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ABSTRACT
A long-term fish community monitoring program was established by the
Oklahoma Department of Wildlife Conservation Streams Program in 2016.
One of the primary goals of this program is to evaluate contemporary fish
species distributions in Oklahoma and draw inferences regarding changes
in those distributions over time. In 2016, fish community surveys took
place from late June to early August at a total of 48 sites within the upper
Red River basin. Compared to the most comprehensive historical sampling
effort within the basin, contemporary surveys detected an additional eight
species while three species historically present were not detected in 2016.
Multivariate generalized linear model results indicated significant
differences in community structure between historical and contemporary
surveys. Univariate testing paired with Sum-of-LR analyses revealed
differences in community structure were largely driven by increases in
generalist fish species (e.g. Green Sunfish and Common Carp) and
decreases in small-bodied specialist cyprinids (e.g. Chub Shiner). Although
changes in species occurrences may be partially driven by differences in
sampling methodology and effort, changes across multiple stream
reaches likely reveal real trends.
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Introduction

The negative effects of anthropogenic-induced stressors on the earth’s flora and fauna, particularly
extirpation and extinction, are well documented (Ehrlich and Wilson 1991; Vitousek et al. 1997;
Dirzo et al. 2014; Wilting et al. 2017). Increases in imperilment of biota in freshwater ecosystems,
specifically freshwater fishes, have been documented in North America in the past several decades.
Approximately 40% of freshwater fish species in North America are listed as threatened, imperiled
or endangered (Jelks et al. 2008). This is particularly concerning for freshwater ecosystems undergo-
ing increased levels of anthropogenic alterations such as instream water-withdrawals, creation of
hydroelectric impoundments, groundwater pumping for agricultural purposes, and urban ‘beautifi-
cation’ (Hermoso 2017; Pennock 2017; Perkin et al. 2017). Fish communities in the Midwest and
Interior Plains portion of the United States have drastically changed as a result of modifications to
lotic ecosystems (Dodds et al. 2004; Gido et al. 2010; Hoagstrom et al. 2011). These modifications
have led to expanded distributions of non-native and generalist species coupled with contracted dis-
tributions of specialist species and homogenization of fish communities (Smith et al. 2014; Matthews
and Marsh-Matthews 2015; Perkin et al. 2017).

Long-term biodiversity monitoring efforts can detect small declines in species ranges prior to
larger collapses or local extirpation of populations, as well as facilitate understanding of
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anthropogenic effects on the community as a whole (Nielsen et al. 2009; Magurran et al. 2010;
Ward-Campbell et al. 2017). This is especially critical for fish communities in lotic waters of the
Interior Plains as they consist of many species with short life spans and reproductive strategies (i.e.
pelagic-broadcast spawning; PBS) that make them exceptionally vulnerable to range reductions and
local extirpation resulting from anthropogenic activities (Platania and Altenbach 1998; Pennock,
Gido, et al. 2017). PBS species are particularly sensitive to anthropogenic alterations as they depend
on unfragmented river reaches and adequate streamflow to keep ova suspended until they hatch
(Luttrell et al. 1999; Perkin and Gido 2011).

In 2016, the Oklahoma Department of Wildlife Conservation (ODWC) Streams Program estab-
lished a long-term fish community monitoring program with a primary goal to identify fish assem-
blage changes through time across lotic waters of Oklahoma. The study design of the monitoring
program allows for a detection-adjusted occupancy modeling approach, which enables the calcula-
tion of population parameters unbiased by detection error using presence–absence data and accurate
tracking of changes in species occurrence across time ( MacKenzie et al. 2006). The current monitor-
ing program plans to resample drainages throughout the state on a decadal rotation. This rotation
schedule limits immediate robust statistical comparisons of communities due to the long time-frame
needed to compare detection-adjusted occupancies of species and changes in community structure.
However, initial baseline surveys present an opportunity for retrospective analysis and comparison
to historical data-sets that can provide critical foundational knowledge pertaining to changes in the
state of the fish community (Smith et al. 2014). In 2016, the ODWC Streams Program conducted
extensive sampling in the upper Red River basin. Fortunately, thorough sampling of the ichthyofau-
nal communities of the upper Red River basin by Taylor et al. (1991) provided an opportunity for a
comparative study. Unfortunately, this data-set does not precede the construction of Denison Dam
and Lake Texoma in 1945, which greatly modified this system. It does offer insight into community
shifts over the past 30 years. The objective of this study was to test for differences in fish community
structure between contemporary surveys and the Taylor et al. (1991) study.

Methods

Study area

The upper Red River basin of Oklahoma spans approximately 38,300 km2 from the Texas–
Oklahoma border in southwest Oklahoma to the upper reaches of Lake Texoma in southcentral
Oklahoma (Figure 1). The major lotic systems in the Red River basin include the Red River proper,
the North Fork of the Red River, the Elm Fork of the Red River, and the Salt Fork of the Red River.
These larger streams are characterized by shallow, braided, sand-bed channels with large S-shaped
meanders (Matthews 1988). Smaller streams of the region typically fall into either of the two types:
systems with incised banks, high turbidity, and silt-mud substrates, or high-gradient systems with
low turbidity and cobble to boulder sized substrates Ecoregions within the upper Red River basin
include the Southwestern Tablelands (ST), Central Great Plains (CGP), and the Cross Timbers
(CT). The ST are characterized by sub-humid grassland and semiarid rangeland, little to no crop-
land, and scattered red-hued canyons, mesas, and badlands. In contrast, much of the CGP is crop-
land with some grassland scattered with shrubs and low trees. A unique feature of the CGP region is
its many subsurface salt deposits that can cause high salinity in some streams. The CT region is
characterized by native grasslands scattered with sparse Blackjack Oak Quercus marilandica and
Post Oak Quercus stellate trees. Large portions of the CT region are used for pastureland and oil
exploration (EPA 2013).

Before construction of Lake Texoma, the upper Red River basin was potentially home to 11 cur-
rent Oklahoma fish Species of Greatest Conservation Need (SGCN): Shovelnose Sturgeon Scaphir-
hynchus platorhynchus, Blue Sucker Cycleptus elongatus, Shorthead Redhorse Moxostoma
macrolepidotum, Black Buffalo Ictiobus niger, Plains Minnow Hybognathus placitus, Prairie Chub
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Macrhybopsis australis, Red River Shiner Notropis bairdi, Chub Shiner Notropis potteri, Red River
Pupfish Cyprinodon rubrofluviatilis, Paddlefish Polyodon spathula, and Alligator Gar Atractosteus
spatula (Miller and Robinson 2004; Crews et al. 2005). The basin is also home to many recreationally
important species: Largemouth Bass Micropterus salmoides, Spotted Bass Micropterus punctulatus,
Smallmouth Bass Micropterus dolomieu, Black Crappie Pomoxis nigromaculatus, White Crappie
Pomoxis annularis, Walleye Sander vitreus, Striped Bass Morone saxatilis, Blue Catfish Ictalurus furca-
tus, Channel Catfish Ictalurus punctatus, Flathead Catfish Pylodictus olivaris, White Bass Morone
chrysops, and other members of the sunfish (i.e. Centrarchidae) family (e.g. Bluegill Lepomis macrochi-
rus and Green Sunfish Lepomis cyanellus). It is worth noting that several sport fish are only present
because of stockings outside of their native ranges (e.g. Smallmouth Bass and Walleye).

Fish surveys

Historical data were collected at 87 sites across the upper Red River basin by Taylor et al. (1991)
from March to late June. Each site was sampled once using a seine (4.5 £ 1.5 m, 9.5-mm mesh) for
a total of one hour.

Contemporary collections occurred at 48 sites in the upper Red River basin. Sites were selected in
a stratified random fashion so that a representative number of samples were collected from each
ecoregion (based on total area) and stream type (based on elevation, stream size, and dominant sub-
strate). Sites were surveyed from late June to early August in 2016. Each site was surveyed a total of
three times, generally one week apart, to generate replicate surveys for future, additional statistical
analyses. Fish assemblages were primarily sampled using a seine (3 £ 1.5 m, 6.0-mm mesh). A mini-
mum of 20 seine hauls, covering a minimum longitudinal distance of 150 m were conducted at each
site when conditions allowed. The majority of fishes were identified in the field and released.
Voucher and unidentified specimens were preserved in 10% formalin and identified using Buchanan
and Robison (1988), Plieger (1997), and Miller and Robison (2004).

Analyses

Thirty-one of the 48 contemporary sites were also sampled during the 1989 surveys. Therefore, these
31 paired sites were retained for multivariate analyses. Due to differences in sampling effort (three

Figure 1. Sites sampled by both historical (1989) and contemporary (2016) fish community surveys located in the upper Red River
basin of Oklahoma. Level III ecoregions within the drainage include Southwest Tablelands (ST), Central Great Plains (CGP), and
Cross Timbers (CT).
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replicate visits to one site in 2016 versus one sample per site in 1989) only species presence–absence
data were used for multivariate analyses. Significant differences between historical and contempo-
rary fish communities were tested using a model-based approach employing simultaneous general-
ized linear models (GLMs) of multivariate data (ManyGLM; Wang et al. 2017; Warton et al. 2015).
Due to the use of binary (presence/absence) data, a GLM with a binomial error distribution and a
complementary log-log link function was used with the formula:

Yji ¼ timeji

where Yji is the presence/absence of fish species j found at site i, and the fixed effect of time (histori-
cal or contemporary) for species j at site i. Residual plots from the ManyGLM procedure showed lit-
tle to no pattern, indicating that the binomial error distribution was appropriate. This procedure fits
a GLM to each species and the log-likelihood ratios (LR) for each species are summed to create a
Sum-of-LR that can be used as a test statistic via randomization (Warton et al. 2015; McCain et al.
2016). This analysis was repeated using one randomly selected sampling event per site from contem-
porary surveys to examine the potential effect of sampling effort on the model.

Using the anova.ManyGLM procedure, univariate test statistics and accompanying p values were
generated using 999-iteration bootstrapping corrected for multiple testing for each species. For spe-
cies that significantly differed between sampling periods in the anova.ManyGLM procedure, the per-
cent contribution to Sum-of-LR was calculated as the proportion of LR for an individual model to
the Sum-of-LR (McCain et al. 2016). For all analyses, results were considered significant at a = 0.05
using a LR statistic. Because of sensitivities with rare species, species occurring in less than 5% of all
paired samples were removed prior to analyses.

To further quantify changes in distribution of particular species, na€ıve site occupancy (not cor-
rected for detection) was calculated for each species in both historical and contemporary collections
at sites that were sampled in both time periods. Na€ıve site occupancy (ĉ) was calculated as the pro-
portion of sites occupied by a given species (MacKenzie et al. 2006). Change in occupancy for paired
sites (Δĉ) was calculated by subtracting the historical from the contemporary percentage of sites
occupied. Specific attention was given to changes in ĉ for SGCN.

Differences in species richness between paired sites were tested using paired t-tests. All analyses
were performed in R (R version 3.3.4; R Core Team 2017) using the vegan (Oksanen et al. 2017)
and MVabund packages (Wang et al. 2017).

Results

Fifty-three species representing 12 families were collected from 48 sites encompassing 17 streams in
the upper Red River basin in contemporary surveys. Three species present in historical surveys were
not collected in contemporary surveys, while eight species not collected during historical surveys
were collected in contemporary surveys (Table 1). Only 4 of the 11 potential SGCN were sampled.

Table 1. Number of sites with species that were absent from either historical or contemporary sampling efforts.

Species Historical surveys (1989) Contemporary surveys (2016)

Bigmouth Buffalo (Ictiobus cyprinellus) 2 0
Longnose Gar (Lepisosteus osseus) 0 3
Silver Chub (Macrhybopsis storeriana) 0 1
Smallmouth Bass (Micropterus dolomieu) 0 3
Spotted Sucker (Minytrema melanops) 0 1
River Shiner (Notropis blennius) 0 1
Bigeye Shiner (Notropis boops) 1 0
Tadpole Madtom (Noturus gyrinus) 0 3
Chub Shiner (Notropis potteri) 20 0
Logperch (Percina caprodes) 0 8
Channel Darter (Percina copelandi) 0 1
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No significant difference between species richness values for historical (10.8 § 2.7; mean § SD) and
contemporary (10.3 § 3.7) surveys was observed (paired t30 = 0.76, p = 0.46).

Multivariate GLMs indicated significant differences between historic and contemporary fish
community structure (LR1,61, p < 0.01). Univariate tests indicated that occurrences of eight species,
Common Carp Cyprinus carpio, Gizzard Shad Dorosoma cepedianum, Western Mosquitofish Gam-
busia affinis, Channel Catfish, Green Sunfish, Bluegill, Inland Silverside Menidia Beryllina, and
Chub Shiner were significant drivers of observed differences (Table 2). The GLM used to account
for differences in sampling effort also indicated significant differences between historic and contem-
porary fish community structure (LR1,61, p < 0.01). Univariate tests indicated that occurrences of
three species, Emerald Shiner Notropis atherinoides (12.3%), Green Sunfish (19.3%), and Chub
Shiner (30.0%) were significant drivers of observed differences.

Notable differences in ĉ were observed for many species. The largest increases in ĉ were
observed for Green Sunfish (+74%), Gizzard Shad (+54%), and Channel Catfish (+49%). Species
with the largest decreases were Chub Shiner (¡48%), Emerald Shiner (¡29%), and Plains Minnow
(¡16%). All PBS species had decreases in ĉ except for Silver Chub Macrhybopsis storeriana
(Table 3).

Discussion

Declines in many species occurrences were observed despite increased sampling effort. Museum col-
lections of fish community surveys within the basin reviewed by Wilde et al. (1996) also reported
basin-wide declines in relative abundance of two SGCN: Plains Minnow and Red River Shiner. The

Table 2. Analysis of deviance table generated from the ManyGLM procedure for fish species occurring in both historic and con-
temporary samples.

Species Deviance p Value Contribution of species with significant effect

Freshwater Drum (Aplodinotus grunniens) 4.98 0.35
Central Stoneroller (Campostoma anomalum) 0.22 1.00
River Carpsucker (Carpoides carpio) 0.00 1.00
Common Carp (Cyprinus carpio) 10.44 0.04 5.0%
Red Shiner (Cyprinella lutrensis) 0.22 1.00
Red River Pupfish (Cyprinodon rubrofluviatilis) 0.00 1.00
Blacktail Shiner (Cyprinella venusta) 0.22 1.00
Gizzard Shad (Dorosoma cepedianum) 19.71 <0.01 9.5%
Threadfin Shad (Dorosoma petenense) 1.12 0.96
Plains Killifish (Fundulus zebrinus) 0.60 0.99
Western Mosquitofish (Gambusia affinis) 17.64 <0.01 8.5%
Plains Minnow (Hybognathus placitus) 1.81 0.89
Blue Catfish (Ictalurus furcatus) 8.52 0.08
Channel Catfish (Ictalurus punctatus) 15.47 <0.01 7.5%
Green Sunfish (Lepomis cyanellus) 38.27 <0.01 18.4%
Orangespotted Sunfish (Lepomis humilis) 4.18 0.53
Bluegill (Lepomis macrochirus) 11.30 0.02 5.4%
Longear Sunfish (Lepomis megalotis) 1.63 0.92
Longnose Gar (Lepisosteus osseus) 5.58 0.34
Prairie Chub (Macrhybopsis australis) 0.58 0.99
Inland Silverside (Menidia beryllina) 15.06 <0.01 7.3%
Largemouth Bass (Micropterus salmoides) 8.93 0.07
Emerald Shiner (Notropis atherinoides) 5.53 0.34
Red River Shiner (Notropis bairdi) 0.07 1.00
Ghost Shiner (Notropis buchanani) 1.49 0.93
Chub Shiner (Notropis potteri) 25.66 <0.01 12.4%
Sand Shiner (Notropis stramineus) 2.32 0.85
Suckermouth Minnow (Phenacobius mirabilis) 0.69 0.99
Fathead Minnow (Pimaphales promelas) 5.30 0.35
Bullhead Minnow (Pimaphales vigilax) 0.08 1.00
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current study also observed declines in the na€ıve occupancy for both species and targeted sampling
efforts may be warranted.

Furthermore, it is alarming that of the 20 sites where Chub Shiner were collected in 1989, none
were captured in 2016. Seasonal shifts in Chub Shiner abundances do not provide a likely explana-
tion for the observed non-detections in 2016 as Wilde et al. (1996) listed 81 historical collections
within the basin where Chub Shiner were collected within the same months as the contemporary

Table 3. Change in historical (1989) and contemporary (2016) na€ıve occupancy (ĉ) rates at paired sites. Highlighted species were
found to be significantly different between historical and contemporary surveys in univariate analyses (Table 2).

Species Historical ĉ Contemporary ĉ Δ ĉ

Black Bullhead (Ameiurus melas)a 3 0 ¡3
Yellow Bullhead (Ameiurus natalis)a 3 6 3
Freshwater Drum (Aplodinotus grunniens) 10 32 22
Central Stoneroller (Campostoma anomalum) 7 10 3
River Carpsucker (Carpiodes carpio) 26 26 0
Common Carp (Cyprinus carpio) 10 45 35
Red Shiner (Cyprinella lutrensis) 90 94 4
Red River Pupfish (Cyprinodon rubrofluviatilis) 52 52 0
Blacktail Shiner (Cyprinella venusta) 6 10 4
Gizzard Shad (Dorosoma cepedianum) 23 77 54
Threadfin Shad (Dorosoma petenense) 3 10 7
Orangethroat Darter (Etheostoma spectabile)a 0 6 6
Plains Killifish (Fundulus zebrinus) 65 55 ¡10
Blackstripe Topminnow (Fundulus notatus)a 3 3 0
Western Mosquitofish (Gambusia affinis) 65 100 35
Plains Minnow (Hybognathus placitus) 74 58 ¡16
Smallmouth Buffalo (Ictiobus bubalus)a 6 3 ¡3
Blue Catfish (Ictalurus furcatus) 6 35 29
Channel Catfish (Ictalurus punctatus) 32 81 49
Brook Silverside (Labidesthes sicculus)a 0 3 3
Green Sunfish (Lepomis cyanellus) 13 87 74
Warmouth (Lepomis gulosus)a 3 6 3
Orangespotted Sunfish (Lepomis humilis) 35 61 26
Bluegill (Lepomis macrochirus) 26 68 42
Longear Sunfish (Lepomis megalotis) 39 55 16
Redear Sunfish (Lepomis microlophus)a 0 6 6
Spotted Gar (Lepisosteus oculatus)a 0 6 6
Longnose Gar (Lepisosteus osseus) 13 39 26
Prairie/Shoal Chub (Macrhybopsis Spp.)b 58 55 -3
Silver Chub (Macrhybopsis storeriana)a 0 6 6
Inland Silverside (Menidia beryllina) 6 48 42
Smallmouth Bass (Micropterus dolomieu)a 0 3 3
Spotted Bass (Micropterus punctulatus)a 6 3 13
Largemouth Bass (Micropterus salmoides) 10 42 32
White Bass (Morone chrysops)a 6 3 ¡3
Golden Redhorse (Moxostoma erythrurum)a 3 3 0
Emerald Shiner (Notropis atherinoides) 55 26 ¡29
Red River Shiner (Notropis bairdi) 58 55 ¡3
Ghost Shiner (Notropis buchanani) 6 16 10
River Shiner (Notropis blennius)a 0 1 1
Chub Shiner (Notropis potteri) 48 0 ¡48
Sand Shiner (Notropis stramineus) 16 32 16
Tadpole Madtom (Noturus gyrinus)a 0 3 3
Logperch (Percina caprodes)a 0 6 6
Channel Darter (Percina copelandi)a 0 3 3
Suckermouth Minnow (Phenacobius mirabilis) 26 35 9
Fathead Minnow (Pimaphales promelas) 35 65 30
Bullhead Minnow (Pimaphales vigilax) 68 71 3
White Crappie (Pomoxis annularis)a 13 32 19
Flathead Catfish (Pylodictis olivaris) 3 13 10
a Species was removed from model based analyses (Table 2) because it occurred in less than 5% of all pooled samples.
b Shoal Chub Macrhybopsis hyostoma and Prairie Chub were lumped together as they were not recognized as separate species
until 1997.
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survey. Additionally, a report by Ruppel et al. (2017) detailing fish community and targeted Prairie
Chub sampling within the Red River mainsteam and tributaries on the Texas side of the upper Red
River basin also failed to collect any Chub Shiner, despite sampling 36 sites and 20 reaches from Sep-
tember 2015 to September 2016. The last known collection of Chub Shiner that the authors are
aware of consists of one individual taken from the Salt Fork in 2004 (2016 email from W.J. Mat-
thews, unreferenced). Changes in species distributions may be interpreted with caution because of
differences in sampling methodology and effort between historical and contemporary surveys. How-
ever, as described by Smith et al. (2014), increased effort in contemporary surveys should yield con-
servative estimates of species decline, which makes the apparent disappearance of Chub Shiner and
the overall decrease in ĉ of PBS in recent years more concerning.

In contrast, when interpreting increases in species range and site occupancy, the reader should
keep in mind that increased effort and temporal fluctuations in species’ abundances may contribute
to these patterns. It is likely that increased effort would account for increased occupancy of rare or
uncommon species within the basin such as Silver Chub and River Shiner Notropis blennius (Miller
and Robison 2004). Silver Chub and River Shiner were sampled twice and once, respectively, but
they were not collected in historical surveys. Additionally, some species for which increases were
found (e.g. Common Carp and Longnose Gar Lepisosteus osseus) have been shown to be rare in
seine samples (catch per unit effort [cpue] <0.1 per haul) in large prairie rivers of Oklahoma (Utrup
and Fisher 2006). Therefore, it is logical that increased effort would increase the likelihood of detect-
ing these species. Conversely, it would be expected that for those species that Utrup and Fisher
(2006) documented cpue greater than 0.1 per seine haul (River Carpsucker Carpoides carpio 1.07,
Smallmouth Buffalo Ictiobus bubalus 0.34, Plains Minnow 19.23, Prairie Chub 0.13, Emerald Shiner
13.22, Red River Shiner 1.88, Red River Pupfish 0.28, and Plains Killifish Fundulus zebrinus 0.35) to
be collected by both historical and contemporary surveys given a conservative threshold of 10 seine
hauls per sampling event. Contemporary surveys exceeded this threshold (median = 20 hauls per
site) while historical sites sampled for an hour likely met or exceeded 10 hauls per site (2017 email
from C. Taylor; unreferenced). Regardless, decreases in ĉ for most of these ‘common’ species were
documented between historical and contemporary surveys. In an effort to better gauge the effects of
unequal sampling effort, an additional multivariate analysis in MVabund using one randomly
selected sampling event per site from contemporary surveys was used. The results of this analysis
reduced the number of significant species from eight to three. This analysis represents the most con-
servative estimate of changes in species distributions. Actual shifts likely reside somewhere between
this model and the initial model included in the results section.

While fish communities of the upper Red River basin have been shown to be somewhat resilient
to extreme fluctuations, several of the species for which declines in ĉ were documented include
native PBS species particularly sensitive to fragmentation of riverine habitat when coupled with
drought (Ross et al. 1985; Perkin and Gido 2011; Perkin et al. 2015). This ecological ‘ratcheting’
described by Perkin et al. (2015) refers to a scenario where species become locally extirpated due to
severe drought because source populations are unable to recolonize fragmented habitats. Past local
extirpations of fish species within the basin have been attributed to fragmentation resulting from
construction of impoundments on both the North Fork of the Red River and the Wichita River,
Texas (Winston et al. 1991; Wilde et al. 1996). In both cases, known PBS species (e.g. Prairie Chub,
Chub Shiner, Plains Minnow, Red River Shiner, and Silver Chub) were either locally extirpated, or
exhibited consistent declines in abundance in fragmented reaches. In the current study, declines in
ĉ for cyprinids were largely attributed to sites on the Salt Fork of the Red River. Plains Minnow was
the only PBS that was collected in the middle to upstream reaches of the Salt Fork. None of the
remaining PBS species, nor Emerald Shiner, were collected at any of the four sites on the Salt Fork
except for one occurrence (site 17) located just upstream (approximately 6.2 rkm) from the conflu-
ence with the Red River (Figure 1). Although Emerald Shiner are considered lithophilic species, they
are known to respond negatively to impoundments (Wilde et al. 1996; Pennock, Bender, et al.
2017). Although the Salt Fork is considered unfragmented, investigation of aerial photography by
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the authors revealed what appear to be a series of man-made structures modifying stream channel
morphology between Elmer and Olustee, OK. These structures were typically accompanied by
make-shift roads running perpendicular to the river directly downstream. Given the link between
PBS species and fragmentation, it is possible that these structures could explain non-detections at
sites in the upper Salt Fork as they may be inhibiting recolonization following the intense regional
droughts of 2011 and 2012.

Despite differences in effort, it should be noted that similar investigations concerning temporal
shifts in stream fish communities have found increases in generalist centrarchid species coupled
with community homogenization at both the hydraulic unit and level III ecoregion scale (Smith
et al. 2014; Matthews and Marsh-Matthews 2015). Changes in ĉ in the present study indicate both
increases in occurrence of native generalists (e.g. Green Sunfish) and non-native generalists (e.g.
Common Carp). These changes across multiple reaches likely reveal real trends. This is especially
true in instances where increased efforts yielded less detection of species that have been shown to be
sensitive to anthropogenic modifications in other parts of their range. It should also be noted that
these retrospective analyses were completed on an already altered stream fish community as evi-
denced by the fact that contemporary and historical (1989) surveys failed to detect seven and six,
respectively, pre-Lake Texoma Oklahoma fish SGCN in this basin. A comparison of upper Red River
fish communities pre-Lake Texoma would highlight the loss of large migratory species (e.g. Paddle-
fish and Blue Sucker), as well as large-bodied lotic specialists (e.g. Shovelnose Sturgeon) that our
current study failed to detect (Riggs and Moore 1949; Wilde et al. 1996).

Continued monitoring of stream fish communities within the basin is warranted to monitor
trends in sensitive species. The 2016 surveys will serve as valuable baseline data for future analyses.
These future analyses may elucidate statistically significant shifts in fish community structure and
identify drivers of those shifts (Edge et al. 2016). Sampling methodology within the current frame-
work allows for future statistical analyses that enable identification of factors leading to non-detec-
tion of species through both ecological and detection processes. This makes calculation of detection-
corrected site occupancies possible (Mackenzie et al. 2002). This method has particular utility for
large-scale biodiversity monitoring programs and will be the foundational analysis used for moni-
toring stream fish communities by the ODWC Streams Program in the future (Pellet and Schmidt
2005; Anderson et al. 2012).
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