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Executive Summary

We began a fisheries assessment investigating the current population status of Bighead
Carp and Silver Carp in the lower Red River basin, while compiling information on native fishes
within the basin. Our study objectives were to: 1) conduct an invasive carp population
assessment, and 2) conduct a native species assemblage assessment. To most effectively target
both juvenile and adult carp and native fishes, we separated sites (i.e., a sample reach that will be
visited multiple times) and associated gears according to the targeted fish size (i.e., juvenile sites
and adult sites). We sampled 119 sites (65 juvenile sites and 54 adult sites), and completed 319
surveys (i.e., repeat visits at a site, 149 juvenile surveys and 170 adult surveys). We captured
most smaller-bodied fishes using mini-fyke nets and seine hauls, whereas most of the larger-
bodied fishes including carp were collected using gillnets and electrofishing sampling. Hoop nets
captured fewer fishes when compared to other gear types. We sampled 129,302 fishes in 2021
and 2022, comprising 74 species and 44 genera. We collected 287 carp (58 Bighead Carp and
229 Silver Carp). All carp collected were adults. Ages of Bighead Carp ranged from 3 to 15
years, whereas Silver Carp were between 3 and 13 years of age. Silver Carp total length (mm)
ranged from 616 to 1091-mm and Bighead Carp ranged from 949 to 1350-mm. Although
Bighead Carp were larger than Silver Carp, the Silver Carp had a higher average egg estimate
(713,587) compared to sampled Bighead Carp (486,897). Both male and female carp species
were collected, however, none of the ovaries appeared to have empty follicles or were spent. The
most abundant species sampled was Red Shiner (66,040), followed by Bullhead Minnow
(13,689), Mississippi Silverside (7,707), and Western Mosquitofish (7,406). Of the 74 riverine



species sampled, four were non-native including Bighead Carp, Silver Carp, Common Carp, and

Grass Carp. Species scientific names are provided in Appendix A.

I OBJECTIVES:

Objective 1 (TRACS Strategy — Research, Survey, Data Collection and Analysis)
Conduct 1 investigation by June 30, 2022.
e Activity Tag 1: Fish and wildlife species data acquisition and analysis
o Target Species Types: Identify target species: Paddlefish, Alligator Gar, Chub
Shiner, Silverband Shiner, Plains Minnow, Blue Sucker, Black Buffalo, all fish SGCN
that occur in the lower Red River are likely to be captured during native fish surveys

SUB-RECIPIENT NARRATIVE OBJECTIVES:
1) Determine the spatial and temporal extent of Bighead Carp and Silver Carp in the Red River
basin of Oklahoma;

2) Determine habitat associations of large river fish assemblages, and

3) Summarize the age structure of bighead carp sampled through fall 2021.

II. SUMMARY OF PROGRESS

INTRODUCTION

Freshwater ecosystems are among the most biodiverse systems on earth; however, they
may also be the most endangered (Reid et al. 2019). Despite covering only 2.3% of the Earth’s
surface, freshwater ecosystems account for 9.5% (126,000 species) of described animal species
(Balian et al. 2008). Dudgeon et al. (2006) lists over-exploitation, flow modification, water
pollution, habitat-degradation, and invasive species as the five major threats to biodiversity.
Invasive species, or introduced non-native species that are able to survive to recruitment,
reproduce across a variety of habitats, and expand their ranges to locations outside of where they
were first introduced are of particular concern (Blackburn et al. 2011). Invasive species are of
concern because they alter food web interactions, compete with other species for space and
resources, and can ultimately change native species assemblage structure (Carey and Wahl
2010). As such, there is a need to understand population demographics of invasive species and

the spatial and temporal extent to which they occur.



Two species emblematic of the concerns caused by invasive species are Bighead Carp
Hypopthalmichthys nobilis and Silver Carp Hypopthalmichthys nobilis (hereafter carp). In areas
where they have been introduced, carp cause ecological (Schrank et al. 2003; Irons et al. 2007;
Sampson et al. 2009), economic (Lovell et al. 2006), and safety (Vetter et al. 2015) concerns.
Since their detection in the 1970’s (Freeze and Henderson 1982; Kelly et al. 2011), carp have
proliferated and been reported in 23 states (Kolar et al. 2005). One of the reasons carp have been
so successful is because they are filter feeders (Williamson and Garvey 2005), and both species
have been linked to declines in phytoplankton and zooplankton abundances (Irons et al. 2011;
Sass et al. 2014; Cooke 2016). Carp affect fish populations through interspecific competition and
depletion of resources (Schrank et al. 2003; Sampson et al. 2009). As a result, carp are often
linked to declines in native fish diversity and densities (Kolar et al. 2007) including the
recruitment of native juvenile fishes (Chick et al. 2020b). In addition to their ecological effects,
carp also cause economic declines. For example, the carp invasion in Lake Michigan is projected
to result in a 7 billion dollar loss via commercial fisheries revenue (Buck et al. 2010). Lastly,
carp pose threats to human safety due their penchant to launch themselves out of the water often
causing serious injuries to boaters (Spacapan et al. 2016).

The climate of the Great Plains ecoregion is relatively extreme, fluctuating between
floods and droughts; thus, providing a unique opportunity to study species assemblage structure
and population dynamics of both native and invasive fishes. The Red River basin is characterized
by extreme floods and droughts (Matthews and Marsh-Matthews 2007), and large conductivity
fluctuations (Hargrave and Taylor 2010). Carp occur in the lower Red River basin; however,
there has never been extensive sampling targeting carp or many native fishes. Therefore,
documenting carp population demographics and distribution along with native fishes is a
necessary first step to determining how best to manage the expansion of non-native fishes in the
lower basin (i.e., how far have they spread, at what times of year, and what species may be

affected).

METHODS

Objective 1. Determine the spatial and temporal extent of Bighead Carp and Silver Carp in

the Red River basin of Oklahoma



Juvenile carp sampling

We sampled stream reaches (approximately 300-m in length) in the lower Red River basin for
juvenile carp. (Tables 1 and 2). Our sites were distributed across tributaries and within the
mainstem Red River (Figure 1). Sites were selected based on river access, proximity to USGS
stream gauges, and the likelihood of detection of the target species. Our sites were selected
approximately 25-100 km downriver of major dams and confluences because this is the
suggested length of river needed to allow carp eggs to develop and hatch while in suspension
(Kolar et al. 2007; Garcia et al. 2015). Our sample sites included slackwater habitats such as
forewaters, backwaters, side channels, sandbars, and pool complexes. These slackwater habitats
are thought to be important nursery areas for a variety of age-0 fish including Bighead Carp and
Silver Carp (Jurajda 1999; Love et al. 2017; George et al. 2018). Lastly, discharge and
temperature conditions are relatively homogenous across our sites, and the sites are large enough
to be considered closed to species immigrations during sampling.

We sampled age-0 carp using three different gear types during daylight hours. Using a
combination of gears diminishes some of the sample bias associated with a single gear approach
(Clark et al. 2007). For example, passive gears tend to target more active individuals (Fago
1998). At each site, we set mini-fyke nets, sampled using beach seines, and conducted larval
tows (see Table 3 for gear descriptions). First, we set 3 mini-fyke nets in <2 m of water at
locations adjacent to the shoreline to target small-bodied fishes (Eggleton et al. 2010). Mini-fyke
nets are commonly used to sample age-0 carp (Wanner and Klumb 2009; Gibson-Reinemer et al.
2017; Williams 2020) and sometimes capture high numbers compared to other gears (Collins et
al. 2017). Next, a beach seine was used to sample wadeable habitat across the site using a
modified version of the encirclement technique (Bayley and Herendeen 2000). Transects were
established throughout wadeable habitat at each site and seine hauls were completed across each
transect. Seine hauls were limited to 25-m to maintain the efficiency of the gear because longer
hauls are less efficient (Lombardi et al. 2014). We quantified total seine distance, seine width,
and maximum depth for each haul to calculate the area sampled. We completed a sub-surface
larval tow at representative location of deeper water (i.e., where we could not seine or place fyke
nets). Each tow was executed for 10 min and the volume of water sampled was quantified using
a flow meter (General Oceanics Mechanical Flowmeter Model 2030R) attached to the mouth of

the net. We standardized larval tows based on the volume of water filtered by the net. Any



samples that could not be identified in the field were preserved in 70% ethanol and brought back

to the lab for processing.

Juvenile carp habitat

We quantified the physicochemical factors that may be related to carp or native fish distributions
across multiple spatial scales (i.e., reach, segment, and catchment). The physicochemical factors
are divided into detection (Table 4) and occupancy (Table 5) covariates and identified as those
quantified in the field (Tables 4 and 5) or via existing geospatial data (Table 6). Stream habitat
use by fishes is hierarchical where finer levels of organization are nested within coarser
landscape constraints (Frissell et al. 1986; Imhof et al. 1996). Coarse scale (e.g., segment and
catchment) habitat factors are applied to multiple reaches that occur within the same stream
segment or catchment (i.e., nested). For example, finer-scale channel unit conditions (i.e., pH
and substrate) used by fish are often influenced by coarse factors (i.e., drainage area and
geology) of the surrounding watershed (Mollenhauer et al. 2019). Including coarse-scale habitat
factors helps explain fish distributions and account for pseudoreplication caused by sampling
multiple sites in the same stream segment or river system (i.e., nested).

We measured several factors across each sample site that described the general water-
quality conditions. First, we collected temperature and dissolved oxygen samples at 0.5 m below
the water’s surface for each site using a multi-parameter water-quality meter (Y SI ProDSS). We
collected salinity from a well-mixed location of each site approximately 0.5m below the surface.
We also measured water clarity using a secchi disk, because turbidity can influence resource use,
foraging success, and even provide shelter from predators (Zamor and Grossman 2007; Reichert
et al. 2010). To characterize the general conditions of each site, we measured all water-quality
parameters three times in each site and averaged these values.

We also quantified the proportion of select channel unit features in each site. Because
forewater and backwater habitat are often important nursery habitat for many large river fishes
(Galat et al. 2004), we quantified the area of each using a meter tape or rangefinder (Simmons
Volt 600 Laser Rangefinder) to measure length and average width. Other slackwater areas such
as pools offer low-velocity areas in the main channel (Schwartz and Herricks 2005); therefore,
we measured pool area using side-scan sonar (Humminbird Helix 12). The proportion of each of

the slackwater channel units will be expressed as a proportion of the available habitat in each



site. Because age-0 carp are associated with large woody debris in some systems (George et al.
2018), we also used side-scan sonar to quantify the percentage of large woody debris following
the methods of Gordon et al. (1992).

We quantified several hydraulic variables to describe the fluvial dynamics of our
sampling sites. Species often use specific depths within a water column (Lamouroux et al. 1998);
therefore, we quantified the average thalweg depth by measuring depth at 10-m increments along
the thalweg of the site using side-scan sonar. Further, because the shape of the channel dictates
habitat availability (Thomson et al. 2001), we quantified width to depth ratios in each site. We
measured three representative wetted width measurements using a rangefinder. Average thalweg
depth of the site was then divided by the average widths. We will also obtain discharge data from
the nearest USGS stream gauges to apply to sampling sites within the same stream segments to
examine both detection and occupancy.

Some habitat metrics will be quantified using existing geospatial data. At the reach-scale,
we will quantify distance to the nearest dam by measuring the distance from the most
downstream point of our sites to the nearest upstream using National Hydrology Dataset
(NHDplus) flowlines and ArcMap spatial analyst. We will also measure distance from our sites
and the nearest upstream 5 order tributary. Areas below dams and major tributary confluences
are potential spawning locations for carp species (Kolar et al. 2007; George et al. 2018; Camacho
et al. 2020).

At the stream segment scale, we will use the NHDplus flowlines and ArcMap spatial
analyst to calculate stream sinuosity and slope. Sinuosity (i.e., channel migration of meandering
rivers) affects fish habitat use including choice of spawning location (Fukushima 2001; Lazarus
and Constantine 2013) and will be calculated by dividing the thalweg length by the straight line
distance of the segment. (Camana et al. 2016). We will calculate river slope using ArcMap
spatial analysis to determine the change in elevation between the upstream and downstream
points of each stream segment and divide by the thalweg length (i.e., channel distance measured
down the middle of the channel, Bain and Stevenson 1999).

We will also measure several habitat variables that may affect fish distributions at the
catchment scale. We will measure drainage area (km?) upstream of each site (i.e., catchment
draining to each site) using NHDplus flow lines to determine the size and relative position of

sites within the network. Because catchment lithology controls many local physicochemical



conditions (Frissell et al. 1986; Stevenson 1997), we will quantify the dominant lithology that
drains to each site. We will use United States Geological Survey’s (USGS) National Geologic
Map Database and the identify tool in ArcMap to determine the percentage of dominant

lithology.

Adult fish sampling

We sampled for adult Silver Carp and Bighead Carp at 48 sites (Tables 1 and 2) throughout the
lower Red River basin of Oklahoma, Texas, and Arkansas. Each site was approximately 1.5 to 2
river km (rkm). Access can be problematic in the lower Red River basin and thus, sites were
selected based on accessibility (i.e., access to private lands and conditions conducive to boat
launching) (Figure 2).

We sampled adult fishes using a combination of gillnets, hoop nets, and electrofishing
because they have been shown useful for sampling both carp species in perceived low-density
environments (Butler et al. 2019; Norman and Whitledge 2015). Three experimental sinking
gillnets (54.8-m long for mainstem and 30.5-m long for tributary sampling with 8.9, 10.16, and
10.8-cm bar-length mesh panels) and three hoop nets (4.88-m long with a 1.2-m diameter
opening) were placed throughout each site (Table 3). Gillnets were either deployed perpendicular
to the shoreline or parallel if large amounts of woody debris were present near the shoreline. One
gillnet was placed near each end of the site and the third net placed in the middle of the site at the
narrowest portion of the channel to restrict carp movement. Hoop nets were placed parallel to the
shoreline with the opening facing downstream in locations that included channel edges and
channel crossovers but lacking extensive woody debris. Both gillnets and hoopnets were soaked
for approximately 6 h. After net placement, we electrofished using an 80-amp Midwest Lakes
Electrofishing Systems shocking unit using DC electrofishing (Midwest Lakes; Polo, Missouri).
We used standard AFS electrofishing settings based on conductivity (i.e., though we tried several
others- see below). Water conductivity in the tributaries was much lower than the mainstem Red
River. As such, voltage was typically set to high range (pulsed DC current, >300 volts, 60Hz) for
tributaries and low range (pulsed DC current, <300 volts, 60Hz) for the mainstem sites.
Beginning at the upriver end of the site, the boat traversed downstream in a cloverleaf pattern

with electrical current applied for 10-sec with 5-sec “off peddle” intervals to increase the



effectiveness of capturing Silver Carp and to attempt to drive fish into the nets and shoreline
(Bouska et al. 2017). Electrofishing continued until the entirety of the site was sampled.

Before we established our electrofishing protocol, we used several electrofishing settings
at sites where carp were observed on previous occasions or during that trip. During experimental
electrofishing trials, we used pulsed DC current at both low and high frequencies, with Hz
ranging from 15 to 60 and a target amperage of 4 and 20, respectively. Boat electrofishing was
also used to drive carp into set nets. All carp collected during our sampling events were
euthanized. Total length (mm, +/- 1 mm), and weight (g, +/- 10 g), were recorded for captured

carp, except for a few captured while our scale was malfunctioning.

Adult fish habitat

We quantified the physicochemical factors that may be related to carp distributions across
multiple spatial scales. We quantified habitat factors at the catchment, segment, and reach scales.
The habitat factors were either collected in the field or obtained using existing geospatial data
(Table 7).

The catchment scale habitat factors we will consider are drainage area, disturbance, and
lithology. Drainage area (km?) is a coarse scale habitat factor that influences fish distributions,
community structure, and species richness (Newall and Magnuson 1999; Osborne and Wiley
2011; Griffiths 2018) and will be measured using National Hydrography Database Plus
(NHDplus) (https://apps.nationalmap.gov/downloader/#/) flow lines in ArcMap 10.6.
Disturbance can affect fish community structure and distribution by altering nutrient flow and
habitat availability and lead to decreased diversity throughout trophic levels (Scrimgeour et al.
2008; Wang et al. 2008; Johnson and Angeler 2014). We will use ArcMap 10.6 to create a buffer
of the floodplain and classify land use type using the National Land Cover Database (NLCD).
Each land type will receive a disturbance value using the Landscape Development Index (LDI)
(Brown and Vivas 2005). Lithology constitutes the predominant bedrock of a riverscape and can
alter sedimentation, pH, and control the macro and micronutrient cycling load within a
catchment (Sarkar et al. 2007; Zeng et al. 2007; McDowell et al. 2013; Glaus et al. 2019). We
will analyze lithology by classifying the dominant rock type in the catchment using United States
Geological Survey’s (USGS) National Geologic Map Database
(https://mrdata.usgs.gov/geology/state/) and the identify tool in ArcMap 10.6.




The segment scale habitat factors we will quantify are sinuosity, slope, water
temperature, and discharge. Stream sinuosity, the ratio of the straight-line segment of river to the
channel distance (Rowe et al. 2009), is associated with habitat complexity (e.g., woody debris,
canopy cover), backwater connection, and overall habitat variability (Nagayama and Nakamura
2018). Sinuous reaches in a river system can be areas of particular importance for specific
species or life-history strategies (e.g., Hucho perryi; Fukushima et al. 2011), and carp in the
Missouri River spawned larger quantities of eggs in more sinuous river segments (Deters et al.
2013). Sinuosity will be calculated by dividing the river kilometer (rkm) distance by the straight-
line distance using the distance tool in ArcMap 10.6. Slope can affect the species richness of a
river by influencing water velocity, channel morphology, and substrate which are often
correlated with the stream gradient (Camana et al. 2016). Stream gradient may alter the
availability of low-velocity habitat associated with carp presence. We will quantify slope using
spatial analysis in ArcMap 10.6 by dividing the change in elevation from the upstream to
downstream end of the segment by the segment length. Water temperature controls fish
metabolism and can cause fish to alter distributions to meet the requirements for growth, forage,
spawning, and social interactions (Sloat et al. 2005; Sloat and Osterback 2013; Kuparinen et al.
2011). For example, Coulter et al. (2017) found that Bighead Carp movement into backwater
habitat increased as the Illinois River main-channel water temperature decreased. We will collect
water temperature across stream segments using Onset HOBO MX2201 Pendant Wireless
Temperature Data Loggers (Bourne, Massachusetts) (Figure 1). Discharge affects fish density
and occurrence, habitat associations, recruitment success, and can be altered for mitigation
purposes (Valdez et al. 2001; Gillete et al. 2006; Work et al. 2017; Love et al. 2017; Basi¢ et al.
2018). Silver Carp in the Illinois River have demonstrated relatively strong habitat associations
related to discharge (Coulter et al. 2017). We will obtain discharge data from the nearest USGS
stream gauges and calculate the 75 percentile and the CV for discharge during the season (i.e.,
occupancy) and divide by the drainage area of the segment to compare discharge across rivers
(i.e., Red River, Kiamichi, Blue River, ect.) to relate high discharge and discharge variability to
carp presence.

At the reach scale (i.e., site), we will calculate the distance to the nearest upstream dam,
percent slackwater, width to depth ratios, salinity, and chlorophyl-a. Bighead Carp and Silver

Carp require an estimated 100 km of free-flowing river to successfully spawn (Kolar et al. 2007).



For example, flow alteration in the Yangtze River, caused by dam construction, has led to
reduced recruitment for both Bighead Carp and Silver Carp (Duan et al. 2009). We will use
NHDplus flowlines and ArcMap 10.6 spatial analyst to quantify the distance from the site to the
nearest upstream dam. Slackwaters, areas of decreased velocity and depth (Vietz et al. 2013), are
used as a refuge by juvenile fishes for increased growth and forage potential (Humphries et al.
2006). Slackwater habitats are also used by adult carp as refuge during high discharge events
(Coulter et al. 2017; MacNamara et al. 2018) and may offer higher forage potential (Williamson
and Garvey 2005). We calculated the percent slackwater by taking width and length
measurement in the field using a handheld rangefinder. Width to depth ratios describe the
structural variation of a stream channel where increasing ratios are emblematic of wider and
shallower stream channels (Gordan et al. 1992; Dunham et al. 2002). Fishes have defined salinity
tolerances and will use habitat within their salinity range over preferred dissolved oxygen and
temperature ranges (e.g., Acipenser brevirostrum; Farrae et al. 2014). Abnormal salinity
environments can hinder reproduction and in extreme instances lead to poor osmoregulation and
eventual death (Oto et al. 2017; Neves et al. 2019). I will collect three salinity measurements
(ppt) at the upper, middle, and bottom portions of each reach using a Yellow Springs Instrument
(YSI pro dds) (Yellow Springs, Ohio). We collected three salinity measurements (ppt) at the
upper, middle, and bottom portions of the site. Chlorophyll-a (chl-a) is widely used as a
surrogate for productivity and algal biomass (Pinder et. al 1997). Carp are omnivores, consuming
both zooplankton and phytoplankton (Calkins et a. 2012), and may be associated with varying
chl-a densities in the basin. A water sample was collected using an integrating tube sampler to
sample the top 2 m of the water column at the most downstream end of each site (Raikow et. al
2004). Within 24 h of water collection, three 500-mL subsamples were then placed into a 47-mm
diameter filter tower (PALL, Port Washington, New York) and filtered through a 1-um glass
fiber filter. The filter was then placed into a light-proof container and frozen for later laboratory
analysis. In the laboratory, we will soak the filters in 95% ethanol for 23 hours and then filter a

second time. Chl-a (ng/L) will then be estimated using a fluorometer.

Fecundity estimates from female carp

We estimated the total eggs contained within the ovary of each female collected via sampling.

We began by taking the total weight (g, +/- 1 g) of the ovary. We then took subsamples (0.3 — 0.5



g) from the anterior, middle, and posterior of the ovary and enumerated the eggs for each
subsample. From these enumerated subsamples, we then estimated the average eggs per gram

and extrapolated that to the respective ovary weight.

Objective 2. Determine habitat associations of large river fish assemblages

Native fish sampling

At each juvenile and adult site, we sampled native fishes using multiple gears as described for
Objective 1. Briefly, sites targeting juvenile and smaller-bodied fishes was conducted using three
gear types: mini-fyke nets, beach seines, and larval tows. Mini-fyke nets were set in 1-2 m of
water for approximately 6 h during daylight. Beach seining was conducted within areas of the
site that allowed for seining (i.e., depths <Im). Larval tows were conducted by towing an
ichthyoplankton net upstream for approximately 10 min at each site. Identifiable species were
enumerated and recorded for each gear used. All larval individuals and unknown species were
preserved in a 70% ethanol solution for later identification in the lab. At sites targeting larger-
bodied fishes, we conducted electrofishing and net surveys. Three gill nets and three hoop nets
were placed throughout each site to soak for approximately 6 h. Following net placement, the
site was sampled via boat electrofishing. All sampled fish were identified to species, and the

sampling method associated with each catch was recorded.

Native fish habitat

At each site, we quantified the physicochemical factors that may also be related to native fish
distributions as described for Objective 1. Briefly, we collected both detection and occupancy
covariates. For juvenile and smaller-bodied fishes we quantified: water temperature (°C),
dissolved oxygen (mg/L), turbidity (cm), discharge (m3/s), salinity (ppt), average depth (m),
width-to-depth ratio (m), zooplankton biomass (png), large woody debris (%),
forewater/backwater (%), and pools (%). We will also quantify several geospatial covariates:
distance from dam, distance from confluence, sinuosity, slope, drainage area, and lithology. For

adult and larger-bodied fishes we quantified chlorophyll-a (mg/L), salinity (ppt), water



temperature (°C), water visibility (cm), discharge (m3/s), max depth (m), and width-to-depth
ratio (m). We will also calculate distance from dam, sinuosity, slope, drainage area, disturbance,
and lithology using existing geospatial data and tools. Onset data loggers were set throughout the
study area to record water temperature. Conductivity loggers were placed in several of the

tributaries and one mainstem location.

Objective 3. Summarize the age structure of bighead carp sampled through fall 2021

Juvenile carp collection

We will collect age-0 Bighead and Silver Carp before they reach 60-mm total length (TL). It is
difficult to enumerate daily bands in fish >100 days old (Long and Grabowski 2017). Therefore,
we will collect age-0 Bighead and Silver Carp until they reach approximately 60-mm TL as they
are estimated to reach the juvenile transition at 36 and 34-mm TL in China, respectively
(Chapman 2006). By using a more liberal cutoff, we can determine band counts at the Red River
latitude based on our daily ages.

All captured carp will be enumerated and measured; however, for catches with more than
50 individuals, we will randomly select five individuals from 5-mm length bins up to 60-mm
(e.g., 0-5-mm, 5-10-mm, and 10-15-mm). If catches are less than 50 individuals per site, all fish
will be kept for ageing. All captured carp will be euthanized using an overdose of tricane
methanesulphonate (MS-222) (300 mg/L, Neiffer and Stamper 2009), then preserved in 1-L

bottles containing 70% ethanol for future laboratory processing.

Juvenile carp otolith extraction, processing, and ageing

If we capture juvenile carp, then we will remove and mount lapilli otoliths to estimate hatch
dates. Daily band deposition on lapilli otoliths has been validated to estimate spawning dates in
age-0 carp (Lohmeyer and Garvey 2009; Williams 2020) and other cyprinid species (e.g.,
Sharpnose Shiners Notropis oxyrhynchus, Smalleye Shiners Notropis buccula, and Plains
Minnow Hybognathus placitus, Durham and Wilde 2008). We will remove lapilli otoliths under
a stereo dissection microscope using a fine-tipped probing needle and forceps to remove the
otoliths from the top of the skull. Once the otoliths have been removed, we will place them in a

petri dish. We will then mount the otoliths to slides using thermoplastic (Lakeside No. 70C,



Monee, IL). We will melt the cement on the slide until it is pooled. The otoliths will then be
placed convex side down in the cement and allowed to cool at ambient temperature.

The mounted otoliths will be polished in a circular pattern to allow band enumeration.
We will polish the otoliths using diamond lapping paper (Diamond Lapping Film, 8 diameter,
plain backing, Electron Microscopy Sciences, Hatfield, PA). Polishing will be complete once all
the bands become visible at the nucleus (Campana and Neilson 1985).

We will quantify daily bands of age-0 carp to estimate spawning dates and average daily
incremental growth rates. We will enumerate daily bands using a compound microscope. Daily
bands will be counted from the outer edge toward the center to enhance accuracy (Campana and
Moksness 1991). Two independent readers will count bands and record estimates. Band counts
within 10% difference between readers will be averaged, if >10% differences exist, then readers
will attempt to reach a consensus. If a consensus can still not be reached, the otolith will be
removed from the dataset. We will also measure otolith radii (1-um TL) from the central point of
the otolith nucleus to the outer edge to estimate growth (Infinity analyze-7 software, Lumenera
infinity 2 camera). We will also measure radii from the nucleus to the edge of otolith bands at
10-day increments to calculate average daily incremental growth (e.g., 0-10, 10-20, 30-40 days).
We will estimate hatch dates by subtracting the daily band counts from the date of capture. We
will calculate spawn dates by subtracting an additional day from estimated hatch dates (i.e. ~27-

29 hour incubation, Chapman and George 2011).

Adult otolith extraction, processing, ageing, and growth

Lapilli otoliths were removed from all carp captured for age and growth analysis following
Seibert and Phelps (2013). The lapilli otoliths, located at the posterior of the skull, were accessed
using a hacksaw. A cut was made through the top of skull at the juncture of the preopercle and
opercula. Otoliths were then removed using forceps and placed into coin envelopes marked with
an individual fish number for later laboratory analysis.

In the laboratory, otoliths were sectioned and prepared for age estimation. First, the
nucleus was marked on the exterior of the otolith with a ballpoint pen. The otolith was then
placed in epoxy resin and allowed to harden for 24 h. After hardening, the otolith was sectioned
with an isomet saw (Buehler IsoMet Low Speed Precision Cutter, Lake Bluff, Illinois) and a

single 0.5 to 0.6-mm section was removed from the center of the otolith ensuring the inclusion of



the nucleus. The sectioned otolith was then polished on each side with diamond lapping paper
(Diamond Lapping Film, 8” diameter, plain backing, Electron Microscopy Sciences, Hatfield,
PA). Subsequently, the sectioned otolith was mounted onto a slide with thermoplastic. The slide
was then placed under a dissecting microscope equipped with a light source and imaged with a
Luminera Infinity 2 (Tyledyne Luminera, Ontario). The images were saved for later age and
growth analysis (Figures 3 and 4).

Two readers separately enumerated the annuli of the imaged otolith to age each fish. An
annulus is a pair of translucent and opaque bands that continue uninterrupted around the nucleus
(Dzul et al. 2012). The edge was counted as an annulus for fish captured prior to August 31
because an annulus will be created during the spawning season (Minard 1998; Ericksen 1999).
There was no prior knowledge of the length, weight, or age estimation of either reader to avoid
reader bias. If there was no consensus on the age of a fish, the readers discussed how they
derived the age until a consensus was reached. We analyzed the between-reader agreement and
mean-CV of otoliths compared to other structures to ensure that lapilli otoliths were the proper

structure to use.

We will quantify the proportional growth of carp to determine how growth relates to their
spatial distribution. The annuli and edge will be analyzed for proportional growth using Infinity
Analyze 7 software 2 (Tyledyne Luminera, Ontario) (Quist and Isermann 2017). Otoliths will be
measured for incremental growth along the same axis. The focus will be identified, and then
individual radii distances will be recorded from the focus longitudinally to the outside edge of
each opaque band to determine individual year growth (Weisberg et al. 2010). The distance from
the focus to the edge will be used to relate incremental growth to fish length. Back calculation
for age-at-length will be conducted using the Fraser-Lea method if the body-scale relationship is
strongly correlated (R>>0.80, Quist and Guy 2001). If the body-scale relationship is weak, then
we will use the Dahl-Lea method (Quist and Isermann 2017). A von Bertalanffy growth model
(vBGM) will be fit to both Silver Carp and Bighead Carp to assess growth using the previously
collected back-calculated age-at-length data. Growth analysis can also be used to relate growth to
environmental variation using a Weisberg model (Weisber et al. 2010). This catchment
experiences relatively high year-to-year fluctuations in weather, resulting in years characterized
by drought or high-water events. We hypothesize that carp growth will be related to the varying

weather of the region, of which discharge, and water temperature can be used as surrogates. We



will model the effects of mean discharge (m?/s), the coefficient of variation (CV) of discharge,
the mean water temperature (°C), and the CV of temperature on growth for both carp species

during the growing season (April through September) for the catchment.

RESULTS

We completed sampling at 65 sites where we targeted juvenile carp and other small-
bodied native fishes and 54 sites where we targeted adult carp and larger-bodied native fishes
during the reporting period (Tables 1 and 2). We completed 149 surveys at our juvenile sampling
sites and 170 surveys at our adult sampling sites. As expected, gillnets and electrofishing were
most effective at capturing larger-bodied fishes, whereas fyke nets and seine hauls collected
mainly smaller-bodied native fishes. Hoop nets and larval tows have not been as effective at
collecting fishes as other gear types.

The experimental electrofishing settings were not as effective at collecting carp or getting
carp to jump as the standard settings used during the initial fish assemblage shocking events.
When carp were observed jumping, we were somewhat able to manipulate their swimming
direction by using the electrofisher. On several instances, we were able to observe the wakes of
carp being driven towards set gillnets as they attempted to escape the electric field. However,
most carp that were actively driven towards the nets would either jump the net upon reaching it
or turn around and swim away from it and around the electrofishing boat. We have also
attempted to set our gillnets parallel to the bank and then electrofish between the net and bank as
was suggested by Arkansas. Thus far, this has not resulted in any differences in our catch. We
also baited hoop nets with cattle cubes, as was suggested by commercial fishermen in Arkansas,

yet there was no increase in catch-rates of either carp species.

Objective 1. Determine the spatial and temporal extent of Bighead Carp and Silver Carp in
the Red River basin of Oklahoma

We captured 287 carp throughout the lower Red River basin, 242 in the mainstem Red
River and 45 individuals in tributary streams. Most carp captured in the mainstem Red River
were sampled from connected oxbows and backwater locations (Table 8). Thus far, 8.0% (19

Silver Carp and 4 Bighead Carp) of carp have been collected in the main channel of the Red



River. Of the 45 carp collected from tributaries, most (i.e., 25) were captured in Choctaw Creek
where sampling detection appears higher than the other deeper-water tributaries. The carp that
were collected from the tributaries comprised 25 Bighead Carp and 20 Silver Carp. Visual
confirmation of carp at a site but not captured during the survey was recorded 63 times (Table 9).
Silver Carp have been either captured or visually confirmed in all sampled tributaries except the
Blue River (Tables 8 and 9). Bighead Carp have been either captured or visually confirmed in all
sampled tributaries except the Blue River and Buzzard Creek (Tables 8 and 9).

All Silver Carp and Bighead Carp collected were adults. No age-0 Silver Carp or Bighead
Carp were sampled (or yet identified from larval samples). The Silver Carp collected ranged in
length from 616 mm to 1091 mm (x1- mm, TL), whereas the Bighead Carp ranged from 949 mm
to 1350 mm (£1- mm, TL) (Table 8). For Silver Carp, 130 males and 130 females were captured.
For Bighead Carp, 40 males and 16 females were captured. Sex was determined for all but three
carp.

The ovaries of female carp species occupied much of the body cavity and were typically
full of well-developed eggs throughout the year. We estimated egg totals for 4 Bighead Carp and
8 Silver Carp (Table 8). Although Bighead Carp were larger than Silver Carp, the Silver Carp
had a higher average total egg estimate (713,587) compared to Bighead Carp (486,897). Bighead
Carp egg estimates ranged from 256,313 eggs to 722,638 eggs. Silver Carp egg estimates ranged
from 233,739 eggs to 1,110,147 eggs.

Objective 2. Determine habitat associations of large river fish assemblages

Habitat metrics are currently being compiled to relate to detection and occupancy of
native fishes. We placed temperature loggers at sites in the tributaries and throughout the
mainstem Red River (Figures 1 and 2). Several conductivity loggers have been placed at
tributary sites, and one mainstem site. One temperature logger and two conductivity loggers from
sites below Lake Texoma on the mainstem Red River were stolen and therefore, data were
unavailable. We have since avoided setting loggers at those locations. Additionally, two
temperature loggers from the tributaries were also stolen. However, some data were downloaded
from these loggers before they went missing. Several additional conductivity loggers were

deployed during low flows, including two tributary locations and one mainstem location.



Water temperature data showed similar trends between the mainstem Red River and the
tributaries. The Oklahoma and Arkansas portions of the Red River showed similar patterns
throughout the year (Figure 5). Summer water temperatures averaged near 30°C for both sections
of the Red River (Table 10). Average winter water temperatures were between 10 and 11.5°C on
the Red River. Mean daily water temperatures were slightly more variable in the tributaries
(Figure 6). Average summer water temperatures on the tributaries ranged from 27°C to 30°C.
Winter water temperatures average between and 9 and 10°C for all tributaries (Table 10).

Water conductivity data showed the key differences among the tributaries. Water
conductivity in the Kiamichi River is much lower than the other major tributaries samples
(Figure 7). Conductivity is typically between 50 and 200 pc/cm in the Kiamichi River, whereas it
is typically between 1300 and 1600 pc/cm in Choctaw Creek. The other tributaries had
conductivity values ranging between 500 and 800 pc/cm. Conductivity in the mainstem Red
River near Fulton AR, ranged from 75 pc/cm to nearly 1500. pc/cm. This large range is due to
influence from a tributary with very low conductivity that flows into the Red River
approximately 1.5km upstream from the logger’s location.

Habitat differences were evident when comparing the Red River of Oklahoma and
Arkansas and tributary sites. On average, Red River sites in Arkansas were deeper and narrower
(narrower wetted widths) compared to mainstem Red River sites in Oklahoma (Table 11).
Additionally, the Arkansas portion of the Red River contained more available backwater habitats
due to the presence of dikes. As such, species collection tables were divided into three groups
based on habitat differences: the Arkansas portion of the Red River (Table 12), the Oklahoma
portion of the Red River (Table 13), and major tributaries of the Red River sampled (Table 14 &
15).

We do not have evidence to suggest many of these riverine populations differed based on
the changes in river morphology (i.e., between AR and OK). Arkansas allows regulated
commercial fishing, whereas Oklahoma and Texas do not (thereby possibly affecting population
numbers). However, no differences in length-weight relationships were observed when plotted
separately indicating these are likely populations that mix, or regulations either do not affect or
equally affect all length distributions. Because of this observation, length-weight relationships,
and length-frequency histograms for the most commonly observed large-bodied fishes were

constructed using data combined from all sites (i.e., to improve the relationship).



A total of 129,302 fishes, comprising 74 species and 44 genera, were identified during
sampling of the lower Red River basin. Many vouchered fishes have been reviewed in the
laboratory. Of the three mainstem river sections sampled, species diversity was highest in the
Arkansas section of the Red River (66, Table 12), followed by the Oklahoma section of the Red
River (63, Table 13), the major Oklahoma tributaries sampled (57, Table 14), and finally the
major Texas tributaries sampled (38, Table 15). The most abundant species was Red Shiner
(66,040), followed by Bullhead Minnow (13,689), Mississippi Silverside (7,707), and Western
Mosquitofish (7,406). Of the 74 fish species, four of those were non-native including Bighead
Carp, Silver Carp, Common Carp, and Grass Carp. The genera that contained the most species
collected was Lepomis (6, Table 16). Length-frequency histograms were created for the seven
most common large-bodied species: Smallmouth Buffalo (Figure 8), Bigmouth Buffalo (Figure
9), Black Buffalo (Figure 10), Longnose Gar (Figure 11), River Carpsucker (Figure 12), Flathead
Catfish (Figure 13), and Blue Sucker (Figure 14). Additionally, a log-transformed length-weight
relationship was also calculated for each of the species (Figures 15-21). As the weather got
cooler and water levels dropped, we observed an increase in capture of several more species that
are considered relatively rare in the basin including Blue Sucker (Figure 22) and Shovelnose

Sturgeon (Figure 23).

Objective 3. Summarize the age structure of bighead carp sampled through fall 2021

The lapilli otolith had the highest between-reader agreement of 0.81 for Silver Carp and
0.72 for Bighead Carp (Figure 24) and lowest mean-CV of 2.82 for Silver Carp and 3.47 for
Bighead Carp (Figure 25). Thus far, we have aged a subsample of the Bighead Carp and Silver
Carp (Table 8, Figures 3 and 4). The Silver Carp age ranged from 3 to 13 years old, with the
most (25%) being 5 years old (Figure 26). Silver Carp age ranged from 3 to 15 years old with the
majority being age 5 (20%) and 9 (20%) years old (Figure 27).

We conducted a von Bertalanffy growth model for Silver Carp estimating the theoretical
maximum length (Loo) and the growth coefficient (K) while keeping the age when length is zero
(t0) constant at 0. Silver Carp Loo was 928.4 and K was 0.5604 (Figure 28). We conducted a
Chapman-Robson catch-curve to assess mortality for Silver Carp and found that instantaneous

mortality (Z) was 0.287 and annual mortality (4) was 0.25 (Figure 29).



DISCUSSION

Objective 1. Determine the spatial and temporal extent of Bighead Carp and Silver Carp in
the Red River basin of Oklahoma

Many age-0 fishes are difficult to detect in large river systems (Brewer and Ellersieck
2011), including Bighead and Silver Carp (Roth et al. 2020). Carp are extremely difficult to
sample (Wanner and Klumb 2009; Bouska et al. 2017; Roth et al. 2020) and detection is reported
at approximately 38% in the presumably highly populated Illinois River basin (Coulter et al.
2018). We selected sampling gears following Collins et al. (2017), who found both mini-fyke
nets and beach seines to be the most efficient for capturing age-0 carp. However, we did not
detect age-0 carp either due to extremely low sampling detection (i.e., possible during the very
wet 2021), lack of spawning in Oklahoma, or other influences. Camacho (2016), Collins et al.
(2017), and Chick et al. (2020a) have reported stark differences in the successful collection of
larval and juvenile carp in successive years. For example, Collins et al. (2017) collected 39,398
Silver Carp in 2014; however, they collected only 116 in 2015. During the same years, Camacho
(2016) captured a higher density of eggs and larval fish in 2014 than in 2015. Our 2021 (i.e.,
extremely wet) and 2022 (i.e., extremely dry) sampling seasons may be emblematic of extremely
low capture years where adults chose not to reproduce (or reproduced further downriver).
Because carp in the lower Red River basin have not been documented in densities as high as the
Upper Mississippi River, sampling inefficiencies may be exacerbated.

Sand bed streams of the Central Great Plains, including the Red River are extremely
dynamic and continuously shift over time (e.g., a backwater may be present during the wet
months and absent during the dry months). Due to the constant shifts and extreme conditions
associated with sand bed streams, detection of fishes is quite variable and often imperfect
(Mollenhauer et al. 2018). The extensive high flow events observed in 2021 certainly influenced
our ability to successfully detect juveniles of both species of carp (Figure 30). Alternatively, the
extensive drought conditions of 2022 may have not been favorable conditions for carp spawning
(Figure 31). In June 2021, Red River discharge reached near 2,549 m>/s (90,000 ft*/s), roughly
1,982 m*/s (70,000 ft*/s) higher than the 78-year median (USGS gage 07337000). However, in
June 2022, Red River discharge reached near 80 m?/s (2,825 ft/s), which is roughly 260 m?/s



(9,180 ft*/s) lower than the 78-year median (USGS gage 07337000). Discharge is assumed to be
a spawning cue for carp and both our seining efficiency and mini-fyke net effort may have been
affected by high flows. Moreover, because carp are pelagophils, their eggs may have washed
much further downriver during these extremely high flows. Another possibility is the abnormally
high and low flows created unfavorable spawning conditions.

Most of the adult Bighead Carp and Silver Carp were captured in either the tributaries or
backwater habitats on the mainstem Red River. Carp exhibit very strong gear avoidance
behaviors, and this certainly relates to poor detection in the mainstem Red River. However,
Coulter et al. (2016) through acoustic telemetry, demonstrated that outside of large migratory
movements, Silver Carp were highly associated with backwater environments and remained in
those locations throughout the summer months. The limited amount of connected backwater in
the Red River basin from Denison Dam to the Arkansas-Louisiana border may limit preferred
habitat, but additional years of data are needed given the extreme variations in flow. Moreover, a
tracking study would be very useful for determining where and when these fish reside in certain
locations.

We did not sample individuals of either species younger than age 3. Coulter et. al (2018)
showed that the larger individuals are more likely to be located on the fringe of the species
distribution as they are primarily responsible for expanding the species range. These fish may not
have recruited within the Red River and could be originally from a different basin (i.e.,
Mississippi River) expanding the invasion front. A telemetry effort would be helpful to monitor
carp movement within the Red River and determine the origin of these fish. However, it is
important to note that occasional Bighead Carp were collected early in their invasion and now
we observe both Bighead and Silver Carp throughout the basin except for the Blue River. We
suspect they also occur in the lower Blue River, but we have just not observed them due to the

extensive amounts of woody debris and difficult access in that river.
Objective 2. Determine habitat associations of large river fish assemblages
Throughout the sampling period, we documented 74 different fishes throughout the lower

Red River basin. Relatively few sampling efforts covering this spatial extent have been devoted

to collecting data on the native fish assemblage within the lower Red River basin. From 1995 to



2001, Buchanan et al. (2003) sampled the Arkansas portion of the Red River and reported the
collection of 72 fish species. Of the 72 species collected from 1995 to 2001, we collected 60
from all sample sites. In addition to the 60 species caught from Buchanan et al. (2003), we
collected seven unique species including: American Eel, Bluntnose Minnow, Flier, Mooneye,
Quillback, Sand Shiner, and Smallmouth Bass.

Fish diversity was highest in the Arkansas portion of the Red River, where the Red River
is typified by both pools within the thalweg throughout the year as well as sections of shallow
braided channels during low flow. There are abundant wing dikes and rip-rap lined banks
throughout the Arkansas portion, directing flow to established channels. The river in the
Oklahoma portion has little to no artificial channelization, allowing for a more dynamic, though
shallower channel. However, the wing dikes and levees in Arkansas create unique habitat that
may effectively “attract” some species. We know that Pirate Perch has been sampled from
Oklahoma waters (Brewer, Unpublished data), so we suspect we may find additional species as
we continue to sample. However, the shallow braided stretches of the Red River in Oklahoma
provide habitat niches that are favorable for some small-bodied fishes such as the Western Sand
Darter, where 40 individuals were captured compared to the 19 captured in Arkansas. Only one
unique species was observed in Oklahoma tributaries; however, its capture was historically
significant. One American Eel was collected in the Kiamichi River (33.99742, -95.3722) in
August 2021, and to our knowledge it is the first documented capture within our study area since
1973 (Buchanan et al. 2003).

Two species that have been considered species of concern: Blue Suckers and Shovelnose
Sturgeon, were seldom captured prior to November. However, we captured more individuals in
the mainstem Red River as temperature and discharge decreased. Abnormally high spring and
summer flows occurred in 2021 in the lower Red River basin followed by lower winter and
spring 2022 flows. Sampling full species assemblages is increasingly difficult as river size, flow,
and turbidity increase (Flotemersch et al. 2006), and the high spring 2021 flows could have
limited capture efficiency of these and other species. It is thought that adult Blue Suckers move
into tributaries to spawn in late winter or early spring and migrate back into the mainstem of
large rivers afterwards (Neely et al. 2009; Dyer and Brewer 2020), but little is published on their
over-wintering habitats (with the following exceptions). Shovelnose Sturgeon use shallow (1.0 -

2.0 m) water depths, over sand substrate, and relatively low velocities (Quist et al. 1999) when



they overwinter in the Kansas River, which is consistent with our habitat observations. Although
it is likely that lower water levels, decreased turbidity, and cooler water temperatures contributed
to our increased catch rate (i.e., higher capture efficiency), our results suggest these species use
shallow water over sand substrate and slower flowing habitats for winter refugia (hence our catch
increasing in these habitats). Our increased catch of these species serves as a good reminder that
sampling seasonally is important to document information on species considered to be of
conservation concern. These results also indicate that our sampling for these species was less
efficient at other times of the year and therefore, winter monitoring for these species may be

advantageous for determining population trends.

Objective 3. Summarize the age structure of bighead carp sampled through fall 2021

We did not collect any carp younger than age 3. Coulter et. al (2018) showed that the
larger individuals are more likely to be located on the fringe of the species distribution as they
are primarily responsible for expanding the species range. These fish may not have recruited
within the Red River and could have originated in a different basin (i.e., Mississippi River)
expanding the invasion front. A telemetry effort would be helpful to determine the source of
these fishes.

Although we have only aged a subset of the carp collected thus far, Silver Carp appear to
have a faster growth-rate (K) with a higher theoretical maximum length (L) in the Red River
catchment compared to traditionally surveyed catchments. A carp meta-analysis of populations
in the middle Mississippi rivers found the Loo was 802.826 mm and K was 0.445 (Tsehaye et al.
2013). However, Sullivan et. al (2021) found that populations of Silver Carp in the Illinois River
had lower Loo and £ values that ranged from 691 to 740-mm and 0.28 to 0.23, respectfully.

III. RECOMMENDATIONS

For higher precision, we suggest managers use the lapilli otolith for determining
demographics of both carp species. The lapilli otolith is considered the most consistent structure
for ageing carp. Seibert and Phelps (2013) used a sample of 120 Silver Carp and found that
lapilli otoliths had the highest between-reader agreement and precision compared to fin-rays,

post-cleithrum, and vertebrae. No study has been conducted in a similar manner for Bighead



Carp, but many managers use lapilli otoliths assuming they have a similar precision as found
with Silver Carp. We have conducted a preliminary comparison of ageing structures similar to
Seibert and Phelps (2013) and found that lapilli otoliths had the highest precision for both Silver
Carp and Bighead Carp in the lower Red River catchment.

Results from native fish sampling indicate seasonal sampling is important to determining
population trends if that is the agency goal. Several species of conservation concern had much
higher catch during winter sampling likely due to both habitat use and an increase in capture
efficiency. Blue sucker and Shovelnose Sturgeon, as examples, were most prevalent in our
samples during December. An examination of the discharge and temperature conditions that
occurred during that time would help determine the best sampling period for those species,
which could fluctuate each year based on environmental conditions. Moreover, these data are
also important for understanding the long-term use of the upper Red River and tributaries by
very rare species such as the American Eel.

This project is intertwined with several other ongoing efforts in Arkansas, Texas, and a
second year of funding provided by the U.S. Fish and Wildlife Service. Completion of
occupancy models will be done after we complete additional sampling that will also allow us to
calculate detection probability of carp which is no doubt low. Based on the data collected from
the first year, it appears that backwater habitat is important for non-native carp. We regularly
sample both bighead and silver carps in these habitats and these areas might be fruitful locations
for larger scale removal efforts including traps that target only carp. However, the same habitats
are also important for Paddlefish, an economically important species that we also regularly
sample at these same locations. The tradeoffs of repeated sampling to remove carp from these
areas while increasing mortalities of native fishes would be an important consideration. We also
sample Paddlefish at other locations, and they appear relatively broadly distributed across the
lower basin of Oklahoma and Arkansas. Building artificial backwater habitat for the sole purpose
of attracting carp for removal may also be a consideration.

Although we did not observe successful reproduction by carp yet, many adults were full
of developed oocytes and the environmental conditions may not be appropriate yet to induce
spawning at these locations. In 2021, there were extensive floods during the spring and summer;
thus, sampling was difficult, and spawning could have been missed due to low detection.

Alternatively, 2022 has been extremely dry and hot and may not be conducive to reproduction.



Periodic spawns with entire years of no spawning have been observed in the Kansas River so is
not surprising to observe it in the Red River. We caution that as the densities of carp increase in
the lower basin, this situation may change quickly (just as Silver Carp have quickly invaded the
area). Future monitoring efforts that target river locations near backwater or other slackwater
habitats will likely prove valuable for determining the future status of non-native carp in the

lower Red River.
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Table 1. Surveys conducted with the river, date, target life stage, state, latitude, and longitude for

sampling that occurred in the mainstem of the Red River. The latitude and longitude were

measured at the most downstream portion of each site.

River Date Stage State Latitude Longitude
Red River 5/23/2021 Adult OK 33.75426 -96.41081
Red River 5/24/2021 Adult OK 33.85966 -95.0235

Red River 5/25/2021 Adult OK 33.68924 -94.68239
Red River 6/29/2021 Adult AR 33.55708 -94.04868
Red River 6/30/2021 Adult OK 33.88111 -95.50545
Red River 7/1/2021 Adult OK 33.86761 -95.03386
Red River 7/5/2021 Adult AR 33.60915 -93.8242

Red River 7/8/2021 Adult OK 33.89959 -95.06521
Red River 7/9/2021 Adult AR 33.56842 -94.38122
Red River 7/12/2021 Adult AR 33.58881 -94.37804
Red River 7/13/2021 Adult AR 33.43524 -93.73965
Red River 7/13/2021 Adult AR 33.09082 -93.85964
Red River 7/16/2021 Adult OK 33.65393 -94.56868
Red River 7/18/2021 Adult AR 33.5515 -94.39453
Red River 7/20/2021 Adult OK 33.71146 -94.73273
Red River 7/26/2021 Adult OK 33.87724 -95.48534
Red River 7/29/2021 Adult OK 33.65393 -94.56868
Red River 8/4/2021 Adult AR 33.58881 -94.37804
Red River 8/5/2021 Adult OK 33.90802 -95.06658
Red River 8/9/2021 Adult OK 33.81967 -96.55652
Red River 8/10/2021 Adult OK 33.71665 -96.36472
Red River 8/16/2021 Adult OK 33.66246 -94.64803
Red River 8/18/2021 Adult AR 33.60932 -93.85986
Red River 8/23/2021 Adult OK 33.80257 -94.9285

Red River 8/24/2021 Adult AR 33.56842 -94.38122
Red River 8/26/2021 Adult OK 33.64846 -94.54315
Red River 8/27/2021 Adult OK 33.87724 -95.48534
Red River 8/30/2021 Adult AR 33.06602 -93.83293
Red River 8/31/2021 Adult AR 33.39703 -93.71171
Red River 9/1/2021 Adult AR 33.1568 -93.81832
Red River 9/2/2021 Adult AR 33.60915 -93.8242

Red River 9/7/2021 Adult OK 33.95053 -95.24028
Red River 9/8/2021 Adult OK 33.8897 -95.52022
Red River 9/17/2021 Adult OK 33.71146 -94.73273
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12/6/2021
12/7/2021
12/8/2021
12/9/2021
12/13/2021
12/14/2021
12/16/2021
1/6/2022
1/10/2022
1/11/2022
1/12/2022
1/18/2022
1/24/2022
1/31/2022
2/1/2022
2/2/2022
2/7/2022
2/8/2022
2/14/2022
2/16/2022
2/18/2022
2/23/2022

Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

AR
AR
AR
AR
AR
OK
AR
AR
OK
OK
AR
AR
AR
AR
OK
AR
AR
OK
AR
AR
AR
AR
OK
OK
AR
AR
AR
AR
AR
AR
AR
OK
AR
AR
OK
OK
OK
OK
OK
OK
OK

33.58881
33.5515

33.57537
33.55708
33.60932
33.66246
33.39703
33.5998

33.64846
33.87724
33.43524
33.5515

33.07597
33.55708
33.69385
33.60915
33.5515

33.64846
33.39703
33.60932
33.59526
33.09082
33.88111
33.76464
33.55226
33.55718
33.07597
33.39703
33.5515

33.58881
33.34793
33.87724
33.60915
33.59526
33.88111
33.61833
33.77695
33.64846
33.95053
33.87724
33.61833

-94.37804
-94.39453
-94.08128
-94.04868
-93.85986
-94.64803
-93.71171
-94.44686
-94.54315
-95.48534
-93.73965
-94.39453
-93.8387

-94.04868
-94.71692
-93.8242

-94.39453
-94.54315
-93.71171
-93.85986
-94.42342
-93.85964
-95.50545
-96.41476
-94.04026
-94.0195

-93.8387

-93.71171
-94.39453
-94.37804
-93.71021
-95.48534
-93.8242

-94.42342
-95.50545
-94.55481
-96.42174
-94.54315
-95.24028
-95.48534
-94.55481



Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River

3/1/2022
3/3/2022
3/7/2022
3/8/2022
3/9/2022
3/15/2022
3/22/2022
3/23/2022
3/24/2022
3/29/2022
3/31/2022
4/1/2022
4/4/2022
4/5/2022
4/6/2022
4/7/2022
4/11/2022
4/12/2022
4/19/2022
4/21/2022
4/25/2022
4/26/2022
4/29/2022
5/2/2022
5/3/2022
5/4/2022
5/6/2022
5/11/2022
5/12/2022
5/13/2022
5/17/2022
5/18/2022
5/23/2022
5/27/2022
5/28/2022
6/5/2022
6/6/2022
6/7/2022
6/8/2022
6/9/2022
6/13/2022

Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult
Adult

OK
OK
OK
OK
OK
AR
AR
AR
AR
AR
AR
AR
AR
AR
AR
OK
AR
AR
OK
OK
AR
AR
AR
AR
OK
OK
AR
AR
AR
OK
OK
OK
AR
AR
AR
AR
OK
AR
AR
AR
AR

33.75426
33.88111
33.71146
33.66246
33.64846
33.56842
33.59526
33.58881
33.56842
33.55718
33.07597
33.39703
33.60915
33.5515

33.34793
33.65393
33.5998

33.09082
33.88111
33.95053
33.55708
33.57537
33.58881
33.06602
33.65393
33.80257
33.5515

33.14741
33.13784
33.90802
33.66246
33.64846
33.14741
33.09082
33.58881
33.55708
33.80257
33.57537
33.60915
33.39703
33.13784

-96.41081
-95.50545
-94.73273
-94.64803
-94.54315
-94.38122
-94.42342
-94.37804
-94.38122
-94.0195

-93.8387

-93.71171
-93.8242

-94.39453
-93.71021
-94.56868
-94.44686
-93.85964
-95.50545
-95.24028
-94.04868
-94.08128
-94.37804
-93.83293
-94.56868
-94.9285

-94.39453
-93.83134
-93.82909
-95.06658
-94.64803
-94.54315
-93.83134
-93.85964
-94.37804
-94.04868
-94.9285

-94.08128
-93.8242

-93.71171
-93.82909



Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River

6/15/2022
6/16/2022
6/17/2022
6/20/2022
6/21/2022
6/23/2022
6/24/2022
6/27/2022
6/30/2022
5/21/21
5/21/21
5/23/21
5/24/21
5/24/21
5/25/21
6/29/21
6/29/21
6/30/21
6/30/21
7/1/21
7/1/21
7/3/21
7/5/21
7/5/21
7/6/21
7/6/21
7/7/21
7/7/21
7/8/21
7/9/21
7/10/21
7/11/21
7/12/21
7/13/21
7/14/21
7/16/21
7/18/21
7/20/21
7/21/21
7/21/21
7/21/21

AR
OK
AR
OK
AR
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
AR
AR
OK
OK
OK
OK
OK
AR
AR
OK
OK
OK
OK
OK
AR
OK
OK
AR
AR
AR
OK
AR
OK
AR
AR
AR

33.5998
33.65393
33.34793
33.88111
33.58881
33.95053
33.90802
33.66246
33.87724
33.87013
33.86112
33.74709
33.8201
33.86019
33.69325
33.58209
33.57293
33.89479
33.89701
33.86821
33.86411
33.71037
33.60696
33.61398
33.96144
33.9551045
33.85587
33.85098
33.91925
33.56543
33.66207
33.72306
33.58073
33.43079
33.09698
33.65722
33.549957
33.71098
33.58427
33.58951
33.59219

-94.44686
-94.56868
-93.71021
-95.50545
-94.37804
-95.24028
-95.06658
-94.64803
-95.48534
-95.04429
-95.03146
-96.40119
-95.04424
-95.005002
-94.65464
-94.06972
-94.06393
-95.51753
-95.50625
-95.04794
-95.03178
-94.73074
-93.84081
-93.81815
-95.22825
-95.230929
-95.86673
-95.85825
-95.0779
-94.38145
-94.64456
-94.78044
-94.36604
-93.7422
-93.85526
-94.56345
-94.31302
-94.73068
-94.4208
-94.44394
-94.4448



Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River

7/22/21
7/26/21
7/26/21
7/29/21
7/29/21
7/31/21
8/4/21
8/5/21
8/9/21
8/9/21
8/10/21
8/10/21
8/12/21
8/12/21
8/13/21
8/13/21
8/16/21
8/18/21
8/24/21
8/26/21
8/27/21
8/30/21
8/31/21
9/1/21
9/2/21
9/7/21
9/8/21
9/17/21
9/20/21
9/21/21
9/22/21
10/4/21
10/5/21
10/6/21
10/7/21
10/8/21
10/11/21
10/13/21
10/20/21
10/21/21
11/1/21

OK
OK
OK
OK
OK
OK
AR
OK
AR
AR
AR
AR
AR
AR
AR
AR
OK
AR
AR
OK
OK
AR
AR
AR
AR
OK
OK
OK
OK
AR
AR
AR
AR
AR
OK
AR
AR
OK
OK
AR
AR

33.84723
33.8885
33.8775
33.64172
33.65556
33.71037
33.56526
33.91751
33.07613
33.06145
33.10633
33.14479
33.39787
33.394423
33.61343
33.55794
33.66207
33.60696
33.58073
33.65556
33.8775
33.06145
33.39787
33.15117
33.61343
33.96144
33.89479
33.71037
33.84723
33.56526
33.549957
33.58209
33.57293
33.60696
33.66207
33.39787
33.58951
33.65556
33.8775
33.43079
33.54755

-96.07549
-95.46908
-95.48549
-94.55186
-94.5419

-94.73074
-94.3829

-95.0818

-93.83746
-93.82997
-93.86211
-93.84147
-93.7123

-93.71021
-93.82169
-93.79581
-94.64456
-93.84081
-94.36604
-94.5419

-95.48549
-93.82997
-93.7123

-93.82481
-93.82169
-95.22825
-95.51753
-94.73074
-96.07549
-94.3829

-94.31302
-94.06972
-94.06393
-93.84081
-94.64456
-93.7123

-94.44394
-94.5419

-95.48549
-93.7422

-94.39191



Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River

11/2/21
11/8/21
11/9/21
11/11/21
11/15/21
11/30/21
12/1/21
5/23/22
5/23/22
5/26/22
5/26/22
5/27/22
5/27/22
5/28/22
5/28/22
5/29/22
5/29/22
6/4/22
6/4/22
6/6/22
6/6/22
6/7/22
6/7/22
6/8/22
6/8/22
6/9/22
6/9/22
6/11/22
6/11/22
6/14/22
6/14/22
6/15/22
6/15/22
6/16/22
6/16/22
6/17/22
6/17/22
6/20/22
6/20/22
6/23/22
6/23/22

AR
AR
OK
AR
AR
OK
AR
AR
AR
AR
AR
AR
AR
OK
OK
AR
AR
OK
OK
OK
OK
AR
AR
AR
AR
AR
AR
OK
OK
AR
AR
AR
AR
OK
OK
AR
AR
OK
OK
AR
AR

33.07613
33.57293
33.6891
33.61398
33.54755
33.65556
33.394423
33.09698
33.1014
33.394423
33.39787
33.60468
33.61374
33.88944
33.8775
33.56572
33.57875
33.75796
33.7517
33.86875
33.86764
33.07613
33.05964
33.39787
33.39442
33.61374
33.60468
33.71037
33.68483
33.58951
33.59219
33.58209
33.57043
33.58209
33.57043
33.39787
33.39442
33.88862
33.89679
33.07613
33.05964

-93.83746
-94.06393
-94.71021
-93.81815
-94.39191
-94.5419

-93.71021
-93.85526
-93.85952
-93.71021
-93.7123

-93.83881
-93.8195

-95.46395
-95.48549
-94.38213
-94.36662
-96.41139
-96.40832
-95.04412
-95.03414
-93.83746
-93.82763
-93.7123

-93.71021
-93.8195

-93.83881
-94.73074
-94.70619
-94.44394
-94.4448

-94.06972
-94.06522
-94.06972
-94.06522
-93.7123

-93.71021
-95.55178
-95.51546
-93.83746
-93.82763



Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River
Red River

6/24/22
6/24/22
6/25/22
6/27/22
6/27/22
6/29/22
6/29/22
6/30/22
6/30/22

AR
AR
OK
OK
OK
OK
OK
OK
OK

33.55794
33.56409
33.91751
33.66446
33.68948
33.86875
33.86764
33.75796
33.7517

-93.79581
-93.81904
-95.0818
-94.64451
-94.647
-95.04412
-95.03414
-96.41139
-96.40832




Table 2. Site locations (latitude [Lat], longitude [Long]), sample dates, target life stage, and state
for sampling that occurred in the tributaries of the lower Red River basin. The latitude and
longitude were measured at the most downstream portion of each site. Repeat sampling events
occurred at these sites within the same seasons. We include the Texas tributaries of the Red

River as they are fish within the same population as Oklahoma Red River fishes.

River Date Stage State  Latitude  Longitude
Blue River 7/30/2021 Adult OK 33.88604  -95.93205
Blue River 12/2/2021 Age-0 OK 33.88968  -96.03165
Blue River 6/1/2022 Age-0 OK 33.88968  -96.03165
Blue River 6/21/2022 Age-0 OK 33.88968  -96.03165
Blue River 7/25/2021 Age-0 OK 33.88968  -96.03165
Blue River 7/30/2021 Age-0 OK 33.88672  -95.93274
Bois d’Arc Creek 6/13/2022 Age-0 X 33.82604 -95.85771
Bois d’Arc Creek 6/28/2022 Age-0 TX 33.83860 -95.84394
Bois d’Arc Creek 6/28/2022 Age-0 TX 33.82376  -95.86087
Bois d’Arc Creek 6/5/2022 Age-0 X 33.8386 -95.84394
Bois d'Arc 7/7/2021 Adult TX 33.83864  -95.84481
Bois d'Arc 7/23/2021 Adult TX 33.83864  -95.84481
Bois d'Arc Creek 7/23/2021 Age-0 TX 33.83904 -95.84554
Buzzard Creek 5/9/2022 Adult OK 33.90033  -95.05406
Buzzard Creek 6/29/2022 Adult OK 33.90033 -95.05406
Choctaw 8/10/2021 Adult TX 33.72021  -96.37333
Choctaw 8/11/2021 Adult TX 33.72223  -96.41024
Choctaw 11/16/2021  Adult TX 33.72021  -96.37333
Choctaw 11/17/2021  Adult TX 33.72223  -96.41024
Choctaw 12/15/2021  Adult TX 33.72223  -96.41024
Choctaw 12/15/2021  Adult TX 33.72021  -96.37333
Choctaw 2/22/2022 Adult TX 33.72021  -96.37333
Choctaw 3/2/2022 Adult TX 33.72223  -96.41024
Choctaw 4/13/2022 Adult TX 33.72021  -96.37333
Choctaw 6/3/2022 Adult TX 33.72223  -96.41024
Choctaw 6/4/2022 Adult TX 33.72021  -96.37333
Choctaw 6/22/2022 Adult TX 33.72223  -96.41024
Choctaw Creek 6/19/2022 Age-0 TX 33.71934  -96.37152
Choctaw Creek 6/19/2022 Age-0 TX 33.72056  -96.39847
Choctaw Creek 6/3/2022 Age-0 X 33.71934  -96.37152
Choctaw Creek 6/3/2022 Age-0 X 33.72056  -96.39847
Cutoff 41 5/26/2021 Adult OK 33.75583  -94.77789



Garland Creek
Garland Creek
Garland Creek
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Kiamichi
Muddy Boggy
Muddy Boggy
Muddy Boggy
Muddy Boggy
Muddy Boggy
Muddy Boggy
Muddy Boggy
Muddy Boggy
Muddy Boggy
Muddy Boggy

5/16/2022
6/24/2022
6/25/22
5/20/2021
5/22/2021
7/6/2021
7/15/2021
8/13/2021
10/18/2021
10/19/2021
11/18/2021
11/29/2021
1/19/2022
2/10/2022
2/15/2022
2/21/2022
4/18/2022
5/25/2022
5/26/2022
6/23/2022
10/18/2021
10/19/2021
11/18/2021
11/29/2021
5/20/2021
5/22/2021
5/25/2022
6/18/2022
6/18/2022
7/15/2021
7/31/2021
7/2/2021
7/27/2021
7/28/2021
5/31/2022
6/1/2022
5/31/2022
5/31/2022
6/22/2022
6/22/2022
7/2/2021

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

33.92473
33.92473
33.92132
33.99742
33.98678
33.95071
33.94832
33.99742
33.99742
33.95071
33.99742
33.94832
33.99742
33.95071
33.94832
33.99742
33.99742
33.99742
33.95071
33.95071
33.99847
33.95063
33.99847
33.94789
33.99847
33.97406
33.99781
33.95360
33.94789
33.94789
33.95063
33.94339
33.93557
33.92844
33.92844
33.93833
33.93026
33.93462
33.94197
33.93462
33.94364

-95.08337
-95.08337
-95.07783
-95.3722

-95.3671

-95.24384
-95.29562
-95.3722

-95.3722

-95.24384
-95.3722

-95.29562
-95.3722

-95.24384
-95.29562
-95.3722

-95.3722

-95.3722

-95.24384
-95.24384
-95.37379
-95.24294
-95.37379
-95.29356
-95.37379
-95.3653

-95.37130
-95.29409
-95.29356
-95.29356
-95.24294
-95.60174
-95.63493
-95.65096
-95.65096
-95.60911
-95.65183
-95.63018
-95.59824
-95.63018
-95.59466



Muddy Boggy
Muddy Boggy
Muddy Boggy

Pine Creek
Pine Creek
Pine Creek
Pine Creek

7/27/2021
7/28/2021
7/28/2021
8/3/2021

6/14/2022

6/28/2022
8/3/2021

OK
OK
OK
X
X
X
TX

33.94197
33.93462
33.93026
33.86477
33.86477
33.86477
33.87271

-95.59824
-95.63018
-95.65183
-95.30788
-95.30788

-95.30788
-95.30436




Table 3. The dimensions of each sampling net with the target life-history stage indicated.

Gear Length Height Mesh size Target stage
Gillnet 100’ 12° 3.57,47,4.25” Adult
Gillnet 180° 12° 3.57,47,4.25” Adult
Hoop net 16° 4 3” Adult
Seine 15° 6’ 1/8” Age-0
Seine 1 6’ 1/32” Age-0
Mini-fyke net 4 2 1/8” Age-0

Larval tow 1.65m 0.5m 500pum Age-0




Table 4. Field-collected environmental variables for detection modeling of age-0 and small-

bodied native and invasive fishes of the lower Red River basin.

Scale Covariate Unit Gear
Reach Temperature °C YSI Pro DSS
Reach Dissolved oxygen mg/L YSI Pro DSS
Reach Clarity cm Secchi Disk

Segment Discharge m3/s USGS Stream

Gauge




Table 5. Field-collected environmental variables for relating to occupancy of age-0 and small-

bodied native and invasive fishes of the lower Red River basin.

Scale Covariate Unit Gear
Reach Salinity ppt YSI Pro DSS
Humminbird Helix
Reach Average depth m .
Reach W:D m Range
Reach Zooplankton biomass ug Planktonic Net
Humminbird Helix
Reach Large woody debris % .
Reach Backwater % Rangefinder
Humminbird Helix
Reach Pools %
12
] USGS Stream
Segment Discharge m3/s

Gauge




Table 6. Environmental variables, their sources, and associated web links for relating to age-0
and small-bodied fish occupancy. These variables will be calculated using existing geospatial
data. These data will be used for completed occupancy modeling after we complete the second

year of data collection.

Scale Covariate Source Website
Distance from https://apps.nationalmap.go
Reach NHDplus flowlines
dam v/downloader/#/
Distance from ) https://apps.nationalmap.go
Reach NHDplus flowlines
confluence v/downloader/#/

https://apps.nationalmap.go

Segment Sinuosity NHDplus flowlines
v/downloader/#/
https://apps.nationalmap.go
Segment Slope NHDplus flowlines
v/downloader/#/
_ ) https://apps.nationalmap.go
Catchment Drainage area NHDplus flowlines

v/downloader/#/

_ USGS National Geologic https://mrdata.usgs.gov/geo
Catchment Lithology
Map Database logy/state/




Table 7. Habitat factors that will be quantified at various spatial scales and related to occupancy

of adult fishes. Occupancy modeling will be completed after the second year of the study, so we

have enough data to complete the analyses. Units are provided for each variable.

Habitat factor

Scale

Data source

Unit

URL

Citation

Drainage area

Disturbance

Lithology

Sinuosity

Slope

Temperature

Discharge

Distance to
Dam

Percent
slackwater
Width to
depth
Salinity

Chlorophyll-a

Catchment

Catchment

Catchment

Segment

Segment

Segment

Segment

Reach

Reach

Reach
Reach
Reach

NHD+

NLCD

U.S.
Geological
Survey

ArcMap

ArcMap

Loggers
U.S.
Geological
Survey

ArcMap

Field
collection
Field
collection
YSI pro dds
Water
sample

km?

LDI

%

%

°C

m3/s

rkm

%

ppt
mg/L

https://apps.
nationalmap
.gov/downl
oader/#/
https://apps.
nationalmap

.gov/downl
oader/#/

https://mrda
ta.usgs.gov/g
eology/state
A
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Table 8. Demographic information of most Bighead Carp (BHC) and Silver Carp (SVC) collected during sampling events. The sample

date, site, and gears used are provided. Total length (TL, mm), weight (W, g), and sex (male [M] or female [F]) of each fish are

provided. The preliminary age estimates (Age est) using otoliths are provided. These carp were sampled using gillnets (GN),

electrofishing (EF), or jumped in the boat during a survey (JM). Lastly, estimated egg counts for some female fish is provided.

River Date Latitude Longitude Species TL TW  Gear Sex Age Eggs
Red River 7/5/2021 33.60915  -93.8242 SVC 710 3880 EF F 4 233,740
Bois d'Arc 7/7/2021 33.83864 -95.84481 BHC 1048 12840 GN F 3 561,374
Red River 7/9/2021 33.56842 -94.38122 SVC 897 7260 GN M - -
Red River 7/12/2021 33.58881 -94.37804 SVC 912 7460  GN M - -
Kiamichi 7/15/2021 33.94832 -95.29562 SVC 708 3850 GN M 3 -
Red River 7/16/2021 33.65393 -94.56868 BHC 1240 - GN F 4 256,314
Bois d'Arc 7/23/2021 33.83864 -95.84481 BHC 1245 - GN M 10 -
Bois d'Arc 7/23/2021 33.83864 -95.84481 BHC 1090 - GN F 9 618,524
Red River 8/4/2021 33.56842 -94.38122 BHC 1108 13670 GN M 4 -
Red River 8/4/2021 33.56842 -94.38122 SVC 808 6460 EF M 6 -
Choctaw 8/10/2021 33.72021 -96.37333 BHC 1097 14220 GN F 3 722,638
Choctaw 8/10/2021 33.72021 -96.37333 BHC 1100 13480 GN M 5 -
Choctaw 8/10/2021 33.72021 -96.37333 BHC 1140 15180 GN M 5 -
Choctaw 8/10/2021 33.72021 -96.37333 BHC 990 9260 GN M 5 -
Choctaw 8/10/2021 33.72021 -96.37333  SVC 850 7600 GN M 6 -
Choctaw 8/11/2021 33.72223 -96.41024 BHC 1069 12000 GN M 8 -
Choctaw 8/11/2021 33.72223  -96.41024 SVC 851 8100  EF M 7 -
Choctaw 8/11/2021 33.72223 -96.41024 SVC 882 8350 EF F 4 1,217,828
Red River 8/23/2021 33.80257  -94.9285 BHC 1230 21500 GN - 5 -
Red River 8/24/2021 33.56842 -94.38122 BHC 960 17500 GN - 5 -
Red River 8/24/2021 33.56842 -94.38122 SVC 850 9000 EF - 4 -
Red River 8/24/2021 33.56842 -94.38122 SVC 752 5020 EF F 4 720,804
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33.58881
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-96.41024
-94.37804

-94.9285
-95.06658
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-95.24384
-95.24384
-95.24384
-95.24384
-95.24384
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804
-94.37804

SVC
SVC
SVC
SVC
BHC
BHC
SVC
SVC
SVC
BHC
SVC
BHC
BHC
SVC
SVC
SVC
BHC
BHC
SVC
SVC
SVC
SVC
SVC
SVC
SVC
SVC
SVC
SVC
SVC

891
822
1042
891
1258
1152
842
915
888
1063
937
1050
1068
752
887
859
1004
1198
789
912
813
886
919
850
869
616
850
921
907

8850
8978
13700
9000
17000
12500
7100
9000
8000
10600
9400
9300
11400
4750
7100
6500
11892
16750
4338
8876
6324
8662
11388
8168
8812
9122
10284
12020
9692

GN
GN
GN
EF
GN
GN
EF
EF
GN
GN
EF
GN
GN
EF
GN
GN
GN
EF
GN
GN
GN
GN
GN
GN
EF
EF
EF
GN
EF

MMM LT m<E oo



Red River
Red River

Muddy Boggy

Choctaw

Choctaw
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Red River
Red River
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33.58881
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33.92473

-94.37804
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Red River
Garland Creek
Pine Creek
Red River

6/24/2022
6/24/2022
6/28/2022
6/30/2022

33.90802
33.92473
33.86477
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-95.06658
-95.08337
-95.30788
-95.48534
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Table 9. Carp visually confirmed but not collected during sampling in throughout the Red River

basin. The observations indicate the date, location, and species observed.

River Date Latitude  Longitude Species
Bois d'Arc 7/23/2021 33.83864 -95.84481 Silver Carp
Buzzard Creek  5/9/2022 33.90033 -95.05406 Silver Carp
Choctaw 8/10/2021 33.72021 -96.37333 Silver Carp
Choctaw 8/11/2021 33.72223 -96.41024  Silver Carp
Choctaw 11/16/2021 33.72021 -96.37333 Silver Carp
Choctaw 12/15/2021 33.72021 -96.37333 Silver Carp
Choctaw 4/13/2022 33.72021 -96.37333 Silver Carp
Choctaw 6/4/2022 33.72021 -96.37333 Silver Carp
Choctaw 6/22/2022 33.72223  -96.41024  Silver Carp
Garland Creek 5/16/2022 33.92473  -95.08337 Silver Carp
Garland Creek 6/24/2022 33.92473  -95.08337 Silver Carp
Kiamichi 11/29/2021 33.94832  -95.29562 Silver Carp
Kiamichi 2/10/2022 33.95071 -95.24384  Silver Carp
Kiamichi 5/26/2022 33.95071 -95.24384  Silver Carp
Kiamichi 6/23/2022 33.95071 -95.24384  Silver Carp
Muddy Boggy 7/2/2021 33.94339 -95.60174 Silver Carp
Muddy Boggy 7/27/2021 33.93557 -95.63493 Silver Carp
Muddy Boggy 7/28/2021 33.92844 -95.65096  Silver Carp
Muddy Boggy 5/31/2022 33.92844 -95.65096 Silver Carp
Muddy Boggy 6/1/2022 33.93833  -95.60911 Silver Carp
Pine Creek 8/3/2021 33.86477 -95.30788 Bighead Carp
Pine Creek 6/14/2022 33.86477 -95.30788 Silver Carp
Pine Creek 6/28/2022 33.86477 -95.30788 Silver Carp
Pine Creek 6/28/2022 33.86477 -95.30788 Bighead Carp
Red River 7/5/2021 33.60915 -93.8242 Silver Carp
Red River 7/9/2021 33.56842 -94.38122 Silver Carp
Red River 7/12/2021 33.58881 -94.37804 Silver Carp
Red River 7/16/2021 33.65393  -94.56868 Silver Carp
Red River 7/29/2021 33.65393  -94.56868 Silver Carp
Red River 7/29/2021 33.65393 -94.56868  Bighead Carp
Red River 8/4/2021 33.58881 -94.37804  Silver Carp
Red River 8/24/2021 33.56842 -94.38122 Silver Carp
Red River 8/31/2021 33.39703  -93.71171 Silver Carp
Red River 9/21/2021 33.58881 -94.37804  Silver Carp
Red River 10/8/2021 33.39703 -93.71171 Silver Carp
Red River 10/14/2021 33.64846 -94.54315 Silver Carp
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Red River
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Table 10. Seasonal water temperature (°C) data from loggers placed throughout the mainstem
Red River and major tributaries with the corresponding season (Spring [March 1% — May 31%],
Summer [June 1% — August 31%], Fall [September 1% — November 30%'], Winter [December 15 —
February 28"]), standard deviation (SD), and coefficient of variation (CV).

River Season Mean Range SD Cv

Red River, OK  Fall 15.31 14.43 3.78 0.25
Red River, OK  Spring 19.11 20.49 5.05 0.26
Red River, OK  Summer 29.80 10.06 2.59 0.09
Red River, OK  Winter 10.24 17.04 4.07 0.40
Red River, AR Fall 14.91 12.28 2.52 0.17
Red River, AR  Spring 19.51 18.63 5.17 0.27
Red River, AR Summer 30.70 7.06 2.22 0.07
Red River, AR Winter 11.45 16.45 391 0.34
Bois D'Arc Fall 14.77 10.03 2.39 0.16
Bois D'Arc Spring 19.39 19.37 5.01 0.26
Bois D'Arc Summer 30.36 8.44 2.24 0.07
Bois D'Arc Winter 10.38 12.34 3.51 0.34
Blue River Fall 14.20 11.48 2.63 0.19
Blue River Spring 19.20 20.17 5.08 0.26
Blue River Summer 27.14 7.01 1.87 0.07
Blue River Winter 9.61 12.44 3.43 0.36
Kiamichi Fall 14.84 17.09 4.68 0.32
Kiamichi Spring 17.56 19.95 5.64 0.32
Kiamichi Summer 27.31 7.00 2.44 0.09
Kiamichi Winter 9.74 19.59 4.39 0.45
Muddy Boggy  Fall 14.82 9.32 2.21 0.15
Muddy Boggy = Winter 11.28 9.43 3.20 0.28
Pine Creek Fall 12.27 13.13 3.24 0.26
Pine Creek Spring 19.09 19.51 4.98 0.26
Pine Creek Summer 28.60 9.10 2.62 0.09

Pine Creek Winter 9.24 15.71 3.92 042




Table 11. Mean values for several field collected habitat variables. Secchi is in centimeters.

Wetted width and max depth are in meters.

River Secchi Wetted width Max depth
Red River OK 44.43 56.80 2.85
Red River AR 28.80 53.17 4.21
Blue River 46.06 11.68 2.37
Bois D'Arc 43.86 12.00 4.05
Buzzard Creek 48.67 6.96 1.87
Choctaw Creek  28.02 12.42 1.50
Garland Creek 29.67 8.79 1.59
Kiamichi 40.81 18.66 3.50
Muddy Boggy 27.47 28.84 4.41

Pine Creek 49.33 8.15 3.41




Table 12. The number of individuals collected through June 30, 2022, by species and by sampling gear (EF=electrofishing, FN= mini-

fyke net, GN = gillnet, HN=hoopnet, LT=larval tow, SE=seine) from the Arkansas portion of the Red River (Bighead Carp and Silver

Carp collections/observations are not included here). Scientific names are reported in Appendix A.

Species EF GN HN FN LT SE Total
Alligator Gar 3 26 1 - - - 30
American Eel 1 - - - - - 1
Bigmouth Buffalo 46 223 - - - 2 271
Black Buffalo 12 77 1 - - - 90
Black Crappie 3 - - 90 - 6 99
Blackstripe Topminnow 1 - - 9 - 18 28
Blacktail Shiner 1 - - - - 48 49
Blue Catfish 19 26 - - - 2 47
Blue Sucker 112 17 7 - - - 136
Bluegill 30 - - 479 - 459 968
Bluntnose Darter - - - 3 - - 3
Brook Silverside - - - 4 - 96 100
Bullhead Minnow 15 - - 724 - 4121 4860
Catostomidae spp. - - - - 1 - 1
Channel Catfish 3 2 - 7 - 13 25
Chub Shiner 1 - - 193 - 1975 2169
Common Carp 3 9 - - - - 12
Dusky Darter - - - 51 - 17 68
Emerald Shiner 55 - - 2560 6 1335 3956
Flathead Catfish 68 1 - 1 - 2 72
Flier - - - 1 - - 1
Freshwater Drum 53 3 1 29 - 36 122
Gizzard Shad 320 10 - 262 1 990 1583
Golden Shiner - - - - - 5 5
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Lepomis spp.
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Spotted Bass
Spotted Gar
Striped Bass
Tadpole Madtom
Threadfin Shad
Warmouth
Western Sand Darter
Western Starhead
Topminnow
White Bass
White Crappie
Yellow Bullhead

11
18

28
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27
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17
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17
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Table 13. The number of individuals collected through June 30, 2022, by species and by sampling gear (EF=electrofishing, FN= mini-
fyke net, GN = gillnet, HN=hoopnet, LT=larval tow, SE=seine) collected from the Oklahoma portion of the Red River (Bighead Carp

and Silver Carp collections/observations are not included in the table).

EF GN HN FN LT SE Total
Alligator Gar - 14 - 1 - - 15
Bigmouth Buffalo 33 103 - 1 - 8 145
Black Buffalo 17 120 1 1 - - 139
Black Crappie - - - 6 1 5 12
Blackspotted Topminnow - - - - - 1 1
Blackstripe Topminnow - - - 2 - 2 4
Blacktail Shiner - - - 4 - 28 32
Blue Catfish 11 38 1 1 - 2 53
Blue Sucker 144 4 1 - - - 149
Bluegill 15 - - 74 - 66 155
Bluntnose Minnow 3 - - - - - 3
Brook Silverside - - - - - 1 1
Bullhead Minnow 17 - - 627 - 3566 4210
Catostomidae spp. - - - - - 4 4
Channel Catfish 21 4 - 4 - 4 33
Chestnut Lamprey 1 - - - - - 1
Chub Shiner 1 - - 281 1 1241 1524
Common Carp 2 3 - 0 - - 5
Dusky Darter - - - 0 - 2 2
Emerald Shiner 19 1 - 184 - 255 459
Flathead Catfish 36 4 - 1 - - 41
Freshwater Drum 37 1 - 11 - 31 80
Ghost Shiner - - - 1 - - 1

Gizzard Shad 274 2 - 1274 - 505 2055



Golden Redhorse - - - - - 1 1
Golden Topminnow - - - 3 - 2 5
Goldeye 1 - - - - - 1
Grass Carp 1 30 - - - - 31
Green Sunfish 6 - - 9 - 10 25
Lepomis spp. - - - 47 - 101 148
Logperch - - - 7 - 6 13
Longear Sunfish 8 - - 76 - 35 119
Longnose Gar 57 97 5 20 - 7 186
Mississippi Silverside 3 - - 76 - 5491 5570
Mosquitofish - - - 35 - 1204 1239
Orangespotted Sunfish 6 - - 10 - 27 43
Paddlefish 1 30 - - - - 31
Pallid shiner - - - - - 2 2
Plains Killifish - - - - - 5 5
Pomoxis spp. - - - - - 2 2
Quillback 5 1 - - 17 - 23
Red Shiner 116 1 - 4540 3 19414 24074
Redear Sunfish 1 - - 23 - - 24
River Carpsucker 167 5 - 87 - 318 577
River Darter - - - - - 1 1
Sand Shiner - - - 1 - 22 23
Shoal Chub - - - 9 - 367 376
Shortnose Gar 21 3 1 31 - 9 65
Shovelnose Sturgeon 10 1 - - - - 11
Silver Chub 1 - - 23 - 52 76
Slough Darter - - - 1 - - 1
Smallmouth Bass - 1 - - - - 1
Smallmouth Buffalo 101 230 18 1 - - 350
Spotted Bass 8 - - 91 - 199 298

Spotted Gar 19 - 1 1 - - 21
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Suckermouth Minnow
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Table 14. The number of individuals collected through June 30, 2022, by species and by sampling gear (EF=electrofishing, FN= mini-

fyke net, GN = gillnet, HN=hoopnet, LT=larval tow, SE=seine) collected from the Oklahoma tributaries of the Red River (Bighead

Carp and Silver Carp collections/observations are not included in the table).

Species EF GN FN LT SE Total
Alligator Gar 1 16 1 - - 18
American Eel 1 - - - - 1
Bigmouth Buffalo 70 204 1 - - 275
Black Buffalo 8 45 - - - 53
Black Crappie - - 1 - 9 10
Blackstripe Topminnow 1 - 4 - 14 19
Blacktail Shiner 25 - 111 - 533 669
Blue Catfish 11 28 - - - 39
Blue Sucker 1 2 - - 681 685
Bluegill 23 121 - 65 210
Bluntnose Darter - - - - 1 1
Bluntnose Minnow 2 - - - - 2
Brook Silverside - - 0 - 12 12
Bullhead Minnow 42 - 476 - 2393 29011
Channel Catfish 3 10 4 - 14 31
Chestnut Lamprey 2 - - - - 2
Chub Shiner - - 2 - 8 10
Common Carp 2 3 - - - 5
Dusky Darter - - 8 - 8 16



Emerald Shiner
Flathead Catfish
Freshwater Drum
Gizzard Shad
Grass Carp
Green Sunfish
Largemouth Bass
Lepomis spp.
Logperch
Longear Sunfish
Longnose Gar
Mississippi Silverside
Mooneye
Mosquitofish
Orangespotted Sunfish
Paddlefish
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Red Shiner
Redear Sunfish
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Shortnose Gar
Silver Chub

Slough Darter
Smallmouth Bass
Smallmouth Buffalo
Spotted Bass
Spotted Gar

Striped Bass
Suckermouth Minnow
Tadpole Madtom
Threadfin Shad
Warmouth

White Bass

White Crappie

16

90
16
30
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63

23
13
25
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32
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Table 15. The number of individuals collected through June 30, 2022, by species and by sampling gear (EF=electrofishing, FN= mini-
fyke net, GN = gillnet, HN=hoopnet, LT=larval tow, SE=seine) collected from the Texas tributaries of the Red River (Bighead Carp

and Silver Carp collections/observations are not included in the table).

Species EF GN HN FN LT SE Total
Alligator Gar 0 2 0 - - - 2
Bigmouth Buffalo 13 17 2 - - - 32
Black Buffalo 6 25 0 - - - 31
Blacktail Shiner 2 0 0 - - 9 11
Blue Catfish 0 8 0 - - - 8
Blue Sucker 1 0 0 - - - 1
Bluegill 0 0 0 36 - 13 49
Brook Silverside 0 0 0 9 - 33 42
Bullhead Minnow 0 0 0 79 - 629 708
Channel Catfish 0 0 0 1 - - 1
Common Carp 0 6 0 - - - 6
Emerald Shiner 3 0 0 1 - 2 6
Flathead Catfish 1 0 1 - - - 2
Freshwater Drum 2 0 0 1 - 1 4
Gizzard Shad 13 0 0 - - 49 62
Grass Carp 0 14 0 - - - 14
Green Sunfish 0 0 5 - 7 12
Logperch 0 0 1 - - 1
Longear Sunfish 0 0 11 - 15 28
Longnose Gar 13 4 0 4 - 3 24
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Table 16. List of genera, the number of species within each genus, the total sampled, and the

percent of total of all fishes sampled. Due to the disproportionately high observations of Red

Shiner (Cyprinella), the percent of total was calculated without including Red Shiner

counts(indicated using *).

Genus Species count Total collected Percent of total
Alosa 1 5 <0.01%
Ameiurus 1 1 <0.01%
Ammocrypta 2 61 0.10%
Anguilla 1 2 <0.01%
Aphredoderus 1 21 0.03%
Aplodinotus 1 259 0.41%
Atractosteus 1 65 0.10%
Carpiodes 1 1227 1.94%
Carpoides 1 27 0.04%
Centrarchus 1 1 <0.01%
Ctenopharyngodon 1 94 0.15%
Cycleptus 1 971 1.53%
Cyprinella 1 ()* 761 (66040)* 1.20%
Cyprinus 1 28 0.04%
Dorosoma 2 10559 16.69%
Etheostoma 2 38 0.06%
Fundulus 4 84 0.13%
Gambusia 1 7406 11.71%
Hiodon 1 2 <0.01%
Hiodontiformes 1 1 <0.01%
Hybognathus 1 1 <0.01%
Hybopsis 1 8 <0.01%
Hypophthalmichthys 2 287 0.45%




Ichthyomyzon
Ictalurus
Ictiobus
Labidesthes
Lepisosteus
Lepomis
Macrhybopsis
Menidia
Micropterus
Morone
Moxostoma
Notemigonus
Notropis
Noturus
Percina
Phenacobius
Pimephales
Polyodon
Pomoxis

Pylodictis

Scaphirhynchus

DN W w N

N W

237
1933
155
690
4329
1037
7707
958
403

16
8295

172
22
13694
161
1395
123
16

<0.01%
0.37%
3.06%
0.25%
1.09%
6.84%
1.64%
12.18%
1.51%
0.64%
<0.01%
0.03%
13.11%
<0.01%
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0.03%




Mud dy Boggy

Clear B ogg

Bilue River Kianichi River

Little River

Fins Crask Red River
Cho detsw Crask

Bois dArc Cresk - nR - S

Sulpher River

AR Age-0 Sites
Ok Age-0 Sites
TX Age-0 Sites

0 1020 40 60
e e Kilometers

Gauges

4 o0 0

Temperature Loggers

Figure 1. Age-0 fish sampling locations (circles) in the lower Red River basin. The circle colors
reflect the state where the sample site was located (blue = TX, black = OK, orange = AR). The
gray lines represent major rivers with black arrows denoting U.S. Geological Survey stream
gauges and the red arrow denoting temperature loggers. Each site was sampled 1-3 times using

seines, mini-fyke nets, and larval tows.
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Figure 2. Adult fish sampling locations (circles) in the lower Red River basin. The circle colors
reflect the state where the sample site is located. The circle colors reflect the state where the
sample site was located (blue = TX, black = OK, orange = AR). The gray lines represent major
rivers with black arrows denoting U.S. Geological Survey stream gauges and the red arrow
denoting temperature loggers. Each site was sampled 1-3 times using gillnets, electrofishing, and

hoop nets.
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Figure 3. Sectioned lapilli otolith extracted from a Silver Carp during electrofishing surveys.



Figure 4. Sectioned lapilli otolith extracted from a Bighead Carp using gillnets.
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Figure 5. Daily mean water temperature data from loggers placed at locations on mainstem Red

River. Gray shading indicates the observed daily maximum and minimum range.
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Figure 6. Daily mean water temperature data from loggers placed at locations in major
tributaries. Gray shading indicates the observed daily maximum and minimum range. Two

loggers (Muddy Boggy and Choctaw) were stolen from their mounted locations.
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Figure 7. Daily (2022) mean water conductivity data from loggers placed throughout the study

arca.
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Figure 8. Length frequency (total length, cm) of Smallmouth Buffalo sampled from the lower

Red River catchment using gillnets, hoop nets, and electrofishing (n=556).
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Figure 9. Length frequency (total length, cm) of Bigmouth Buffalo sampled throughout the Red

River basin using gillnets, hoop nets, and electrofishing (n=356).
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Figure 10. Length frequency (total length, cm) of Black Buffalo sampled throughout the Red

River basin using gillnets, hoop nets, and electrofishing (n=267).
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Figure 11. Length frequency (total length, cm) of Longnose Gar sampled throughout the Red

River basin using gillnets, hoop nets, and electrofishing (n=254).
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Figure 12. Length frequency (total length, cm) of River Carpsucker sampled throughout the Red

River basin using gillnets, hoop nets, and electrofishing (n=325).
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Figure 13. Length frequency (total length, cm) of Flathead Catfish sampled throughout the Red

River basin using gillnets, hoop nets, and electrofishing (n=109).
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Figure 14. Length frequency (total length, cm) of Blue Sucker sampled throughout the Red River
basin using gillnets, hoop nets, and electrofishing (n=284).
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Figure 15. Relationship between the Logio length (mm) and Logio weight (g) for Smallmouth
Buffalo sampled throughout the Red River basin using gillnets, hoop nets, and electrofishing
(n=5204).
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Figure 16. Relationship between the Logio length (mm) and Logio weight (g) for Bigmouth

Buffalo sampled throughout the Red River basin using gillnets, hoop nets, and electrofishing
(n=343).
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Figure 17. Relationship between the Logio length (mm) and Logio weight (g) for Black Buffalo
sampled throughout the Red River basin using gillnets, hoop nets, and electrofishing (n=248).
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Figure 18. Relationship between the Logio length (mm) and Logio weight (g) for Longnose Gar
sampled throughout the Red River basin using gillnets, hoop nets, and electrofishing (n=249).
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Figure 19. Relationship between the Logio length (mm) and Logio weight (g) for River
Carpsucker sampled throughout the Red River basin using gillnets, hoop nets, and electrofishing

(n=267).
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Figure 20. Relationship between the Logio length (mm) and Logio weight (g) for Flathead Catfish
sampled throughout the Red River basin using gillnets, hoop nets, and electrofishing (n=63).
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Figure 21. Relationship between the Logio length (mm) and Logio weight (g) for Blue Sucker
sampled throughout the Red River basin using gillnets, hoop nets, and electrofishing (n=279).
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Figure 22. Total number of captured Blue Suckers by each sample month. Catch reflected used a
combination of fish sampled using gillnets, hoop nets, and electrofishing in the lower Red River

basin (n=285).
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Figure 23. Total number of captured Shovelnose Sturgeon by each sample month. Catch
reflected used a combination of fish sampled using gillnets, hoop nets, and electrofishing in the

lower Red River basin (n=16).
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Figure 24. The between-reader-agreement for ageing structures for Silver Carp (black bars) and
Bighead Carp (gray bars) collected from the lower Red River catchment. These data will be more

robust after we complete the ageing associated with 2022 sampling.
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Figure 25. The mean CV associated with ageing structures for Silver Carp (black bars) and
Bighead Carp (gray bars) collected from the lower Red River catchment. These data will be more

robust after we complete the ageing associated with 2022 sampling.
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Figure 26. Age frequency of Silver Carp collected from the lower Red River catchment These

data will be more robust after we complete the ageing associated with 2022 sampling.
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Figure 27. Age frequency of Bighead Carp collected from the lower Red River catchment. These

data will be more robust after we complete the ageing associated with 2022 sampling.
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Figure 28. A von Bertalanffy growth curve with the corresponding theoretical maximum length
(L)), growth coefficient (K), and time when length was zero (¢0) for Silver Carp collected from
the lower Red River catchment. These data will be more robust after we complete the ageing

associated with 2022 sampling.
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Figure 29. A Chapman-Robson catch-curve with the corresponding instantaneous mortality
estimate (Z) and annual mortality estimate (4) for Silver Carp collected from the lower Red
River catchment. These data will be more robust after we complete the ageing associated with

2022 sampling.
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Figure 30. Average daily discharge over the 2021 sampling period. The red line indicates the 30-
year average discharge conditions. Data are from U.S. Geological Survey, stream gauge

07335500 at Arthur City, TX.
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Figure 31. Average daily discharge over the 2022 sampling period (January 1 — June 30™). The
red line indicated the 30-year average discharge conditions. Data are from U.S. Geological

Survey, stream gauge 07335500 at Arthur City, TX.



Appendix A. The common name with the corresponding scientific name for fish species sampled

in the lower Red River basin.

Common Name

Scientific Name

Alligator Gar
American Eel
American Paddlefish
Bigeye Shiner
Bigmouth Buffalo
Black Buffalo
Black Crappie
Blackside Darter
Blackspotted Topminnow
Blackstripe Topminnow
Blacktail Shiner
Blue Catfish

Blue Sucker
Bluegill

Bluntnose Darter
Bluntnose Minnow
Brook Silverside
Bullhead Minnow
Channel Catfish
Chestnut Lamprey
Chub Shiner
Common Carp
Dusky Darter
Emerald Shiner
Fathead Minnow
Flathead Catfish
Flier

Freckled Madtom
Freshwater Drum
Ghost Shiner
Gizzard Shad
Golden Redhorse
Golden Shiner
Golden Topminnow
Goldeye

Grass Carp

Green Sunfish
Hybrid Sunfish

Atractosteus spatula
Anguilla rostrata
Polyodon spathula
Notropis boops

Ictiobus cyprinellus
Ictiobus niger

Pomoxis nigromaculatus
Percina maculata
Fundulus olivaceus
Fundulus notatus
Cyprinella venusta
Ictalurus furcatus
Cycleptus elongatus
Lepomis macrochirus
Etheostoma chlorosomum
Pimephales notatus
Labidesthes sicculus
Pimephales vigilax
Ictalurus punctatus
Ichthyomyzon castaneus
Notropis potteri
Cyprinus carpio

Percina sciera

Notropis atherinoides
Pimephales promelas
Pylodictis olivaris
Centrarchus macropterus
Noturus nocturnus
Aplodinotus grunniens
Notropis buchanani
Dorosoma cepedianum
Moxostoma erythrurum
Notemigonus crysoleucas
Fundulus chrysotus
Hiodon alosoides
Ctenopharyngodon idella
Lepomis cyanellus
Lepomis spp.



Largemouth Bass
Logperch

Longear Sunfish
Longnose Gar
Mississippi Silverside
Mississippi Silvery Minnow
Mooneye
Mosquitofish
Orangespotted Sunfish
Pallid Shiner

Pirate Perch

Plains Killifish
Pugnose Minnow
Quillback

Red Shiner

Redear Sunfish
Redspotted Sunfish
River Carpsucker
River Darter

Sand Shiner

Shoal Chub
Shortnose Gar
Shovelnose Sturgeon
Silver Chub
Silverband Shiner
Skipjack Herring
Slough Darter
Smallmouth Buffalo
Spotted Bass

Spotted Gar

Spotted Sucker
Striped Bass
Suckermouth Minnow
Tadpole Madtom
Threadfin Shad
Warmouth

Western Sand Darter
Western Starhead Topminnow
White Bass

White Crappie
Yellow Bullhead

Micropterus salmoides
Percina caprodes
Lepomis megalotis
Lepisosteus osseus
Menidia audens
Hybognathus nuchalis
Hiodon tergisus
Gambusia affinis
Lepomis humilis
Hybopsis amnis
Aphredoderus sayanus
Fundulus zebrinus
Opsopoeodus emiliae
Carpiodes cyprinus
Cyprinella lutrensis
Lepomis microlophus
Lepomis miniatus
Carpiodes carpio
Percina shumardi
Notropis stramineus
Macrhybopsis hyostoma
Lepisosteus platostomus
Scaphirhynchus platorynchus
Macrhybopsis storeriana
Notropis shumardi
Alosa chrysochloris
Etheostoma gracile
Ictiobus Bubalus
Micropterus punctulatus
Lepisosteus oculatus
Minytrema melanops
Morone saxatilis
Phenacobius mirabilis
Noturus gyrinus
Dorosoma petenense
Lepomis gulosus
Ammocrypta clara
Fundulus blairae
Morone chrysops
Pomoxis annularis
Ameiurus natalis




