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ABSTRACT 

Riverine environments are dynamic with numerous biophysical components 

influencing community structure of riverine biota.  Common theme among my 

dissertation chapters is the quantification of community structure related to biophysical 

components of riverine environments in an effort to identify mechanisms underlying 

community structure (e.g., species richness, species abundances, life history traits).  

Communities within two Texas river basins (i.e., Red River drainage, Colorado River 

drainage) include several species identified as imperiled species, either federally or by 

states.  A goal for each chapter was to integrate patterns and processes of community 

structure with current efforts to list species under the Endangered Species Act or to 

mediate negative anthropogenic influences on species and communities.  Chapter 1 

addressed gaps in life history information, current distribution, and habitat associations 

for the Red River Shiner, an endemic cyprinid in the Red River basin.  Information was 

used to estimate redundancy, resiliency, and representation of the Red River Shiner, 

following the framework of U.S. Fish and Wildlife Service in species status assessments 

and eventually listing decisions.  Chapter 2 tested three theories related to largescale 

migrations of prairie stream fishes, using the federal candidate for listing Prairie Chub as 

a model organism.  Chapter 3 was a fish community assessment of the upper Red River 

of Texas and Oklahoma and quantified historical to contemporary changes in occurrences 

and abundances of six species of greatest conservation need.  Chapter 4 was a mussel 

community assessment of the Colorado River basin that identified georegion, along with 



 

xii 

associated substrates, stream gradient, and water quality, as more powerful predicator of 

community structure than smaller scale mesohabitat characteristics.  Fish and mussel 

communities were not homogenously distributed within a basin, and I successfully 

quantified the heterogeneity and identify some of the potential mechanisms.  However, 

mechanisms of community structure are still largely elusive and in need of further 

investigation.      
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I. APPLICATION OF THE 3R (RESILIENCY, REDUNDANCY, 
REPRESENTATION) CONCEPT TO A LIFE HISTORY STUDY OF A SPECIES 

OF GREATEST CONSERVATION NEED, NOTROPIS BAIRDI 
 

Abstract 

Red River Shiner Notropis bairdi is endemic cyprinid to the Red River basin of 

Arkansas, Oklahoma, and Texas, and because of this limited distribution, all three states 

have listed Red River Shiner as a Species of Greatest Conservation Need (SGCN). 

Benefits to listing species as SGCN include identifying and addressing gaps in species 

information, mitigating threats, and possibly avoiding listing by USFWS.  Concepts of 

resiliency, redundancy, and representation (3Rs) informs listing recommendation for the 

USFWS but can be applied to SGCN species. The purpose of this study was to gather life 

history information for Red River Shiner and apply updated distributions and abundances 

to the 3Rs concept.  Information was gathered over a two-year period in the upper Red 

River of Texas and Oklahoma. Red River Shiners are early maturing, short-lived species, 

producing multiple batches of eggs in late spring through the summer and consuming 

benthic invertebrates and other fishes. Comparing 3R estimates of Red River Shiner to 

estimates of other imperiled and common species, Red River Shiner was lower than 

average for redundancy, more resilient, and has greater representation. Basic life history 

and distribution information provides the foundation of how species interact with the 

natural environment and enables predictions on how anthropogenic effects can disrupt 

life cycles and sustainability of populations. Therefore, quantification of a species 

redundancy, resiliency, and representation can identify those species that are more 

imperiled and enable prioritization of future conservation efforts.   
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Introduction 

United States Fish and Wildlife Service (USFWS) listing process has historically 

focused on threats subjectively without any analysis of species responses, which provided 

low repeatability and transparency (Andelman et al. 2004). In an attempt to improve 

consistency and transparency the USFWS listing process now involves a Species Status 

Assessments (SSA; USFWS 2016, Smith et al. 2018). The SSA reviews all information 

known about a species to address three primary questions: what the species life history 

and ecology, current condition, and future threats. Measuring species life history and 

ecology includes quantification of trophic niche, reproductive strategies, biologic 

interactions, and habitat requirements, current condition of a species incorporates 

concepts of resiliency, redundancy, and representation (3Rs; Shaffer and Stein 2000, 

Smith et al. 2018). Measurement of the ecology, current conditions, and future conditions 

ultimately informs listing recommendation but determining future conditions can be 

complicated by the uncertainty of future events and the response of the species to future 

scenarios is imperfect (Smith et al. 2018).  However, gathering information that is 

necessary for determining a species ecology and current conditions are more straight 

forward and quantifiable. Resiliency is ability of species to withstand stochastic 

disturbances, redundancy is a species ability to survive catastrophic events, and 

representation is a species ability to endure natural variability (Shaffer and Stein 2000). 

Quantifying the 3Rs is a challenge because each is measured indirectly with surrogates or 

indicators, which are often limited from available information available (Sheffer et al. 

2015).  Measures for resiliency include species persisting at a location (Shaffer and Stein 

2000) or by its population size (Smith et al. 2018).  Measures for redundancy include 
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number of locations where a species persists.  Measures for representation include 

breadth of genetic diversity, using either genetics or relative abundance given that genetic 

variation is positively related to population size (Frankham 1996), and environmental 

diversity (Smith et al. 2018).  Recently, Faucheux et al. (2019) used observations 

commonly available in the fish literature (e.g., occurrence, abundance) to rapidly assess 

3Rs for majority of fishes in three ecoregions of Texas. In doing so, the authors were able 

to rank species along a low 3R gradient to a high 3R gradient. Quantifying life history 

and ecology components, in combination with using Faucheux et al. (2019) approach, 

provides updated information on species distributions using the 3Rs, which uses the same 

language and approach as the USFWS process. 

One species that would benefit from a 3R assessment is the Red River Shiner 

(Notropis bairdi, Hubbs and Ortenburger 1929). The Red River Shiner is endemic to the 

upper Red River basin of the Mississippi River drainage (Robison and Buchanan 1988; 

Miller and Robison 2004; Thomas et al. 2007) and is listed as a Species of Greatest 

Conservation Need (SGCN) in Arkansas, Oklahoma, and Texas (ODWC 2005; TPWD 

2012; AGFC 2015).  Introduced populations exist in the Cimarron River basin and 

Arkansas River basin of Oklahoma and Kansas (Marshall 1978; Cross et al. 1983; 

Luttrell et al. 1995). The Red River Shiner is a small bodied (Hubbs & Ortenburger 

1929), short lived, obligate riverine insectivore (Cross et al. 1983), tolerant to a wide 

range of environmental conditions (Hubbs & Ortenburger 1929; Luttrell et al. 1995; 

Winston et al. 1991; Hargrave and Taylor 2010).  Similar life history traits are noted for 

other closely related species in the subgenus Alburnops (Mayden 1989), such as the 

Smalleye Shiner N. buccula (Marks 1999) and Chub Shiner N. potteri (Perkin et al. 
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2009).  Collectively, species of the subgenus Alburnops, which inhabit semi-arid prairie 

streams of central USA, are of increasing conservation concern.  Recently, the Smalleye 

Shiner, the sister species of Red River Shiner and having similar range distribution as the 

Red River Shiner but in adjacent Brazos River drainage, was listed as an endangered 

species by USFWS in 2014 because of two primary threats: river fragmentation and 

instream flow alterations (USFWS 2014). Filling in gaps of Red River Shiner’s life 

history, ecology, and current condition would inform the SSA process by USFWS 

standards (Association of Fish and Wildlife Agencies 2012).  

Existing gaps in information for the Red River Shiner include updated 

information on distribution and abundances, habitat associations, reproductive biology, 

and food habits. Red River Shiner has not been reported in Arkansas since the 1950s, but 

it is unknown if an established population existed or that the few collections represented 

transient individuals from upstream reaches (Robison and Buchanan 1988). A population 

in the North Fork of the Red River of Oklahoma was possibly extirpated (Winston et al. 

1991). However, Red River Shiner was considered stable in 2000 (Warren et al. 2000) 

and not identified as an imperiled freshwater fish by the 2008 American Fisheries Society 

Endangered Species Committee (Jelks et al. 2008), likely due to their reported high 

abundances within streams of their native (Gilbert 1980) and non-native (Cross et al. 

1983; Luttrell et al. 1995) ranges. Descriptions of habitat associations include turbid 

waters of shallow sand-bed streams (Gilbert 1980) with fluctuating flows (Cross et al. 

1983) and salinities (0.4 – 21.7 ppt; Echelle et al. 1972).  Red River Shiners are thought 

to spawn during the summer (Hubbs and Ortenburger 1929) at a minimum length of 39 

mm (Cross et al. 1983).  Gut contents consisted primarily of terrestrial insects (assessed 
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in five individuals; Cross et al. 1983) and aquatic insects (assessed in three individuals; 

Echelle et al. 1972). 

Purpose of this study was to gather distribution, habitat association, and life 

history information for Red River Shiner in order to fill in existing knowledge gaps using 

an approach that informs future USFWS listing process.  Objectives of this study were to 

provide information on the current distribution, ecology, life history attributes, and 

population age structure of Red River Shiner in the Red River mainstem of Texas and 

Oklahoma and tributaries of Texas. Assessment of occurrence and abundance were done 

at the water body scale (i.e. semi-independent drainages).  This will enable estimates of 

redundancy (e.g., number of occupied semi-independent drainages), representation (e.g., 

percent abundance within semi-independent drainages), and resiliency (e.g., percent of 

semi-independent drainages with an absence) in Texas drainages and the Red River of 

Oklahoma. In addition, we compared the 3R estimates for the Red River Shiner directly 

to estimates provided by Faucheux et al. (2019) in order to provide a context among other 

fishes that are federally listed, SGCN listed, or of no conservation concern. 

 

Methods 

Longitudinal surveys were conducted among 20 named rivers or tributaries (i.e., 

water body) and 36 sites within the upper Red River drainage between September 2015 

and September 2016 (Figure 1.1). Sites were sampled twice, once during the cool season 

(September through March) and again during the warm season (April through August), 

unless the stream was dry.  At each site, available mesohabitats (i.e., riffle, run, pool, 

backwater, and eddy) were delineated and sampled in proportion to their availability. 
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Fishes taken from each mesohabitat were identified to species, and the first 30 individuals 

of a species were measured (i.e., total length, nearest mm).  Length and width of area 

sampled (e.g., long seine hauls) or length and width of mesohabitats were measured.  

Substrate (i.e., clay, silt, sand, gravel, cobble, boulder, and bedrock), vegetation, and 

woody debris were visually or tactilely estimated and represented as a percent coverage 

of the total mesohabitat area.  Water depth (m) and current velocities (m/s) were 

estimated from three to five-point estimates within a representative cross section of the 

mesohabitat and water quality:  Dissolved oxygen (mg/l), pH, specific conductance 

(µS/cm), and temperature (°C).   

Red River Shiners were collected monthly between February 2016 and January 

2017 from three sites on the Pease River (i.e., FM 104, Hwy 6, Hwy 283) and two sites 

on the North Wichita – Wichita River (i.e., Hwy 6 and FM 1919).  At each site and date, 

multiple seine hauls were made to capture up to 10 mature Red River Shiners (> 24 mm 

in total length; Hubbs and Ortenburger 1929).  Fishes were anesthetized with a lethal 

dose of tricane methanesulfonate and fixed in 10% formalin.  When available, total 

length of additional Red River Shiners were measured, and the fish released.   

In the laboratory, up to five females were selected, measured to the nearest mm, 

and weighed to the nearest mg for each site and month.  Incision was made from the 

urogenital opening to isthmus.  The esophagus was severed, and the stomach, intestine, 

and ovaries were removed.  With the use of a dissecting scope, the stomach was severed 

from the intestine at the pyloric sphincter muscle, and ovaries were removed.  The 

stomach wall was cut longitudinally from the sphincter muscle to the esophagus, 

carefully exposing the gut contents.  Stomach fullness (i.e., proportion of stomach filled 
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by contents) was determined by two independent observers, assigning a number from 0 

(empty) to 100 (full) in increments of 10.  Stomach contents were sorted and identified.  

Percent volume was defined as the volume of algae, invertebrate and vertebrate material, 

substrate, and plastics comprising the total volume of stomach fullness.  Percent 

occurrence was defined as the number of fish with a food item identified to the lowest 

practical taxonomic level.  Invertebrate and vertebrate material was identified lowest 

practical taxonomic level and counted in order to calculate relative abundance of each 

item.    

Ovaries were weighed, and gonadosomatic index (GSI; [mass of ovaries / mass of 

fish] x 100) was calculated for each fish.  Ovaries were macroscopically categorized as 1) 

immature or resting ovaries with small, translucent oocytes; 2) developing ovaries with 

small (< 0.2 mm in diameter), translucent oocytes and small (< 0.5 mm) opaque oocytes 

indicating early stages of yolk deposition; 3) mature ovaries with small translucent 

oocytes, small opaque oocytes, and large (> 0.5 mm in diameter) vitellogenic oocytes; 

and 4) spent ovaries with small translucent oocytes and a few large vitellogenic oocytes 

(Williams and Bonner 2006).  The left ovary of up to three females with mature ovaries 

were selected, and individually oocytes were removed by teasing oocyte mass apart and 

redistributing them on a petri dish with a gentle swirling. Oocyte diameters were 

measured for oocytes > 0.2 mm to the nearest 0.01 mm for the first 100 oocytes in the 

field of view with dissection microscope fitted with an ocular micrometer.  Oocyte 

diameters were plotted by percent frequency of occurrence to estimate number of 

modality of clutch production (i.e., single spawning or multiple batch spawning), 

maximum oocyte diameter size, and range of oocyte diameters for the final batch of 
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oocytes.  Minimum oocyte diameters for the final batch were 0.6 mm for Red River 

Shiner.  Minimum oocyte diameter was used in all other mature females (left side only 

and doubled) to estimate batch fecundity.  Only range of batch fecundity was reported to 

indicate reproductive potential of Red River Shiner.  Batch fecundity estimates of 

multiple spawning fishes are underestimations of spawning season fecundity.   

Habitat associations were assessed from Principal Component Analysis (PCA) 

model developed for the longitudinal survey of the fish communities and mesohabitats.  

Mesohabitat PC axes I and II scores and Red River Shiner occurrences were compared to 

mesohabitat PC scores without Red River Shiner occurrences, with t-tests.  Association 

between numbers and Red River Shiners with log10 (N+1) transformation (i.e., 

dependent variable) and mesohabitat PC axes I and II scores (i.e., independent variables) 

were assessed with linear regression.  Mesohabitat type, water depth, current velocity, 

and specific conductance were identified as indictors of fish community segregation with 

Canonical Correspondence Analysis (CCA).  As such, occurrences and abundances of 

Red River Shiners were assessed among mesohabitat types with Chi-square test and 

among depth, current velocity, and specific conductance gradients with a Kolmogorov-

Smirnoff (KS) tests.  Significance was set at α = 0.05 for each test. 

Length frequency histograms were constructed from monthly collections of Red 

River Shiner using 2-mm bin increments combined across sites to assess number of age 

groups within each population and life span.  Modal progression analysis (Bhattacharya’s 

Method; Fish Stock Assessment Tools II; FiSAT II) was used to estimate the number of 

age groups and their sizes monthly between February 2016 and January 2017.  Analysis 

of growth increments (Appeldoorn’s Method; FiSAT II) was used to estimate growth 
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rates of Red River Shiner. Asymptotic length (L∞) maximum were set larger than 

reported maximum length in this study to account for larger fish within the population.  

Estimates for the 3Rs were calculated following Faucheux et al. (In press) from 

information gathered during the longitudinal survey. Redundancy was determined from 

number by the rivers and named tributaries that Red River Shiner was observed during 

this study. For representation, relative abundance of Red River Shiner was calculated 

among all semi-independent drainages and were categorized using the ACFOR scale 

(Stiers et al. 2011): Abundant (75 – 100%), Common (50 – 74%), Frequent (25 – 49%), 

Occasional (5 – 24%), and Rare (>0 – 4%). Estimates for representation were determined 

by the number of semi-independent drainages where Red River Shiners were considered 

rare. Percent rare was calculated by the number of semi-independent drainages where 

Red River Shiners were rare divided by the number of semi-independent drainages where 

Red River Shiner were present multiplied by 100.  For resiliency, historical records were 

gathered from Wilde et al. 1996 and Fishes of Texas (Hendrix et al. 2017) among all 

sampled semi-independent drainages to determine if a population of Red River Shiner 

was present. Semi-independent drainages where Red River Shiners were not observed 

during the longitudinal survey compared to historical locations were classified as absent. 

Percent absent was calculated by the number of semi-independent drainages where Red 

River Shiners were absent divided by the number of semi-independent drainages where 

Red River Shiner was historically present multiplied by 100.  Percent abundance within 

semi-independent drainages), and resiliency (e.g., percent of semi-independent drainages 

with an absence) 
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Results 

Red River Shiners (N = 6,387) were taken from 185 (46%) of 400 mesohabitats, 

21 (58%) of the 36 sites, and 8 (40%) of the 20 water bodies.  Relative abundance of Red 

River Shiner in the upper Red River basin was 18% but ranged between 0.4% and 56% 

among sites where they were detected. Density of Red River Shiner in the upper Red 

River basin was 0.11 fish/m2 but range between >0.01 and 1.8 fish/m2 among sites where 

they were detected.  

Thirty-six sites among 20 water bodies were sampled within the upper Red River 

drainage.  Mesohabitats (N = 400) among sites primarily consisted of runs (70%) and 

pools (12%). Mean (± 1 SE) depths among sites was 0.3 (± 0.3) m and ranged from 0.02 

to 1.6 m. Mean current velocity among sites was 0.2 (± 0.2) m/s and ranged from 0 to 0.9 

m/s. Specific conductance ranged from 115 to 49,968 μS/cm with greater specific 

conductance observed in the western portion of the study area and lower specific 

conductance observed in the eastern portion of the study area. Dominate substrate 

comprised of sand (57%), silt (30%), and gravel (9%). Woody debris, detritus, and 

aquatic vegetation were rare among mesohabitats and sites.  

Principal component axes I and II explained 24% of the variation among the 400 

habitats. Axis I explained 13% of the variation and represented habitat type (i.e., pool and 

run) and substrate gradients. Strongest loadings for PC axis I were pool (0.33), silt (0.30), 

run (-0.46), and sand (-0.45) (Figure 1.2). Axis II explained 11% of the variation and 

represented a habitat type (i.e., riffle and backwater), substrate, and current velocity 

gradients. Strongest loadings for PC axis II were riffle (0.42), gravel (0.40), current 

velocity (0.39), and silt (-0.37). Mean PC I scores, averaged across habitats and sites for 
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each reach, ranged between -2.30 for North Fork Red River to 3.83 for Pecan Creek, 

contrasting sand-bed prairie streams with shallow to moderates depths, flowing run and 

pool habitats with sand and silt substrates (negatively associated with PC I) versus more 

entrenched channel streams, common to eastern tributaries within the upper Red River 

drainage, with predominantly run and pool habitats with shallow to deep depths, sluggish 

current velocities except in riffle habitats, and silt and gravel habitats. 

Mesohabitats with Red River Shiner occurrences were negatively associated with 

PC axis I (t-test, t 0.05 (2), 398 = 3.11, P < 0.01) but were not associated with PC axis II (t-

test, t 0.05 (2), 398 = 0.09, P = 0.93).  Mesohabitats with Red River Shiner abundances were 

not associated with PC axis I (linear regression; F 1,398 = 0.64, slope = -0.015, P = 0.42) 

or PC axis II (F 1,398 = 0.08, slope = -0.006, P = 0.78).  Mesohabitat scores among eight 

water bodies with Red River Shiners differed from mesohabitats among 12 water bodies 

without Red River Shiners for PC I (t-test, t 0.05 (2), 398 = -9.80, P < 0.01) but did not differ 

for PC II (t-test, t 0.05 (2), 398 = -0.79, P = 0.43).  Water bodies with Red River Shiners 

generally consisted more of swifter waters (i.e., sand-bed prairie streams common in Red 

River and western tributaries) than water bodies without Red River Shiners, which 

consisted of more slow-moving pools with silt substrates within the eastern tributaries of 

the upper Red River drainage.  However, Red River Shiners were not taken from several 

prairie-type streams (i.e., negative reach scores on PC I).  Red River Shiners were not 

detected in North Fork Red River, Adams Creek, or Cottonwood Creek.  

Red River Shiners were taken more often in run (74%) and riffle (10%) 

mesohabitats than available (70% runs, 9% riffles) and less often in pool (7%) 

mesohabitats than available (12% pools; Chi-square, Χ2 = 17.4, P < 0.01).  Red River 
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Shiner occurrence among current velocities ranged between 0.1 and 1.6 m/s with 90% of 

Red River Shiners captured between 0.1 and 0.7 m/s.  Use of slower current velocities did 

not differ from expected for Red River Shiner occurrence, but differed for abundances 

(KS = 0.16, P < 0.01) (Figure 1.3).  Red River Shiner occurrences among water depths 

ranged between 0.01 and 1.5 m with 96% of Red River Shiners captured between 0 and 

0.5 m. Use of shallow water depths did not differ from expected for Red River Shiner 

occurrence, but differed for abundances (KS = 0.13, P < 0.01).  Red River Shiner 

occurrence among specific conductance range between 2,215 and 38,420 µs/cm with 

73% of Red River Shiners captured between 2,500 and 27,500 µs/cm. Use of moderate to 

moderately high specific conductance differed from expected for Red River Shiner 

occurrence (KS = 0.24, P < 0.01) and abundance (KS = 0.34, P < 0.01). 

Among monthly collections at three sites on the Pease River and two sites on the 

Wichita River, 2,342 Red River Shiners were taken between February 2016 and January 

2017.  During this period, Red River Shiners consisted of three age classes: 0, 1, and 2 

(Figure 1.4). Age-2 fish represented 7% of the adult population, observed February 

through August 2016, and reached a maximum total length of 74 mm.  Age-1 fish 

represented 93% of the adult population and were observed every month except 

December 2016.  Age-0 fish were first observed in July 2016 and reached a mean length 

of 36 (± 7) mm TL by December 2016.  Growth rate was k = 0.636 year-1 and L∞ = 85 

mm.  

A total of 260 Red River Shiners were taken for reproductive assessments 

between February 2016 through January 2017. Red River Shiners invested energy into 

reproduction (i.e., reproductive season) between the months of March through September 
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(Figure 1.5).  Ovaries from adult fish (N = 101; range in total length [TL]: 35 – 75 mm) 

were taken between October through February and classified as immature or resting.  

Developing ovaries were observed in two females (45 – 53 mm in TL) in March and were 

observed through April.  Mature ovaries (N = 94; 35 – 72 mm in TL) in April and were 

observed through September (i.e., spawning season). Spent ovaries (N = 4; 40 – 54 mm 

in TL) were observed in September.  Mean monthly GSI for Red River Shiner females 

corresponded with stages of ovarian development.  Mean monthly GSIs were greatest 

(9.6% to 11.4%) May through July (Figure 1.6).  Female GSI with immature or resting 

ovaries range between 0.9% to 3.4%. Female GSI with developing ovaries ranged 

between 1.0% to 6.5%.  Female GSI with mature ovaries ranged between 1.1% to 24%.  

Size distribution of oocytes taken from one female per month with mature ovary 

indicated continuous recruitment of oocytes (Figure 6).  Maximum size of a vitellogenic 

oocyte was 1.04 mm, and batch fecundity ranged from 44 to 882 late vitellogenic oocytes 

(diameter: 0.60 – 1.04 mm) among 19 females with mature ovaries.   

A total of 261 Red River Shiners were examined for diet analysis from February 

2016 through January 2017.  Gut content by volume consist of aquatic invertebrates, 

terrestrial invertebrates, and vertebrates (79%), clay/silt (13%), filamentous algae (5%), 

grass seed (2%), sand (0.5%), aquatic plants (0.1%), diatoms (<0.1%) and plastic 

(<0.1%) (Table 1.1). Mean (± 1 SD) monthly gut fullness ranged from 1% (± 0.4) in 

December 2016 to 67% (± 28.8) in May 2016.  Frequency of empty stomachs was 4.2%.  

The most frequently occurring gut contents were silt or clay (63% occurrence), 

filamentous algae (53%), and sand (33%). Silt or clay substrate occurred in Red River 

Shiners stomachs year-round with monthly occurrences ranging from 14% in May 2016 
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to 95% in August 2016.  Among aquatic invertebrates, terrestrial invertebrates, and 

vertebrates, Chironomidae was the most abundant food item (17%) followed by 

unidentifiable aquatic invertebrates (15%) and Coleoptera (1%).  Eleven other aquatic 

invertebrate taxa were consumed but at low (<1%) relative abundance.  Likewise, 

terrestrial invertebrates and vertebrates (e.g., Red River Pupfish Cyprinodon 

rubrofluviatilis) were consumed but at low relative abundance. 

Estimates of the 3Rs were calculated from results of this study and from 

published literature.  As a measure of redundancy, Red River Shiner is endemic to one 

river drainage and occurs in 10 water bodies within the one river drainage.  As a measure 

of resiliency, Red River Shiner is considered extirpated in one (i.e., North Fork of the 

Red River; Winston et al. 1991) of the 10 water bodies (10% of water bodies with an 

extirpation).  As a measure of representation, Red River Shiners, at times, were the most 

abundant species within a site and water body, being rare (<5%) in 20% of the water 

bodies.   Among the 50 species assessed by Faucheux et al. (In press), mean (± 1 SD) for 

estimates of the 3Rs were 3.2 ± 2.17 for number of independent drainages, 17.2 ± 14.25 

for number of water bodies within independent drainages, 37% ± 22.9 of water bodies 

with absences (i.e., potentially extirpated), and 70% ± 36.8 of water bodies with rare 

abundances.  Comparing 3R estimates of Red River Shiner to estimates for imperiled and 

common species provided by Faucheux et al. (2019), Red River Shiner was lower than 

average for redundancy (1 versus 3.2 independent drainages; 10 versus 17.2 water 

bodies), more resilient (10% versus 37% in absences), and with greater representation 

(20% versus 70% in rare abundances).   
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Discussion 

Red River Shiners occurred in a variety of mesohabitats and generally at depths 

and current velocities available but were not ubiquitously distributed within upper Red 

River basin, found only in 40% of the water bodies surveyed.  Habitat associations 

reported herein were similar to previous descriptions of Red River Shiner habitat 

associations, such as broad, shallow channels with sand and silt substrate (Gilbert 1980) 

and expands on habitat associations of sandy depressions, backwaters, and pools with 

salinities ranging between 0.4 to 21.7 ppt (up to 38,420 µs/cm ~ 24.4 ppt; this study) 

provided by Echelle et al. (1972).  Red River Shiners were only detected in braided sand-

bed prairie streams, such as western tributaries of the upper Red River basin, Red River 

mainstem, and one eastern tributary (i.e., Mountain Creek).  Red River Shiners were not 

detected in the other eastern tributary streams, which consisted of entrenched banks and 

deeper, slower moving water.   

Similar associations with braided sand-bed prairie streams are noted for 

introduced populations of Red River Shiners in the Cimarron River basin of Oklahoma 

and Kansas (Marshall 1978; Luttrell et al 1995) and South Canadian River of Oklahoma 

(Matthews 1988) and for several other fishes, such as Prairie Chub Macrhybopsis 

australis (Ruppel et al, In review), Smalleye Shiner (Moss and Meyer 1993), Sharpnose 

Shiner Notropis oxyrinchus (Moss and Meyer 1993), Arkansas River Shiner N. girardi 

(Cross 1953; Gilbert 1980), and Plains Minnow Hybognathus placitus (Cross et al. 1985).   

Affinities of species for braided, sand-bed prairie streams are not well understood.  

Prairie streams are often considered extreme environments with wide fluctuations in 

salinity, flows, turbidity, and water temperatures (i.e., Matthews 1988; Dodds et al. 
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2004).  Extreme environments are thought to exclude and restrict many species from 

inhabiting braided, sand-bed rivers, thereby maintaining unique environments with lower 

competition and predation (Echelle et al. 1972; Gido et al. 1999), whereas prairie stream 

fishes, such as the Red River Shiner, have evolved tolerances to endure the extreme 

environments (Fausch and Bestgen 1997; Scudder 1989).  However, it is unknown how 

and why prairie stream fishes are excluded and restricted from streams that are not 

braided, sand-bed prairie streams.  Similar patterns of species being restricted to lower 

stream orders (i.e., upper reaches) of a drainage are reported (Craig et al. 2016).  

Temperature tolerances and temperature-mediated competition are thought to be primary 

mechanisms underlying segregation between coldwater forms (e.g., trout in upper 

reaches) and warmwater forms (e.g., cyprinids in lower reaches) in mountain to lowland 

river basins (Taniguchi et al. 1998; Quist et al. 2006), and temperature-mediate 

competition is thought to be a primary mechanism underlying segregation between 

stenothermal forms (e.g., spring-associated fishes in upper reaches) and eurythermal 

forms (e.g., riverine fishes in lower reaches) in karst spring to lowland rivers (Craig et al. 

2019).  However, temperature is an unlikely factor to explain why Red River Shiners are 

not found in non-prairie stream streams because of the lack of strong temperature 

gradients within drainages with prairie streams.  A factor with a strong upstream to 

downstream gradient in the Red River drainage is salinity (115 to 49,968 μS/cm, this 

study; 622 to 5,667 μS/cm, Hargrave and Taylor 2010).  Strong upstream to downstream 

gradients or areas of increased specific conductance exist in other Great Plains drainages 

(Canadian River, Pigg et al. 1999; Brazos River, Ostrand and Wilde 2002; Colorado 

River, Nance 2006), attributed to strata with salts deposited during the Permian age.  
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Similar to other headwater to lowland systems with segregation maintained by water 

temperature, salinity might also maintain segregation among the riverine fish 

communities, as suggested by Hargrave and Taylor (2010), and limit the distribution of 

Red River Shiner to other reaches of the drainage.   

Red River Shiner is an early maturing, short-lived species, producing multiple 

batches of eggs in late spring through the summer and consuming benthic invertebrates 

and other fishes.  Life history traits of Red River Shiner are consistent with opportunistic 

strategy, a strategy observed among many lineages of fishes and associated with widely 

fluctuating abiotic aquatic systems (Winemiller and Rose 2002).  Selection pressures for 

opportunistic strategists within arid and semi-arid streams include extended periods of 

low flows, at times reducing stream habitats to isolated pools (Matthews 1988; Ostrand 

and Wilde 2002; Durham and Wilde 2009), and extended periods of high flows.  During 

low flow periods, fishes avoid drying reaches by moving downstream towards more 

permanent water or remain in isolated pools (Ostrand and Wilde 2002) providing source 

populations when conditions become favorable (Lohr and Fausch 1997).  Small body 

sizes enable persistence in isolated pools, and early maturation and multiple batch 

spawning enable rapid recolonization of areas following the return of flows (Schlosser 

1987; Lohr and Fausch 1997).  During high flow periods, multiple batch spawning is 

thought to be a bet hedging strategy, ensuring that at least some propagules are released 

during elevated flows (Durham and Wilde 2009).  Progeny released during elevated 

flows are dispersed substantial distances downstream and are demonstrated to have 

higher survivability (Durham and Wilde 2009).   With these selection pressures, life 

history traits of Red River Shiner tend to be more similar to those of other fishes in arid 
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southwest and southern Great Plains region, such as Tamaulipas Shiner N. braytoni, 

Smalleye Shiner, Chihuahua Shiner N. chihuahua, and Arkansas River Shiner (Burr and 

Mayden 1981; Bonner 2000; Durham 2007; Heard 2008) than the life history traits of 

closely related species (i.e., Alburnops) found farther east in the Mississippi River 

drainage and southeastern USA.  Species found in the Mississippi River drainage and 

southeastern USA (e.g., River Shiner N. blennius, Silverside Shiner N. candidus, Fluvial 

Shiner N. edwardraneyi, and Coastal Shiner N. petersoni) have traits characteristic of an 

intermediate strategy (Winemiller and Rose 2002) with later maturation and longer life 

spans.   

As a basin endemic, Red River Shiner has low redundancy but would have higher 

redundancy estimates if introduced populations were considered.  This would be 

beneficial given that sustaining introduced populations can contribute to the long-term 

viability of a species (Osborne et al. 2013).  We did not assess future conditions of the 

Red River Shiner is this study but threats within the upper Red River basin are likely to 

be similar this geographic area include natural and anthropogenically influenced effects 

of climate change, groundwater pumping, stream fragmentation and channelization, and 

introduction of non-native species (USFWS 1998; 2014).  Currently, sodium chloride 

control management practices have been implemented to reduce specific conductance in 

order to provide better water quality for agricultural and municipal use among tributaries 

and mainstem reaches in the upper Red River (Wurbs 2002; USGS 2011). Considering 

that salinity might maintain segregation among the riverine fish communities in the 

braided sand-bed prairie streams (Hargrave and Taylor 2010), reducing specific 
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conductance levels could threaten the current fish community through displacement of 

less salinity tolerant species by removing the environmental filter. 

Red River Shiner is grouped with a reproductive guild of minnows (i.e., pelagic 

broadcast spawning) that define the prairie streams of North America and with 

populations declining throughout the Great Plains this exemplify the need to balance 

water demand needs and needs of the unique fish communities (Worthington et al. 2018).  

Currently, pelagic broadcast spawning minnows represent 3% of all fish species listed as 

threatened or endangered by the USFWS. Among the pelagic broadcast spawning 

minnows listed by Worthington et al. (2018), one is extinct, 25% are listed as threatened 

or endangered, and others are listed on various states SGCN lists.  As such, gathering 

basic life history and distribution information will provide a foundation for understanding 

how species are assembled in the natural environments and additionally will provide 

insight as to how anthropogenic effects can disrupt life cycles and sustainability of 

populations. Therefore, an intermediate step, quantification of a species redundancy, 

resiliency, and representation can identify those species that are more imperiled than 

others and enable prioritization of conservation actions.   
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Table 1.1. Percent volumes, occurrences, and relative abundances of food items in stomachs of 

Red River Shiners taken from February 2016 through January 2017. 

 

Food Items 
Volume 

(%) 
Occurrence 

(%) 
Relative 

Abundance (%) 
Plant    

    Algae 5 52  

Diatom < 0.1 7  

Aquatic plant  0.1 2  

Grass Seed 2 6 4 
Animal 79   

 Aquatic invertebrates    

 Crustacea  5 3 
 Copepoda  1 0.7 
 Isopoda  1 0.7 
 Daphnia  2 1 
 Trombidiformes    

 Hydrachnidia  0.8 0.5 
 Coleoptera    

 Dytiscidae  0.4 0.2 
 Hydrophilidae  1 0.7 
 Diptera     

 Chironomidae  26 17 
 Chironomidae eggs  0.4 0.2 
 Simulidae  0.4 0.2 
 Diptera pupa  0.4 0.2 
 Hemiptera  0.4 0.2 
 Neuroptera  0.4 0.2 
 Odonata  2 1 
 Gomphidae  3 2 
 Trichoptera  3 2 
 Hydropsychidae  0.4 0.2 
 Unidentifiable   23 15 
 Unidentifiable pupa  13 8 
 Invertebrate egg  5 3 
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Table 1.1. Continued. 
 

Food Items 
Volume 

(%) 
Occurrence 

(%) 
Relative 

Abundance (%) 
 Terrestrial invertebrates  13 9 
 Araneae  0.4 0.2 
 Cicadidae  1 0.7 
 Coleoptera  16 10 
 Scarabaeidae  0.4 0.2 
 Diptera  15 9 
 Ceratopogonidae  3 2 
 Hymenoptera  7 4 
 Apidae  0.4 0.2 
 Formicidae  3 2 
 Lepidoptera  0.8 0.5 
 Unidentifiable  13 9 
 Vertebrates    

 C. rubrofluvitalus  0.4 0.2 
 Scales  2 1 
 otolith  0.4 0.2 
Substrate    

Clay/Silt 13 63  

Sand 0.5 33  

Detritus 0.3 0.4  

Plastic < 0.1 0.4  
    

Total N 261   
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.  

Figure 1.1. Site locations (N = 36, black dot) and water bodies (N = 20) for longitudinal surveys within the 
upper Red River basin of Texas and Oklahoma, September 2015 through September 2016.  See Appendix 1 
for georeferenced site locations 
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Figure 1.2. Circles represent each mesohabitat (N = 400) along PC I and PC II gradients (top panel).  
Shaded circles represent the number of Red River Shiners taken from each mesohabitat (middle panel) or 
reaches with Red River Shiner occurrences (bottom panel) from the upper Red River drainage. 
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Figure 1.4. Mean ± 1 SD total lengths (black circles) for Age-0, Age-1, and Age-2 Red River Shiners taken 
monthly from February 2016 through January 2017.  White circles represent mean and ± 1 SE of total 
lengths taken from ≤ 3 individuals within an age group per month.  Dashed line indicates the transition into 
the next age class. 
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Figure 1.5. Mean (± 1 SE) monthly gonadosomatic index (GSI) for Red River Shiners taken from February 
2016 through January 2017 (top panel). Percent ovarian stages by month for immature (white), developing 
(light gray), mature (gray), and spent (dark gray) females (bottom panel). 
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Figure 1.6. Frequency of oocyte size distribution in mature ovaries of Red River Shiner taken from May 
2016 through September 2016. The dashed line indicates estimated size of late vitellogenic oocyte. 
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II. FACTORS ASSOCIATED WITH INSTREAM MOVEMENT OF PRAIRIE 
STREAM FISHES: A CASE STUDY USING MACRHYBOPSIS AUSTRALIS 

 

Abstract 

Pelagic broadcast spawning cyprinids are a mobile group of fishes commonly 

found within semi-arid areas of the Great Plains of North America.  Upstream 

movements of 50 to 200 km are reported for pelagic broadcast spawning cyprinids and 

associated with reproductive migration.  However, fish migrations are also associated 

with feeding and refuge purposes.  Goals of this study were to detect synchronous 

movements of a pelagic broadcast spawning cyprinid and relate movement to 

reproduction, feeding, and refuge.  We used Prairie Chub Macrhybopsis australis, an 

endemic species in the Red River basin of Texas and Oklahoma, as our model organism.  

Objectives were to quantify habitat associations, reproduction, feeding, age structure, and 

movement of Prairie Chubs.  Movement of Prairie Chubs was quantified by genetic 

differentiation by linear distances and temporal occurrences of breeding adults among 

multiple sites within two rivers.   We found that Prairie Chubs were benthic invertivores, 

lived up to 2 years, and were multiple batch spawners over a 5-month period between 

May through September.  Relationships between genetic differentiation and linear 

distances were not detected, suggesting a panmictic population.  Movement was only 

detected among sites in one river and asynchronous.  Movement was consistent with 

refuge migration, somewhat consistent with reproductive migration, and inconsistent with 

feeding migration.  Our findings support an emerging theory on the life-history cycle of 

pelagic broadcast spawning cyprinids (i.e., upstream movement not related to 
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reproduction, drift of propagules not necessary) and contrasts the more established theory 

of upstream movement to compensate for downstream drift of propagules (i.e., drift 

compensation theory).   

 

Introduction 

Within semi-arid Great Plains region of North America (Omernik and Griffith 

2014), fish communities are a result of historical species dispersion and isolation events 

with many species possessing or evolving an opportunistic life history strategy 

(Winemiller and Rose 1992) to persist in streams with variable flows and widely 

fluctuating turbidity, temperature, and specific conductance (Cross et al. 1986; Matthews 

1988).  A reproductive guild of fishes within the opportunistic life history strategy is the 

pelagic broadcast spawning cyprinids (Johnson 1999).  Pelagic broadcast spawning 

cyprinids commonly inhabit Great Plains streams and are of an increasing conservation 

concern (Worthington et al. 2017).  A key component of the conservation concern is 

fragmentation of river reaches by dams and the associated effects on pelagic broadcast 

spawning cyprinid life cycles, which includes large-scale (i.e., 50 to 200 km) upstream 

movements (Bestgen et al. 2010; Perkin and Gido 2011; Wilde 2016; Worthington et al. 

2017).   Upstream movement is supported by length frequency assessments and 

reproductive condition (Bonner 2000), catch rates and reproductive condition (Walters et 

al. 2014), visible implant elastomer tags (Wilde 2016), otolith microchemistry (Chase et 

al. 2015), and genetic assessments (Alò and Turner 2005). The purpose of large-scale 

upstream movements is presumed to be reproduction migration (Worthington et al. 

2017).  
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Migration is defined as “synchronized movements by species that are large 

relative to the average home range of that species and which occur at a specific stage of 

the life cycle” (Lucas and Bara 2001) with three recognized purposes: 1) reproduction, 2) 

feeding, and 3) refuge (Northcote 1978, 1984).  Reproductive migration is movement to 

complete a spawning cycle (Lucas and Bara 2001) in which individuals begin moving to 

spawning grounds prior to the onset of the spawning event (Irving and Modde 2000; 

Fredrich et al. 2003). Feeding migration is movement for resource acquisition and 

includes horizontal movement into floodplains and other areas to access newly available 

resources (Lucas and Bara 2001) and higher quality food (L’Abee-Lund and Vøllestad 

1987). Refuge migration is movement from unfavorable abiotic conditions to more 

favorable abiotic conditions to enhance survival, conservation of energy, growth, and 

reproductive output (Lucas and Bara 2001).  Movement is related to physiological 

preferences and tolerances of fishes (Edwards 1977) or leaving an area before complete 

drying of a stream reach (Cambray 1990).  Identifying and quantifying the underlying 

purpose (i.e., reproductive, feeding, refuge) of observed upstream movements can 

provide greater insight into the basic behaviors of pelagic broadcast spawning cyprinids 

and facilitate management and threat assessments of Great Plains fishes.  

One endemic Great Plains pelagic broadcasting spawning cyprinid, the Prairie 

Chub Macrhybopsis australis, is only found in upper Red River drainage of Texas and 

Oklahoma and likely migrates similar to other Macrhybopsis (Wilde 2016) within the 

“Speckled Chub” complex (Eisenhour 2004).  Conservation status of the Prairie Chub is 

G2G3 (G2 = imperiled; G3 = vulnerable) by NatureServe (NatureServe 2018), vulnerable 

by the 2008 American Fisheries Endangered Species Committee (Jelks et al. 2008), and 
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species of greatest conservation need by Texas Parks and Wildlife Department (TPWD 

2012) and Oklahoma Department of Wildlife Conservation (ODWC 2005). Life history 

information for the Prairie Chub (i.e., reproductive season and effort, age class structure, 

and diet) is lacking, and information is limited on distribution, abundance, and habitat 

associations (Taylor et al. 1996; Wilde et al. 1996; Eisenhour 2004).  Life history 

information, current distributions, and habitat associations are necessary to assess the 

purpose of migration in the Prairie Chub.  

Goals of this study were to detect synchronous movement of Prairie Chub at 

specific life stages and relate the movement to purposes associated with migration (i.e., 

reproduction, feeding, and refuge).  Goals were addressed by four primary objectives.  

The first objective was to update current distribution, abundance, and habitat associations 

of Prairie Chubs within its historical range in Texas and the Red River of Oklahoma.  

This objective was necessary in order to quantify breadth in Prairie Chub habitat 

associations used to assess refuge migration and to identify river reaches with sufficient 

population sizes to sustain collections for population genetic, reproduction, diet, and age 

assessments.  The second objective was to assess genetic isolation by distance among a 

subset of the river reaches and determine if the Prairie Chub population was panmictic or 

not (i.e., support for movement among sites or not).  The third objective was to quantify 

monthly age class structure, reproductive pattern, and diet of Prairie Chubs at three, 

unimpeded sites on one river (i.e., Pease River) and two, unimpeded sites on another river 

(i.e., Wichita River).  The fourth objective was to relate monthly changes in Prairie Chub 

occurrences and age structure at each site (i.e., synchronized movement by specific age 

groups) to reproductive status (i.e., gonadosomatic index, ovarian condition), feeding 
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(i.e., gut fullness, diet items and abundance), and habitat conditions.  Based on previous 

literature, expectations were that Prairie Chubs would have a similar life history and 

habitat associations to other species within the Macrhybopsis “Speckled Chub” complex, 

specifically, Prairie Chubs will primarily consume benthic invertebrates, have a short life 

span, produce multiple clutches for three to five months based on latitude (Gotelli and 

Pyron 1991), and will be associated run and riffle habitats (Bonner 2000; Williams 2010; 

Perkin et al. 2013). We expected for the populations to be panmictic and genetic 

differences would not be related to linear geographic distances among sites similar to 

other prairie stream minnows (Alò and Turner 2005). Migrations of Prairie Chubs 

correspond with one or more of the purposes of migration: reproductive migration--

movement during gonadal recrudescence but before egg release (Tyus 1990; Fredrich et 

al. 2003); feeding migration--movement into areas with greater food quality or quantity 

(L’Abee-Lund and Vøllestad 1987); or refuge migration--movement for physiological 

preference or intermittent drying (Edwards 1977; Cambray 1990). 

 

Methods 

Field Collections 

Two longitudinal surveys, once during the non-reproductive season and once 

during the reproductive season, were conducted at 36 sites among 20 water bodies 

encompassing 730 river km (rkm) within the upper Red River drainage between 

September 2015 and September 2016 (Figure 2.1; Appendix 2.1).  At each site, habitats 

(i.e., riffle, run, pool, backwater, and eddy) were delineated and sampled in proportion to 

their availability.  Habitats were exhaustively sampled with single to multiple seine hauls, 
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using a standard seine (3 m x 1.8 m, mesh size = 3.2 mm) or bag seine (5 m x 1.8 m, 

mesh size = 3.2 mm).  Length and width of area sampled were measured.  Substrate (i.e., 

clay, silt, sand, gravel, cobble, boulder, and bedrock), woody debris, detritus, and aquatic 

vegetation were visually or tactilely estimated and represented as a percent coverage of 

the total habitat area.  Mean water depth (m) and current velocities (m/s) were estimated 

from three to five-point estimates within a representative cross section of the habitat.  

Water temperature (°C) dissolved oxygen (mg/L), pH, and specific conductance (µS/cm) 

were measured at each site with a YSI 556 multi-probe sonde.  Prairie Chubs were taken 

as available for genetic analysis, anesthetized in a lethal dose of tricane methanesulfonate 

(MS222), and preserved in 95% ethanol.  

Five sites were selected for monthly collections of Prairie Chubs between 

February 2016 and January 2017 from three sites on the Pease River (i.e., FM 104, Hwy 

6, Hwy 283) and two sites on the North Wichita-Wichita River (i.e., Hwy 6 and FM 

1919).  Sites on the Pease River and sites on the North Wichita-Wichita River were 

located within continuous river reaches but the two tributaries were separated by two 

reservoirs, Lake Kemp and Lake Diversion.  On the Pease River, the upper site (i.e., FM 

104) was located about 60 rkm upstream from middle site (i.e., Hwy 6), and the middle 

site was located about 60 rkm upstream from the lower site (i.e., Hwy 283).  On the 

North Wichita-Wichita River, the upper site (i.e., Hwy 6) was located about 90 rkm 

upstream from the lower site (i.e., FM 1919). At each site and date, a minimum of 10 

seine hauls were made to capture 10 Prairie Chubs (≥ 35 mm in total length; minimum 

length for sexual maturity in congeneric Peppered Chub M. tetranema, Bonner 2000).  

Total lengths (nearest mm) were measured on all Prairie Chubs and used for length 
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frequency assessment.  Up to 10 Prairie Chubs were retained for life history assessment, 

anesthetized with a lethal dose of MS222, and fixed in 10% formalin.   

 

Laboratory Techniques 

Genetics 

Genomic DNA was extracted from fin clips in 96-well format using Qiagen 

DNeasy blood and tissue extraction kits. For each individual, a reduced-complexity 

genomic library was prepared for genotyping by sequencing protocols modified from 

Meyer and Kircher (2010), Gompert et al. (2012), Parchman et al. (2012), Mandeville et 

al. (2015), and described in detail in Sotola et al (2019). DNA was digested using the 

enzymes EcoRI and MseI and the resulting fragments were labeled with 8-10 base pair 

barcodes. Two rounds of polymerase chain reaction (PCR) were performed on these 

restriction-ligation products using Illumina primers, and all samples were pooled into a 

single library and sent to the University of Texas Genomic Sequencing and Analysis 

Facility (Austin, TX, USA). After size selection between 300 and 400 base pairs, the 

library was sequenced on an Illumina HiSeq 4000 SR 150 platform.  

After sequencing, PhiX contaminants, Mse1 adapters and barcodes were removed 

(Sotola et al. 2019, and a de novo assembly was performed using dDocent (Puritz et al. 

2014). Unique reads were identified for each individual and those with fewer than four 

copies and shared by fewer than four individuals were removed from the dataset. The 

scaffolds obtained from this de novo assembly formed the basis of a subsequent 

reference-based assembly in which all sequenced reads were added (Li et al. 2009; Sotola 

et al. 2019). Variable sites (Single Nucleotide Polymorphisms - SNPs) were identified 
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and the Bayesian posterior probabilities that individual SNPs were variable were 

calculated (Li et al. 2009). For contigs containing more than one SNP, a single SNP was 

randomly chosen for subsequent analyses. SNP genotypes were not “called,” but rather 

likelihood estimates were calculated for each SNP across all individuals and used to 

determine population allele frequencies. SNPs with minor allele frequency of < 0.05 were 

excluded from the dataset. In all, genotype likelihood data were obtained for a total of 

32,122 SNPs.  

 

Reproduction  

Up to five females fixed in formalin were randomly selected, measured to the 

nearest mm, and weighed to the nearest mg for each site and month.  An incision was 

made from the urogenital opening to isthmus.  The esophagus was severed, and the 

stomach, intestine, and ovaries were removed.  Ovaries were weighed, and 

gonadosomatic index (GSI; [mass of ovaries / mass of fish] x 100) was calculated for 

each fish.  Ovaries were macroscopically categorized as 1) immature or resting ovaries 

with small, translucent oocytes; 2) developing ovaries with small (< 0.2 mm in diameter), 

translucent oocytes and small (< 0.5 mm) opaque oocytes indicating early stages of yolk 

deposition; 3) mature ovaries with small translucent oocytes, small opaque oocytes, and 

large (> 0.5 mm in diameter) vitellogenic oocytes; and 4) spent ovaries with small 

translucent oocytes and a few large vitellogenic oocytes (Williams and Bonner 2006).  

The left ovary of up to three females with mature ovaries were selected, and individual 

oocytes were separated by teasing oocyte mass apart and redistributed in a petri dish with 

a gentle swirl.  
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Diameters were measured for oocytes > 0.2 mm to the nearest 0.01 mm for the 

first 100 oocytes encountered in multiple fields of view with dissection microscope fitted 

with an ocular micrometer.  Oocyte diameters were plotted by percent frequency of 

occurrence to estimate modalities of clutch production (i.e., single spawning or multiple 

batch spawning).  

 

Diets  

With the use of a dissecting scope, the stomach was separated from the intestine 

at the pyloric sphincter muscle.  The stomach wall was cut longitudinally from the 

sphincter muscle to the esophagus, carefully exposing the gut contents.  Stomach fullness 

(i.e., proportion of stomach filled by contents) was determined by two independent 

observers, assigning a number from 0 (empty) to 100 (full) in increments of 10.  Stomach 

contents were sorted and identified.  Percent volume was defined as the volume of algae, 

animal materials, substrates, and plastics comprising the total volume of stomach 

fullness.  Percent occurrence was defined as the number of fish with a food item 

identified to the lowest practical taxonomic level.  Animal materials were counted per 

lowest practical taxonomic level, and relative abundance was calculated for each item.  

 

Data Analysis  

Habitat Associations  

Principal component analysis (PCA; SAS Institute, Cary, NC) was used to 

calculate linear combinations of habitat parameters and to assess variability among 

habitats.  Qualitative parameters (e.g., habitat types) were denoted as dummy variables, 
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whereas quantitative parameters (e.g., percent substrate and current velocity) were z-

transformed (Krebs 1999).  Resulting PCA loadings of axes I and II were plotted to 

express similarities and differences among habitats.  Loadings were averaged for habitats 

within a water body. Habitat associations were assessed from the PCA model developed 

for the longitudinal survey of upper Red River.  Habitat PC axes I and II scores with 

Prairie Chub occurrences were compared to habitat PC scores without Prairie Chub 

occurrences using t-tests (α = 0.05).  Numbers of Prairie Chubs were log10 (N+1) 

transformed and regressed with habitat PC axes I and II scores (i.e., independent 

variables) to assess relationship between abundance and habitat gradients with linear 

regression.  We additionally tested Prairie Chubs distributions among habitat types (i.e., 

run, riffle, pool, backwater) with Chi-Square test and tested habitat variables with 

Kolmogorov-Smirnoff (KS) test among depth, current velocity, and specific conductance 

gradients, because these variables were identified as factors associated with fish 

distributions within upper Red River drainage (Ruppel et al. 2017).   

 

Genetics  

A total of 32,122 SNPs were generated. Genetic differentiation, Nei’s GST (Nei 

1987), was calculated using Program R (R Core Team 2017) with allele frequencies, 

which were calculated from the mean genotype posterior probabilities from Entropy 

(Gompert et al. 2014; Mandeville et al. 2015, Sotola et al. 2018). Bayesian linear 

regressions were used to determine the degree to which linearized pairwise genetic 

distances (GST/(1-GST)) could be explained by pairwise geographic distance (measured 

as the rkm difference between two sites). Geographic distances were scaled and centered 
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prior to analysis. Program R and the RJAGS package were used to run MCMC models 

using the JAGS language (Plummer 2003). Because the Prairie Chub is hybridizing with 

the Shoal Chub M. hyostoma (Sotola et al. 2019), only sites and individuals with > 95% 

assignment probability to Prairie Chub clusters in Entropy were used (Gompert et al. 

2014; Mandeville et al. 2015; Sotola et al. 2019). This included individuals from the 

Pease River, Wichita River, and upper Red River. Two separate linear regression models 

were assessed.  The first regression model used pairwise linear genetic differentiation 

estimates taken from sites not separated by impoundments.  The model consisted of 15 

pairwise estimates among six, unimpeded sites on the Pease River and upper Red River, 

and one pairwise estimate between the two Wichita River sites separated from all other 

sites by an impoundment as the dependent variable.  The second regression model used 

pairwise linear genetic differentiation estimates taken from all sites.  The model consisted 

of 28 pairwise estimates including 12 pairwise estimates between sites separated by 

impoundments as the dependent variable.  In total for each regression, four independent 

chains each were ran with 1,000 iterations, a 500 iteration burn-in and a thinning interval 

of 10. We specified vague Gaussian priors on the standardized scale for the regression 

coefficients (µ = 0, σ2 = 0.01). Significance was assessed via the 95% confidence 

intervals of the slope estimate; if they overlapped zero it was considered a non-significant 

slope (slope estimate did no differ from zero) estimate. Chains were checked for 

convergence using diagnostic plots and Gelman and Rubin’s scale reduction factor to 

verify adequate chain mixing was calculated (value between 1 and 1.1 was acceptable; 

Gelman and Rubin 1992; Plummer et al. 2006). 
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Age classes 

Length frequency histograms were constructed from monthly collections using 2-

mm bin increments combined across sites to assess number of age groups and life span.  

Modal progression analysis (Bhattacharya’s Method; Fish Stock Assessment Tools II; 

FiSAT II) was used to estimate the number of age groups and their sizes monthly 

between February 2016 and January 2017.  Birth date follows conventional standard of 

January 1 (Jearld 1983). Age-0 fish were spawned in 2016, age-1 fish were spawned in 

2015, and age-2 fish were spawned in 2014.   

 

Results 

Habitat associations — longitudinal surveys 

Prairie Chubs (N = 486) were taken from 51 (13%) of 400 habitats, 16 (44%) of 

36 sites, and six (30%) of 20 water bodies sampled within the upper Red River basin. 

Relative abundance of Prairie Chubs among all habitats, sites, and water bodies was 1.3% 

and ranged between 0.1% and 9.6% among sites where they occurred.  Density of Prairie 

Chubs among all habitats, sites, and water bodies was 0.009 fish/m2 and ranged between 

<0.01 fish/m2 and 0.28 fish/m2 among sites where they occurred. Habitats (N = 400) 

consisted primarily of runs (70%) and pools (12%).  Habitats were generally shallow 

(mean depth ± 1 SE:  0.3 m ± 0.01) with moderate current velocities (0.21 m/s ± 0.009) 

and predominantly sand (57%), silt (30%), and gravel (9%) substrates. Mean woody 

debris, detritus, and aquatic vegetation ranged from 0.7% (± 0.14) to 1.1% (± 0.22).  

Water temperatures ranged between 5°C and 37°C, dissolved oxygen ranged between 2.6 

to 15 mg/l, and pH ranged between 6.9 and 8.9.  Specific conductance ranged between 
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115 and 49,968 μS/cm with greater specific conductance observed in the western water 

bodies and lower specific conductance observed in eastern water bodies.   

Principal component axes I and II explained 24% of the total variation among 400 

habitats sampled. Axis I explained 13% of the total variation and represented habitat type 

and substrate gradient.  Strongest loadings for PC axis I were pool (0.33), silt (0.30), run 

(-0.46), and sand (-0.45) (Figure 2.2A). PC Axis II explained 11% of the variation and 

represented a habitat type, substrate, and current velocity gradient. Strongest loadings for 

PC axis II were riffle (0.42), gravel (0.40), current velocity (0.39), and silt (-0.37).  

Prairie Chub occurrences were not associated with PC axis I (t-test; t 0.05 (2), 398 = 0.42, 

P = 0.67) or PC axis II (t 0.05 (2), 398 = 0.37, P = 0.67).  Likewise, Prairie Chub 

abundances were not associated with PC axis I (linear regression; F 1,398 = 0.14, P = 

0.71) or PC axis II (F 1,398 = 0.13, P = 0.72) (Figure 2.2B).  Six water bodies with 

Prairie Chubs did not differ among 14 water bodies without Prairie Chubs for PC axis I 

(t-test; t 0.05 (2), 398 = 1.80, P = 0.07) but differed for PC axis II (t-test; t 0.05 (2), 398 = 

3.25, P < 0.01) (Figure 2.2C).  Water bodies with Prairie Chubs generally consisted of 

swifter waters within braided, sand-bed prairie streams of the Red River and western 

tributaries, whereas water bodies without Prairie Chubs consisted of slow-moving pools 

with silt substrates within the entrenched eastern tributaries of the upper Red River 

drainage.  However, Prairie Chubs were not taken from several braided, sand-bed prairie 

streams (i.e., negative water body averages on PC axis I), such as Prairie Dog Town Fork, 

Salt Fork Red River, North Fork Red River, Adams Creek, or Cottonwood Creek. 

Habitats with Prairie Chubs differed from expected in habitat type, current 

velocity, depth, and specific conductance.  Prairie Chubs were taken more often in run 
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(76%) and riffle (10%) habitats than available (70% runs, 9% riffles) and less often in 

pool (8%) and backwater (6%) habitats than available (12% pools, 9% backwater; Chi-

square, X2 = 16.8, P < 0.01).  Prairie Chub occurrences among current velocities ranged 

between 0 and 0.6 m/s with 66% of Prairie Chubs captured between 0 and 0.2 m/s.  Use 

of current velocities did not differ from expected for Prairie Chub occurrences (KS = 

0.12, P > 0.05), but differed for abundances (KS = 0.24, P < 0.01) (Figure 2.3).  Prairie 

Chub occurrences among water depths ranged between 0.04 and 1.2 m with 88% of 

Prairie Chubs captured between 0.1 and 0.4 m.  Use of shallow water depths differed 

from expected for Prairie Chub occurrences (KS = 0.22, P < 0.05) and abundances (KS = 

0.20, P < 0.01).  Prairie Chub occurrences among specific conductance ranged between 

2,215 and 26,408 µS/cm with 77% of Prairie Chubs captured between 10,000 and 20,000 

µS/cm.  Use of moderately high specific conductance differed from expected for Prairie 

Chub occurrences (KS = 0.19, P < 0.05) and abundances (KS = 0.28, P < 0.01). 

 

Genetics — longitudinal surveys 

A total of 166 individuals from eight sites were used in the genetic analysis. 

Linear relationship was not detected (Npairwise comparisons = 16, slope:  0.015, 95% 

CI: -0.006 – 0.036; Figure 2.4A) between pairwise linear genetic differentiation (GST) 

and river distance (rkm) among sites not separate by an impoundment.  Likewise, linear 

relationship was not detected (Npairwise comparisons = 28, slope:  0.002, 95% CI: -

0.004 – 0.007; Figure 2.4B) between pairwise linear genetic differentiation (GST) and 

river distance (rkm) among all sites, including sites separated from another by an 

impoundment.   
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Reproduction, diet, and age— Pease and North Wichita-Wichita rivers 

A total of 193 female Prairie Chubs were taken for reproductive assessments from 

Pease River (N = 87) and North Wichita-Wichita River (N = 106).  Mean monthly GSIs 

were <2% from October through February, corresponding with females having immature 

or resting ovaries (N = 80 females; 39 – 63 mm in TL; Figure 2.5).  Mean monthly GSIs 

were >2% from March through September, corresponding with females having 

developing ovaries between March and September (N = 27 females; 37 – 62 mm in TL) 

and with females having mature ovaries between May and September (N = 64 females; 

38 – 66 mm in TL).  Individual GSIs ranged between 0.9 to 8.8% for females with 

developing ovaries and ranged between 6.0% to 23% for females with mature ovaries.  

Oocyte diameters ranged from 0.3 mm to 1.2 mm in females with mature ovaries taken 

monthly from May through September (Figure 2.6).  Non-vitellogenic and early 

vitellogenic oocytes occurred continuously among mature ovaries from May through 

September.  

A total of 197 male and female Prairie Chubs were taken for gut content 

assessments from the Pease River (N = 89) and North Wichita-Wichita River (N = 108).  

Gut content by volume consisted primarily of animal materials (99%; Table 2.1).  Mean 

(± 1 SD) monthly gut fullness ranged from 4.6% (± 7.6) in November 2016 to 65% (± 

41.1) in May 2016.  Frequency of empty stomachs was 4.5%. The most frequently 

occurring items were Chironomidae (88% occurrence), sand (37%), clay or silt (14%), 

and unknown Diptera pupa (11%).  Chironomidae occurred in Prairie Chubs stomachs 

year-round with monthly occurrences ranging from 70% in December 2016 to 100% in 
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July 2016.  Among animal material, Chironomidae was the most abundant food item 

(95%) followed by unknown Diptera pupa (2%).  Other aquatic invertebrate taxa were 

consumed but at low (≤ 0.1%) relative abundance.  Likewise, terrestrial invertebrates and 

parts of vertebrates (i.e., fish scales and gills) were consumed but at low relative 

abundances.     

Length measurements were taken from 1,295 Prairie Chubs (N = 569 from Pease 

River, N = 726 from North Wichita-Wichita River).  Prairie Chubs consisted of three, 

estimated age classes:  Age 0, Age 1, and Age 2 (Figure 2.7).  Age-2 fish represented 

11% of the adult population, were taken February through August 2016, and reached a 

maximum total length of 67 mm.  Age-1 fish represented 89% of the adult population and 

were taken year-round.  Age-0 fish were taken July through December 2016 and reached 

a mean total length of 40 mm (± 4).   

 

Age group distributions among sites — Pease and North Wichita-Wichita rivers 

Fish of sexually mature age (i.e., age 1 and age 2 adults) were less homogenously 

distributed among sites on the Pease River from March 2016 through January 2017 and 

more homogenously distributed between sites on the North Wichita-Wichita River from 

February 2016 through January 2017.  Within the upper site (i.e., FM 104) of the Pease 

River, adult fish were present only June through August and in January (Figure 2.8).  

Within the middle (i.e. Hwy 6) site, adult fish were present every month, except in June.  

Within the lower site (i.e., Hwy 283), adult fish were present March through May and 

October through January.  Age-0 fish were first detected in July and found at all sites 

from August through December, except at the upper site from October through 
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December.  Within the upper site (i.e., Hwy 6) of the North Wichita-Wichita River, adult 

fish were present every month except in October (Figure 2.9).  Within the lower site (i.e., 

FM 1919), adult fish were present every month, except in June.  Age-0 fish were first 

detected in July and found consistently at both sites from August through December.   

Heterogeneity in adult fish occurrences by site and month within the Pease River 

corresponded consistently more with a water quality (i.e., specific conductance) than with 

reproductive effort or with feeding.  Adult fish were not detected at the upper Pease River 

site during or soon after periods of elevated specific conductance (>26,408 µS/cm, 

maximum levels for Prairie Chub observed in this study). Specific conductance decreased 

following elevated flows from precipitation events, April through June.  With lower 

specific conductance in May and June, adult fish were observed at the upper site and not 

at the middle or lower sites.  As specific conductance increased >26,408 µS/cm, adult or 

age-0 fish were no longer present at the upper site.  Occurrences of adult fish at the upper 

site June through September corresponded with reproductive season (March – 

September) and spawning season (May – September), but after reproductive and 

spawning seasons were underway.  Occurrences of adult fish in January did not 

correspond with the reproductive season.  Occurrences of adult fishes at the upper site 

were not related to food quality or availability, given that mean (±SD) gut fullness was 

15% (± 10) and the dominant diet item of adult Prairie Chubs at the upper site was 

Chironomidae (97%) and only consumed three food items.  Gut fullness, dominant food 

items, and number of food items consumed was not noticeably different at the middle site 

(19% (± 27); Chironomidae, 95%; three food items) and lower site (11% (± 28); 

Chironomidae, 99%; two food items).   
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Discussion 

Life history and habitat associations of the Prairie Chub were similar to those 

reported for other congenera within the Macrhybopsis “Speckled Chub” complex 

(Eisenhour 1997; Bonner 2000; Heard 2008; Perkin et al. 2013, Wilde 2016), such as a 

benthic invertivore (i.e., primarily chironomids), short-lived (i.e., up to age 2), multiple 

batch spawner over a 5-month period, inhabit run and riffle mesohabitats with sand to 

gravel substrates, and mobile (i.e., moving ≤ 60 km). Genetic differentiation was not 

related to linear geographic distances among sites, similar to findings for the Rio Grande 

Silvery Minnow Hybognathus amarus (Alò and Turner 2005).  Patterns in age group 

distributions indicated movement within the Pease River but not in the North Wichita-

Wichita River and were consistent with prediction of refuge migration, somewhat 

consistent with prediction of reproductive migration, and inconsistent with prediction of 

feeding migration.   

Prairie Chubs were not homogeneously distributed among available habitats or 

among drainages of the upper Red River.  Prairie Chubs were detected in runs and riffles 

of braided, sand-bed prairie streams comprised of shallower depths, moderate current 

velocities, sand and silt substrates, and specific conductance < 26,408 µS/cm in the 

western extent of the study area and were not detected in more entrenched, slow-moving, 

and relatively deep tributaries in the eastern extent of the study area.  Absence from 

entrenched slow-moving deep tributaries in the eastern extent of the study area could be 

linked to habitat specialization for braided sand-bed streams (Kehmeier et al. 2007) or 

driven by competition and predation (Echelle et al. 1972; Gido et al. 1999). Prairie Chubs 

were not detected in five braided, sand-bed prairie streams in the western extent of the 
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drainage (i.e., North Fork, Prairie Dog Town Fork, Salt Fork of the Red River, Adams 

Creek, Cottonwood Creek).  Extirpation of Prairie Chubs in the North Fork were reported 

previously, attributed to predation and reproductive failures related to construction of 

Lake Altus (Winston et al. 1990).  In Prairie Dog Town Fork, Prairie Chubs have been 

inconsistently reported since the 1920s (Wilde 1996; Hendrickson and Cohen 2015), and 

we attribute this lack of detection in this study to specific conductance >40,000 µS/cm 

during the time of our surveys.  In the Salt Fork of the Red River, specific conductance 

was 3,350 µS/cm during time of our surveys, but Prairie Chubs were not detected.  Last 

record of Prairie Chubs in Salt Fork was in 1999 (Hendrickson and Cohen 2015). Lack of 

detection in Adams and Cottonwood creeks is speculative, but both systems are small 

sand-bed streams, prone to drying into isolated pools, and therefore likely ephemeral. 

Significant relationships between pairwise GST and geographic distances were 

not detected among sampling sites, regardless of whether or not they were separated by 

impoundments.  This lack of a significant relationship among the sites not separated by 

impoundments suggests that Prairie Chubs in the upper Red River basin are acting as one 

panmictic population (Wright 1943; Hutchison and Templeton 1999), which is consistent 

with the reported large-scale movement of prairie stream fishes. Lack of relationship 

among sites separated by impoundments since the 1920s (i.e., North Wichita-Wichita 

River) suggests that gene flow has continued between the North Wichita-Wichita River 

and the remaining Prairie Chub population of the upper Red River, which is unlikely 

given the height (i.e., 16 m for Lake Diversion Dam, 35 m for Lake Kemp Dam) and 

breadth (2.1 km for Lake Diversion Dam, 2.7 km for Lake Kemp Dam) of the instream 

dams.  Alternatively, North Wichita-Wichita River population could be sufficiently large 
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to maintain their standing genetic variation, and therefore unaffected by genetic drift 

(Denier et al. 2007; Blanchet et al. 2010; Osborne et al. 2012; Gido et al. 2015).  A large 

population size is supported by our surveys in the North Wichita-Wichita River (Prairie 

Chub densities:  0.08 – 0.28 fish/m2) in comparison to other sites with Prairie Chubs 

(<0.01 – 0.05 fish/m2). Therefore, genetic differentiation (this study) and genetic 

diversity (Sotola et al. 2019) of the North Wichita-Wichita River Prairie Chub population 

could be sufficiently robust to reduce the effects of genetic drift.  Dams are associated 

with reduced genetic diversity and increased genetic differentiation between upstream 

and downstream fish populations (Hudman and Gido 2013; Gouskov et al. 2016; Sotola 

et al. 2017) in less than a decade (Yamamoto et al. 2004).  Yet, our findings and 

interpretations are consistent with the lack of genetic differentiation and similar genetic 

diversity detected among pelagic broadcast spawning cyprinids separated by fragmented 

river reaches > 50 years, including genetic comparisons of Red Shiners Cyprinella 

lutrensis and Plains Minnows Hybognathus placitus taken from the same reaches as in 

our comparisons (Osborne et al. 2014).   

We attributed heterogeneity in age-1 and age-2 fish among Pease River sites to 

upstream movement up to 60 km. If spatial patterns were wholly or partially attributed to 

fish movement in the Pease River, movement of age-1, age-2, and potentially age-0 fish, 

occurred within a period of a month, during reproductive and non-reproductive seasons, 

while having similar gut fullness and consuming similar food items as previous months, 

and once specific conductance at the upper site was < 26,408 µS/cm.  Adult riverine 

fishes, including broadcast spawning cyprinids, are reported to move upstream 30 to 200 

km, including congener Peppered Chub moving at least 50 km (Wilde 2016), during the 
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reproductive season (Fredrich et al. 2003; Walters et al. 2014) or over a period of a year 

(Wilde 2016).  Age-0 broadcast spawning cyprinids are also reported to move upstream > 

50 km during the summer (e.g., Speckled Chubs M. aestivalis, Archdeacon et al. 2018) or 

during the fall (e.g., Pecos Bluntnose Minnows Notropis simus pecosensis; Chase et al. 

2015), which could explain age-0 Prairie Chub summer occurrences within the upper 

reach of the Pease River.  Alternatively, summer occurrences of age-0 Prairie Chub could 

be attributed to age-0 fish remaining in the upstream reaches after egg release and by 

resisting downstream drift (Hoagstrom and Turner 2013; Hoagstrom 2014).  Without 

notable changes in diets among adult fish during the period of perceived movement, 

movement was not consistent with feeding migration.  Upstream movement, in part, was 

consistent with reproductive migration as age-1 and age-2 fish moved upstream during 

spawning season, but also inconsistent with reproductive migration since one age-1 fish 

in January was taken at the upper Pease River site.  Upstream movement was most 

consistent with refuge migration or something similar to refuge migration, with all age 

groups observed at the upper Pease River site during months where specific conductance 

was within their presumed tolerance (< 26,408 µS/cm).    

We tested for three purposes of migration but did not strongly support evidence 

for migration based on our assessment. Based on the patterns of movement reported in 

this study and from other studies using broadcast spawning cyprinids, we suspect that 

movement of broadcast spawning cyprinids might be attributed to dispersal rather than 

migration, which has been noted and discussed previously (Hawkes 2009; Archdeacon et 

al. 2018).  Migration is a synchronized movement among all or most individuals, 

extending upstream or downstream of the average home range, and at a specific stage of 
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the life cycle (Lucas and Bara 2001; Hawkes 2009).  Dispersion can be defined as “any 

movement of individuals or propagules with potential consequences for gene flow across 

space” (Ronce 2007) but often generalized and not well-defined because dispersing 

organisms show a gradient of movement behaviors (Hawkes 2009).  In this study, Prairie 

Chub movement was not synchronized (age-1 and age-2 fish remained in the lower two 

sites on the Pease River; movement was not detected in the North Wichita-Wichita 

River), and movement occurred among all age groups within and outside of reproductive 

season.   In other studies, populations of Flathead Chubs Platygobio gracilis in Fountain 

Creek of the Arkansas River drainage only exhibited 18% of individuals moved either 

upstream or downstream during the reproductive season while 82% remained within 1 

km of the release site (Walters et al. 2014). Likewise, movement of Arkansas River 

Shiners N. girardi (24% remained near release site) and Plains Minnow (64% remained 

near release site) in the Canadian River of Texas and New Mexico showed similar 

turnover rates (i.e., percentage of fish moving from an area; Schrank and Rahel 2006) 

during a period of a year (Wilde 2016).  Defining broadcast spawning cyprinid movement 

as a presumed reproductive migration (Worthington et al. 2017) or dispersion 

(Archdeacon et al. 2018) is of less importance, although not trivial, than underlying 

mechanisms of the movement.  Our study results indicate that Prairie Chub upstream 

movement was more consistent with periods of lower specific conductance (i.e., move 

downstream when specific conductance exceeded tolerance or optimum conditions and 

returning when conditions were favorable, similar to refuge migration; Lucas and Bara 

2001) rather than periods of reproduction.  
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The life-history cycle of broadcast spawning cyprinids, specifically upstream 

movement of fishes to compensate for larval drift downstream (drift compensation 

theory; Fredrich et al. 2003), is explicably linked to the declines of pelagic broadcast 

spawning cyprinids related to river fragmentation that disrupt part or all of the life-history 

cycle (Dudley and Platania 2007; Perkin and Gido 2011; Wilde and Urbanczyk 2013).  

Fitness aspects of upstream movement and propagule drift is debated (Hoagstrom 2014; 

Wilde and Urbanczyk 2014), and along with findings of our work, identifies an 

alternative mechanism for upstream movement in addition to presumed reproductive 

migration (Worthington et al. 2017).  As such, we provide two contrasting narratives on 

the life-history cycle of broadcast spawning cyprinids:  1) upstream movement and 

downstream drift are necessary in which, fragmented rivers disrupt this cycle Perkin and 

Gido 2011; Wilde and Urbanczyk 2014, 2) upstream movement is a consequence of 

movement towards suitable abiotic conditions (suggested by this study) and downstream 

drift is not necessary to maintain viable upstream populations (i.e., a sink in source-sink 

dynamics; Pulliam 1988; Hoagstrom 2014).  At this time, we do not promote one 

narrative over the other given the results of this study.  Instead, we use the results of this 

study and the perspectives of Hoagstrom (2014) to support the consideration of two 

contrasting narratives when contemplating processes that might explain the various 

patterns observed in broadcasting spawning cyprinids life histories, such as movement by 

age-0 fish (Chase et al. 2015; Archdeacon et al. 2018), adults (Wilde 2016) and sexually 

active adults (Walters et al. 2014), adult movement occurring with equal frequency 

upstream and downstream (Walters et al. 2014), variable turnover rates among species 

(18% - 76%; Walters et al. 2014; Wilde 2016) similar to those reported for resident 
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populations of stream salmonids (15% - 78%; Rodriguez 2002), and estimates of 

downstream drift distances of propagules (Dudley and Platania 2007) while accounting 

for diel patterns in larvae exiting the drift (Robinson et al 1998; Reichard et al. 2002; 

Reeves and Galat 2010).  

Managers face a daunting task with future conservation efforts in semi-arid 

climates and with prairie stream fishes because current predictions of expanding aridity 

throughout the southern Great Plains region (Jones and Gutzler 2016).  Future preditions 

of reduced preciptiation and increased groundwater harvest are projected to further 

deplete aquifer levels (Milly et al. 2003; Taylor et al. 2013) resulting in the reduction of 

water quality and quantity (Ficke et al. 2007; Rahel and Olden 2008), which in turn, 

threaten existing fish communities (Perkin et al. 2017). Therefore, development of 

accurate life-history models through testing of contrasting narratives will aid in 

determining processes regulating populations of broadcast spawning cyprinids, which 

will enable conservation strategies to be more focused (Hoagstrom 2014) and incorporate 

more holistic management strategies (Perkin et al. 2014) for improved sustainment of 

freshwater resources.  
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Table 2.1. Percent volumes, occurrences, and relative abundances of food items in stomachs of Prairie 

Chubs taken from three sites on the Pease River and two sites on the North Wichita-Wichita River, 

February 2016 through January 2017. 

Food Items 
Volume 

(%) 
Occurrence 

(%) 
Relative 

abundance (%)  
Plant    

 
 Algae 0.2 8  

 
Animal 99   

 
 Aquatic invertebrates    

 
 Crustacea  0.5 < 0.1  
 Copepoda  0.5 0.1  
 Isopoda  0.5 < 0.1  
 Daphnia  0.5 0.1  
 Trombidiformes  0.5 < 0.1  
 Diptera    

 
Chironomidae  88 95  
Pupa  11 2  
 Ephemeroptera  2 < 0.1  
 Odonata    

 
Gomphidae  0.5 < 0.1  
 Trichoptera  1 < 0.1  
Hydropsychidae  0.5 < 0.1  
 Unidentifiable  3 < 0.1  
 Pupa  4 < 0.1  
 Invertebrate egg  1 1  
  Terrestrial invertebrates   

 
 Diptera  1 < 0.1  
 Unidentifiable   0.5 < 0.1  
  Vertebrates    

 
 Scales  0.5 < 0.1  
 Gill filaments  0.5 < 0.1  
Substrate    

 
Clay/Silt  0.7 14  

 
Sand 0.1 37  

 
Plastic < 0.1 2  

      
Total N 197   
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Figure 2.1. Site locations (N = 36, black dot) and water bodies (N = 20) for longitudinal surveys within the 
upper Red River basin of Texas and Oklahoma, September 2015 through September 2016.  See Appendix 1 
for georeferenced site locations.  
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Figure 2.2. Circles represent all mesohabitats (N = 400) along PC I and PC II gradients sampled during the 
longitudinal surveys (A).  Shaded circles represent the number of Prairie Chubs taken from each 
mesohabitat (B) and water bodies with Prairie Chub occurrences (C) from the upper Red River drainage. 
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Figure 2.4. Scatter plot of linear genetic differentiation (GST/(1-GST)) values among collection sites versus 
river distance between sites (rkm) not separated by dams (A) and between sites separated and not separated 
by dams (B). 
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Figure 2.5. Mean (± 1 SE) monthly gonadosomatic index (GSI) for Prairie Chubs taken from three sites on 
the Pease River and two sites on the North Wichita-Wichita River, February 2016 through January 2017, 
and corresponding ovarian stages (%) by month for immature (white), developing (light gray), and mature 
(dark gray) females. 
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Figure 2.6. Frequency of oocyte size distributions in mature ovaries of Prairie Chubs taken from three sites 
on the Pease River and two sites on the North Wichita-Wichita River, May 2016 through September 2016. 
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Figure 2.7. Mean ± 1 SD total lengths (black circles) for Age-0, Age-1, and Age-2 Prairie Chubs taken 
from three sites on the Pease River and two sites on the North Wichita-Wichita River, February 2016 
through January 2017.  White circles represent mean and ± 1 SE of total lengths taken from ≤ 3 individuals 
within an age group per month.  Dashed line indicates transition into the next age class.  
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Figure 2.8. Daily flow (line; USGS Station 07308200) taken near Hwy 283 crossing on the Pease River, 
and monthly estimates of specific conductance (symbol and line) taken from FM 104 crossing on the Pease 
River.  Bottom panels represent relative abundances of Prairie Chub age groups (denoted with shaded bars) 
among months within the upper site (FM 104), middle site (Hwy 6), and lower site (Hwy 283), March 2016 
through January 2017. 
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Figure 2.9. Daily flow (line; USGS Station 07311700) and monthly estimates of specific conductance 
(symbol and line) taken near Hwy 6 crossing on the North Wichita River.  Bottom panels represent relative 
abundances of Prairie Chub age groups (denoted with shaded bars) among months within the upper site 
(North Wichita River, Hwy 6) and lower site (Wichita River, FM 1919), February 2016 through January 
2017. 
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III. FISH COMMUNITY STRUCTURE AND HABITAT ASSOCIATIONS OF 
THE UPPER RED RIVER OF TEXAS AND OKLAHOMA WITH A NOTE ON 

SPECIES OF GREATEST CONSERVATION NEED POPULATIONS 
 

Abstract 

Fishes within central and southern Great Plains of North America are subjected to 

a multitude of abiotic factors that shape community structure. Extreme temperatures, 

intermittent drying of reaches, and strong salinity gradients are common throughout Great 

Plains streams. Because of the uniqueness of these systems, many locally and regionally 

endemic fishes have life history traits suitable for extreme conditions and, therefore, 

persist within Great Plains streams. Several fishes are listed on the federal threatened and 

endangered species list, while others are listed as Species of Greatest Conservation Needs 

(SGCN) by state agencies. The upper Red River basin is unique in that the fish 

community is segregated between species that are tolerant or intolerant to high salinities. 

Additionally, eight SGCN species are documented in the upper Red River basin.  The 

purpose of this study was to assess the contemporary fish community and factors 

influencing the community structure with a focus on the assessment of the eight SGCN 

species. Thirty-six sites were sample twice over a one-year period in order to quantify the 

contemporary fish community. Historical occurrence and abundance information (1950 – 

1990) was gathered from reports and museum collections for eight SGCN species to 

assess current population status. The upper Red River fish community was segregated 

along a strong salinity gradient with species tolerant of high salinities having a strong 

affinity toward braided sand-bed river comprised of shallow depths and moderate current 

velocities. Two SGCN species (Macrhybopsis australis, Notropis bairdi) increased in 

occurrences and abundances through time, whereas two SGCN species (N. potteri, 
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Cyprinodont rubrofluviatilis) decreased in abundances through time. Updated 

information will provide natural resource managers with the necessary information 

needed to create conservation strategies which will benefit these organisms along with 

meeting societal needs for these aquatic resources.  

 

Introduction 

 Fish communities are structured by abiotic and biotic factors, which exclude 

species that are less tolerant of existing conditions (Smith and Powell 1971; Jackson and 

Harvey 1989; Tonn 1990).  Fish communities tend to segregate along longitudinal 

gradients because of physiological tolerance (Myrick and Cech 2000; Quist et al. 2006), 

abiotic mediated competition (Echelle et al. 1972; Craig et al 2019), and biotic 

interactions such as predation (Jackson et al. 1992; Chapleau et al. 1997).  Regardless of 

the various factors influencing specific species, it is likely that a hierarchical series of 

factors affect the structure of a community.  

 River basins throughout the central and southern Great Plains region have high 

salt concentrations among many of the upper reaches (Wurbs 2002). Salt concentration in 

these basins derive from a strata layer which accumulated salt precipitation roughly 200 

million years ago when this region was a large inland sea (Rought 1984). Upper reaches 

of several of the river basins have areas with salt concentrations exceeding that of 

seawater and, therefore, influence existing fish communities (Matthews 1988). 

Additionally, many of these reaches are subjected to high summertime temperatures and 

periods of intermittent drying (Ostrand and Wilde 2002), which selects for fishes that can 

tolerate high temperatures (Matthews 1987).  Declining populations of several fishes 
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throughout the Great Plains region have prompted the U.S. Fish and Wildlife Service to 

list many species as threatened or endangered (USFWS 1998,2014) under the 

Endangered Species Act (1973), and state agencies have placed many others on Species 

of Greatest Conservation Need (SGCN) list.  

 The Red River basin of Texas and Oklahoma is one of several Great Plains rivers 

that demonstrates a west to east decreasing salinity gradient (Echelle et al. 1972). The 

fish community within the upper Red River basin is comprised of two distinct 

assemblages that are segregated among species with high to moderate salinity tolerances 

and species with low salinity tolerances (Echelle et al. 1972; Taylor et al. 1993; Higgins 

and Wilde 2005). Additionally, several fishes within this basin are SGCN species, and 

many have limited information known about their ecology, biology, or population status. 

Likewise, limited information is known about the entirety of the upper Red River 

community in Texas and Oklahoma, because previous studies sampled select tributaries 

of Oklahoma (Taylor et al. 1993, Starks et al. 2018), select tributaries of Texas (Higgins 

and Wilde 2005), or reported only the distributions of the most abundant fishes within the 

upper basin (Echelle et al. 1972).  

The upper Red River basin is relatively unmodified by anthropogenic alterations 

(Hargrave and Taylor 2010) and provides an opportunity to gather contemporary 

information about the fish community and population status of SGCN species.  The 

purpose of this study was to document the contemporary fish community, habitat 

associations, and factors influencing community structure in the upper Red River 

drainage in Texas and the mainstem in Oklahoma. The objectives were to quantify 

habitats factors at the reach scale (e.g., patterns in instream flow, unimpounded stream 
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length) and site scale (e.g., mesohabitat type, current velocity, depth, substrate) and to 

quantity factors influencing species distributions and community structure.  Additionally, 

this study quantified population status of SGCN species using relative abundance and 

probability of occurrence within Red River mainstem and Texas tributaries upstream 

from Lake Texoma from historical data gathered from scientific reports and current 

information gathered from this study.   

 

Methods 

Longitudinal Surveys of upper Red River Fish Community and Habitats 

 Fish and habitat surveys of wadeable waters were conducted among 20 water 

bodies (i.e., named river or tributary) and 36 sites within the upper Red River drainage 

between September 2015 and September 2016 (Figure 3.1). Water bodies were selected 

based on accessibility and to represent the diversity of streams and habitats within the 

upper Red River drainage, such as small western tributaries (e.g., Groesbeck Creek), 

small eastern tributaries (e.g., South Fish Creek), small rivers (e.g., Pease River), and 

large rivers (e.g., Red River). Sites were selected based on accessibility within a reach 

and to capture upstream to downstream gradients in fish communities and habitats within 

small and large rivers. Therefore, only one site was sampled on most tributaries, and 

multiple sites were sampled on small and large rivers. Sites were sampled twice, once 

during the cool season (September through March) and again during the warm season 

(April through August), unless the stream was dry. 

 At each site, available habitats (i.e., riffle, run, pool, backwater, and eddy) were 

delineated and sampled in proportion to their availability. In smaller systems, passes were 
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made with a standard seine (3 m x 1.8 m, mesh size = 3.2 mm) or bag seine (5 m x 1.8 m, 

mesh size = 3.2 mm). Single passes were made within habitats that were constrained to 

small areas (i.e., shallow backwater habitat with sand or silt substrate and no woody 

debris) and multiple passes were made if few individuals were taken in complex habitats 

(e.g., deep backwater with cobble substrates and woody debris) or until no new species 

were taken (Rabeni et al 2009).  In larger systems (e.g., lower Little Wichita River, Red 

River), up to three long (> 100 m) hauls were made with bag seines in run habitats. A 

minimum of two hours was spent at most sites, with up to five hours spent at larger 

systems. Fishes taken from habitats were identified to species, and the first 30 individuals 

of a species collected were measured (i.e., total length, nearest mm). Voucher specimens, 

small fishes, and individuals lacking certainty in identification were anesthetized with a 

lethal dose of tricane-methanesulfonate and fixed in 10% formalin. Length and width of 

area sampled (e.g., long seine hauls) or length and width of habitats were measured. 

Substrate (i.e., clay, silt, sand, gravel, cobble, boulder, and bedrock), vegetation, and 

woody debris were visually or tactilely estimated and represented as a percent coverage 

of the total habitat area. Water depth (m) and current velocities (m/s) were estimated 

from three to five-point estimates within a representative cross section of the habitat. 

Dissolved oxygen (mg/l), pH, specific conductance (μS/cm), and temperature (°C) were 

measured at each site with YSI 556 multi-probe sonde.  

Principal component analysis (PCA; SAS Institute, Cary, NC) was used to 

calculate linear combinations of habitat parameters for assessing variability among 

habitats. Qualitative parameters (e.g., habitat types) were denoted as binary numbers, 

whereas quantitative parameters (e.g., percent substrate and current velocity) were z-
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transformed (Krebs 1999). Resulting PCA loadings of axes I and II were plotted to 

express similarities and differences among habitats, and loadings were averaged for 

habitats within a water body to express similarities and differences among water bodies. 

Renkonen similarity index (Renkonen 1938) was used to assess patterns in fish 

community similarities among water bodies and to identify species related to reach-level 

similarity. Bray-Curtis similarity matrices (Primer v6, Primer-E Ltd) was used to 

construct fish community similarity dendrogram by reach. Canonical correspondence 

analysis (CCA; Canoco 4.5) was used to assess patterns in habitat associations for upper 

Red River fishes. Total variation was partitioned into pure effects of physical parameters 

(i.e., qualitative and quantitative parameters used in PCA), season (i.e., cool and warm), 

and reach (Borcard et al. 1992), and Monte Carlo tests (1,000 permutations) were used to 

determine significance (α = 0.05) of each pure effect. 

 

SGCN population status 

Contemporary collections were added to historical collections reported by Wilde 

et al. (1996) for 14 HUCs of upper Red River drainage. Analysis were spilt into two 

categories, SGCN species detected during our survey and SGCN species not detected 

during our survey. Population trends for eight SGCN species (i.e., Shovelnose sturgeon 

Scaphirhynchus platorynchus, Paddlefish Polyodon spathula, Goldeye Hiodon alosoides, 

Prairie Chub Macrhybopsis australis, Silver Chub M. storeriana, Red River Shiner 

Notropis bairdi, Chub Shiner N. potteri and Red River Pupfish Cyprinodon 

rubrofluviatilis) were assessed across decades (1950 to 2010; 2016 – 2017 data reported 

herein is represented in 2010).  Effort for each decade was assumed from total number of 
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individuals captured across the decade: 1950s (N = 72,407), 1960s (N = 50,788), 1970s 

(N = 54,483), 1980s (N = 418,057), 1990s (N = 64,718).  Relative abundances among 

each decade and HUC were log +1 transformed and assessed using a linear regression. 

Occurrences for each species was separated by among each decade and HUC and 

probability of occurrences were calculated using methods described by Perkin et al. 

(2014).  

 

Results 

Habitats 

 Thirty-six sites among 20 water bodies were sampled within the upper Red River 

drainage. Habitats (N = 400) among sites primarily consisted of runs (70%) and pools 

(12%). Mean (± 1 SE) depths among sites was 0.3 (± 0.3) m and ranged from 0.02 to 1.6 

m. Mean current velocity among sites was 0.2 (± 0.2) m/s and ranged from 0 to 0.9 m/s. 

Specific conductance ranged from 115 to 49,968 μS/cm with greater specific conductance 

observed in the western portion of the study area and lower specific conductance 

observed in the eastern portion of the study area. Dominate substrate comprised of sand 

(57%), silt (30%), and gravel (9%). Woody debris, detritus, and aquatic vegetation were 

rare among habitats and sites.  

Principal component axes I and II explained 24% of the variation among the 400 

habitats. Axis I explained 13% of the variation and represented habitat type (i.e., pool and 

run) and substrate gradients. Strongest loadings for PC axis I were pool (0.33), silt (0.30), 

run (-0.46), and sand (-0.45) (Figure 3.2). Axis II explained 11% of the variation and 

represented a habitat type (i.e., riffle and backwater), substrate, and current velocity 
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gradients. Strongest loadings for PC axis II were riffle (0.42), gravel (0.40), current 

velocity (0.39), and silt (-0.37). Mean PC I scores, averaged across habitats and sites for 

each reach, ranged between -2.30 for North Fork Red River to 3.83 for Pecan Creek, 

contrasting prairie-type streams with shallow to moderates depths, flowing run and pool 

habitats with sand and silt substrates (negatively associated with PC I) versus more 

entrenched channel streams, common to eastern tributaries within the upper Red River 

drainage, with predominantly run and pool habitats with shallow to deep depths, sluggish 

current velocities except in riffle habitats, and silt and gravel habitats. 

 

Fish community 

 A total of 36,211 fishes were taken, representing 14 families and 49 species of 

fishes.  Most abundant family was Cyprinidae (71% in relative abundance), followed by 

Poeciliidae (8.9%), Cyprinodontidae (7.6%), and Fundulidae (3.6%). Most abundant 

species were Red Shiner Cyprinella lutrensis (26%), followed by Red River Shiner 

Notropis bairdi (18%), Plains Minnow Hybognathus placitus (14%), and Western 

Mosquitofish Gambusia affinis (9.0%) (Table 3.1). In addition to Red River Shiner, 

relative abundances of other Texas Species of greatest conservation need (SGCN) were 

7.6% for Red River Pupfish Cyprinodon rubrofluviatilis, 1.3% for Prairie Chub 

Macrhybopsis australis, 0.01% for Silver Chub M. storeriana, and <0.01% for Goldeye 

Hiodon alosoides. Relative abundance was 0.3% for nonnative fishes (Common Carp 

Cyprinus carpio, Gulf Killifish Fundulus grandis, Striped Bass or hybrid Morone 

saxatilis, and Redbreast Sunfish Lepomis auritus). 
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 Among 20 river water bodies, the most ubiquitously distributed fishes were 

Western Mosquitofish, taken from 19 water bodies, followed by Red Shiner (18 water 

bodies), Green Sunfish Lepomis cyanellus (13 water bodies), and Bluegill Lepomis 

macrochirus, Longear Sunfish Lepomis megalotis, and Largemouth Bass Micropterus 

salmoides (12 water bodies each) (Appendix 3.1). Ten species were taken only from one 

river reach. Among SGCN fishes, the most ubiquitously distributed fishes were Red 

River Shiner (8 water bodies), Red River Pupfish (8 water bodies), and Prairie Chub (6 

water bodies). Mean (± 1 SE) Renkonen similarity index (RSI) was 23.5% (1.59) among 

all pairwise comparisons. Greatest mean RSI was Adams Creek (36%), and lowest mean 

RSI was China Creek (4.3%). Adams Creek was dominated by the two most ubiquitously 

distributed fishes (i.e., Western Mosquitofish and Red Shiner), whereas China Creek was 

dominated by Bluegill and consisted of only two other species (i.e., Fathead Minnow 

Pimephales promelas and Common Carp Cyprinus carpio). Clustering based on Bray-

Curtis dissimilarity separated water bodies into two primary groups (Group I and II; 

Figure 3.3). Fish communities within Group I consisted primarily of Red Shiners and 

Western Mosquitofish with no to rare occurrences of Red River Shiner, Prairie Chub, 

Plains Minnow, Plains Killifish, and Red River Pupfish. Three of seven streams had 

prairie-stream type habitats and all were consisted of specific conductance < 3,500 

μS/cm. Fish communities within Group II usually consisted of Red Shiner and Western 

Mosquitofish, sometimes in great abundances as in Adams Creek and Groesbeck Creek, 

but typically consisted of Red River Shiner, Prairie Chub, Plains Minnow, Plains 

Killifish, and Red River Pupfish. Eight of the 10 water bodies had prairie-stream type 
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habitats and all but one reach (i.e., Mountain Creek) had specific conductance > 3,500 

μS/cm. 

Among 36 sites, most ubiquitously distributed fishes were Red Shiner (30 sites), 

Western Mosquitofish (30 sites), Red River Shiner (21 sites), and Green Sunfish (20 

sites) (Appendix 3.2). Nine species were taken only from one site. In addition to Red 

River Shiner, numbers of occurrence for SGCN species were 16 sites for Prairie Chub, 14 

sites for Red River Pupfish, and 1 site each for Goldeye and Silver Chub. Greatest mean 

(± 1 SE) relative abundances among sites were 28% (5.2) for Red Shiner, 13% (3.8) for 

Red River Shiner, 12% (3.7) for Western Mosquitofish, 7.8% (2.29) for Plains Minnow 

Hybognathus placitus, and 7.3% (3.7) for Red River Pupfish. Among remaining SGCN 

species, mean (± 1 SE) relative abundances among sites were 1.2% (0.51) for Prairie 

Chub and <0.01% (<0.01) for Goldeye and Silver Chub. 

 

Fish-habitat associations 

 Axes I and II from CCA analysis explained 43% (P < 0.01) of the variability 

within the Red River fish community (Figure 3.4 & 3.5). Pure effects of reach explained 

17% (P < 0.01), physical parameters explained 13% (P < 0.01), and season explained 

<1% (P < 0.01) of community variation. Shared effects (two- and three-way interactions) 

among reach, physical parameters, and season accounted for 13% of the community 

variation. Environmental parameters strongly associated with CCA axis I were specific 

conductance (-0.77), Prairie Dog Town Fork (-0.42), mean depth (0.48), and South Fish 

Creek (0.50). Environmental parameters strongly associated with CCA axis II were Red 

River (-0.41), specific conductance (0.41), and South Fish Creek (0.64). Among fishes 



87 
 

with >1% in overall relative abundance, Red River Pupfish and Plains Killifish were 

associated with greater specific conductance in Prairie Dog Town Fork and Pease River, 

and Red River Shiner, Plains Minnow, and Prairie Chub were associated with moderate 

specific conductance, run habitats with swifter current velocities, and sand substrates. 

Gizzard Shad, Red Shiner, Emerald Shiner, Ghost Shiner, Bullhead Minnow, and 

Mississippi Silverside, which collectively were numerically most abundant in Red River, 

Wichita River, and Little Wichita River, were associated with lower specific 

conductance, moderate current velocities, and deep-water habitats. Western Mosquitofish 

and Bluegill were associated with lower specific conductance, slack water, and pool 

habitats. Remaining fishes were generally associated with lower specific conductance, 

low to swift current velocities, and deeper habitats. 

 Specific conductance strongly influenced species segregation along CCA axes I 

and II. Mean (± 1 SD) specific conductance based on occurrence among all habitats was 

17,700 (13,700) μS/cm. Mean (± 1 SD) specific conductance based on occurrence ranged 

between 14,900 (7,580) μS/cm for Prairie Chub to 30,100 (12,890) μS/cm for Red River 

Pupfish among fishes with > 1% in relative abundance and moderate to strong positive 

association with specific conductance (Figure 3.6). Mean (± 1 SD) specific conductance 

ranged between 6,700 (3,340) μS/cm for Bluegill to 11,600 (8,580) μS/cm for Western 

Mosquitofish among fishes with > 1% in relative abundance and moderate to strong 

negative association with specific conductance. Sites with specific conductance > 15,000 

μS/cm at the time of measurement were within Prairie Dog Town Fork, Red River 

(upper), Pease River (upper), North Pease River, North Wichita River water bodies. 

Collectively, these sites were within the western range of the study area also consisted of 
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swift to moderate current velocities with sand to silt substrates. Sites with specific 

conductance ≤ 3000 μS/cm were within the Red River (e.g., I-35) and tributaries within 

the eastern range of the study area. However, three western range water bodies (i.e., 

Adams Creek, Wonderers Creek, and North Fork of Red River) have specific 

conductance of ≤ 3000 μS/cm. Sites and water bodies with specific conductance of ≤ 

3000 μS/cm consisted of a mix of swift water run and riffle habitats to slack water pools 

with silt, sand, and gravel substrates. 

 

SGCN population status 

 For SGCN species detected during this survey, mean relative abundance (± 1 SE) 

among all water bodies was 1.7% (0.43; range: 0 – 12%) for Prairie Chub. Probability of 

occurrence (slope = 0.033; P < 0.01) and relative abundance (slope = 0.006; P < 0.01) for 

Prairie Chubs increased across decades (Figure 3.7). Mean relative abundance (± 1 SE) 

among all water bodies was 9.8% (1.8; range: 0 – 53%) for Red River Shiner (Figure 3.7 

& 3.8). Probably of occurrence (slope = 0.012; P = 0.03) and relative abundance (slope = 

0.009; P < 0.01) for Red River Shiner increased across decades. Mean relative abundance 

(± 1 SE) among all water bodies was 9.5% (2.5; range: 0 – 84%) for Red River Pupfish. 

Probably of occurrence for Red River Pupfish did not differ across decades, but relative 

abundance (slope = - 0.006; P = 0.05) decreased across decades (Figure 3.8). Mean 

relative abundance (± 1 SE) among all water bodies for Silver Chub and Goldeye was 

<0.01% (<0.01), ranging between 0 – 0.09% for Silver Chub and 0 – 0.16% for Goldeye. 

Probability of occurrence (slope = 0.020; P < 0.01) for Silver Cub increased across 

decades, but relative abundance did not differ across decades. For Goldeye, probability of 
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occurrence and relative abundance did not differ across decades. Among SGCN species 

that were not detected during our survey, Shovelnose Sturgeon and Paddlefish have not 

been reported in the upper Red River basin since the 1950’s (Wilde et al. 1996) and 

therefore were not analyzed.  

 

Discussion 

 Fishes were heterogeneously distributed within the upper Red River basin with 

general patterns of distribution segregated along habitat gradients and environmental 

parameters. The western portion of the upper Red River basin was dominated by fishes 

tolerant of highly saline water and associated with shallow runs habitats with moderate 

current velocities and sand or silt substrate, whereas fishes in the eastern tributaries were 

associated with deeper, slowing moving pool habitats with lower saline water. 

Segregation of fishes by environmental gradients has been documented before in the 

upper Red River basin (Echelle et al. 1972) and among major tributaries and forks in 

Texas (Higgins and Wilde 2005) and Oklahoma (Taylor et al. 1993), but this is the first 

study to comprehensively document distribution patterns among all fishes within major 

and minor tributary and three forks of the upper Red River basin of Texas and the 

mainstem Red River of Oklahoma. Additionally, we have documented distribution and 

abundance of one candidate species proposed for listing under the Endangered Species 

Act and four SGCN species for the state of Texas.  

 Our results support that salinity is the strongest factor influencing species spatial 

variation within the upper Red River basin and that regions were defined by high 

abundances of several fish species (Echelle et al. 1972; Taylor et al. 1993; Higgins and 
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Wilde 2005). Echelle et al. (1972) grouped Red Rive Pupfish and Plains Killifish among 

areas with the highest salinity ranges; Plains Minnow, Red River Shiner, Emerald Shiner, 

and Prairie Chub among areas with moderately high salinities; Red Shiner, Western 

Mosquitofish, Green Sunfish, Longear Sunfish, Fathead Minnow, and Bullhead Minnow 

among areas with moderate salinities. Taylor et al. (1993) reported similar findings but a 

few species varied among the salinity groupings, and Higgins and Wilde (2005) classified 

grouping of fishes by areas that had high, moderate, and low salinities. Overall, in this 

study, similar patterns were observed with Red River Pupfish and Plains Killifish being 

found among the highest salinity ranges, but a distinct assemblage associated with water 

bodies that had high salinities were comprised of Red River Pupfish, Plains Killifish, Red 

River Shiner, Prairie Chub, and Plains Minnow. Similarly, low salinity water bodies 

among eastern tributaries consisted of a distinct assemblage different from those in the 

western portion of the upper Red River but a conglomerate between the two assemblages 

were observed among mainstem sites on Red River downstream of the Wichita River 

confluence.  

 Variation in habitat gradients was also a significant factor contributing to the 

segregation of fishes within the upper Red River basin, but it is likely a combination of 

environmental and habitats parameters influencing the spatial variations of this system 

(Hargrave and Taylor 2010). Abundant species observed among highly saline water 

bodies were also associated with braided, sand-bed prairie streams dominated by shallow 

runs with moderate current velocities, whereas abundant species detected in lower 

salinity areas among eastern tributaries were associated with habitats that consisted of 

deeper, slow moving pool that had a variety of dominate substrates. Highly variable 
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flows and temperatures (Cross et al. 1995) in headwater reaches (Echelle et al. 1972; 

Matthews and Styron 1981; Ostrand and Wilde 2002) could explain why there was 

segregation among the assemblage. Alternatively, braided sand-bed rivers are only found 

among areas with higher salinities limiting intraspecific competition by reducing 

invasions of less tolerant species (Echelle et al. 1972; Winston et al. 1991). However, 

many of the saline tolerant species persist in downstream reaches of the mainstem Red 

River and other highly abundant species are members of the opportunistic life history 

guild. It is also uncertain why species such as Red River Shiner and Prairie Chub are only 

detected among braided sand-bed prairie streams and not among eastern tributaries. 

Segregation could be attributed to both abiotic and biotic interactions (competition, 

predations; Echelle et al. 1972; Gido et al. 1999) and the persistence of saline tolerant 

species downstream could be a consequence of species dispersing downstream when 

abiotic conditions in upper reaches become less favorable (Ruppel Chapter 2) and by 

extension, maintain a small population downstream. Additionally, the mainstem Red 

River could have a large enough diversity of habitats to minimize competition and allow 

for higher species richness (Hoagstrom and Berry 2008) which could allow the 

persistence of sand-bed associated species. 

 Estimating population status through time can be challenging given the limited 

information available from historical records but there are three primary methods use to 

assess this process: densities, relative abundance, and probability of occurrence (Runyan 

2007; Perkin et al. 2015; Scanes 2016). However, historical records rarely provides effort 

or sampling area among collections making it impossible to compare densities between 

historical and contemporary datasets. Therefore, using relative abundances or probability 
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of occurrence would be more useful for comparing populations across decades. For two 

SGCN species, Prairie Chub, Red River Shiner, probability of occurrence and relative 

abundances increased across decades which indicates populations have been increasing in 

the upper Red River basin. In contrast to this study, Wilde et al. (1996) and Starks et al. 

(2018) reported the occurrences of Red River Shiner had been declining through the 

decades. However, Starks et al. (2018) primary sampled major tributaries and forks of the 

Red River basin in Oklahoma which could have lower suitable habitats available 

compared to major tributaries in Texas. Red River Shiner was the second most abundant 

fish captured during the longitudinal surveys and had greater relative abundance and 

absolute abundance than was reported by Taylor et al. (1993).  Silver Chub probability of 

occurrence has increased through the decades representing greater detection of this 

species among more locations within the upper Red River basin. 

 For the remaining SGCN species, based upon historical records it is likely that 

Paddlefish (i.e., last detected in the 1940s) and Shovelnose Sturgeon (i.e., last detected in 

the 1950s) no longer persist in the upper Red River basin. Differences were not detected 

for Goldeye through the decades because of limited number of individuals captured 

resulting in low detection rates. Decreases in Red River Pupfish relative abundance 

through the decades could be attributed to lower sampling efforts in upper reaches of the 

basin. Chub Shiner relative abundances declined through the decades even though Chub 

Shiner were captured among serval sites with relative abundance ranging between 0.5% 

and 2.9% consistently from 1950s to the 1990s. However, Chub Shiner was not collected 

during recent surveys of the upper Red River and tributaries of Texas and Oklahoma (this 

study; Starks et al. 2018), except for one that was captured at the I-35 site while 
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collecting specimens for a genetic study (Sotola et al. 2019). Declining populations of 

Chub Shiner in the Brazos River (Runyan 2007) has been associated with increased 

fragmentation among the lower reaches (Perkin et al. 2009). However, it is unknown why 

there has been a sudden decline of Chub Shiner in the upper Red River considering that 

the Red River is free flowing upstream of Lake Texoma.  

 Braided sand-bed prairie streams within the Great Plains have been impacted 

through anthropogenic alterations and climate change over the past 150 years (Dodds et 

al. 2004; Hoagstrom et al. 2011; Perkin and Gido 2011) and many species have declined 

throughout this region, especially pelagic broadcast spawning cyprinids (PBSC; 

Worthington et al. 2016). The upper Red River basin has maintained a stable fish 

community compared with historical records (Echelle et al. 1972; Taylor et al 1993; 

Hardgrave and Taylor 2010) especially with PBSC. However, threats to the fish 

community are similar to threats in other basins throughout the Great Plains such as 

stream fragmentations, channelization, and ground water harvest (USFWS 1998; 2014; 

Perkin et al. 2017). Additionally, sodium chloride control project throughout this basin 

(Wurbs 2002; USGS 2011) could negatively impact the salinity tolerant species through 

increased competition (Echelle et al. 1972), predation (Gido et al. 1999), or genetic 

swamping (Sotola et al. 2019). Therefore, understanding factors that influence 

community structure and dynamics will play a vital role in the conservation and 

management of aquatic resources in arid and semi-arid systems.  
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Table 3.1. Common names, scientific names, species codes, and relative abundances for fishes taken 
among all sites within the upper Red River drainage from September 2015 through September 2016. 

 

Common name Scientific name Code 
Relative 

abundance (%) 
Red Shiner Cyprinella lutrensis Cyp lut 26 
Red River Shiner Notropis bairdi Not bai 18 
Plains Minnow Hybognathus placitus Hyb pla 14 
Western Mosquitofish Gambusia affinis Gam aff 9.0 
Red River Pupfish Cyprinodon rubrofluviatilis Cyp rub 7.6 
Emerald Shiner Notropis atherinoides Not ath 5.9 
Plains Killifish Fundulus zebrinus Fun zeb 3.2 
Gizzard Shad Dorosoma cepedianum Dor cep 2.7 
Ghost Shiner Notropis buchanani Not buc 2.5 
Mississippi Silverside Menidia audens Men aud 1.4 
Prairie Chub Macrhybopsis australis Mac aus 1.3 
Bullhead Minnow Pimephales vigilax Pim vig 1.2 
Bluegill Lepomis macrochirus Lep mac 1.1 
Blue Catfish Ictalurus furcatus Ict fur 0.91 
Shoal Chub Macrhybopsis hyostoma Mac hyo 0.71 
Green Sunfish Lepomis cyanellus Lep cya 0.46 
Central Stoneroller Campostoma anomalum Cam ano 0.41 
Fathead Minnow Pimephales promelas Pim pro 0.38 
Blackstripe Topminnow Fundulus notatus Fun not 0.36 
White Crappie Pomoxis annularis Pom ann 0.31 
Sunfish larvae Lepomis larvae  0.22 
Longear Sunfish Lepomis megalotis Lep meg 0.21 
Orangespotted Sunfish Lepomis humilis Lep hum 0.20 
Redbreast Sunfish Lepomis auritus Lep aur 0.17 
Largemouth Bass Micropterus salmoides Mic sal 0.17 
Suckermouth Minnow Phenacobius mirabilis Phe mir 0.16 
Channel Catfish Ictalurus punctatus Ict pun 0.15 
Sand Shiner Notropis stramineus Not str 0.11 
Freshwater Drum Aplodinotus grunniens Apl gru 0.10 
Smallmouth Buffalo Ictiobus bubalus Ict bub 0.09 
Orangethroat Darter Etheostoma spectabile Eth spe 0.08 
River Carpsucker Carpiodes carpio Car car 0.07 
Common Carp Cyprinus carpio Cyp car 0.06 
Bigscale Logperch Percina macrolepida Per mac 0.06 
Threadfin Shad Dorosoma petenense Dor pet 0.04 
Golden Shiner Notemigonus crysoleucas Not cry 0.04 
Longnose Gar Lepisosteus osseus Lep oss 0.04 
Striped Bass Morone saxatilis Mor sax 0.02 
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Table 3.1. Continued.  

Common name Scientific name Code 
Relative 

abundance (%) 
Spotted Gar Lepisosteus oculatus Lep ocu 0.01 
Blacktail Shiner Cyprinella venusta Cyp ven 0.01 
Yellow Bullhead Ameiurus natalis Ame nat 0.01 
Shortnose Gar Lepisosteus platostomus Lep plat 0.01 
Silver Chub Macrhybopsis storeriana Mac sto 0.01 
Brook Silverside Labidesthes sicculus Lab sic 0.01 
Gar larvae Lepisosteus larvae  0.01 
Black Bullhead Ameiurus melas Ame mel 0.01 
Logperch Percina caprodes Per cap 0.01 
Goldeye Hiodon alosoides Hio alo <0.01 
Chub larvae Macrhybopsis larvae  <0.01 
Flathead Catfish Pylodictis olivaris Pyl oli <0.01 
Gulf Killifish Fundulus grandis Fun gra <0.01 
Redear Sunfish Lepomis microlophus Lep mic <0.01 
Richness   49 
Total N   36,211 
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Figure 3.1. Site locations (N = 36, black dot) and water bodies (N = 20) for longitudinal surveys within 
the upper Red River basin of Texas and Oklahoma, September 2015 through September 2016.  See 
Appendix 4.1 for georeferenced site locations.  
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Figure 3.2. Circles represent each mesohabitat (N = 400) along PC I and PC II gradients (top panel).  
Circles represent water bodies (average PC I and PC II mesohabitat scores) along PC I and PC II gradients 
(bottom panel).   
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Figure 3.3. Fish community similarity groupings among water bodies explained by relative abundance of 
species in common between each reach. Water bodies classified as Prairie stream (PS) are annotated next to 
the reach. Water bodies with > 3,500 µS·cm-1 are annotated with specific conductance (SpCn). Genus and 
species are abbreviated to three characters.  
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Figure 3.4. Fish-habitat associations between Canonical Correspondence Analysis (CCA) axis I (x-axis) 
and CCA axis II (y-axis) for fishes with >1% relative abundance in the upper Red River drainage. Genus 
and species are abbreviated to three characters.  
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Figure 3.5. Fish-habitat associations between Canonical Correspondence Analysis (CCA) axis I (x-axis) 
and CCA axis II (y-axis) for fishes with <1% relative abundance in the upper Red River drainage. Genus 
and species are abbreviated to three characters. 
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Figure 3.6. Mean (black circle), 1 SE (whisker), and minimum and maximum (open circle) specific 
conductance for fishes with >1% relative abundance within the upper Red River drainage (top panel).  
Amount of habitats available along specific conductance gradient (bottom panel). 
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Figure 3.8. Probability of occurrence (Top) and relative abundance (Bottom) across decades (1950’s - 
2010’s) for four non-Cyprinidae species that are classified as Species of Greatest Conservation Need in 
Texas 
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Appendix 3.1.1. Relative abundance of fishes by reach within the upper Red River drainage from 
September 2015 through September 2016. Reaches are list in order from upstream to downstream 

 

Scientific Name 
Prairie Dog 
Town Fork 

Groesbeck 
Creek 

Wonderers 
Creek 

Red 
River 

Salt Fork 
Red River 

Lepisosteus larvae    0.02  
Lepisosteus oculatus     0.01  
Lepisosteus osseus   0.11  0.06  
Lepisosteus platostomus    0.02  
Hiodon alosoides     0.01  
Dorosoma cepedianum     6.59  
Dorosoma petenense    0.03  
Campostoma anomalum       
Cyprinella lutrensis  10.16 99.08 63.89 14.37 73.64 
Cyprinella venusta       
Cyprinus carpio     0.01  
Hybognathus placitus  5.65   27.65 8.14 
Macrhybopsis larvae    0.01  
Macrhybopsis australis    1.21  
Macrhybopsis hyostoma    2.03  
Macrhybopsis storeriana    0.03  
Notemigonus crysoleucas       
Notropis atherinoides     16.49  
Notropis bairdi  5.13   13.44 0.39 
Notropis buchanani     4  
Notropis stramineus     0.04 1.55 
Phenacobius mirabilis       
Pimephales promelas   0.49  0.07  
Pimephales vigilax   0.11 21.11 0.22 2.71 
Carpiodes carpio     0.11  
Ictiobus bubalus     0.14  
Ameiurus natalis       
Ameiurus melas    0.02  
Ictalurus furcatus     2.6  
Ictalurus punctatus     0.19 0.39 
Pylodictis olivaris       
Labidesthes sicculus      
Menidia audens    2.17  
Fundulus notatus       
Fundulus grandis      
Fundulus zebrinus  6.41   0.35 6.98 
Gambusia affinis  0.57 0.05 9.44 5.81 4.65 
Cyprinodon rubrofluviatilis  72.08   0.35 0.78 
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Appendix 3.1.1. Continued 

Scientific Name 
Prairie Dog 
Town Fork 

Groesbeck 
Creek 

Wonderers 
Creek 

Red 
River 

Salt Fork 
Red River 

Morone saxatilis     0.04  
Lepomis larvae    0.02  
Lepomis auritus     0.47  
Lepomis cyanellus     0.14 0.78 
Lepomis humilis   0.05  0.39  
Lepomis macrochirus    2.22 0.03  
Lepomis megalotis   0.05 3.33 0.03  
Lepomis microlophus       
Micropterus salmoides   0.05  0.03  
Pomoxis annularis     0.55  
Percina caprodes       
Percina macrolepida     0.01  
Etheostoma spectabile      
Aplodinotus grunniens     0.24  

Richness 6 8 5 37 10 
Total N 2,106 1,841 180 12,437 258 
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Appendix 3.1.2. Continued 

Scientific Name 
North Fork 
Red River 

North 
Pease River 

Pease 
River 

Adams 
Creek 

China 
Creek 

Lepisosteus larvae      
Lepisosteus oculatus       
Lepisosteus osseus       
Lepisosteus platostomus      
Hiodon alosoides       
Dorosoma cepedianum    0.34   
Dorosoma petenense      
Campostoma anomalum       
Cyprinella lutrensis  89.19 0.71 10.09 58.28  
Cyprinella venusta       
Cyprinus carpio      16.67 
Hybognathus placitus   12.41 9.81   
Macrhybopsis larvae      
Macrhybopsis australis  0.12 0.89   
Macrhybopsis hyostoma      
Macrhybopsis storeriana      
Notemigonus crysoleucas      
Notropis atherinoides       
Notropis bairdi   27.78 56.1   
Notropis buchanani       
Notropis stramineus  2.7     
Phenacobius mirabilis     0.23  
Pimephales promelas    1.08 1.23 16.67 
Pimephales vigilax  1.62  0.03 0.06  
Carpiodes carpio     0.12  
Ictiobus bubalus     0.18  
Ameiurus natalis       
Ameiurus melas      
Ictalurus furcatus       
Ictalurus punctatus    0.01 0.06  
Pylodictis olivaris       
Labidesthes sicculus      
Menidia audens   0.06   
Fundulus notatus       
Fundulus grandis      
Fundulus zebrinus  2.7 31.56 5.7   
Gambusia affinis  0.54 0.35 2.25 38.45  
Cyprinodon rubrofluviatilis  0.54 27.07 13.48   
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Appendix 3.1.2. Continued 

Scientific Name 
North Fork 
Red River 

North    
Pease River 

Pease 
River 

Adams 
Creek 

China 
Creek 

Morone saxatilis       
Lepomis larvae 0.54     
Lepomis auritus       
Lepomis cyanellus  0.54  0.04 0.99  
Lepomis humilis     0.06  
Lepomis macrochirus  0.54  0.01  66.67 
Lepomis megalotis  0.54   0.29  
Lepomis microlophus       
Micropterus salmoides  0.54  0.09 0.06  
Pomoxis annularis       
Percina caprodes       
Percina macrolepida       
Etheostoma spectabile      
Aplodinotus grunniens       

Richness 10 7 15 12 3 
Total N 185 846 6,838 1,714 6 
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Appendix 3.1.3. Continued 

Scientific Name 
Gilberts 
Creek 

North   
Wichita River 

Wichita 
River 

Little    
Wichita River 

Barrel   
Springs Creek 

Lepisosteus larvae   0.02   
Lepisosteus oculatus       
Lepisosteus osseus    0.02 0.25  
Lepisosteus platostomus   0.02   
Hiodon alosoides       
Dorosoma cepedianum   0.39 0.1 9.23  
Dorosoma petenense   0.15   
Campostoma anomalum       
Cyprinella lutrensis  0.81 2.86 59.32 1.5 14.63 

Cyprinella venusta    0.02   
Cyprinus carpio   0.13 0.17 0.12  
Hybognathus placitus   41.15 8.09   
Macrhybopsis larvae      
Macrhybopsis australis  9.64 3.74   
Macrhybopsis hyostoma   0.04   
Macrhybopsis storeriana      
Notemigonus crysoleucas       
Notropis atherinoides    1.26 1.5  
Notropis bairdi   36.72 4.14   
Notropis buchanani    3 32.42  
Notropis stramineus    0.02   
Phenacobius mirabilis    0.63   
Pimephales promelas   0.13 0.44   
Pimephales vigilax    6.36 0.25  
Carpiodes carpio     0.12  
Ictiobus bubalus    0.02   
Ameiurus natalis   0.13    
Ameiurus melas   0.02   
Ictalurus furcatus       
Ictalurus punctatus    0.42 0.12 0.81 

Pylodictis olivaris       
Labidesthes sicculus      
Menidia audens   3.19 6.23  
Fundulus notatus       
Fundulus grandis   0.02   
Fundulus zebrinus   3.13 2.77   
Gambusia affinis  97.7 1.69 4.18 6.36 78.05 

Cyprinodon rubrofluviatilis   3.65 0.32   
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Appendix 3.1.3. Continued 

Scientific Name 
Gilberts 
Creek 

North   
Wichita River 

Wichita 
River 

Little   
Wichita River 

Barrel   
Springs Creek 

Morone saxatilis       
Lepomis larvae   0.06 6.98  
Lepomis auritus    0.06   
Lepomis cyanellus  0.46  0.78 0.75  
Lepomis humilis  1.04 0.39 0.15 0.25  
Lepomis macrochirus    0.1 27.18 6.5 
Lepomis megalotis    0.21 0.37  
Lepomis microlophus    0.02   
Micropterus salmoides    0.13 0.62  
Pomoxis annularis    0.02 4.86  
Percina caprodes       
Percina macrolepida       
Etheostoma spectabile      
Aplodinotus grunniens     0.87  

Richness 4 12 33 18 4 

Total N 869 768 5,239 802 123 
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Appendix 3.1.4. Continued 

Scientific Name 
Pecan 
Creek 

Farmers 
Creek 

Cottonwood 
Creek 

Mountain 
Creek 

South   
Fish Creek 

Lepisosteus larvae      
Lepisosteus oculatus  1.48 0.32    
Lepisosteus osseus       
Lepisosteus platostomus      
Hiodon alosoides       
Dorosoma cepedianum  11.33 4.17 9.09   
Dorosoma petenense  0.96    
Campostoma anomalum     1.83 26.71 
Cyprinella lutrensis  11.33 17.63 53.33 24.85  
Cyprinella venusta   0.96 0.61   
Cyprinus carpio  2.46 0.32  0.37  
Hybognathus placitus     18.51  
Macrhybopsis larvae      
Macrhybopsis australis    0.37  
Macrhybopsis hyostoma    0.37  
Macrhybopsis storeriana      
Notemigonus crysoleucas  0.49 4.17    
Notropis atherinoides       
Notropis bairdi     4.51  
Notropis buchanani       
Notropis stramineus    4.24 2.19  
Phenacobius mirabilis   6.09  0.12  
Pimephales promelas       
Pimephales vigilax      0.8 
Carpiodes carpio   2.24    
Ictiobus bubalus  3.45 0.96  0.24  
Ameiurus natalis     0.37 0.2 
Ameiurus melas      
Ictalurus furcatus   2.56    
Ictalurus punctatus   1.28    
Pylodictis olivaris   0.32    
Labidesthes sicculus     0.8 
Menidia audens  8.97    
Fundulus notatus      26.1 
Fundulus grandis      
Fundulus zebrinus     17.17  
Gambusia affinis  48.28 27.88 7.27 26.8 4.22 
Cyprinodon rubrofluviatilis       
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Appendix 3.1.4. Continued 

Scientific Name 
Pecan 
Creek 

Farmers 
Creek 

Cottonwood 
Creek 

Mountain 
Creek 

South   
Fish Creek 

Morone saxatilis   1.28    
Lepomis larvae 0.99 0.32   2.81 
Lepomis auritus       
Lepomis cyanellus  3.94 3.53 16.36 1.95 2.81 
Lepomis humilis       
Lepomis macrochirus  1.97 5.13 6.06  22.89 
Lepomis megalotis  5.42 2.24 1.82 0.24 4.22 
Lepomis microlophus       
Micropterus salmoides  8.87 1.92 1.21 0.12 1.81 
Pomoxis annularis   0.96    
Percina caprodes   0.64    
Percina macrolepida   5.13   0.8 
Etheostoma spectabile     5.82 
Aplodinotus grunniens       

Richness 11 23 9 16 12 
Total N 203 312 165 821 498 

 



112 
 

Appendix 3.2.1. Relative abundance of fishes by site within the upper Red River drainage from September 
2015 through September 2016.  Sites are list in order from upstream to downstream. 
 

  Prairie Dog Town Fork 
Groesbeck 

Creek 
Wonderers 

Creek 

Scientific Name Hwy 207 Hwy 70 Hwy 83 Hwy 6 FM 2379 

Lepisosteus larvae      
Lepisosteus oculatus       
Lepisosteus osseus     0.11  
Lepisosteus platostomus      
Hiodon alosoides       
Dorosoma cepedianum       
Dorosoma petenense      
Campostoma anomalum       
Cyprinella lutrensis  38.49  0.76 99.08 63.89 
Cyprinella venusta       
Cyprinus carpio       
Hybognathus placitus  20.26  1.37   
Macrhybopsis larvae      
Macrhybopsis australis      
Macrhybopsis hyostoma      
Macrhybopsis storeriana      
Notemigonus crysoleucas       
Notropis atherinoides       
Notropis bairdi  15.29 1.33 1.97   
Notropis buchanani       
Notropis stramineus       
Phenacobius mirabilis       
Pimephales promelas     0.49  
Pimephales vigilax     0.11 21.11 
Carpiodes carpio       
Ictiobus bubalus       
Ameiurus natalis       
Ameiurus melas      
Ictalurus furcatus       
Ictalurus punctatus       
Pylodictis olivaris       
Labidesthes sicculus      
Menidia audens      
Fundulus notatus       
Fundulus grandis      
Fundulus zebrinus  15.65 1 6.22   
Gambusia affinis    1.82 0.05 9.44 
Cyprinodon rubrofluviatilis  10.31 97.68 87.86   
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Appendix 3.2.1. Continued. 

  Prairie Dog Town Fork 
Groesbeck 

Creek 
Wonderers 

Creek 

Scientific Name Hwy 207 Hwy 70 Hwy 83 Hwy 6 FM 2379 

Lepomis larvae      
Lepomis auritus       
Lepomis cyanellus       
Lepomis humilis     0.05  
Lepomis macrochirus      2.22 
Lepomis megalotis     0.05 3.33 
Lepomis microlophus       
Micropterus salmoides     0.05  
Pomoxis annularis       
Percina caprodes       
Percina macrolepida       
Etheostoma spectabile      
Aplodinotus grunniens       

Richness 5 3 6 8 5 
Total N 543 904 659 1,841 180 
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Appendix 3.2.2. Continued. 

  Red River 

Scientific Name 
Hwy 

6 
Hwy 
283 

Hwy 
183 

Hwy 
79 

Hwy 
81 

Hwy 
89 

I-35 

Lepisosteus larvae      0.04  
Lepisosteus oculatus       0.02  
Lepisosteus osseus    0.36  0.16 0.09  
Lepisosteus platostomus      0.07  
Hiodon alosoides      0.16   
Dorosoma cepedianum   0.33 0.12 1.24 12.58 16.01 0.02 
Dorosoma petenense       0.09 
Campostoma anomalum         
Cyprinella lutrensis   67.8 59.95 22.31 7.92 11.71 0.7 
Cyprinella venusta         
Cyprinus carpio   0.11      
Hybognathus placitus  9.96 2.75 2.88 15.7 0.78 13.02 60.5 
Macrhybopsis larvae     0.16   
Macrhybopsis australis 0.24 0.88 6 6.2 0.31 0.86 0.79 
Macrhybopsis hyostoma    4.55 2.64 2.83 2.18 
Macrhybopsis storeriana       0.09 
Notemigonus crysoleucas        
Notropis atherinoides   0.55 1.32 26.86 24.38 14.78 25.81 
Notropis bairdi  79.23 14.84 17.51 19.01 39.75 6.58 2.9 
Notropis buchanani     3.72 2.02 10.39 0.02 
Notropis stramineus       0.11  
Phenacobius mirabilis         
Pimephales promelas   0.66    0.07  
Pimephales vigilax      0.47 0.48 0.05 
Carpiodes carpio      1.55 0.09  
Ictiobus bubalus   0.11   0.31 0.31  
Ameiurus natalis         
Ameiurus melas 0.24       
Ictalurus furcatus       0.86 6.44 
Ictalurus punctatus   0.44 0.12 0.41 0.47 0.31 0.02 
Pylodictis olivaris         
Labidesthes sicculus        
Menidia audens   2.64  1.09 5.24 0.05 
Fundulus notatus         
Fundulus grandis        
Fundulus zebrinus  3.48 1.43 0.12     
Gambusia affinis  2.16 8.24 8.27  1.4 11.99 0.09 
Cyprinodon rubrofluviatilis  4.68 0.33 0.12     
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Appendix 3.2.2. Continued. 

  Red River 

Scientific Name 
Hwy 

6 
Hwy 
283 

Hwy 
183 

Hwy 
79 

Hwy 
81 

Hwy 
89 

I-35 

Lepomis larvae      0.07  
Lepomis auritus       1.29  
Lepomis cyanellus   1.21 0.12   0.13  
Lepomis humilis   0.22   0.16 0.94 0.05 
Lepomis macrochirus    0.12   0.07  
Lepomis megalotis   0.11    0.07  
Lepomis microlophus         
Micropterus salmoides       0.09  
Pomoxis annularis    0.24  3.57 0.9 0.07 
Percina caprodes         
Percina macrolepida        0.02 
Etheostoma spectabile        
Aplodinotus grunniens      0.16 0.53 0.11 

Richness 7 16 16 9 20 29 19 
Total N 833 910 834 242 644 4,561 4,413 
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Appendix 3.2.3. Continued. 

  
Salt Fork Red 

River 
North Fork Red 

River 
North Pease  

River 
Scientific Name Hwy 83 Hwy 83 Hwy 83 

Lepisosteus larvae    
Lepisosteus oculatus     
Lepisosteus osseus     
Lepisosteus platostomus    
Hiodon alosoides     
Dorosoma cepedianum     
Dorosoma petenense    
Campostoma anomalum     
Cyprinella lutrensis  73.64 89.19 0.71 
Cyprinella venusta     
Cyprinus carpio     
Hybognathus placitus  8.14  12.41 
Macrhybopsis larvae    
Macrhybopsis australis   0.12 
Macrhybopsis hyostoma    
Macrhybopsis storeriana    
Notemigonus crysoleucas     
Notropis atherinoides     
Notropis bairdi  0.39  27.78 
Notropis buchanani     
Notropis stramineus  1.55 2.7  
Phenacobius mirabilis     
Pimephales promelas     
Pimephales vigilax  2.71 1.62  
Carpiodes carpio     
Ictiobus bubalus     
Ameiurus natalis     
Ameiurus melas    
Ictalurus furcatus     
Ictalurus punctatus  0.39   
Pylodictis olivaris     
Labidesthes sicculus    
Menidia audens    
Fundulus notatus     
Fundulus grandis    
Fundulus zebrinus  6.98 2.7 31.56 
Gambusia affinis  4.65 0.54 0.35 
Cyprinodon 
rubrofluviatilis  

0.78 0.54 27.07 

 



117 
 

Appendix 3.2.3. Continued. 

  
Salt Fork Red 

River 
North Fork Red 

River 
North Pease 

River 
Scientific Name Hwy 83 Hwy 83 Hwy 83 

Lepomis larvae  0.54  
Lepomis auritus     
Lepomis cyanellus  0.78 0.54  
Lepomis humilis     
Lepomis macrochirus   0.54  
Lepomis megalotis   0.54  
Lepomis microlophus     
Micropterus salmoides   0.54  
Pomoxis annularis     
Percina caprodes     
Percina macrolepida     
Etheostoma spectabile    
Aplodinotus grunniens     

Richness 10 10 7 

Total N 258 185 846 
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Appendix 3.2.4. Continued. 

  Pease River 
Adams 
Creek 

China 
Creek 

Gilberts 
Creek 

Scientific Name FM 104 Hwy 6 Hwy 283 TX 25 Flippin Rd FM 369 

Lepisosteus larvae       
Lepisosteus oculatus        
Lepisosteus osseus        
Lepisosteus platostomus       
Hiodon alosoides        
Dorosoma cepedianum   1.54 0.03    
Dorosoma petenense       
Campostoma anomalum        
Cyprinella lutrensis   1.68 18.54 58.28  0.81 
Cyprinella venusta        
Cyprinus carpio      16.67  
Hybognathus placitus  0.39 25.84 8.21    
Macrhybopsis larvae       
Macrhybopsis australis 0.28 1.26 1.06    
Macrhybopsis hyostoma       
Macrhybopsis storeriana       
Notemigonus crysoleucas        
Notropis atherinoides        
Notropis bairdi  90.92 53.78 39.39    
Notropis buchanani        
Notropis stramineus        
Phenacobius mirabilis     0.23   
Pimephales promelas    2.06 1.23 16.67  
Pimephales vigilax    0.06 0.06   
Carpiodes carpio     0.12   
Ictiobus bubalus     0.18   
Ameiurus natalis        
Ameiurus melas       
Ictalurus furcatus        
Ictalurus punctatus    0.03 0.06   
Pylodictis olivaris        
Labidesthes sicculus       
Menidia audens   0.11    
Fundulus notatus        
Fundulus grandis       
Fundulus zebrinus  5.78 12.61 2.92    
Gambusia affinis  0.06 1.96 3.48 38.45  97.7 
Cyprinodon rubrofluviatilis  2.59 1.26 23.86    
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Appendix 3.2.4. Continued. 

  Pease River 
Adams 
Creek 

China 
Creek 

Gilberts 
Creek 

Scientific Name FM 104 Hwy 6 Hwy 283 TX 25 Flippin Rd FM 369 

Lepomis larvae       
Lepomis auritus        
Lepomis cyanellus    0.08 0.99  0.46 
Lepomis humilis     0.06  1.04 
Lepomis macrochirus   0.07   66.67  
Lepomis megalotis     0.29   
Lepomis microlophus        
Micropterus salmoides    0.17 0.06   
Pomoxis annularis        
Percina caprodes        
Percina macrolepida        
Etheostoma spectabile       
Aplodinotus grunniens        

Richness 6 9 14 12 3 4 
Total N 1,818 1,428 3,592 1,714 6 869 
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Appendix 3.2.5. Continued. 

  
North          

Wichita River 
Wichita River 

Scientific Name Hwy 6 FM 1919 Hwy 283 Hwy 368 Hwy 11 Hwy 810 

Lepisosteus larvae      0.05 
Lepisosteus oculatus        
Lepisosteus osseus     0.14   
Lepisosteus platostomus      0.05 
Hiodon alosoides        
Dorosoma cepedianum  0.39  0.85   0.14 
Dorosoma petenense  0.3    0.19 
Campostoma anomalum        
Cyprinella lutrensis  2.86 16.52 15.32 62.45 70.48 85.72 
Cyprinella venusta       0.05 
Cyprinus carpio  0.13  2.98  0.11 0.05 
Hybognathus placitus  41.15 30.53  2.89   
Macrhybopsis larvae       
Macrhybopsis australis 9.64 14.47  0.14  0.19 
Macrhybopsis hyostoma      0.1 
Macrhybopsis storeriana       
Notemigonus crysoleucas        
Notropis atherinoides     0.14 0.34 2.99 
Notropis bairdi  36.72 11.44  1.51 1.02 2.22 
Notropis buchanani     7.43 6.67 2.12 
Notropis stramineus       0.05 
Phenacobius mirabilis     0.55 1.7 0.68 
Pimephales promelas  0.13 0.15  2.61 0.11 0.05 
Pimephales vigilax     19.12 14.14 3.33 
Carpiodes carpio        
Ictiobus bubalus      0.11  
Ameiurus natalis  0.13      
Ameiurus melas   0.43    
Ictalurus furcatus        
Ictalurus punctatus     0.14 0.34 0.87 
Pylodictis olivaris        
Labidesthes sicculus       
Menidia audens   61.7   1.06 
Fundulus notatus        
Fundulus grandis    0.14   
Fundulus zebrinus  3.13 10.98     
Gambusia affinis  1.69 14.17 7.66 1.79 0.11  
Cyprinodon 
rubrofluviatilis  

3.65 1.29 
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Appendix 3.2.5. Continued. 

  
North         

Wichita River 
Wichita River 

Scientific Name Hwy 6 FM 1919 Hwy 283 Hwy 368 Hwy 11 Hwy 810 

Lepomis larvae     0.34  
Lepomis auritus    1.28    
Lepomis cyanellus   0.08 4.26 0.14 3.05 0.1 
Lepomis humilis  0.39  0.43 0.14 0.68  
Lepomis macrochirus    1.28  0.23  
Lepomis megalotis   0.08 0.85 0.41 0.57  
Lepomis microlophus    0.43    
Micropterus salmoides    2.55 0.14   
Pomoxis annularis     0.14   
Percina caprodes        
Percina macrolepida        
Etheostoma spectabile       
Aplodinotus grunniens        

Richness 12 11 13 18 15 18 
Total N 768 1,320 235 727 884 2,073 
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Appendix 3.2.6. Continued. 

  Little Wichita River 
Barrel  

Springs Creek 
Pecan 
Creek 

Farmers 
Creek 

Scientific Name Hwy 287 FM 2332 Crain Rd FM 2849 FM 103 

Lepisosteus larvae      
Lepisosteus oculatus     1.48 0.32 
Lepisosteus osseus  5.88     
Lepisosteus platostomus      
Hiodon alosoides       
Dorosoma cepedianum  2.94 9.51  11.33 4.17 
Dorosoma petenense     0.96 
Campostoma anomalum       
Cyprinella lutrensis   1.56 14.63 11.33 17.63 
Cyprinella venusta      0.96 
Cyprinus carpio  2.94   2.46 0.32 
Hybognathus placitus       
Macrhybopsis larvae      
Macrhybopsis australis      
Macrhybopsis hyostoma      
Macrhybopsis storeriana      
Notemigonus crysoleucas     0.49 4.17 
Notropis atherinoides   1.56    
Notropis bairdi       
Notropis buchanani   33.85    
Notropis stramineus       
Phenacobius mirabilis      6.09 
Pimephales promelas       
Pimephales vigilax   0.26    
Carpiodes carpio   0.13   2.24 
Ictiobus bubalus     3.45 0.96 
Ameiurus natalis       
Ameiurus melas      
Ictalurus furcatus      2.56 
Ictalurus punctatus  2.94  0.81  1.28 
Pylodictis olivaris      0.32 
Labidesthes sicculus      
Menidia audens  6.51   8.97 
Fundulus notatus       
Fundulus grandis      
Fundulus zebrinus       
Gambusia affinis  5.88 6.38 78.05 48.28 27.88 
Cyprinodon rubrofluviatilis       
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Appendix 3.2.6. Continued. 

  Little Wichita River 
Barrel  

Springs Creek 
Pecan 
Creek 

Farmers 
Creek 

Scientific Name Hwy 287 FM 2332 Crain Rd FM 2849 FM 103 

Lepomis larvae  7.29  0.99 0.32 
Lepomis auritus       
Lepomis cyanellus   0.78  3.94 3.53 
Lepomis humilis  2.94 0.13    
Lepomis macrochirus  8.82 27.99 6.5 1.97 5.13 
Lepomis megalotis   0.39  5.42 2.24 
Lepomis microlophus       
Micropterus salmoides  2.94 0.52  8.87 1.92 
Pomoxis annularis  64.71 2.21   0.96 
Percina caprodes      0.64 
Percina macrolepida      5.13 
Etheostoma spectabile      
Aplodinotus grunniens   0.91    

Richness 9 15 4 11 23 
Total N 34 768 123 203 312 
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Appendix 3.2.7. Continued. 

  
Cottonwood 

Creek 
Mountain Creek 

South     
Fish Creek 

Scientific Name FM 2953 Childress Rd FM 373 CR 411 

Lepisosteus larvae     
Lepisosteus oculatus      
Lepisosteus osseus      
Lepisosteus platostomus     
Hiodon alosoides      
Dorosoma cepedianum  9.09    
Dorosoma petenense     
Campostoma anomalum   7.85  26.71 
Cyprinella lutrensis  53.33 34.03 22.06  
Cyprinella venusta  0.61    
Cyprinus carpio    0.48  
Hybognathus placitus    24.13  
Macrhybopsis larvae     
Macrhybopsis australis   0.48  
Macrhybopsis hyostoma   0.48  
Macrhybopsis storeriana     
Notemigonus crysoleucas      
Notropis atherinoides      
Notropis bairdi    5.87  
Notropis buchanani      
Notropis stramineus  4.24 9.42   
Phenacobius mirabilis    0.16  
Pimephales promelas      
Pimephales vigilax     0.8 
Carpiodes carpio      
Ictiobus bubalus    0.32  
Ameiurus natalis   1.57  0.2 
Ameiurus melas     
Ictalurus furcatus      
Ictalurus punctatus      
Pylodictis olivaris      
Labidesthes sicculus    0.8 
Menidia audens     
Fundulus notatus     26.1 
Fundulus grandis     
Fundulus zebrinus   40.31 10.16  
Gambusia affinis  7.27  34.92 4.22 
Cyprinodon rubrofluviatilis      
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Appendix 3.2.7. Continued. 

  
Cottonwood 

Creek 
Mountain Creek 

South    
Fish Creek 

Scientific Name FM 2953 Childress Rd FM 373 CR 411 

Lepomis larvae    2.81 
Lepomis auritus      
Lepomis cyanellus  16.36 6.28 0.63 2.81 
Lepomis humilis      
Lepomis macrochirus  6.06   22.89 
Lepomis megalotis  1.82 0.52 0.16 4.22 
Lepomis microlophus      
Micropterus salmoides  1.21  0.16 1.81 
Pomoxis annularis      
Percina caprodes      
Percina macrolepida     0.8 
Etheostoma spectabile    5.82 
Aplodinotus grunniens      

Richness 9 7 13 12 
Total N 165 191 630 498 
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IV. DISTRIBUTION AND HABITAT ASSOCIATIONS OF FRESHWATER 
MUSSELS IN THE MAINSTEM COLORADO RIVER, TEXAS 

 
Abstract 

Quantification of freshwater mussel communities have been lacking compared to 

the quantification of other aquatic organisms, and most studies focus survey efforts over 

geographically small area. Within the Colorado River drainage of Texas, previous efforts 

to quantify freshwater mussel communities were focused on tributary reaches of the 

Edwards Plateau.  Little information is available for the mainstem Colorado River. The 

purpose of this study was to conduct a longitudinal survey of the mainstem Colorado 

River in order to provide information to describe freshwater mussel communities and 

patterns associated with their distributions. Sampling was conducted over a one-year 

period and sites were grouped by similar surface geology. Patterns in mussel distribution 

were more related to georegion than to mesohabitats and substrate types.  Therefore, 

factors, influenced by surface geology such as stream hydrology and water quality, 

appear to be influential in describing freshwater mussel distributions. This study provides 

baseline information regarding the natural variations of the Colorado River and give 

insight to resource managers how anthropogenic alterations could influence these 

organisms. 

 

Introduction 

USA has the highest diversity of freshwater mussels in the world with nearly 300 

species. However, up to 65% of the species are thought to be extinct, endangered, or 

threatened (Haag and Williams 2014).  Freshwaters of Texas support 52 mussel species 

with 31% (N = 16) of the mussels listed as Species of Greatest Conservation Needs 
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(SGCN) by Texas Parks and Wildlife, of which two (Ouachita Rock Pocketbook 

Arkansia wheeleri and Texas Hornshell Popenaias popeii) are listed as endangered and 

12 are under consideration for listing by USFWS (Table 4.1; USFWS 2011b, USFWS 

2016). In the central Texas province, which includes the Nueces-Frio, Guadalupe-San 

Antonio, Colorado, and Brazos basins, six endemic species are known to occur, four of 

which are pending review by the U.S. Fish and Wildlife Service (USFWS) for federal 

listing (USFWS 2011; Howells 2014). Three of the four candidate species (Texas 

Fatmucket Lampsilis bracteata, Texas Pimpleback Cyclonaias petrina, and Texas 

Fawnsfoot Truncilla macrodon) are found in the Colorado River drainage among 

different water bodies and habitats (Howells 2014). Several threats are thought to be 

associated with the decline of these taxa throughout Texas such as stream fragmentation, 

flow reduction, invasive species, habitat loss, and overharvest (Winemiller et al 2010). 

Historically, 31 species of freshwater mussels occur in the Colorado River 

drainage, inhabit benthos of river water bodies and reservoirs, and associate among a 

range of current velocities and substrate types (Winemiller et al 2010, USFWS 2011b, 

Howells 2014). However, within the Colorado River basin, contemporary information 

about mussel communities, species, and distribution is limited and most recent studies on 

the unionid assemblages have focused on tributaries with less emphasis on the mainstem 

portions of these systems (Burlakova & Karatayev 2010; Randklev et al. 2017). 

Burlakova and Karatayeu (2010) surveyed several sites on the mainstem Colorado River, 

but the assessments were limited to a few locations in close proximity to public access 

sites.    
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It is important to document the distribution and habitat association of freshwater 

mussel among the different regions within Colorado River basin to assist ongoing efforts 

by the U.S. Fish and Wildlife Service (USFWS) to quantify resiliency, representation, 

and redundancy for the three USFWS candidate species as well as other mussel species. 

The purpose of this study was to address gaps in information on the distribution of 

freshwater mussels in the Colorado River along with gathering habitat information 

among the different water bodies where they were detected. Freshwater mussel 

communities were assessed by regions that had similar surface geologies along the 

mainstem Colorado River. I used the georegion approach rather than ecoregion approach 

because ecoregions were delineated based upon terrestrial fauna which did not provide an 

appropriate representation of stream hydrology (e.g., flow, water permanency, gradient), 

substrate composition (e.g., sand, bedrock) and water quality (i.e., specific conductance) 

(Pfaff 2019). There were two primary objectives of this study. First objective was to 

quantify the distribution, occurrences, and abundances of freshwater mussels among the 

mainstem Colorado River, Texas by georegion. Second objective was to quantify habitat 

associations among all georegions of the Colorado River, Texas. Predictions were that 

mussel communities and species occurrences are likely not homogenously distributed 

within the basin because of the amount of heterogeneity in the basin geology and stream 

types (Strayer 1983, 1999, Baldio et al 2004). 
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Methods 

Study Area 

The Colorado River is the longest river in Texas that is completely confined 

within the state’s border. The headwaters originate in Dawson County, Texas, of west 

Texas, and flows southeast through the Edwards Plateau, where is receives large 

contributions from several spring-fed rivers, such as the San Saba, Pedernales, and Llano 

Rivers. The river then transitions to a large alluvial system, as it flows through the Gulf 

Coastal Plain, eventually draining into Matagorda Bay (Dahm et al. 2005). Several 

mainstem reservoirs occur on the Colorado, most notably the Highland Lakes, a series of 

seven reservoirs (Lake Buchanan, Inks Lake, Lake LBJ, Lake Marble Falls, Lake Travis, 

and Lake Austin). 

Mussel communities within the Colorado River basin was assessed by georegion. 

Georegions were delineated based on surface geology (US Geological Survey 2015).  

Perennial flows of the Colorado River mainstem begin on the western edge of the Llano 

Estacado. In a general southeast direction, the perennial flowing portion of the Colorado 

River main stem and tributaries bisects Carboniferous, Permian, and Triassic strata layers 

(Paleozoic Georegion), forming low gradient prairie streams with predominately silt 

substrates, although sandstones and limestones form a limited amount of rocky 

outcroppings and gravel to boulder substrates (Table 1). Streams common in this strata 

layer tend to be dominated by shallow runs, braided channels, and highly turbid, and of 

moderate to high salinity. The Colorado River then enters the Llano Uplift area with 

Precambrian and Cambrian strata (Llano Uplift Georegion; Latitude: 31.090572, 

Longitude: -98.463806; upstream from Colorado Bend State Park, San Saba County) 
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consisting primarily of granite but interspersed with some limestones, dolomites, and 

sandstones. The river and tributaries have less silt substrate and more gravel to boulder 

substrates and diversity in mesohabitats (e.g., run, riffle, pools), and are also 

characterized by their higher gradient, lower turbidity, and less saline waters. From the 

west, the Edwards Plateau with its Cretaceous limestone and karst aquifers (Edwards 

Georegion) contribute substantial spring flows to the Paleozoic Georegion (via Concho 

River) and Llano Uplift Georegion (via San Saba River, Llano River, and Pedernales 

River). From the Llano Uplift, the Colorado River enters another section of the Edwards 

Plateau and the Balcones Escarpment (Balcones Georegion; Lake Travis area, Travis 

County) before bisecting the gulf coastal plains of Cenozoic deposits (Cenozoic 

Georegion; Latitude: 30.200572, Longitude: -97.525748; upstream from Webberville 

Park, Travis County). Cenozoic deposits and stream substrates of the Cenozoic 

Georegion are dominated by sands and silts, but various sandstone strata layers occur in 

the lower Colorado River main stem. 

 

Survey Design 

To delineate survey sites within each georegion, I used aerial imagery to target 

areas with heterogeneous habitats. I chose sites within sections of each river with a 

mosaic of habitat types. Habitat types were divided into mesohabitats, which included 

riffles, runs, pools, and backwaters. Dividing habitat types with a mesohabitat scale is 

useful for investigating habitat associations because they can be easily identified (Frissell 

et al. 1986). Moreover, due to differences in mussel abundance between bank and mid-

channel habitats observed in previous studies (Brown & Banks 2001; Brim Box et al. 
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2002), I partitioned runs and pools into sub-mesohabitats to increase resolution and 

identify potential differences within these mesohabitats. As a result, I separated each site 

by six potential mesohabitat types: run bank, run mid-channel, pool bank, pool mid-

channel, riffle, and backwater. 

Within each mesohabitat type, I used qualitative surveys via timed visual and 

tactile search methods.  A qualitative survey approach is an efficient search method to 

establish a list of taxa, as well as increase the detection probability of rare species 

(Vaughn et al. 1997; Strayer and Smith 2003). At each site, I surveyed one of each 

mesohabitat type. If a mesohabitat type was absent within a site, I surveyed additional 

mesohabitat types present until a total of 6 mesohabitats were searched at each site. For 

each mesohabitat, areas with a maximum of 300 m2 were marked off and initially 

surveyed for one person-hour (p-h). If no live mussels were detected, that mesohabitat 

was deemed completed. If live mussels were collected, I conducted a second p-h. If I 

collected a new species within the second p-h, a third p-h was conducted. I conducted 

additional one p-h searches until no new species were collected (Metcalfe-Smith et al. 

2000). Once sampling efforts were complete, all native freshwater mussels were 

identified and enumerated before being returned to the area of capture. I used retained the 

old nomenclature Smooth Pimpleback Cyclonaias houstonensis although Johnson et al. 

(2018) recently synonymized them with Pimpleback C. pustulosa.  
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Habitat Measurements 

To avoid variation in flow parameters (i.e., depth, current velocity, and shear 

stress) among sampling dates, surveys were conducted under base flow conditions set by 

Texas Department of Environmental Quality (https://www.tceq.texas.gov/permitting/ 

water_rights/wr_technical-resources/eflows/colorado-lavaca-bbasc-bbest).  At each 

mesohabitat type, I estimated percent substrate composition based on the standard 

Wentworth particle size scale (Wentworth 1922).  A Hach flowmeter and top-set wading 

rod was used to measure average depth (ft), mean water column velocity (ft/s), and 

benthic velocity (ft/s) at one point near the center of each mesohabitat. I used FST 

Hemispheres (Statzner et al. 1991) to quantify shear stress at one point within each 

mesohabitat.  To measure substrate compaction (kg/cm2), I took three readings from 

random points within the mesohabitat using a Humboldt soil penetrometer (Johnson & 

Brown 2000). Additionally, I recorded the percent coverage of other habitat parameters 

such as large woody debris, aquatic vegetation, and undercut banks. A HydroTech 

multiprobe water quality sonde was used to measure water quality parameters including 

temperature (°C), dissolved oxygen (mg/L, % saturation), pH, specific conductance 

(μS/cm), and turbidity (NTU).  

 

Data Analysis  

Principal component analysis (PCA; Canoco 4.5, Microcomputer Power 2002) 

was used to assess linear combinations of habitat parameters. Mesohabitats were coded as 

dummy variables and quantitative data (e.g., current velocity column, current velocity 

bottom, depth) were z-transformed. Parameters with diel fluctuations (e.g., water 
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temperature) were omitted from the analysis. The resulting PCA loadings were plotted 

and grouped to assess habitat variability within and among basins and georegions. 

Canonical correspondence analysis (CCA; Canoco 4.5) was used to assess patterns in 

habitat associations among Colorado River mussel community independent of georegion. 

For univariate assessments, mesohabitat and species-substrate associations were 

determined from relative abundance by species using the ACFOR scale (Stiers et al. 

2011): Abundant (75 – 100%), Common (50 – 74%), Frequent (25 – 49%), Occasional (5 

– 24%), and Rare (>0 – 4%).  Weighted means and standard deviations were calculated 

from relative abundance of a species by current velocity (mid-column, bottom), FST 

hemisphere, mean sheer stress, depth, and penetrometer among habitats observed. Visual 

comparisons of percent changes in relative abundance was calculated for mussels before 

and after Hurricane Harvey flood in the Cenozoic Georegion.  

 

Results 

Within the Colorado River basin, 527 mesohabitats from 84 sites consisted of 

riffle, run, pool, and backwater habitats with predominately silt, sand, gravel, cobble, 

boulder, and bedrock substrates (Table 4.2). Minimum water temperature was 22.3°C 

during surveys (Table 4.3).  Principal component axis I explained 16% of the habitat 

variation and described a substrate and current velocity gradient (Figure 4.1).  Principal 

component axis II explained 7% of the habitat variation and described primarily 

vegetation and specific conductance gradient.  From upstream to downstream, central 

tendencies of mesohabitat scores within Paleozoic Georegion were negatively associated 

with PC I (i.e., slower current velocities, greater amounts of silt substrate) and positively 
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associated with PC II (i.e., greater amounts of vegetation and higher specific 

conductance).  Central tendency of mesohabitat scores within Llano Uplift Georegion 

was negatively associated with PC I.  Central tendencies of mesohabitat scores within 

Balcones Georegion was positively associated with PC I (i.e., swifter current velocities, 

greater FST values) and negatively associated with PC II (i.e., lower amounts of 

vegetation, lower specific conductance, greater amounts of sand substrates).  Central 

tendency of mesohabitat scores within Cenozoic Georegion was negatively associated 

with PC II.   

Sixteen species and 2,819 individuals were taken from the Colorado River (Table 

4.4) with mussels occurring in 25 to 87% of the habitats sampled by georegion (Table 

4.5). Abundances and occurrences of mussels differed among georegions. Paleozoic 

Georegion consisted of 10 species with Fragile Papershell (24% in relative abundance), 

Southern Mapleleaf (22%), and Tampico Pearlymussel (16%) being the most abundant, 

whereas Southern Mapleleaf (9.8% occurrence among habitats sampled), Yellow 

Sandshell (9.0%), Bleufer (6.8%), and Paper Pondshell (6.8%) were most widespread. 

Llano Uplift Georegion consisted of 11 species with Texas Pimpleback (37% in relative 

abundance), Pistolgrip (21%), and Southern Mapleleaf (6.5%) were most abundant, 

whereas Texas Pimpleback (7.1% occurrence among habitats sampled), Tampico 

Pearlymussel (6.2%), and Southern Mapleleaf (6.2%) were most widespread. Balcones 

Georegion consisted of seven species with Yellow Sandshell (33% in relative 

abundance), Giant Floater (33%), and Paper Pondshell (15%) were most abundant, 

whereas Tampico Pearlymussel (5.6% occurrence among habitats sampled) and Yellow 

Sandshell (5.6%) were most widespread.  Cenozoic Georegion consisted of 14 species 
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with Threeridge (58% in relative abundance), Smooth Pimpleback (17%), and Yellow 

Sandshell (17%) were most abundant, whereas Threeridge (18% occurrence among 

habitats sampled), Yellow Sandshell (18%), and Smooth Pimpleback (15%) were most 

widespread.  

Habitats explained 41% (P < 0.01) of the mussel community variation, partitioned 

among regional factors (i.e., georegion; 9%, P < 0.01) and local factors (i.e., habitats 

parameters; 22 %, P < 0.01) (Figure 4.2). Physical parameters and mesohabitats with 

strong loadings were Llano Uplift (habitat bi-plot score: 0.65), Paleozoic (0.54), cobble 

(0.45), run edge (-0.29), sand (-0.38), and Cenozoic (-0.97) on CCA axis I.  Mussels with 

strong positive associations on CCA axis I (i.e., Llano Uplift georegion, Paleozoic 

georegion, cobble substrates) were Pistolgrip (species bio-plot score:  1.5), Texas 

Fatmucket (1.30), Southern Mapleleaf (1.18), and Paper Pondshell (0.92).  Mussels with 

strong negative associations on CCA axis I (i.e., run edge habitats, sand substrates, 

Cenozoic georegion) were Pondhorn (-0.83), Texas Fawnsfoot (-0.82), and Threeridge (-

0.72).  Physical parameters and mesohabitats with strong loadings were Llano Uplift 

(0.53), FST (0.51), minimum bottom shear stress (0.48), Paleozoic (-0.50), and silt (-

0.56) on CCA axis II.  Mussels with strong positive associations on CCA axis II (i.e., 

Llano Uplift georegion, FST, greater minimum bottom shear stress) were Pistolgrip 

(1.48) and Texas Pimpleback (1.01).  Mussels with strong negative associations on CCA 

axis II (i.e., Paleozoic georegion, silt substrates) were Lilliput (-1.32), Giant Floater (-

1.27), and Pondhorn (-1.20). 

 

Univariate estimates across georegions 
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Weighted mean (± 1 SD) habitat summaries were calculated for species within 

mussel communities across georegions. Texas Pimpleback and Pistolgrip had the swiftest 

mean current velocities (column and bottom), whereas Texas Lilliput, Texas Fatmucket, 

and Pondhorn had the lowest mean current velocities (Figure 4.3).  Associated with 

current velocities (column and bottom), Texas Pimpleback and Pistolgrip had the greatest 

mean FST hemisphere and mean shear stress, whereas Texas Fatmucket, Pondhorn, and 

Lilliput had the lowest mean FST hemisphere and mean shear stress (Figure 4.4).   

Tampico Pearlymussel, Texas Lilliput, and Smooth Pimpleback had the deepest mean 

depths, whereas Texas Pimpleback, Texas Fatmucket, and Pistolgrip had the shallowest 

mean depths (Figure 4.5). Fragile Papershell, Pistolgrip, Paper Pondshell had the greater 

mean penetrometer estimate (i.e., greater substrate compactions), whereas Lilliput, Texas 

Lilliput, and Texas Fatmucket had the least mean penetrometer estimate (i.e., lesser 

substrate compaction).  

Relative abundances of mussels ranged from absent to abundant among all 

mesohabitats (Table 4.6). Most species were taken pool-edge mesohabitats (N species = 15), 

ranging in relative abundance scale from rare to abundant, and fewest species (N species = 

8) were taken from riffle habitats, ranging in relative abundance scale from rare to 

occasional. Majority of species (75%) were taken from mesohabitats consisting of all 

substrate types (Table 4.7).  Mean percent silt was occasional to common for all species. 

Mean percent sand and gravel were rare to frequent for 88% of the species.  Mean 

percent clay, cobble, boulder, and bedrock were rare to common for 81% of the species.   

 

Cenozoic Georegion: pre and post hurricane community comparisons 
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Flows associated with Hurricane Harvey in August 2017 were estimated to 

exceed 4,600 cms (USGS stations 08161000) in the lower Colorado River.  Previous to 

the high flow event, 179 mesohabitats were sampled (Table 4.8). The pre-hurricane 

community consisted of 14 species with Threeridge (59% in relative abundance), Yellow 

Sandshell (17%), and Pimpleback (16%) being most abundant. After high flows subsided, 

66 mesohabitats were sampled. The post hurricane community consisted of 11 species 

with Threeridge (53%), Pimpleback (21%), and Yellow Sandshell (17%) being most 

abundant. Changes in relative abundances between pre- and post-hurricane ranged from -

5.9% for Threeridge to 4.7% for Pimpleback.  Density estimates were 10.4 mussels per 

habitat pre-hurricane and 6.7 mussels per habitat post hurricane.   

 

Discussion 

Mussel communities were heterogeneously distributed among georegions within 

the Colorado River basin with a general increase in the number of mussel species from 

upstream to downstream, excluding the Balcones Georegion.  Heterogeneity was 

attributed to species (i.e., Texas Fatmucket, Texas Lilliput, Texas Fawnsfoot, and 

Pondhorn) found only in one georegion, whereas others (i.e., Tampico Pearlymussel, 

Giant Floater, and Paper Pondshell) were found in all four georegions.  Heterogeneity 

was also attributed to differences in species abundances.  Most abundant species were 

Fragile Papershell, Southern Mapleleaf, and Tampico Pearlymussel (62% combined 

relative abundance) in Paleozoic Georegion, Texas Pimpleback, Pistolgrip, and Fragile 

Papershell (73%) in Llano Uplift Georegion, Yellow Sandshell and Giant Floater (66%) 

in Balcones Georegion, and Threeridge and Pimpleback (75%) in Cenozoic Georegion.  
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Similar patterns in freshwater mussel richness and abundances are linked to surface 

geology in other systems (Strayer 1983; McRae et al. 2004; Chambers and Woolnough 

2018).  Proximate processes of surface geology influencing mussel richness and 

abundances include stream hydrology, substrate composition, and water quality (McRae 

et al. 2004). An additional factor thought to be influential in mussel distributions is the 

mussel’s fish host for glochidia development (Vaughn 1997; Wendell et al. 1998).  

Similar to mussel communities reported herein, fishes within the Colorado River basin 

(Pfaff 2019) and elsewhere in Texas (Hubbs 1957) are heterogeneously distributed 

among surface geology related to stream hydrology, substrate composition, and water 

quality.   

Stream hydrology (e.g., flow, water permanency, gradient), substrate composition 

(e.g., sand, bedrock) and water quality (i.e., specific conductance) generally differed 

among georegions predictably (e.g., downstream increase in flows) but also uniquely 

(e.g., stream gradient, substrate sizes) attributed to surface geology.  From upstream to 

downstream, low gradient, clay and sand substrates of Paleozoic strata with low volume 

and often saline alluvium aquifer contributions transition into higher gradient, larger 

substrates of the Llano Uplift and Balcones georegions, along with contributions from the 

Edwards Georegion, with high volume and fresh karst aquifer contributions, and 

transition back to a low gradient, small to large substrates in the Cenozoic Georegion 

with voluminous flows from alluvium aquifers and from flows upstream.  Water 

permanency, flow magnitude and variability, and water quality (e.g., specific 

conductance) are among a suite factors that are related to mussel occurrences and 

abundances.  Mussels differ in their ability to withstand desiccation (Mitchell et al. 2018), 
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which might influence occurrence and abundance of some species over others within 

georegions of lower water permanency.  For example, Texas Pimpleback survived longer 

in desiccation experiments than Pimpleback and Threeridge (Mitchell et al. 2018), which 

corresponds with Texas Pimpleback greater abundance in Llano Uplift Georegion with 

lower water permanency (e.g., 1.4% zero flow days), and Pimpleback and Threeridge 

having greater abundance in Cenozoic Georegion with greater water permanency (e.g., 

0% zero flow days).  Flow magnitude and variability (i.e., flashiness) can destabilize 

substrate resulting in the dislodgment of some mussels (Arbuckle and Downing 2002, 

Vaughn and Taylor 1999).  Water quality, specifically alkalinity (Neary and Leach 1992; 

Hincks and Mackie 1997) and salinity (Cvancara 1970), are known to influence 

distributions of mussels, although stressors caused by other water quality parameters such 

as dissolved oxygen, suspended solids, and nitrogenous compounds (Haney et al. 2018) 

could also play a role in distributional patterns.  

Most mussel species were detected among all available mesohabitat types with 

exception of only a few species with low sample sizes (i.e., Lilliput, Texas Fatmucket, 

and Pondhorn) found only in one mesohabitats each. Likewise, most species were 

detected among a variety of different substrate types. Among five mussels (i.e. Tampico 

Pearlymussel, Fragile Papershell, Giant Floater, Southern Mapleleaf, Paper Pondshell) 

among all the georegions, ubiquitously distributed mussels were found more often in pool 

habitats with silt substrates, but it is likely these species are probably mesohabitat and 

substrate generalists. For example, Southern Mapleleaf highest abundance (5%) was 

reported from backwater habitats with sand and silt substrates in a tributary of the Brazos 

River (Randklev et al. 2014) and showed an association to run habitats with moderately 
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high current velocities in the Neches River (Glen 2017).  Mussel associations with larger 

substrate sizes (i.e., gravel, cobble, boulder, bedrock) are linked to flow refuges (i.e., 

resist downstream displacement, Strayer 1999) more so than a preference for a particular 

habitat type (e.g., riffle habitats) correlating with the substrate sizes.  Based on 

observations during field surveys in this study, mussels tend to be associated with 

habitats nearby large boulders, either within (quantified herein) or outside (not quantified 

herein) of delineated mesohabitats, especially in the lower reach of the Colorado River 

(Cenozoic Georegion).  Post flood (i.e. Hurricane Harvey) site analysis from a 

companion study (A. Sotola, Texas State University, unpublished data) identified that 

areas with larger substrates (i.e., boulder and bedrock) maintained 20% of the original 

mussel community in total numbers and 67% of the species.  Additionally, post flood 

surveys taken from European streams suggest larger substrates protect downstream 

displacement of mussels and the remaining population of mussels provides a source for 

recolonization (Hastie et al. 2001).  Observations within this study and among other 

studies (Hastie et al. 2001; V.A. Sotola unpublished) suggest that the mechanism of 

mussel associations with larger substrate sizes is related to functionality of substrates as 

flow refuge, although additional work is needed to clearly understand the linkages.   

 Fourteen of our local factors explained 22% of the variation in the mussel 

community, whereas the four georegions explained 8%. However, the local factors are 

influenced by the georegion in a hierarchical fashion which is evident by the georegions 

having a higher loading on CCA axis I and II.  Pfaff (2019) found that surface geology 

was a more powerful predictor of fish community structure rather than local habitat 

variables or other special delineations commonly used in aquatic community assessment 
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(e.g., stream order). Other studies have found similar patterns related to surface geology 

(macroinvertebrates; Neff and Jackson 2011, mussels; Strayer 1983; McRae et al. 2004; 

Chambers and Woolnough 2018, and fish; Hubbs 1957). However, understanding the 

mechanisms that drive heterogeneity among georegion are still elusive. Calculation of 

habitat associations independent of georegion showed patterns for a few species, but 

overall, most mussels were distributed among a variety of different habitat and substrate 

types. Therefore, future efforts could focus on determining the mechanisms of a 

georegion that influences the occurrence and abundances of mussels, along with 

additional considerations on fish-host relationships (Vaughn 1997; Haag and Warren 

1998; Wendell et al. 1998), interspecific competition (Bronmark and Malmqvist 1982), or 

physiologic tolerances (Haney et al. 2018).  

Benefits of the georegion approach, despite not clearly understanding the 

mechanisms, can be used in the process of applying the 3Rs concept through 

identification of the redundancy and resiliency of a species using methods purposed by 

Faucheux et al (2019). Species may occupy habitats that are less suitable to long term 

persistence of the species because reproduction does not offset mortality rate, but the 

population is maintained by a nearby source population (Pulliam 1988). The georegion 

approach provides information about natural tendency for a species among georegion and 

illustrates that mussel species are not equally abundant throughout all georegions, which 

can identify georegions as population sources and population sinks.  Population sources 

would be more meaningful when quantifying the number of redundant populations and 

the species ability to withstand or rebound from stochastic events (i.e., resiliency), 

whereas population sinks could unnecessarily inflate the number of redundant 



146 
 

populations and deflate estimates of resiliency.  Currently, concern for the management 

of freshwater mussels has increased because it is recognized that 65% of North American 

species are threatened (Strayer et al. 2004; Haag and Williams 2014). However, 

understanding levels of imperilment of these organisms has been challenging given the 

assessment of community structures has been at a small scale (Burlakova and Karatayev 

2010; Randklev et al. 2017). Moving forward with the georegion approach will provide a 

more holistic management application by understanding large scale mussel distribution 

patterns influence by surface geology and habitat associations. Baseline information with 

will provide information regarding the natural variations of the systems and give insight 

to resource managers how anthropogenic alterations are influencing these organisms.  
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Table 4.2.  Total number, percent, and physical characterizations of habitats sampled within georegions of 
the Colorado River basin March through October 2017. 
 

      Colorado River 

 Paleozoic Llano Uplift Balcones Cenozoic 

          
N of habitats 132 114 36 245 

Habitat types (%)         
Riffle 11 15 19 11 

Run-channel 12 12 28 20 

Run-edge 6 12 19 22 

Pool-channel 25 26 6 15 

Pool-edge 37 27 22 22 

Backwater 10 8 6 11 

         

 
Mean 

1 
SD 

Mean 
1 

SD 
Mean 

1 
SD 

Mean 
1 

SD 
Depth (m) 0.47 0.3 0.48 0.37 0.47 0.25 0.64 0.46 

Current velocity column (m/s) 0.1 0.18 0.14 0.25 0.33 0.32 0.23 0.27 

Current velocity bottom (m/s) 0.04 0.08 0.07 0.12 0.19 0.21 0.12 0.15 

Penetrometer (kg/cm2) 0.32 1.01 0.66 1.46 0.14 0.15 0.12 0.33 

FST hemispheres 1.52 2.63 1.98 3.21 4.25 4.05 2.86 3.33 
Minimum bottom shear stress 
(dyn/cm2) 

1.24 1.47 1.61 2.63 2.65 2.68 1.82 2.77 

Specific conductance (uS/cm) 998 365 600 100 561 64 597 45 

Substrate (%)         
Clay 3 10 7 17 3 12 5 15 

Silt 26 28 23 27 16 30 21 28 

Sand 9 15 6 11 30 23 38 30 

Gravel 23 24 16 20 37 28 19 22 

Cobble 26 25 23 27 14 25 9 18 

Boulder 7 20 5 14   3 14 

Bedrock 3 14 15 28   3 12 

Detritus 3 9 5 13   1 5 

Large woody debris (%) 3 10 4 11 1 2 3 7 

Undercut bank (%) 1 5 1 4   1 5 

Root wad (%) <0.1 0.1 <0.1 0.2   0.4 2 
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Table 4.2. Continued 

  Paleozoic 
Llano 
Uplift 

Balcones Cenozoic 

          

Vegetation (%) 5 19 1 5 3 9 1 4 

Chara 2 12       
Ceratophyllum        
Filamentous Algae 2 11 0.5 5    3 

Hydrilla     1 0.1 1 

Justicia        
Nuphar        
Potamogeton        
Heteranthera 1 10     3 9 0.4 3 
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Table 4.3.  Water quality parameters (mean for temperature, dissolved oxygen, and turbidity, median for 
pH) for mesohabitats sampled within georegions of the Colorado River basin March through October 2017. 
  

    

Temperature 
(°C) 

Dissolved 
oxygen 
(mg/L) 

pH 
Turbidity 

(NTU) 

Georegion Paleozoic Central tendency 28.7 8 8.3 96.2 

 1 SD 2.52 2.01  51.67 

 Minimum 24.3 3.6 7.2 19.5 

 Maximum 34.5 14.1 10.9 152.2 

      
Georegion Llano Uplift Central tendency 28 8.5 8.3 76.4 

 1 SD 2.52 1.57  44.56 

 Minimum 22.3 5.4 6.9 20.6 

 Maximum 32.5 12.8 10.2 152.2 

      
Georegion Balcones Central tendency 26.9 8.8 7.8 11.7* 

 1 SD 2.65 11.04  25.78 

 Minimum 23.4 5.2 7.6 0.49 

 Maximum 34.4 73.1 7.9 339 

      
Georegion Cenozoic Central tendency 28.8 9 8.1 33.9 

 1 SD 2.75 3.14  40.6 

 Minimum 22.7 5.7 6.9 1.3 

  Maximum 35.1 41 11.4 309.3 

*Estimates obtained from waterquality.lcra.org, Site 12474 and Site 12466 (downstream of Lady 
Bird Lake to Webberville; period of record:  1998 – 2016). 
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Table 4.4.  Mussel species and relative abundances (% of total N) taken from georegions within the Colorado River basin from March through October 2017. 

  Abundance (%) 

Scientific Name Common Name 
Paleozoic 
Georegion 

Llano Uplift 
Georegion 

Balcones 
Georegion 

Cenozoic 
Georegion 

Amblema plicata Threeridge  2.0  58 
Cyclonaias houstonensis Smooth Pimpleback 1.2 4.0  17 
Cyclonaias petrina Texas Pimpleback 2.4 37  1.3 
Cyrtonaias tampicoensis Tampico Pearlymussel 16 4.5 7.4 1.5 
Lampsilis bracteata Texas Fatmucket  0.8   
Lampsilis teres Yellow Sandshell 11  33 17 
Leptodea fragilis Fragile Papershell 24 15 3.7 2.7 
Potamilus purpuratus Bleufer 4.5 3.6  0.7 
Pyganodon grandis Giant Floater 11 2.8 33 0.3 
Quadrula apiculata Southern Mapleleaf 22 6.5 3.7 0.2 
Toxolasma parvum Lilliput   3.7 0.1 
Toxolasma texasiense Texas Lilliput    1.5 
Tritogonia verrucosa Pistolgrip 0.8 21   
Truncilla macrodon Texas Fawnsfoot    0.4 
Uniomerus tetralasmus Pondhorn    0.04 
Utterbackia imbecillis Paper Pondshell 7.8 2.8 15 0.1       

 Total N 245 247 27 2,300 
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Table 4.5.  Mussel species and occurrences (% of total habitats sampled) taken from georegions within the Colorado River basin from March through October 
2017.   
 

  Occurrence (%) 

Scientific Name Common Name 
Paleozoic 
Georegion 

Llano Uplift 
Georegion 

Balcones 
Georegion 

Cenozoic 
Georegion 

Amblema plicata Threeridge  1.8  18 
Cyclonaias houstonensis Smooth Pimpleback 1.5 2.7  15 
Cyclonaias petrina Texas Pimpleback 1.5 7.1  4.9 
Cyrtonaias tampicoensis Tampico Pearlymussel 6.0 6.2 5.6 4.9 
Lampsilis bracteata Texas Fatmucket  0.9   
Lampsilis teres Yellow Sandshell 9.0  5.6 18 
Leptodea fragilis Fragile Papershell 13 21 2.8 11 
Potamilus purpuratus Bleufer 6.8 4.4  2.4 
Pyganodon grandis Giant Floater 12 4.4 2.8 1.6 
Quadrula apiculata Southern Mapleleaf 9.8 6.2 2.8 1.6 
Toxolasma parvum Lilliput   2.8 0.8 
Toxolasma texasiense Texas Lilliput    2.9 
Tritogonia verrucosa Pistolgrip 1.5 15   
Truncilla macrodon Texas Fawnsfoot    3.3 
Uniomerus tetralasmus Pondhorn    0.4 
Utterbackia imbecillis Paper Pondshell 6.8 5.3 2.8 1.2       
 Total N of habitats 132 114 36 245 
 Total % of habitats 68 75 25 87 
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Table 4.6.  Mesohabitat associations by species using ACFOR scale (Stiers et al. 2011):  Abundant (75 – 100% in a species relative abundance), Common (50 – 
74%), Frequent (25 – 49%), Occasional (5 – 24%), and Rare (>0 – 4%).  For example, Threeridge were taken rarely from riffle, occasionally from run-channel, 
pool-edge, and backwater, and frequently taken from run-edge and pool-channel habitats.  Blank represents a species was not found in the mesohabitat. 

Species N Riffle Run-channel 
Run-
edge Pool-channel 

Pool-
edge Backwater 

Threeridge 1,330 rare occasional  frequent frequent occasional  occasional  

Yellow Sandshell 421 rare rare frequent occasional  frequent occasional  

Smooth Pimpleback 400 rare frequent occasional  frequent occasional  rare 

Fragile Papershell 160 rare rare frequent occasional  frequent occasional  

Texas Pimpleback 127 rare occasional  common occasional  rare occasional  

Tampico Pearlymussel 86 rare  rare common occasional  occasional  

Southern Mapleleaf 75 occasional  occasional  rare abundant occasional  rare 

Pistolgrip 54 occasional  occasional  frequent occasional  occasional  occasional  

Giant Floater 49   rare occasional  common occasional  

Bleufer 35    frequent common occasional  

Texas Lilliput 34   occasional  occasional  common  

Paper Pondshell 33  occasional  occasional  occasional  frequent occasional  

Texas Fawnsfoot 9   common  frequent occasional  

Lilliput 3     abundant  

Texas Fatmucket 2    abundant   

Pondhorn 1      abundant 
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Table 4.7.  Species-substrate associations using ACFOR scale (Stiers et al. 2011):  Abundant (75 – 100% mean percent substrate), Common (50 – 74%), 
Frequent (25 – 49%), Occasional (5 – 24%), and Rare (>0 – 4%).  For example, Threeridge were taken from substrates comprised, on average, rarely of cobble 
and detritus and occasionally of clay, silt, sand, gravel, boulder, and bedrock.  Blank represents a substrate type where a species was not found.  

Species N Clay Silt Sand Gravel Cobble Boulder Bedrock Detritus 
Threeridge 1,330 occasional occasional occasional occasional rare occasional occasional rare 
Yellow Sandshell 421 occasional frequent occasional rare rare occasional rare rare 
Smooth Pimpleback 400 rare occasional frequent occasional occasional frequent occasional rare 
Fragile Papershell 160 occasional occasional occasional occasional occasional occasional rare rare 
Texas Pimpleback 127 rare occasional frequent occasional occasional occasional rare  

Tampico Pearlymussel 86 rare frequent occasional occasional occasional occasional rare rare 
Southern Mapleleaf 75 rare occasional occasional frequent occasional occasional rare rare 
Pistolgrip 54 rare occasional occasional occasional frequent occasional occasional rare 
Giant Floater 49 occasional common occasional occasional occasional occasional rare occasional 
Bleufer 35 rare frequent frequent occasional occasional occasional rare rare 
Texas Lilliput 34 rare frequent rare rare rare occasional occasional frequent 
Paper Pondshell 33 rare frequent rare occasional occasional rare occasional occasional 
Texas Fawnsfoot 9 occasional frequent frequent occasional rare occasional   

Lilliput 3  abundant rare rare     

Texas Fatmucket 2  common     common  

Pondhorn 1  abundant       
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Table 4.8.  Differences in mussel community relative abundances before and after Hurricane Harvey and >4,600 cm in Cenozoic Georegion.  Relative 
abundances of mussel species pre and post Harvey, ranked by magnitude of percent change. 

 Relative Abundance (%)  
Species Pre-Harvey Post Harvey Change in percent 

Threeridge 59 53 -5.91 
Texas Lilliput 1.7 0.68 -0.99 
Texas Pimpleback 1.4 0.91 -0.49 
Tampico Pearlymussel 1.6 1.1 -0.48 
Giant Floater 0.38  -0.38 
Texas Fawnsfoot 0.43 0.23 -0.2 
Paper Pondshell 0.16  -0.16 
Pondhorn 0.05  -0.05 
Yellow Sandshell 17 17 0.05 
Lilliput 0.05 0.23 0.17 
Southern Mapleleaf 0.11 0.45 0.35 
Fragile Papershell 2.6 3.2 0.54 
Bleufer 0.11 2.9 2.84 
Smooth Pimpleback 16 21 4.71 
    
N of mussels  
N of habitats 

1,859 
179 

441 
66 
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Figure 4.1.  Plot of principal components axes I and II for physical characters of mesohabitats taken from 
Colorado River basins taken from March through October 2017.  Black circles represent mean and 
whiskers represent 1 SD of mesohabitat scores grouped by basin, reach, or georegion.   
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Figure 4.2.  Plot of conical correspondence axes I and II for mesohabitats and their physical characters 
taken from the Colorado River basin from March through October 2017 (top panel).  Arrow lengths 
indicate weight of mesohabitat and physical parameters along axes I and II.  Centroid of species scores are 
represented by the first three letters of a species generic and specific epithets.   
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Figure 4.3.  Weighted mean (black circle) and one SD (whiskers) of current velocities (column, top panel; 
bottom, bottom panel) for mussels taken from Colorado River from March through October 2017.  Dashed 
vertical line represents mean of all available habitats, white area represents within 1 SD of all available 
habitats, and gray represents >1 SD of all habitats available. Total N for each species is provided in Table 
6. 
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Figure 4.4.  Weighted mean (black circle) and one SD (whiskers) of FST hemispheres (top panel) and 
mean sheer stress (bottom panel) for mussels taken from Colorado River from March through October 
2017.  Dashed vertical line represents mean of all available habitats, white area represents within 1 SD of 
all available habitats, and gray represents >1 SD of all habitats available.  Total N for each species is 
provided in Table 6.   
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Figure 4.5.  Weighted mean (black circle) and one SD (whiskers) of depth (top panel) and penetrometer 
(bottom panel) for mussels taken from Colorado River from March through October 2017.  Dashed vertical 
line represents mean of all available habitats, white area represents within 1 SD of all available habitats, 
and gray represents >1 SD of all habitats available.  Total N for each species is provided in Table 6.  
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