, over time 
individuals are expected to become progressively more related and their offspring progressively 
more inbred and these processes are magnified when the population size is small.   
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Inbreeding not only results in a loss of genetic diversity but also possibly a reduction in 
fitness, which is known as inbreeding depression.  Examples of traits associated with inbreeding 
depression in fishes include reduced hatching success, reduced survival rate, reduced growth 
rate, increased frequency of physical abnormalities, and impaired reproduction (Hallerman 2003; 
Waldman and McKinnon 1993).  Directional selection occurs when an allele at one or more loci 
is deterministically favored over others.  In captive broodstock, this not only results in a loss of 
genetic diversity but, also adaptation to the captive environment (domestication) through 
increased survival or reproduction by individuals that are more fit in the hatchery.  While 
inbreeding coupled with artificial selection is a practice that animal breeders often use to alter 
commercially favorable traits in domesticated animals, this is not advisable for conservation and 
restoration programs.  In contrast, such programs should strive to keep levels of genetic variation 
and phenotypic traits present in an established population as similar as possible to the native 
population from which it was established.  Under this scenario, clearly genetic drift, inbreeding, 
and domestication must be avoided. 

 
Geneticists use an index called “effective population size (Ne)” to estimate the rate at 

which a population loses genetic diversity and becomes inbred due to genetic drift.  Effective 
population size can be defined as “the size of an ideal population (N) that will result in the same 
amount of genetic drift as the actual population being considered “ (Allendorf and Luikart 2007).  
An ideal population is one in which all members are adults, the sex ratio is equal, and the 
variance in reproductive success among individuals  is equal to the mean number of offspring 
produced per individual.  The first two conditions, all members being adults and equal sex ratios 
reflect the fact that only adults contribute alleles to the next generation and that in the next 
generation half of the alleles come from the males and half from the females.  Following these 
assumptions, Ne can be calculated by 

mf

fm
e NN

NN
N

+
=
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Equation 1

where Nm is the number of male parents and Nf is the number of female parents.  When an equal 
number of males and females are used, Ne = Nm + Nf = the number of breeders.  For this equation 
to accurately describe the amount of genetic drift, the reproductive variance of both sexes must 
be equal to the number of offspring per parent.  In a population of constant size, over multiple 
generations each parent has on average two offspring that survive to maturity.  Figure 2 diagrams 
the expected number of adult offspring produced under this scenario with the variance in the 
number of offspring produced is also two as required by equation 1.  Clearly this outcome would 
not be typical of pallid sturgeon, or most fish populations, where most adults probably have no 
offspring that survive to maturity and a few may have hundreds or perhaps thousands that 
survive to maturity.  Thus, historically Ne was very likely less than the number of breeders.  With 
captive breeding, however, this variance in reproductive success can be controlled to maximize 
Ne for a given number of parents.   
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Figure 2:  Distribution of the number of adult offspring produced assuming a mean and 
variance reproductive success of 2 as is required for equation 1 to accurately represent the 
amount of genetic drift. 
If there is a great disparity in the number of offspring per parent that survive to 

reproduce, then the reproductive variance is high.  In this case, the effective population size may 
be much smaller, perhaps orders of magnitude smaller, than the number of breeders.  In the 
following equation N is the number of breeders, and variances in reproductive success of males 
and females are represented by Vkm and Vkf, respectively.   

kfkm
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Equation 2

 
Note that as the variances increase the value of Ne declines precipitously (Figure 3).   

However, if the variance terms are set to zero, meaning that every male and every female has an 
identical number of successfully reproducing offspring, Ne is actually twice the number of 
breeders.   Species with low fecundities and low reproductive variances have Ne values similar to 
the number of breeders while those with high fecundities and high reproductive variance may 
have effective population sizes orders of magnitude smaller than the number of breeders.  For 
example sandbar sharks, which typically produce no more than 12 well-developed offspring in a 
season, have Ne estimates that are very close to the number of breeders (Portnoy et al. 2009).  
Effective population sizes of female endangered razorback suckers were estimated at 29-38% of 
the number of female breeders (Turner et al. 2007).  Ne for highly fecund red drum was 
approximately  1/1000th the number of breeders (Turner et al. 2002) while oysters have an Ne 
that is on the order of 1/1,000,000 the number of breeders (Hedgecock 1994) .  Thus, depending 
on the reproductive variance, Ne can be slightly greater than the number of breeders but it is 
typically smaller and sometimes only a tiny fraction of the number of breeders.   However, in 
managed situations such as captive breeding, variance in reproductive success can be controlled 
to maximize Ne for a given and often limited number of breeders.   
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Figure 3.  Relationship between effective population size (Ne) and reproductive variance 
assuming a parental population of 50 males and 50 females and equal reproductive 
variance for both sexes following equation 2 above.  Note that Ne is twice the number of 
breeders when the variances are zero, equal to the number of breeders when the variances 
are 2, and less than the number of breeders for when the variances are greater than 2. 
 
A goal of a conservation genetics program should be to reduce genetic drift and thus 

maintain allele frequencies as similar to the P0 generation (the original wild fish) as possible.  Ne 
is really just an index for estimating the amount of genetic drift occurring in a population.  
Estimates of Ne are sensitive to assumptions that may not be realized.  Thus, it might be better in 
terms of managing upper basin pallid sturgeon to think in terms of reducing genetic drift, rather 
than trying to estimate Ne.  What we really need to know is how much allele frequencies have 
changed between the P0 and the F1 generation which depends to some extent on how we define 
(or select) the F1 generation.  For example, only mature individuals count in estimates of Ne (see 
definition of an “ideal population above”) yet very few of the F1 wild fish are currently mature.  
Those that are mature are offspring of only a small number of P0 parents spawned in the early 
years of the propagation program.   Thus, Ne calculated based on them would be small and 
significant allele frequency changes would be observed between the mature F1 fish and all 
potential PO parents.  As more and more F1 fish become mature, Ne will increase and the amount 
of allele frequency change will decrease over time.   Managers can produce a large Ne and hence 
little allele frequency change if the F1 and F2 generations are produced by spawning a large 
number of unrelated adults and reducing variance in reproductive success among them.   At this 
time, it appears a sufficient number of Po parents were used to produce  offspring for the captive 
broodstock program (Saltzgiver et al. 2012) and stocking into the RPMAS  (this report) and that 
levels of genetic diversity are very similar between the Po and potential F1 generation.  Following 
the guidelines in this report should maintain this level of genetic variation in successive 
generations of pallid sturgeon. 

What should be the long-term Ne for upper basin pallid sturgeon?  It is impossible to 
predict the level of inbreeding that a population can withstand before exhibiting the effects of 
inbreeding depression (Edmands 2007).  Franklin (1980) recommended that for a single 
generation, a minimum Ne of 50 was sufficient to prevent significant inbreeding but, that long 
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term Nes should be at least 500 to conserve allelic variation over many generations.  Lande 
(1995) argued that an Ne of at least  5000 was needed to allow for natural selection to overcome 
genetic drift and purge deleterious alleles from populations over many generations. But 
populations with historically low Ne may have already purged deleterious mutations and may be 
more resilient to inbreeding depression than historically large populations (Sheffer et al. 1999) so 
Lande’s estimate may be over conservative.  Thus, there is no consensus on what Ne managers 
should strive to maintain.   

If we assume that Ne in pallid sturgeon is about 10% of the adult population size, which 
is the approximate average taken over many species (Frankham 1995; Palstra and Ruzzante 
2008), then 500 mature fish would be required to produce an Ne  of 50 and 5000 an Ne of 500.    
Prior to the construction of dams it is likely that the pallid sturgeon in what are now recognized 
as RPMAs 1-2 constituted a single population.  For purposes of conserving genetic variation of 
pallid sturgeon, therefore, we consider the wild adults in RPMA 1 and 2 to be a single 
population.  Likewise, offspring of adults captured in RPMAS 1-2 stocked into RPMAs 1-3 are 
considered members of a single population.   We discuss the small number of wild adults 
captured from RPMA 3 in the next section.  We do not know what the carrying capacity of 
RPMAs 1-3 is but, feel it is certainly above 500 so it should be quite feasible to avoid significant 
loss of genetic variation and inbreeding in future sturgeon generations.   

We recommend that when the F2 generation is produced, adults of the F1 generation are 
selected such that the Ne of the P0 generation is at least 100 but ideally 250.  Additionally, the F1 
generation represents individuals from multiple year classes over many years, so this estimate 
reflects multiple years of spawning both through artificial propagation and potentially in the 
wild.  Either physical tags or genetic tags can be used to identify the parentage of each F1 
broodstock and the parentage of the F1 broodstock can be used to calculate the Ne of the P0 
generation following the equations presented in Saltzgiver et al. (2012).  For example, following 
equations 2a-2c in Saltzgiver et al. (2012), if the F2 generation is produced by spawning 600 fish 
taken from the wild or the captive broodstock program that are of offspring of 110 wild males 
and 50 wild females with a  reproductive variance of 4, the effective population size of the P0 
generation would be 145.  Because of the longevity and long generation length of pallid 
sturgeon, this could be accomplished by spawning, on average, 20 unique males and 10 unique 
females each year for 20 years.    
Recommendation 1 – Effective population size of pallid sturgeon in the upper basin 
Missouri River RPMAs (1-3) will depend on future spawning practices and potentially 
natural reproduction.  Since the latter is likely to be minimal at best, it can be made 
sufficiently large provided that a large number of F1 broodstock that are offspring of a 
large number of the P0 parents are used to produce the F2 generation.   We recommend 
that when the F2 generation is produced, F1 broodstock are chosen such that the Ne of the 
P0 generation is at least 100 but ideally 250.  Offspring should be distributed to RPMAs 1-3 
such that parental contributions are balanced to maximize Ne in the event of significant 
natural recruitment. 

 
2. Outbreeding When fish are transferred to a different region or drainage from the one in 
which they are adapted, fitness in native populations may be lost through outbreeding depression 
which has two causes:  loss of adaptation and loss of coadaptation (Templeton 1986).  Loss of 
adaptation occurs when a  fish is transferred to an environment that is ecologically different from 
the one to which it was evolutionarily adapted in terms of climate, flow, water quality, 
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competitive interactions or other variables that have resulted in heritable selection.  In such 
situations, a reduction in fitness may occur, if the introduced fish hybridize with the native fish.   
Differences in adaptation can develop over a relatively small geographic range especially if there 
is substantial ecological divergence.  For example Philipp and Claussen (1995) found that 
reciprocally translocated largemouth bass stocks from northern and southern Illinois had 
significantly reduced growth rates compared to locally translocated stocks, while the 
performance of both were similar in central Illinois.  Philipp and Claussen (1995) attributed these 
differences in performance to different climate regimes between southern and northern Illinois.   

Coadaptation occurs when selection has favored certain combinations of alleles among 
loci in populations leading to increased fitness.  When these combinations differ between 
populations, hybridization can result in a reduction in fitness regardless of the environment.  
Coadaptation can be difficult to demonstrate because when fish from different stocks are 
hybridized the first (F1) generation hybrids have one half of their genome from the parentals and 
coadapted alleles may not be broken up.  Furthermore, the F1 may have enhanced fitness due to 
an increase in genetic diversity especially if the parentals are inbred.  In the F2 generation, alleles 
at particular genes from the different parental genomes begin to become mixed up and it may not 
be until this time that outbreeding becomes apparent.  Pink salmon, which have a strict two-year 
life cycle and thus exist as genetically isolated odd-year and even-year stocks in the same river 
provide an elegant model species for the study of outbreeding depression.  Gharrett et al. (1999) 
used cryopreserved sperm to produce F1 hybrids between odd- and even-year pink salmon and 
then used returning F1 salmon to produce F2 hybrids.  They found that F1 salmon returned in 
similar numbers as controls, but F2 salmon had very low return rates indicating that they were 
much less fit than either controls or F1 fish adapted to the same river.   

Pallid sturgeon exist across a vast latitudinal range and the environments vary greatly 
between the headwaters of the Missouri and the mouth of the Mississippi.  Across that range 
pallid sturgeon differ in morphology (Murphy et al. 2007), growth (Killgore et al. 2007), 
fecundity (George et al. 2012), and genetics (Campton et al. 2000; Schrey and Heist 2007).  Ed 
Heist, George Jordan and Kim Chojnacki are involved in ongoing research of how allele 
frequencies vary geographically among pallid sturgeon.   Microsatellite data were analyzed using 
the software package Structure (Pritchard et al. 2000).  This algorithm identifies how many 
genetic groups (K) most parsimoniously describe a collection of genotypes without regard to the 
geographic location of the individuals sampled and simultaneously estimates what fraction of an 
individual’s genotype is derived from each of the K populations.  Structure identified pallid 
sturgeon collected from the GPMU, CLMU, and IHMU as most likely forming three groups 
(Figure 4).  Nearly all fish from the GPMU assign strongly to the “green” group, the “yellow” 
group achieves prominence in the CLMU, while fish from the “blue” group are found in the 
extreme lower Missouri and middle Mississippi regions of the IHMU.  The green fish in the 
CLMU and IHMU are likely hatchery releases from GPMU parents that have shed their physical 
tags.   Not all hatchery fish can currently be identified using microsatellite loci because not all 
broodstock used to produce fish for propagation were fin-clipped and genotyped.   The same 
investigators are also reconstructing as many genotypes of the unsampled broodstock as possible 
using known hatchery fish, and as genetic samples become available they are added to the 
database by the USFWS NEFC Conservation Genetics Lab.  
  The P0 generation of adults, which were used in the analysis in Figure 4, are perhaps as 
old as or older than the dams that separate the upper and lower basins.  The amount of genetic 
drift sufficient to produce the patterns evident in Figure 4 would take many sturgeon generations 
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to develop.  Thus, the observed population structure in pallid sturgeon most likely predates 
anthropogenic changes to the Missouri River.  The genetic data indicate that pallid sturgeon 
populations were historically at least partially isolated while the morphological and life-history 
data indicate that pallid sturgeon may be locally adapted.  Thus, mixing of pallid sturgeon stocks 
may result in outbreeding depression through loss of adaptation in the F1 generation and through 
loss of coadaptation in the F1 and subsequent generations. Therefore, transfers of pallid sturgeon 
into and out of the GPMU should be avoided.  Wild fish from RPMA 3 and Lake Sharpe, which 
are geographically closer to the upper reaches of the CLMU than the lower limit of RPMA 2, 
deserve particular scrutiny.  Heist (2007) found that of the several wild pallid sturgeon captured 
there, one was “yellow” and the rest were “green.”   

Inbreeding depression in managed populations due to low effective population size may 
be ameliorated if individuals are brought in from other populations resulting in a process known 
as genetic rescue (Hedrick and Fredrickson 2010).  However, genetic rescue should only be 
attempted if inbreeding depression can be clearly demonstrated and the risks of outbreeding are 
small relative to the risks of continued inbreeding.  Because there is no evidence of inbreeding in 
upper basin pallid sturgeon and there is a potential risk of outbreeding depression, genetic rescue 
is not warranted at this time. 
Recommendation 2.  Because a sufficient Ne can be maintained using only fish from the 
GPMU and because there is potential for outbreeding depression with stock transfers, 
pallid sturgeon should not be transferred out of or into the GPMU. We recommend that 
RPMA 3 continue to be stocked only with fish of upper basin origin, since that is what has 
already been stocked there, and that wild fish from RPMA 3 that are “green” be 
considered potential broodstock for the upper basin while those that are “yellow” be 
considered as broodstock for the CLMU.  
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Figure 4.  Structure assignments of 367 pallid sturgeon from the RPMAs 1 and 2 of the 
Great Plains Management Unit (GPMU), the Central Lowlands Management Unit 
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(CLMU), the lower Missouri River (LMO) and middle Mississippi River (MMR) 
portions of the Interior Highlands Management Unit.    Each of the 367 bars indicates the 
fraction of each individual’s genotype attributed to the green, yellow, and blue structure 
groups.  Many of the “green” fish in the CLMU, LMO, and MMR are likely untagged 
hatchery fish of upper basin origin.  Data presented at the 2010 Pallid Sturgeon Recovery 
Team meeting by Ed Heist. 

 
 

3. Domestication and Artificial Selection 
Domestication is adaptation to the hatchery environment.  While domestication can be 

beneficial to hatchery propagation of fishes for human consumption or the ornamental trade by 
altering reproductive traits including fecundity, timing, and frequency of spawning  (Teletchea et 
al. 2009), domestication can have very negative effects in propagation to restore native stocks.  
Effects of domestication observed in Alaskan salmonids include reduced survival and 
reproduction in the wild, reduced aggression, reduced predator avoidance, impaired homing, and 
also changes in egg size, growth rate, age at maturity, and timing of spawning (Reviewed in 
Grant (2012)).  Christie et al. (2012) found that domestication in steelhead trout can occur within 
a single generation, with offspring of hatchery-reared parents outperforming those of wild 
parents in the hatchery, and a negative correlation between a family’s reproductive success in the 
hatchery and its success in the wild.  In situations where artificial propagation is necessary for 
conservation and management of small populations, efforts are necessary to minimize potential 
impacts of domestication to the population being maintained. 

Guidelines to reduce domestication in hatchery stocks include spawning only wild fish, 
maintaining captive broodstock (if necessary) for no more than one generation, making rearing 
conditions as similar to wild conditions as possible, and releasing fish at the earliest stage 
possible to allow for natural selection, rather than hatchery selection, to better select which 
individuals survive to maturity and reproduce (Miller and Kapuscinski 2003).  The pallid 
sturgeon recovery program currently stocks juvenile pallid sturgeon at a variety of life stages to 
minimize the time spent in captivity, and focuses reproductive efforts on river-caught spawners 
captured just prior to spawning in the hatchery environment.  However, some management 
activities such as implementation of a captive broodstock program are necessary to retain genetic 
diversity within the population though potentially increasing the risk of domestication.  We 
recommend that most of the pallid sturgeon used to produce the F2 generation should come from 
F1 parents that matured in the wild and represent as many PO parents as possible.  Furthermore, 
efforts should be taken to minimize as much as possible the reproductive variance among the 
individuals used to produce the F2 generation.  Only captive broodstock from those individuals 
that contain genes from under-represented P0 adults should be spawned and stocked to continue 
to produce the F1 generation.  This does not mean that offspring of these parents should not be 
incorporated into producing the F2 generation, only that sufficient wild broodstock from these 
families will be available and are preferable as described in section 9 below.        

Below we identify which captive broodstock should not be spawned to continue to 
produce the F1   generation.  However, these may be used to produce offspring for research 
including improvements of hatchery practices.  Managing for effective population size by 
reducing the reproductive variance will also help reduce domestication by limiting selection.   
There is a trade-off associated with releasing offspring at an early stage to reduce domestication 
and the need for fish to reach a minimum size before they can be physically tagged.  Because it is 
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important to keep track of the individuals as a means of reducing reproductive variance we 
suggest keeping most fish just long enough to physically tag them prior to release. 
Recommendation 3.  Captive broodstock from over-represented P0 parents should not be 
spawned for continued F1 production but may be spawned to produce fish for research.  
When the F2 generation is produced, F1 offspring that matured in the wild should be 
preferentially used over captive broodstock.  Offspring should be reared under conditions 
as natural as possible and released at the earliest practical size to reduce domestication but 
allow for future identification. 
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4.  Relatedness and Spawning Pair Selection 

Annual spawning guidance for the upper basin pallid sturgeon program is conducted by 
the USFWS NEFC Conservation Genetics Lab, and is based on microsatellite data which is used 
to estimate rxy following the approach of Queller and Goodnight (1989).  Relatedness scores 
between fish “X” and fish “Y” (rxy) are based on Hamilton’s (1964) relatedness index (R) in 
which the R-value corresponds to the fraction of alleles two individuals share that are inherited 
from a recent common ancestor.  Examples of R-values are 1.0 for clones or identical twins, 0.5 
for parent/offspring pairs and full siblings, 0.25 for half-siblings, and 0.125 for first cousins.  
Because the number of alleles are finite in a population, two individuals that share an allele, 
especially a common allele, did not necessarily inherit that allele from a recent common 
ancestor.  The algorithm considers not just the number of alleles shared, but also the population 
frequencies of the shared alleles and scales rxy based on the expectations of background allele 
sharing (i.e. the fraction and frequency of alleles that are expected to be shared by unrelated 
individuals simply by chance).  Thus, it is possible for two individuals to have a negative rxy 
value if their level of allele sharing is less than the expected value and in a population of 
unrelated individuals we would expect about half to have negative rxy values.   

Current protocols for crossing wild pallid sturgeon require a microsatellite-derived 
relatedness score (rxy) of 0.2 or less for a potential cross (Bartron and Kalie 2012).  The rxy <0.2 
criterion is applied to prevent the production of inbred offspring.  While inbreeding depression is 
a well documented phenomenon, it is difficult to know what level of inbreeding will result in 
inbreeding depression in a particular species and population (Edmands 2007).  However, there 
are numerous examples of inbreeding depression in fishes following a single generation of full-
sibling mating (Waldman and McKinnon 1993).  There are also many examples of no detectable 
inbreeding depression at higher levels of inbreeding (Waldman and McKinnon 1993).   
However, measuring inbreeding depression is especially challenging in captive populations in 
part because the conditions of husbandry may mask effects that may be more profound in the 
wild (Kalinowski and Hedrick 1999).  Species that have experienced numerous bottlenecks in the 
past may purge deleterious genes and thus be more resistant to inbreeding depression (Sheffer et 
al. 1999).   

Saltzgiver et al. (2012) used the program Kinship (Goodnight and Queller 1999) to 
compare the rxy values among 100 wild adult P0 pallid sturgeon from the upper basin with 
expected relatedness values based on the allele frequencies.  If the original wild population 
contained large numbers of full- or half-siblings there would be modes in the distributions near 
rxy = 0.25 and rxy = 0.5, but none were seen.  This was interpreted as indicating that the 
remaining wild fish are mostly unrelated (Saltzgiver et al. 2012).  We modified those results 
using data from only the 17 loci currently employed by the  USFWS Northeast Fishery Center 
(NEFC) and added the expected distributions given that the true relationships among fish were 
half-siblings (R = 0.25, blue) or full-siblings (R = 0.5, green).  While the median values within 
the distribution are very close to the expected (median rxy =  -0.001 for unrelated, 0.249 for half-
sibling, and 0.505 for full-sibling), there is considerable variance and the ranges of the estimated 
rxy values for unrelated, half-sibling, and full-siblings overlap.  The variation in the estimates 
indicates that with the current suite of microsatellite loci used that the estimates are not very 
precise.  Even among unrelated individuals high rxy values indicating close relatedness can occur.  
The precision could be increased through the use of more loci, and especially through the use of 
additional loci with higher levels of variation (Blouin et al. 1996).  Using the current criterion of 
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Rxy < 0.2 and the simulations presented in Figure 5, 98% of full-sibling and 63% of half-sibling 
crosses would be avoided, while 9.1% of unrelated individual crosses would be spuriously 
prohibited because rxy estimates would exceed 0.2.  Based on the high power to avoid full- and 
half-sibling crosses balanced by the relatively low number of crosses among unrelated 
individuals that are erroneously excluded we believe that the rxy <0.2 criterion is appropriate. 

 
Figure 5.  Distributions of observed rxy values among 100 upper basin pallid sturgeon and 
simulated distributions of rxy values assuming true relatedness scores of 0, 0.25, and 0.5 
using allele frequencies at 17 microsatellite loci in upper basin pallid sturgeon. 

 
Recommendation 4.  The policy of not crossing two upper basin pallid sturgeon unless rxy 
<0.2 is appropriate and should be continued. 
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5. Estimates of genetic diversity 

Estimates of genetic diversity are generated annually using data resulting from the 
juvenile and adult pallid sturgeon monitoring and broodstock collection in the upper Missouri 
River basin.  The genetic data are primarily used to determine species of origin (pallid or 
shovelnose sturgeon, or a hybrid thereof), to determine if unmarked individuals identified as 
pallid sturgeon are of hatchery origin through genetic determination of parentage, and to estimate 
relatedness to avoid crosses among related individuals (see Bartron and Kalie (2012) for a 
description of methods).   These assessments have been conducted by the USFWS Abernathy 
Fish Technology Center, and since 2008, the NEFC (Bartron and Kalie 2012).  In addition to 
species and origin determination, genotypic data from pallid sturgeon are used to generate 
estimates of genetic diversity.  These estimates can be used to determine how much genetic 
diversity is being maintained within the pallid sturgeon progeny.  The data could also be used to 
estimate effective population size by examining differences in allele frequencies due to genetic 
drift between the P0 and F1 generations although as discussed earlier actually defining the F1  
generation will be problematic. 

Comparison of estimates of genetic diversity between the juvenile pallid sturgeon 
produced in the hatchery (F1) and native adults captured for broodstock (PO) indicate that genetic 
diversity is generally being retained between the adults and offspring (Table 1).  Mean number of 
alleles per locus are identical between the groups.  There is very little difference between the 
groups for average expected and observed heterozygosity.  The inbreeding coefficient (f) which 
is expected to be zero in a non-inbred population and positive in an inbred population is slightly 
above zero, but probably not significantly so in both groups.   
Table 1. Estimates of genetic diversity for all adults that have been sampled to date, and for all 
juveniles genotyped up to and including those sampled in 2011.   
      

Sample  
group 

Sample 
 size 

Mean number 
of alleles per 

locus 
Expected 

Heterozygosity 
Observed 

Heterozygosity 
Inbreeding 

(f) 
Adults 219 7.00 0.625 0.603 0.035 
Juveniles 892 7.00 0.638 0.626 0.020 

 
Although the number of reproductively mature adults is limited each year, spawning 

practices use multiple males per female to allow more males to contribute their gametes to the 
progeny generation.  In terms of male contribution this practice is desirable but, it can also 
adversely impact effective population size by inflating variance in reproductive success among 
individuals.  Furthermore, it can increase the potential for future inbreeding as the population 
contains many half-siblings.  The available data suggest that the increased variance in 
reproductive success has not significantly reduced levels of genetic variation in the progeny.  
Physical tags, family monitoring at GPNFH, and when necessary genetic parentage analysis of 
both river-captured untagged juveniles or confirmation of captive family origin can be used to 
avoid mating related individuals in the future.  In terms of the estimates used, therefore, it 
appears that juveniles are a reasonable genetic representation of the adults.   
Recommendation  5.  NEFC should continue the annual monitoring program for the 
estimation of genetic diversity present in adult and juvenile pallid sturgeon in the upper 
basin. 
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6. Evaluation of past spawning and stocking practices and recapture of stocked 
juveniles 
 Past stocking efforts of pallid sturgeon for restoration have focused on increasing the 
number of individuals present in the wild to prevent demographic extinction.  One method to 
evaluate the survival of stocked hatchery produced juvenile pallid sturgeon is through the annual 
monitoring efforts conducted throughout the basin.  Juvenile sturgeon are sampled annually to 
assess biomass and distribution, and tissue samples from each individual are obtained for genetic 
analysis.  Through tags and genetic parentage analysis of untagged fish conducted by NEFC, 
identification of individuals to family is usually possible.   This cannot presently be 
accomplished for those individuals whose parents are lacking genotypic data.   These 
assessments over time allow for determination of which PO parents have produced progeny that 
have survived and persisted in the wild, and could represent future broodstock.  Overall there has 
been good survival of stocked juveniles and offspring.  Thus far, offspring from 46 females and 
101 males have been recaptured (Table 2).     

Evaluation of the parental origin of these recaptured individuals can be used to identify 
which should be spawned again to produce additional F1 individuals due to no or low offspring 
recapture.  This will increase the number of parents contributing to this and future generations 
and reduce variance in reproductive success among individuals thus increasing Ne and reducing 
genetic drift in production of the F1 generation.  For example, considering stocking data through 
2011, 188 families were stocked into the upper Missouri River basin (RPMA 1-3).  Only 178 of 
these families could be individually identified based on PIT tags.  The others lacked recorded 
PIT tags or parents were identified as “mixtures” or “unknown”.  Family origin of some these 
latter individuals was determined using genetic parentage analysis.  As of spring 2011, 3178 
individuals were recaptured (Ryan Wilson, USFWS, personal communication). This included 
280 which were identified to family based on genetic parentage analysis, 2898 were identified to 
known family based on family specific tagging, and 456 remained unidentified due to either no 
physical tag or only a batch tag.  We recommend that any untagged pallid sturgeon captured 
should be tagged and fin-clipped prior to release and that the fin clip be submitted to NEFC for 
family assignment as a means of making the data more complete. 

Among the individuals recaptured up to and including  2011, based on family 
assignments  offspring have been recaptured from 46 female and 101 male adult broodstock 
(Table 2), or 88.5% of the females and 91.0% of the males spawned and stocked (Table 2).  The 
captive broodstock maintained at GPNFH is composed of 2418 offspring. These captive progeny 
came from 42 females and 87 males representing 80.8% of the female and 78.4% of the males 
spawned and stocked (Table 2).  Offspring from four females were recaptured from the wild but 
were not present in the captive broodstock, and offspring from five females were present in the 
captive broodstock but not recaptured from the wild.  Offspring from 13 males were recaptured 
in the wild but were not present in the captive broodstock, and offspring from 12 males were 
present in the captive broodstock but not recaptured from the wild.   Future F1 stocking should 
emphasize males and females represented in captivity but have no known recaptures from the 
wild.   
Recommendation 6.   Continue to use physical tags and genetic parentage assignment 
(when necessary) to quantify the contributions of individual parents to pallid sturgeon in 
the RPMAs and captive broodstock program.  Both parents for every family produced 
should be genotyped, if not already done, to allow genetic parentage assignment if 
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necessary.  Add offspring of un- and under-represented P0 parents to the captive 
broodstock program as space and circumstances permit.  


