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Thesis Abstract 

Montana Fish Wildlife and Parks and Northwestern Energy have conducted seining 

fisheries surveys on the Missouri River from 2001 to 2021, to determine the abundance 

and distribution of fishes that reside between five sampling transects along the river. 

These locations include Morony Dam, Fort Benton, Coal Banks, Judith Landing, and 

Fred Robinson Bridge. There haven’t been significant efforts to examine and interpret the 

large dataset. My project aims to establish a spatial and temporal analysis of relationships 

between the diversity and abundance of species, and environmental factors such as water 

temperature, discharge, and Secchi depth readings. The intent of the project is to provide 

an analysis that demonstrates an association between biological and environmental 

variables. The project is not a controlled experiment, so the results displayed do not 

indicate causation. Through this study, I found that species’ relative abundance and 

diversity fluctuate between years, but not significantly between the five study reaches. 

The results of the study also demonstrated associations between discharge rates and 

biological relationships which influenced relative abundance among fish species. I hope 

to provide ideas for future management of non-game and prairie fish and establish a 

baseline analysis of the long-term dataset, especially for species that are listed as species 

of concern. 
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Abstract 
 

Montana Fish Wildlife and Parks and Northwestern Energy have conducted seining 

fisheries surveys on the Missouri River from 2001 to 2021, to determine the abundance 

and distribution of fishes that reside between five sampling transects along the river. 

These locations include Morony Dam, Fort Benton, Coal Banks, Judith Landing, and 

Fred Robinson Bridge. There haven’t been significant efforts to examine and interpret the 

large dataset. My project aims to establish a spatial and temporal analysis of relationships 

between the diversity and abundance of species, and environmental factors such as water 

temperature, discharge, and Secchi depth readings. The intent of the project is to provide 

an analysis that demonstrates an association between biological and environmental 

variables. The project is not a controlled experiment, so the results displayed do not 

indicate causation. Through this study, I found that species’ relative abundance and 

diversity fluctuate between years, but not significantly between the five study reaches. 

The results of the study also demonstrated associations between discharge rates and 

biological relationships which influenced relative abundance among fish species. I hope 

to provide ideas for future management of non-game and prairie fish and establish a 

baseline analysis of the long-term dataset, especially for species that are listed as species 

of concern. 
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Introduction 

 
Estimates of fish biodiversity around the world indicate that 20 percent of 

freshwater fish species are extinct or are in a steady decline due to environmental impacts 

on aquatic ecosystems (Moyle, and Leidy, 1992). It’s critical for scientists to monitor fish 

distributions and abundances over time to understand how fish populations are changing 

and responding to environmental disturbances. Montana Fish Wildlife and Parks and 

Northwestern Energy have been conducting annual seining surveys to monitor minnow 

composition and abundance on the Missouri River at five different reaches with 

representative habitats (FWP and NWE seining protocol, 2016). Of the 37 species 

documented in the surveys, eight of the species were listed as either federally endangered 

(pallid sturgeon Scaphirhynchus albus), species of special concern (sauger Sander 

canadensis, Iowa darter Etheostoma exile, blue sucker Cycleptus elongatus, sicklefin 

chub Macrhybopsis meeki, and sturgeon chub Macrhybopsis gelida), or potential species 

of concern (western silvery minnow Hybognathus argyritis and plains minnow 

Hybognathus placitus). (Holton, et al, 2003)  

  The study area of the project lies directly in the ecoregion known as the short 

grass prairie in central and eastern Montana (Sutton et al. 2012). The prairie ecoregion is 

one of the most endangered regions in North America. Many fish species in the prairie 

ecoregion are at great risk of becoming extinct (Samson and Knopf. 1994). It’s important 

in the coming years to monitor freshwater fish populations, especially species that are 

negatively influenced by environmental stressors (Wuellner 2007). Fish serve as strong 

indicator species of environmental impacts on the biodiversity of aquatic organisms 

(Moyle and Leidy, 1992). Maintaining high fish species richness and diversity is 

important because each individual species will react differently to shifting environmental 

changes and indicate to scientists how sustainable and healthy a given ecosystem is. 

(Moyle and Cech 1988). 

          Montana Fish Wildlife and Parks and Northwestern Energy have expended 

significant efforts to collect data over the 21-year study period, but there have been 

minimal efforts to analyze the data and determine relationships between abiotic and biotic 

factors associated with the abundance and distribution of fish. A better understanding of 
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the biological and environmental relationships with fish in the Missouri River is 

important to improve the management of native species in the future. There are many 

impacts that may cause fish abundance and distribution to change (Wuellner 2007). The 

first potential impact to examine is biological interactions or relationships between 

different species of fish. There have been introductions of several nonnative species of 

fish into Montana that have advantages over native species. Introduced species can be 

more resilient and tolerate environmental shifts better than those endemic to an area (Li 

and Moyle, 1981; Grossman et al, 1998 as cited in Wuellner 2007). In the Missouri 

River, there have also been introductions of piscivorous species such as northern pike 

Esox lucius, and smallmouth bass Micropterus dolomieu, which can impact the 

populations of prey species or native species that are susceptible to high predation rates 

(Matthews 1988; Dodds et al. 2004 as cited in Wuellner 2007).  Another important 

potential impact to examine is the effect of discharge rates and abiotic factors that 

influence the Missouri River watershed. A significant portion of rivers and streams in 

central and western Montana are classified as snowmelt-dominated because they are 

headwater systems and rely heavily on precipitation and snowmelt as a source of water 

(Montana Climate Report, 2017). Although the Missouri River is regulated by upstream 

dams, precipitation, and runoff significantly impact this watershed. As warming 

temperatures become more common and the severity of winters abate, snowpack and 

discharge rates may change and shift patterns of streamflow, which may impact fish. 

According to the 2017 climate assessment report, Montana’s snowpack has been in 

decline since the 1930s in mountains west and east of the Continental Divide. Warmer 

temperatures will expedite spring runoff, leaving less available water at the end of 

summer and early part of fall (Hamlet. et al. 2005) It is important to understand the 

potential relationships between biotic and abiotic factors over time and space that may 

alter fish abundance and distribution. My thesis will examine the existing data for the five 

sections of the Missouri River and aim to answer two primary questions. Does species 

diversity differ by site and year and do discharge rates or biological relationships 

influence abundance among fish species?  

 

1. Species diversity differs by site and year  
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- Null Hypothesis: Fish species diversity does not differ by site and year on the Missouri 

River.  

- Alternative Hypothesis: Fish species diversity differs by site and year on the Missouri 

River.  

 

2. Discharge influenced biological abundance among species 

-Null Hypothesis: Discharge rates on the Missouri river do not influence the biological 

abundance among fish species.  

-Alternative Hypothesis: Discharge factors on the Missouri River influence biological 

abundance among fish species.  

 

Methods 
 

Fish Sampling Protocol 

 Seining data has been tabulated from fish samples in 10-mile sections of the 

middle Missouri River using 50-foot bag seine since 2001 to monitor minnow abundance 

(FWP and NWE seining protocol, 2016).  The five sections are listed in Table 1 and 

Figure 1 below.  

 

Table 1: The five sections of the Missouri River where 

seining surveys were conducted with corresponding river miles. 

Section Location 

Morony Dam River mile 2086-2096 

Fort Benton  River mile 2068-2078 

Coal Banks  River mile 2026-2036 

Judith Landing  River mile 1977-1987 

Robinson Bridge  River mile 1918-1928 
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Figure 1: Map of study area on the Missouri River where seining surveys were conducted. Yellow 

corresponds to Morony, light blue corresponds to Fort Benton, red corresponds to Coal Banks, Green 

corresponds to Judith Landing and light purple corresponds to Fred Robinson Bridge. All sections are 

approximately 10 miles in length.  

 

For each site location, Montana Fish Wildlife and Parks and Northwestern Energy staff 

conducted two seine hauls every mile in representative habitat that can be sampled 

effectively. There were 20 seine hauls total for each ten-mile section (FWP and NWE 

seining protocol, 2016). Once the seine hauls were pulled for a given site, the research 

staff measured 10 random fish of each species from each seine haul. The objective of the 

fish sampling is not to catch a maximum number of fish. The objective is to determine 

minnow species composition and relative abundance in representative habitats that can be 

sampled effectively with the seine in a repeatable fashion year after year (FWP and NWE 

seining protocol, 2016). Each seine haul aimed for 100 ft long sections seine hauls, 

measured with a rangefinder or tape (FWP and NWE seining protocol, 2016).  To best 

represent the habitat of the Missouri River throughout the five sections, samples were 

taken in channel crossovers and inside bends as these are usually the most common 

habitats on middle Missouri, outside bends usually cannot be sampled effectively due to 

deep and fast water (FWP and NWE seining protocol, 2016). When starting the seining 
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surveys, it’s important to always start upstream and “move in a downstream direction.” 

(FWP and NWE seining protocol, 2016). It’s crucial in the seining protocol ‘to avoid 

using bank or habitat features to “trap fish” because this artificially inflates the catch and 

will adversely affect statistical analysis by causing huge increases in sample-to-sample 

variation.” (FWP and NWE seining protocol, 2016). 

 

Data Analysis 

 

Part 1: Obtaining and Initial Sorting of Data 

 I obtained data in the form of an Excel file from Montana Fish Wildlife and Parks. 

All data was separated into 21 sub-categories in Excel by sampling year. There were five 

different sampling locations in the study: Morony dam, Fort Benton, Coal Banks, Judith 

Landing, and Robinson bridge. After performing an initial examination and basic 

summary of the data, evidence of an error in the data was apparent from 2001 to 2011. 

The data replicated itself in the Excel file for the years 2001 to 2011. Therefore, I 

analyzed data for this thesis for the 10 years from 2012 to 2021 and exclude all data from 

2011 to 2001.  

Part 2: First Round Analysis and Construction of Shannon Diversity Index  

To assess patterns in species diversity and relative abundance, I calculated the 

Shannon Diversity index for each of the five sections of the Missouri river and for each 

year (Shannon, C.E. 1948). For each site, the absolute abundance for each species was 

divided by the overall total abundance to calculate the relative abundance of each species. 

The index was calculated by multiplying the relative abundance by the log-transformed 

relative abundance for each species and then summing it across all species to get the 

Shannon Diversity index H-value.  

An example constructed Shannon Diversity Index table is depicted below in Table 

2, showcasing one of the ten tables for the sampling site of Fort Benton for the year 2020.       
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Table 2: Example Shannon Diversity Index calculation table for  

Fort Benton in 2020 extracted from Excel. 

 

A smaller H-value indicates a less diverse site while larger H-values indicate higher 

diversity. I then used two-way analysis of variance (ANOVA) followed by graphical 

analysis to test for difference in diversity between sites and across years.  

 

Part 3: Acquiring Environmental Factors for Correlation Analysis  

Initial results (see below) suggested that 2017 had significantly lower diversity 

dominated by emerald shiners (Notropis atherinoides). To test whether environmental 

factors might be associated with these patterns in diversity, I tested for associations 

between water discharge in the Missouri river and species diversity.  

Discharge data from the USGS (USGS Surface-Water Data for Montana) 

included annual total flow for a water year, the annual mean water discharge, the peak 

discharge, total water flow offset, and the annual seven-day minimum discharge. I used 

Year Site 

2020 FORT 

Species Abundance Pi ln(pi) pi*ln(pi)

FH MN 20 0.025126 -1.59988 -0.0402

C CAT 1 0.001256 -2.90091 -0.00364

SMB 32 0.040201 -1.39576 -0.05611

W SU 130 0.163317 -0.78697 -0.12853

LN DC 304 0.38191 -0.41804 -0.15965

LN SU 65 0.081658 -1.088 -0.08884

SH RH 48 0.060302 -1.21967 -0.07355

EM SH 145 0.182161 -0.73955 -0.13472

WS/PL MN 10 0.012563 -1.90091 -0.02388

SP SH 30 0.037688 -1.42379 -0.05366

SD SH 1 0.001256 -2.90091 -0.00364

RC SU  2 0.002513 -2.59988 -0.00653

SP SS 1 0.001256 -2.90091 -0.00364

YP 1 0.001256 -2.90091 -0.00364

WE 3 0.003769 -2.42379 -0.00913

RM COT 1 0.001256 -2.90091 -0.00364

SU 1 0.001256 -2.90091 -0.00364

PUMP 1 0.001256 -2.90091 -0.00364

TOTAL 796 0.800315
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data from sampling stations that corresponded to the five different reaches of the 

Missouri River to best represent each of the sites and account for possible influences that 

may alter discharge in one specific location. For the Morony section, the closest 

monitoring gauge was Great Falls Mt, USGS 06090300. For Fort Benton, I used the 

monitoring gage unit at Fort Benton MT, USGS 06090800. The Coal Banks sampling 

location was closest to the monitoring gage unit at Virgelle MT, USGS 06109500. Judith 

Landing didn’t have a monitoring discharge station near the sampling location, so the 

average discharges were taken between the acquired discharge rates of the Coal Banks 

section and the Fred Robinson sampling location. Finally, the monitoring discharge 

station that best represented the sampling location for the Fred Robinson section was 

Landusky MT, USGS 06115200. Water data was collected for each specific year 

corresponding to a site. The other environmental factors that were used in the study were 

collected by Montana Fish Wildlife and Parks and Northwestern Energy staff on the day 

of the seining surveys. Fisheries staff measured a maximum and minimum water 

temperature in Fahrenheit at each site and a Secchi disk reading to quantify the turbidity 

at the time of sampling.   

 

Part 4: Analysis and Pearson's correlation test between Environmental, and 

Biological Factors 

I used Pearson’s Correlation analysis in R to test for correlations between the 

calculated H-values, the relative abundance of sampled species, and environmental 

factors. H-Values corresponding to each year and site were used in 14 different tests.  

I used Pearson’s Correlation analysis t-test for correlation between relative 

abundances of smallmouth bass (Micropterus dolomieu), emerald shiners (Notropis 

atherinoides), longnose dace (Rhinichthys cataractae), western silvery minnow 

(Hybognathus argyritis), white sucker (Catostomus commersonii), longnose sucker 

(Catostomus catostomus) and flathead chub (Platygobio gracilis) Although there were 37 

different species documented in the samples throughout the 10-year sampling period, 

because of time, I restricted my analysis to the species that best represent all the species 

sampled or showed interesting patterns in the initial Shannon Diversity analysis. For the 
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predator species of fish, I chose smallmouth bass because they were seen throughout 

most of the study reaches (excluding Robinson bridge) and demonstrated interesting 

abundance patterns throughout the years. The prey species that I chose were emerald 

shiners, longnose dace, and flathead chub. I analyzed one fish, the western silvery 

minnow, that is listed as a potential species of concern with a high enough abundance to 

document patterns throughout the study. Finally, I thought it would be interesting to 

compare two species that are in the same family and exhibit similar dietary and feeding 

habits. These two fish were the white sucker and longnose sucker. I used scatter plots to 

visualize all statistically significant combinations, and for illustrative purposes only, used 

a linear model to better observe patterns between relationships.  

  

Results 

 

After calculating all 50 H-values, initial observations demonstrated that the year 

2017 stood out across all five sites as having a low H-value. Another observation was that 

when the H-value was low, the species that made up most of the total diversity would be 

emerald shiners (Notropis atherinoides). Because this was not a controlled experiment 

and only an observational study, only associations and correlations between the data can 

be established, but causation cannot be determined.  

          Initial ANOVA results revealed a significant influence of the factor year on H-

values (F = 3.06, df = 9, p = 0.008) but not for the site factor (F = 1.80, df = 4, p = 0.151). 

Post-hoc TukeyHSD test suggested that the H-values were significantly lower for the 

year 2017 from all other years except 2014, 2015, and 2018. Because there was only one 

replicate from each site for each year, I was not able to test for an interaction between site 

and year (no remaining degrees of freedom).  

          Examination of the 2017 data suggested that the low H-values were associated with 

overall low total abundance for fish and corresponding high relative abundance for the 

emerald shiner. Correlation analysis testing for associations between H-values and the 

relative abundance of several dominant fish species showed that H-values across sites and 

years were significantly negatively associated with emerald shiner relative abundance but 
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not for other species (Fig 2, Table 3). 

          Further analysis of the H-values revealed several associations with abiotic 

discharge factors. H-values were positively associated with maximum temperatures and 

total flow offset (Fig 4, Fig 5). Several individual species also showed associations with 

discharge, temperature, and turbidity factors (Table 5). Smallmouth bass were negatively 

associated with several discharge factors and positively associated with Secchi readings 

as were white suckers. Flathead chub were positively associated with the 7-day flow and 

minimum temperature while western silvery minnows were positively associated with 

several discharge factors and negatively associated with Secchi readings (turbidity). 

          Finally, further exploration of associations between species revealed several 

biological associations (Table 4). In general, smallmouth bass (a predator) relative 

abundance was negatively associated with several prey species. However, smallmouth 

bass relative abundance had a positive association with white sucker relative abundance. 
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Table 3:  The table demonstrates Pearson’s Correlation test values for al1 6 combinations of H-values 

and abundances of species included in the R analysis. The correlation value (0-1 scale) indicates 

whether the correlation between the two sets of data is positively related or inversely related and how 

strong the correlation is. The P-value demonstrates whether the correlation is statistically significant. 

The values that are highlighted in light blue and are bolded are the values that were found to be 

statistically significant and graphed in scatter plots. In the P-Value column, if the value says P < 0.005, 

the numbers were found highly statistically significant.  

Data Combination 
Correlation 
Value P-value 

H-value + Longnose Dace relative abundance 0.2049 0.154 

H-value + Smallmouth Bass relative abundance 0.1039 0.472 

H-value + Western Silvery Minnow relative abundance 0.1729 0.230 

H-value + Flathead Chub relative abundance 0.2380 0.096 

H-value + Emerald Shiner relative abundance -0.7936 
P < 
0.005  

H-value + Longnose Sucker relative abundance 0.1964 0.172 

 

Table 4:  The table demonstrates Pearson’s Correlation test values for all 10 combinations run in R 

between the relative abundance associations between species. The correlation value (0-1 scale) 

indicates whether the correlation between the two sets of data is positively related or inversely related 

and how strong the correlation is. The P-value demonstrates whether the correlation is statistically 

significant. The values that are highlighted in light blue and are bolded are the values that were found 

to be statistically significant and graphed in scatter plots. In the P-Value column, if the value says P < 

0.005, the numbers were found highly statistically significant.  

Data Combination 
Correlation 
Value P-value 

Emerald Shiner relative abundance + White Sucker relative 
abundance -0.4233 0.002 
Emerald Shiner relative abundance + Flathead Chub relative 
abundance -0.2255 0.115 
Emerald Shiner absolute abundance + Smallmouth Bass absolute 
abundance -0.1750 0.224 
Smallmouth Bass relative abundance + White Sucker relative 
abundance 0.7617 

P < 
0.005 

Smallmouth Bass relative abundance + Longnose Dace relative 
abundance -0.1288 0.373 
Smallmouth Bass relative abundance + Flathead Chub relative 
abundance -0.2936 0.038 
Smallmouth Bass relative abundance + Emerald Shiner relative 
abundance -0.3912 0.005 
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Smallmouth Bass relative abundance + Longnose Sucker relative 
abundance -0.0986 0.496 
Smallmouth Bass relative abundance + Western Silvery Minnow 
relative abundance -0.3548 0.011 
Western Silvery Minnow relative abundance + Flathead Chub relative 
abundance 0.1674 0.245 

 

Table 5:  The table demonstrates Pearson’s Correlation test values for all 64 combinations run in R for 

the relationships between environmental factors and the relative abundance of fish. The correlation 

value (0-1 scale) indicates whether the correlation between the two sets of data is positively related or 

inversely related and how strong the correlation is. The P-value demonstrates whether the correlation is 

statistically significant. The values that are highlighted in light blue and are bolded are the values that 

were found to be statistically significant and graphed in scatter plots. In the P-Value column, if the value 

says P < 0.005, the numbers were found highly statistically significant.  

Data Combination 
Correlation 
Value P-value 

Emerald Shiner relative abundance + Total year flow 0.0714 0.634 

Emerald Shiner relative abundance + 7-day low flow 0.1689 0.257 

Emerald Shiner relative abundance + Mean year flow 0.0628 0.675 

Emerald Shiner relative abundance + Peak Discharge -0.0285 0.848 

Emerald Shiner relative abundance + Secchi depth reading -0.0062 0.968 

Emerald Shiner relative abundance + Maximum Temperature -0.1959 0.173 

Emerald Shiner relative abundance + Minimum Temperature -0.0874 0.546 

Emerald Shiner relative abundance + Total year flow offset -0.1819 0.206 

Smallmouth Bass relative abundance + Total year flow -0.5049 
P < 
0.005 

Smallmouth Bass relative abundance + 7-day low flow -0.6018 
P < 
0.005 

Smallmouth Bass relative abundance + Mean year flow -0.4736 
P < 
0.005 

Smallmouth Bass relative abundance + Peak Discharge -0.4129 0.004 

Smallmouth Bass relative abundance + Secchi depth reading 0.3577 0.016 

Smallmouth Bass relative abundance + Maximum Temperature -0.0209 0.886 

Smallmouth Bass relative abundance + Minimum Temperature -0.1241 0.391 

Smallmouth Bass relative abundance + Total year flow offset -0.2817 0.047 

White Sucker relative abundance + Total year flow -0.1511 
P < 
0.005 

White Sucker relative abundance + 7-day low flow -0.6136 
P < 
0.005 

White Sucker relative abundance + Mean year flow -0.5067 
P < 
0.005 

White Sucker relative abundance + Peak Discharge -0.4261 0.003 

White Sucker relative abundance + Secchi depth reading 0.3092 0.039 
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White Sucker relative abundance + Maximum Temperature -0.0388 0.789 

White Sucker relative abundance + Minimum Temperature -0.1456 0.313 

White Sucker relative abundance + Total year flow offset -0.2398 0.093 

Flathead Chub relative abundance + Total year flow 0.2075 0.162 

Flathead Chub relative abundance + 7-day low flow 0.3030 0.038 

Flathead Chub relative abundance + Mean year flow 0.2003 0.177 

Flathead Chub relative abundance + Peak Discharge 0.0888 0.549 

Flathead Chub relative abundance + Secchi depth reading -0.2515 0.096 

Flathead Chub relative abundance + Maximum Temperature 0.2402 0.093 

Flathead Chub relative abundance + Minimum Temperature 0.3364 0.017 

Flathead Chub relative abundance + Total year flow offset 0.2446 0.087 

Western Silvery Minnow relative abundance + Total year flow 0.5164 
P < 
0.005 

Western Silvery Minnow relative abundance + 7-day low flow 0.3375 0.020 

Western Silvery Minnow relative abundance + Mean year flow 0.5110 
P < 
0.005 

Western Silvery Minnow relative abundance + Peak Discharge 0.4674 
P < 
0.005 

Western Silvery Minnow relative abundance + Secchi depth reading -0.5081 
P < 
0.005 

Western Silvery Minnow relative abundance + Maximum Temperature 0.0794 0.584 

Western Silvery Minnow relative abundance + Minimum Temperature 0.2058 0.152 

Western Silvery Minnow relative abundance + Total year flow offset 0.4013 0.004 

Longnose Sucker relative abundance + Total year flow 0.0833 0.578 

Longnose Sucker relative abundance + 7-day low flow 0.2111 0.154 

Longnose Sucker relative abundance + Mean year flow 0.0805 0.590 

Longnose Sucker relative abundance + Peak Discharge 0.0565 0.703 

Longnose Sucker relative abundance + Secchi depth reading 0.1513 0.321 

Longnose Sucker relative abundance + Maximum Temperature -0.1256 0.385 

Longnose Sucker relative abundance + Minimum Temperature -0.1737 0.228 

Longnose Sucker relative abundance + Total year flow offset -0.0457 0.753 

Longnose Dace relative abundance + Total year flow 0.1192 0.425 

Longnose Dace relative abundance + 7-day low flow 0.1611 0.280 

Longnose Dace relative abundance + Mean year flow 0.1156 0.439 

Longnose Dace relative abundance + Peak Discharge 0.2003 0.172 

Longnose Dace relative abundance + Secchi depth reading 0.1714 0.260 

Longnose Dace relative abundance + Maximum Temperature 0.0825 0.569 

Longnose Dace relative abundance + Minimum Temperature -0.0167 0.908 

Longnose Dace relative abundance + Total year flow offset 0.0606 0.676 

H-Value + Total year flow 0.0266 0.859 

H-value + 7-day low flow -0.0159 0.916 

H-value + Mean year flow 0.0260 0.862 

H-value + Peak Discharge 0.0689 0.642 

H-value + Secchi depth reading -0.0460 0.764 



22 
 

H-value + Maximum Temperature 0.3098 0.029 

H-value + Minimum Temperature 0.1708 0.236 

H-value + Total year flow offset 0.3559 0.011 

 

 

     

Figure 2: Graph of relationship between the emerald shiner relative abundance calculated for all sites and 

years and all Shannon Diversity H-values calculated for each year and site.  
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Figure 3: Graph depicting the relationship between white sucker relative abundance calculated for all 

sites and years and the relative abundance of emerald shiner calculated for all sites and years. Trend line is 

for illustrative purposes only.  

 

Figure 4: The Scatterplot is demonstrating the relationship between Shannon Diversity H-values 

calculated for each year and site and the total year flow rate in cubic feet per second from the USGS water 

resource page for the given site and year from 2012 to 2021.  
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Figure 5: The graphs is showing a correlation between the Shannon Diversity H-values calculated for 

each year and site and the average maximum temperature in Fahrenheit measured during all the surveys at 

a given site from the years 2012 to 2021.  
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Figure 6: The Scatterplot is demonstrating the relationship between Flathead Chub relative abundance 

calculated for all sites and years from 2012 to 2021 and the average minimum temperature in Fahrenheit 

measured during all the surveys at a given site during the years 2012 to 2021. Trend line is for illustrative 

purposes only. The trend line doesn’t indicate best line of fit for data. 
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Figure 7: The graph demonstrates the relationship between the relative abundance of white sucker, 

western silvery minnow, emerald shiner, and flathead chub calculated for the given site and year from 

2012 to 2021 and the relative abundance of smallmouth bass calculated for the given site and year from 

2012 to 2021. Trend line is for illustrative purposes only. The trend line doesn’t indicate best line of fit for 

data. 
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Figure 8: The scatterplot depicts the correlations between the relative abundance of smallmouth bass, 

flathead Chub, western silvery minnow, and white sucker calculated for the given site and year from 2012 

to 2021 and the annual seven-day minimum discharge rate in cubic feet per second found from the USGS 

water resource page for the given site and year from 2012 to 2021. Trend line is for illustrative purposes 

only. The trend line doesn’t indicate best line of fit for data. 
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Figure 9: The graph depicts the correlation between the relative abundance of smallmouth bass, white 

sucker, and western silvery minnow calculated for the given site and year from 2012 to 2021 and the 

Secchi disk (turbidity) reading in inches collected during the specific surveys at a given site and during a 

given year from 2012 to 2021. Trend line is for illustrative purposes only. The trend line doesn’t indicate 

best line of fit for data. 
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Figure 10: The graph depicts the relationship between the relative abundance of smallmouth bass, white 

sucker, and western silvery minnow calculated for the given site and year from 2012 to 2021 and the 

annual mean discharge in cubic feet per second found from the USGS water resource page for the given 

site and year from 2012 to 2021. Trend line is for illustrative purposes only. The trend line doesn’t 

indicate best line of fit for data. 
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Figure 11: The graph shows the relationship between the relative abundance of smallmouth bass, white 

sucker, and western silvery minnow calculated for the given site and year from 2012 to 2021 and the peak 

discharge rate in cubic feet per second found from the USGS water resource page for the given site and 

year from 2012 to 2021. Trend line is for illustrative purposes only. The trend line doesn’t indicate best 

line of fit for data. 
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Figure 12: The scatterplot demonstrates the relationship between the relative abundance of smallmouth 

bass, white sucker, and western silvery minnow calculated for the given site and year from 2012 to 2021 

and the total year flow in cubic feet per second found from the USGS water resource page for the given 

site and year from 2012 to 2021. Trend line is for illustrative purposes only. The trend line doesn’t 

indicate best line of fit for data. 
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Figure 13: The graph depicts the relationship between the relative abundance of smallmouth bass and 

western silvery Minnow calculated for the given site and year from 2012 to 2021 and the total year flow in 

cubic feet per second offset by one year. The data was found on the USGS water resource page for the 

given site and year from 2012 to 2021.  In this context, offset means that the total year flow corresponds to 

the data from the subsequent year. Trend line is for illustrative purposes only. The trend line doesn’t 

indicate best line of fit for data. 

 

Discussion 
 

My study aimed to explore temporal and spatial relationships between abiotic 

(discharge flow rates, Secchi depth readings, and temperatures) and biotic factors 

(relationships between species of fish) to determine if there were correlations between the 

abundance and distribution of fish species over space and time in the study region of the 

0

1000000

2000000

3000000

4000000

5000000

6000000

0 0.1 0.2 0.3 0.4 0.5 0.6

To
ta

l Y
ea

r 
Fl

o
w

  (
C

FS
) 

O
ff

se
t 

Relative Abundance (SMB, WSMN) 

Total Year Flow Offset vs Relative Abundance
(SMB, WSMN )

Total Flow Offset +
SMBR

Total Flow Offset +
WSMN



33 
 

Missouri River. The results established interesting interactions and correlations between 

certain fish species and environmental factors.  

After viewing the results and understanding the dynamics between the 

interactions of prairie fish species, many of the demonstrated outcomes in the study 

made sense. The high relative abundance of non-native smallmouth bass and low 

relative abundance of prey species such as the flathead chub, western silvery minnow, 

and emerald shiner are all exhibited in the results. Smallmouth bass are an aggressive 

piscivorous fish species that have a diet that consists of smaller prey species. (Matthews 

1988; Dodds et al. 2004 as cited in Wuellner 2007).  

          The demonstrated relationship between the white sucker and smallmouth bass was 

something that I didn’t expect. The combination of the documented relative abundances 

of these two species and their parallel association and response to various environmental 

factors was quite alluring. For instance, when the Secchi readings were higher, which 

indicates less turbid water, the relative abundance of white sucker and smallmouth bass 

increased. If the water is more turbid and the Secchi disk reading is lower, the relative 

abundance of species such as the western silvery minnow increases, but white sucker 

and smallmouth bass relative abundance decreases.  

          Another example of a similar response to an environmental factor between these 

two species was in relation to the seven-day discharge minimum. The seven-day 

minimum is useful because it showcases times in the discharge streamflow history over 

the 10-year span, where the water was at its minimum low for more than a few days. In 

this case, there was a relationship between smallmouth bass, flathead chub, western 

silvery minnow, and white sucker to the seven-day minimum discharge values. The 

western silvery minnow and flathead chub had positive correlations meaning that the 

less severe the seven-day minimum was (or the higher the flows were during that 

period), the higher the relative abundance of these two species in the surveys. White 

sucker and smallmouth bass relative abundances exhibited negative correlation trends 

and were positively impacted by the lower annual seven-day minimum values.  

          In contrast, if the seven-day minimum displayed much lower water flows, the 

relative abundances of these two species were higher, but the relative abundances of the 

western silvery minnow and flathead chub decreased. Whenever one species was 



34 
 

impacted by biotic or abiotic factors, the other species demonstrated a similar response. 

It was interesting because the longnose sucker (Catostomus Catostomus) who is in the 

same family as the white sucker and is primarily a benthic-oriented fish, didn’t have 

those similar relationships to the smallmouth bass as the white sucker did. (Fish Species: 

Montana FWP, 2021) The only thing that comes to mind to possibly describe the 

phenomena between these two species that are very different is an ecological release 

response: Because smallmouth bass are targeting and consuming other prey species, this 

allows for the white sucker abundance to increase and mirror similar responses to the 

smallmouth bass (Bolnick et al.2010). Future studies to determine these 31 relationships, 

especially in a controlled experiment are needed to understand the association between 

these two fish species.  

          Another interesting aspect was the relationship between emerald shiner relative 

abundance and the Shannon diversity calculated H-value. Whenever the H-value was 

low and the diversity wasn’t high at a given site or on a given year, emerald shiner 

relative abundance was substantial compared to other species. Through this study, I 

couldn’t determine any obvious associations driving the high emerald shiner relative 

abundance, but it would be interesting to do further research to understand what was 

driving the emerald shiner relative abundance in relation to the abundance of other 

fishes sampled. 

          Overall, it’s necessary to understand that these seining surveys are targeting small 

non-game minnow species and young of the year species that would not typically be 

seen in other fish sampling techniques such as trawling, electrofishing, and setline 

surveys. It’s very possible that larger predatory species that were not documented in 

these surveys are driving the relative abundance of the prey species to fluctuate each 

year. In my study, I did not consider any habitat features at the given sampling site (e.g, 

substrate, depth, bank features). All these other abiotic and biotic factors certainly could 

play a larger role in the relationships demonstrated in this thesis. It’s necessary to have 

more controlled experiments in the future to better understand these correlations 

between fish and environmental factors.  

          This research has shown that although species’ relative abundance doesn’t 

significantly fluctuate between reaches on the Missouri River, there is a significant 
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variation between species abundance between years in the temporal analysis, especially 

with emerald shiners in 2017. There were also strong relationships displayed between 

predator and prey species that would often influence the abundance of fish. The 

influences of smallmouth bass on prey species are substantial in the study and should be 

considered for future trends in the analysis of prey species. It’s necessary for future 

research to utilize more extensive and adequate environmental factors and biotic factors 

to infer deeper associations or even causations in the case of a controlled experiment, to 

narrow in on the primary influences impacting species abundance over time. Through 

this study, I provided a baseline analysis of abundance trends of 37 species documented 

in the Missouri River from 2012 to 2021 to better understand the relationships driving 

populations to increase and decrease over time. It’s imperative to continue monitoring 

efforts of this diverse prairie ecosystem to assure that native species continue to 

demonstrate normal relative abundances in the coming years as environmental and 

biological stressors become more common 
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