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This document serves as the 2013 annual report for the pallid sturgeon carrying capacity research 
project.  During 2013, we sampled research priority management area 2 (RPMA 2), and focused 
on two tasks: 1) collecting habitat data to facilitate future macroinvertebrate sampling and 2) 
collecting diet data from the most abundant fish species.  Each objective from the original 
proposal is listed below and the activities that occurred in 2013 to meet each objective.  
Additionally, future plans to address each objective are included.  
 
Objectives: 

1) Estimate density and standing stock of the pallid sturgeon population, with emphasis on 
the hatchery-reared pallid sturgeon and long-term persistence 

A mark-recapture sampling approach that targeted areas of high relative 
abundance of pallid sturgeon was used to determine if mark-recapture 
techniques are feasible for pallid sturgeon in RPMA 2. Six crews sampled 
Missouri river mile 2504 for four days; the first day was used as a marking day 
and the resulting three days were recapture days.  Given the raw data, it appears 
a closed-population abundance model would work to estimate abundance within 
reasonable confidence.  We are currently analyzing the mark-recapture data 
collected during this sampling week and plan to have rough estimates of 
abundance by early spring of 2014. Additionally, we obtained more funding 
from the Western Power Administration for the 2014 sampling season to 
lengthen targeted sampling efforts and reduce uncertainty in abundance 
estimates.  
 

2) Estimate survival rate of the hatchery-reared pallid sturgeon with focus on long-term 
persistence 

We plan to update the current survival estimates of pallid sturgeon (Hadley and 
Rotella 2008, Rotella 2010) by using additional years of targeted sampling data 
beginning in 2014.    
 

3) Compare density estimates to estimates of hatchery-reared pallid sturgeon at large from 
survival estimates and stocking history 

We plan to begin comparing abundance estimates of pallid sturgeon from mark-
recapture techniques to abundances based on survival estimation during the 
2014 year. 
    

4) Estimate production of the prey base (i.e., invertebrates and small-bodies fishes) 
Habitat data was collected via side scan sonar throughout the Missouri and 
Yellowstone rivers from August - November 2013 at six major reaches in 
RPMA 2.  Each reach consisted of a 15-40 kilometer stretch of river, which 
encompassed major geomorphological features and incorporated temperature 
variability throughout the system (Fig. 1).  A total of 159 river kilometers were 
mapped in the summer and fall of 2013.  A substrate classification scheme (e.g., 
sand, boulders, cobble/gravel, and large woody debris) will be devised in 
ArcGis, and verified through ground-truthing in the spring (Fig. 2).  Sonar data 
processing and map production will follow Kaeser and Litts (2010). Once 
constructed, these habitat maps will be paired with temperature data collected 
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throughout RPMA 2 to devise a sampling protocol for the macroinvertebrate 
community that sufficiently reflects the physical habitat variability found 
throughout RPMA 2. This process will be accomplished throughout the winter 
of 2014.  We will use this approach to model macroinvertebrate production 
throughout the study area, as opposed to the traditional “reach scale” sampling 
approach.  This approach is novel and will provide macroinvertebrate 
community production maps for any area of interest within RPMA 2.  This, in 
turn, will allow us to produce food webs that represent different ‘areas of 
inference’ most relevant to fish species with a high degree of movement 
 
In the spring of 2014, we will begin quantitatively sampling the 
macroinvertebrate community within RPMA 2.  We plan to sample 
macroinvertebrates quarterly (at minimum) and will begin to process samples in 
2014.  In 2015, we will begin creating models to estimate annual 
macroinvertebrate community production throughout RPMA 2. 

 
The areal density (per m2) of small-bodied fish will be quantified in RPMA2 
during 2014. Using these density estimates and published species specific 
growth rate estimates we will estimate annual production of this group of fishes.   

 
5) Assess the potential of food limitation for hatchery-reared pallid sturgeon 

An estimate of food limitation for hatchery reared pallid sturgeon requires the 
construction of a supply and demand energy flow food web model the 
incorporates the production of biomass of pallid sturgeon, the production of 
resources (macroinvertebrates and small fish) that the sturgeon require to meet 
their nutritional demands, and estimates of pathways of potential food (energy) 
in the ecosystem that is not being utilized by the pallid sturgeon (Fig 3). This 
food web approach requires estimation of two major components, production of 
abundant taxa in the food web, and diets of those abundant taxa. Production of 
major components in the food web will be estimated using annual biomass 
estimates in concert with estimates of growth rates. Diets will be estimated 
using a variety of methods appropriate for each taxon.    
 
We began diet quantification this fall for all abundant fish species. Additionally, 
diets of abundant fish species in the food web will be quantified this spring to 
address any seasonal changes in diet.  Estimates of fish production will begin in 
the spring of 2014 with reliable abundance estimates of major fish taxa. 
Additionally, samples will be collected throughout 2014 to estimate annual 
macroinvertebrate production. Following the estimation of macroinvertebrate 
production, diets of dominant macroinvertebrate taxa will be estimated in 2015. 
 
With estimates of production and the quantity of diets of major (in terms of 
abundance) taxa in the food webs we can begin to estimate the potential for 
food limitation for hatchery-reared pallid sturgeon.  Modeling will begin once 
all components are analyzed and is projected to occur 2016. 
 

3 
 



6) Use Population and production models to estimate carrying capacity 
In 2015 and 2016, we will begin creating models to examine if density-
dependence exists for pallid sturgeon and if there may be a carrying capacity for 
RPMA 2. As stated in objective 5, we will begin to construct energy-flow food 
webs which, using a supply and demand framework, will address the potential 
of energy limitation for the pallid sturgeon. Limitation of food resources would 
suggest that the hatchery–reared population of pallid sturgeon may be near 
carrying capacity. Whereas a surplus of energy may suggest that this population 
has not reached its carrying capacity in the system.  
 

7) Compare estimated carrying capacity to estimated historical abundance by Braaten et al. 
(2009) 

After estimating a carrying capacity for RPMA 2, we can compare this value, 
along with our current estimates of abundance, to those historical abundances 
reported by Braaten et al. 2009.  We plan to begin these comparisons in 2015 
and 2016. 
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Table 1.  Summary of diets collected in 2013 in the Missouri and Yellowstone rivers for the pallid sturgeon carrying capacity project.  
Diets are stratified by species and among segments for both rivers.  For some species (e.g., rainbow trout, white suckers), individuals 
that were abundant in specific life stages (e.g., y – age-0, ad – adult) were collected. Segments represent those outlined by the 
population assessment study. 

Species  Missouri  Yellowstone 
  

Common Name 
 

Scientific Name 
Segment  

1 
Segment  

2 
Segment  

3 
Segment  

4 
Upper 

Segment 
Lower 

Segment  Total 
Shovelnose sturgeon  Scaphirhynchus platorynchus  19  24  20  20  19  23  125 
Sauger  Sander Canadensis     3  5  8 

 
3  19 

Goldeye  Hiodon alosoides     9  5  1 
 

14  29 
Channel catfish   Ictalurus punctatus     1  42  21  3  5  72 
Pallid sturgeon   Scaphirhynchus albus     5  8  23  4  6  46 
Emerald shiner   Notropis atherinoides  30  33  40  30  30  30  193 
W. silvery minnow   Hybognathus argyritis              30  30  60 
Rainbow trout   Oncorhynchus mykiss         30 (y)          

 
   30 

White sucker  
 

Catostomus commersonii           15 (ad) 
       30 (y)  2       

 
   47 

River Carpsucker   Carpiodes carpio 
     

        4 (y)  30 (y)  30 (y)  64 
Flathead chub   Platygobio gracilis        9  30 

 
   39 

Northern Pike   Esox lucius  1 
         

1 
Walleye   Sander vitreus        3           3 

Total    124  77  132  133  116  141  728 
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Figure 1. Map of reaches that side scan sonar was used to quantify benthic habitat in 2013 
(above). These reaches incorporated the temperature variability that has been found in other 
studies (Fuller and Braaten unpublished data) in RPMA 2 (below). 
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Figure 2. (above) A representation of how side scan sonar can be used to quantitatively map the 
benthic habitat of a river. Figure modified from Kaiser and Litts 2010. (below) Sonar images that 
were collected during 2013 showing representative habitats in RPMA 2. 
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Figure 3. A simplified quantitative food web example where numbers in the boxes represent 
annual production estimates (supply) and numbers with arrows represent annual consumption 
(demand). In this case all of the invertebrate prey production is being consumed over a given 
year (all arrows sum to 25 g). For this example, small-bodies invertivorous fishes have a gross 
production efficiency of 0.4, meaning that 40% of what they ingest goes into their own 
production (13 g ingested with 40% going into production = 5 g of annual production). 
Ultimately the amount of prey production (in this case macroinvertebrates and small bodied 
invertivorous fish) sets a limit on the amount of pallid sturgeon production that can be reached in 
a year. 
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