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Abstract

The presence of cryptic species can hinder effective conservation planning and

implementation, as has been the case for speciose groups of freshwater fishes that

are difficult to differentiate due to conserved morphologies. The West Texas shiner

Notropis megalops and the Texas shiner Notropis amabilis are a cryptic pair of leucis-

cids (minnows) that co-occur in spring-fed tributaries of the Rio Grande in Texas and

Mexico. Both N. megalops and N. amabilis are listed as Species of Greatest Conserva-

tion Need by the Texas Parks and Wildlife Department. Notropis amabilis is wide-

spread and listed as apparently secure by Texas Parks and Wildlife Department

whereas N. megalops has a very limited distribution and has not been ranked by Texas

Parks and Wildlife Department because of data deficiency. Morphological differences

between these species have been described; however, proper identification in situ

remains problematic. Furthermore, given their range of overlap there is potential for

hybridization, and limited genetic data have been collected comparing the species.

Therefore, reduced representation genomic and mitochondrial sequencing data were

used to reassess the distinctness of the species, screen for hybridization, and charac-

terize their relative frequencies throughout their range of overlap. Genomic analyses

recovered two distinct genetic groups corresponding to the species (F'CT = 0.89) with

no evidence of admixture or introgression. The species were found to co-occur at

three sampling locations, two in the Devils River and one in the Pecos, but not in

equal frequencies. Overall, these results provide data and tools for further research

on N. megalops needed for accurate conservation policies and management practices.
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1 | INTRODUCTION

Extensive flow alteration and stream fragmentation, coupled with

other anthropogenic disturbances (e.g., degradation of habitat and

water quality, introduction of nonnative species), have contributed to

the imperiled status of nearly 40% of North American freshwater

fishes (Jelks et al., 2008). However, conservation efforts are often hin-

dered by the complexity of taxonomic relationships and the presence

of cryptic species (Pickett et al., 2020). For instance, a species of

seemingly low conservation concern with a wide distribution might
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comprise multiple cryptic species, each with substantially smaller geo-

graphic ranges and fewer individuals, and therefore the complex may

be of critical yet unrecognized conservation concern (Niemiller

et al., 2013). Similarly, a species already of conservation concern could

be composed of multiple cryptic species, each rarer than previously

thought (e.g., Bickford et al., 2007; Black et al., 2024; Ravaoarimanana

et al., 2004). Therefore, proper species delimitation and identification

are fundamental to the accurate assessment of biodiversity and bioge-

ography, as well as the implementation of species-specific conserva-

tion policies (Quattrini et al., 2019).

The North American genus Notropis has long been one of the

groups of freshwater fishes for which differentiating among taxa is

difficult due to highly conserved morphologies and a large number of

species (Stout et al., 2022). The West Texas shiner Notropis megalops

(Girard, 1856) and the Texas shiner Notropis amabilis (Girard, 1856)

are an example of a recently recognized cryptic species pair and have

partially overlapping distributions in the southwestern United States

and Mexico. In 1978, five species originally described as Alburnus

amabilis, A. megalops, A. socius, Cyprinella macrostoma, and C. luxiloides

(Girard, 1856) were synonymized into Notropis amabilis based on

examination of type material (Gilbert, 1978, 1998). However, subse-

quent analysis of mitochondrial and nuclear genes found unexpect-

edly high levels of genetic variation within N. amabilis, resulting in the

reinstatement of N. megalops (Conway & Kim, 2016). Despite morpho-

logical differences being observed between the two species

(Conway & Kim, 2016), proper identification in situ has remained

problematic (M. Bean & S. Robertson, pers. comm.).

Notropis megalops and N. amabilis are considered Species of

Greatest Conservation Need (SGCN) to the Texas Parks and Wildlife

Department, with overlapping distributions in the lower Rio Grande

drainage (Birdsong et al., 2020; Texas Parks and Wildlife

Department, 2023). The lower Rio Grande and its tributaries flow

through the arid Chihuahuan Desert region and the waterways have

gone through extensive flow alteration and fragmentation for the pur-

pose of human use (Hoagstrom, 2003). Construction of dams and res-

ervoirs for flood control, recreational use, hydroelectric power

generation, and irrigation have led to declines in freshwater fishes as

these structures block natural migration routes and increase the likeli-

hood of extinction and extirpation by fragmenting populations

(Dudley & Platania, 2007). As such, many freshwater fishes within the

spring-fed tributaries of the lower Rio Grande exhibit small, highly

fragmented distributions and are a priority for conservation (Texas

Parks and Wildlife Department, 2012).

Notropis megalops and N. amabilis are small, spring-associated

fishes with opportunistic lifestyles characterized by short life spans

and high mortality at early life stages (Winemiller & Rose, 1992).

Notropis amabilis is associated with pools and runs over rocky and

sandy substrate (Kollaus & Bonner, 2012) and has a protracted repro-

ductive season (9 months) with multiple spawning events taking place

within a season (Craig et al., 2017). Despite this, the reproductive

mode (e.g., pelagophilic versus lithophilic) remains unknown for

N. amabilis, and the reproductive biology of N. megalops has yet to be

studied. However, the closely related Rio Grande shiner Notropis

jemezanus, sharpnose shiner Notropis oxyrhynchus, and emerald shiner

Notropis atherinoides all belong to a reproductive guild of pelagic

broadcast spawning minnows (pelagophils) that produce nonadhesive,

semibuoyant eggs (Durham, 2007; Flittner, 1964; Platania &

Altenbach, 1998). Fishes belonging to this guild rely on the presence,

timing, and duration of suitable stream-flow conditions for successful

reproduction (Dudley & Platania, 2007; Durham & Wilde, 2006;

Worthington et al., 2018). Opportunistic species have little buffering

for stochastic episodic events (e.g., drought) that can lead to within-

year recruitment failures, and are therefore highly susceptible to sud-

den population declines and range contraction (Perkin et al., 2019;

Winemiller & Rose, 1992). High levels of extirpation and extinction

have been seen in pelagic broadcast spawning minnows throughout

the Rio Grande drainage due to high levels of fragmentation of

already small geographic ranges (Dudley & Platania, 2007; Osborne

et al., 2021).

Notropis megalops is restricted entirely to spring-fed tributaries of

the lower Rio Grande in the United States (Texas) and Mexico

(Conway & Kim, 2016), and recent efforts have suggested that

N. megalops is extirpated from multiple smaller tributaries (Sycamore,

Las Moras, Pinto, and Live Oak creeks) within the Rio Grande system

in Texas (Conway & Kim, 2016). By contrast, N. amabilis is widely dis-

tributed throughout spring-fed drainages traversing the upper por-

tions of the Edwards Plateau of Texas and throughout the Rio Grande

drainage of the United States (Texas and New Mexico) and Mexico

(Hubbs et al., 2008; Miller et al., 2005; Page & Burr, 2011), but all

records of N. amabilis from the lower Pecos River in Texas are thought

to be N. megalops (Conway & Kim, 2016). In addition, N. amabilis was

previously reported from the Leona and San Gabriel rivers, Barton

Creek, and upper San Antonio River in Texas, and a disjunct popula-

tion in the upper Pecos River basin in New Mexico, although it is now

thought to be extirpated from all of those areas (Conway & Kim,

2016; Craig et al., 2017). Overall, N. amabilis is considered uncommon

but not rare with some concern over long-term sustainability (appar-

ently secure; NatureServe, 2024) while N. megalops has not had its

conservation status assessed because of a lack of data.

Given the status and vulnerability of these species, their range

overlap, and subsequent potential for hybridization, a robust genomic

assessment of N. megalops and N. amabilis is warranted. Increased res-

olution provided by genomic approaches can facilitate species delimi-

tation by alleviating shortcomings associated with the use of

individual molecular markers (Quattrini et al., 2019), allowing for a

high-resolution test of results previously obtained using three markers

(one mitochondrial and two nuclear; Conway & Kim, 2016). To accom-

plish this, double digest restriction-site associated DNA sequencing

(ddRAD-seq) was used to genotype individuals at thousands of loci

distributed throughout the genome. These data were analyzed to pro-

duce a more robust evaluation of species differentiation and explore

the range of overlap in the lower Rio Grande drainage. Subsequently,

a set of diagnostic single nucleotide polymorphisms (SNPs) were iden-

tified that could be used to design an assay for the quick and effective

identification of N. megalops and N. amabilis in future studies. To facili-

tate a comparison of the results of this study with those of Conway
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and Kim (2016), a subset of individuals was also sequenced using the

mitochondrial gene cytochrome b (cyt b).

2 | MATERIALS AND METHODS

2.1 | Sample collection

A total of 290 individual Notropis amabilis/megalops were sampled in

2022 from 11 localities within the tributaries of the lower Rio Grande

in Texas. Individuals were captured using seine nets only (25 foot,

3/16th mesh), and tissues (caudal fin clips) were preserved in 20%

salt-saturated DMSO buffer (Seutin et al., 1991) and stored at room

temperature until the time of DNA extraction using a Mag-Bind®

Blood & Tissue DNA Kit (Omega Bio-Tek). A subset of individuals per

locality was retained as voucher specimens and fixed in 10% buffered

formalin with subsequent transfer to 70% ethanol. Voucher speci-

mens were deposited at the Collection of Fishes at the Biodiversity

Research and Teaching Collections, College Station (TCWC; Table S1).

Individuals captured within the region of overlapping distributions

were not identified to species (i.e., N. amabilis or N. megalops) prior to

sequencing. Additional N. amabilis individuals captured beyond the

region of overlap (from the Guadalupe River) were obtained from

TCWC to include in library preparation and subsequent analysis.

2.2 | Mitochondrial sequencing and phylogenetic
reconstruction

The mitochondrial cyt b gene was amplified for a subset of individuals

using polymerase chain reaction (PCR) and primers LA-Danio

(GACTYGAARAACCACYGTTG) and HA-Danio

(CTCCGATCTTCGGATTACAAG; Mayden et al., 2007). Each 25-μL

reaction contained 1� buffer, 1.5 mM MgCl2, 0.2 mM dNTPs, 0.3 μM

forward and reverse primers, 1.0 units of GoTaq polymerase

(Promega, Madison, WI) and 1.0 μL of DNA template. PCR amplifica-

tion was run with an initial denaturation at 95�C for 2 min, followed

by 35 cycles of denaturation at 95�C for 1 min, annealing at 56�C for

1 min, and elongation at 72�C for 1 min. A final round of elongation

was run at 72�C for 10 min. Amplicons were purified using Total Pure

NGS (Omega Bio-Tek) and bidirectionally Sanger sequenced on an

ABI 3730 (Retrogen).

Chromatographs were quality trimmed manually and a consensus

sequence was generated for each individual using GENEIOUS v.7.1

(Kearse et al., 2012). Consensus sequences were aligned using CLUSTAL

OMEGA (Sievers et al., 2020) and edited manually in UGENE

(Okonechnikov et al., 2012). The resulting alignment contained a total

of 1121 base pairs (bp) for 56 individuals. Sequences were also

obtained from GenBank for the following taxa: Agosia chrysogaster,

Pimephales vigilax, Hudsonius hudsonius, N. jemezanus, N. atherinoides,

N. percobromus, and N. stilbius. All included GenBank sequences were

the same as those included in Conway and Kim (2016) (Table S1),

allowing for an assessment of tree similarity across the studies. Novel

sequences generated from this study have been deposited in Gen-

Bank with accession numbers PQ120597-PQ120652 (Table S1).

Evolutionary distance (p-distance) within species and net evolu-

tionary distance (net p-distance) between species were calculated

using MEGA 11 (Tamura et al., 2021) by estimating the mean propor-

tion of nucleotide sites that differ between sequences, while taking

into account multiple substitutions at the same site, substitution rate

biases, or differences in evolutionary rates among sites between

species.

Bayesian analysis was carried out in BEAST 2 v2.7.6 (Bouckaert

et al., 2014), with models of nucleotide evolution selected by asses-

sing the Akaike information criterion (AIC), corrected Akaike informa-

tion criterion (AICc), and the Bayesian information criterion (BIC)

outputs from ModelTest-NG and comparing the associated model

weights (Darriba et al., 2020; Flouri et al., 2015). Five independent

BEAST runs were performed under a strict clock. Each run consisted

of 10 million steps with trees sampled every 1000 generations. Tracer

v.1.7.2 (Rambaut et al., 2018) was used to confirm adequate run

length and effective sample size (ESS). TreeAnnotator v.2.5 was used

to obtain the maximum clade credibility tree and estimate posterior

probabilities for each clade.

2.3 | ddRAD-seq library preparation and analysis

Preparation of ddRAD libraries followed a modified version of Peter-

son et al. (2012). High molecular weight DNA obtained from extrac-

tion was digested using enzymes MspI and EcoRI. The digested

fragments were standardized to 100 ng and barcoded adapters were

ligated to the EcoRI sites, while a common adapter was ligated to the

MspI sites. After adapter ligation, individuals were combined into

index-specific pools and size selected (313–437 base pairs) using a

Pippin Prep size-selection system (Sage Science). Flow cell adapters

with one of four index identifiers were incorporated to each set of

pooled individuals (n = 42–46) using 14 cycles of PCR and indexed

pools were combined into libraries of approximately 175 individuals

which were sequenced across two lanes of an Illumina HiSeq 4000

(paired end 150 bp). Libraries contained a mix of individuals across

species and locations, and included duplicate individuals (technical

replicates).

Following sequencing, individuals were demultiplexed using bar-

code and index sequences with process_radtags (Catchen et al., 2011),

and the DDOCENT pipeline was used for de novo reference

construction, read mapping, and SNP calling (Puritz et al., 2014). A

multi-species de novo reference was assembled using 20 individuals

identified to species using the results of aforementioned mitochon-

drial analysis (10 N. amabilis and 10 N. megalops). Raw SNP variants

and individuals were filtered for quality using VCFTOOLS v0.1.14

(Danecek et al., 2011) and R functions in a customized workflow, fol-

lowing practices laid out in O'Leary et al. (2018). Filtering initially

removed indels, loci with <2 alleles, quality score <20, and depth <5

reads. Loci were further filtered based on allele balance, depth/quality

ratios, strand representation, paired read representation, missing data,
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high variation in depth across a locus within an individual, minimum

allele frequency, and excess locus heterozygosity to remove potential

paralogs and other technical artefacts. In the final dataset, retained

loci had a mean depth >20, were called in at least 90% of individuals,

and individuals had less than 20% missing data. Microhaplotypes were

then generated by collapsing SNPs on the same contig to produce a

dataset of multi-allelic SNP-containing loci (Willis et al., 2017). Contigs

with an excessive number of SNPs (>75% quantile) were removed. In

addition, the composite genotypes of technical replicates included

within and across libraries were compared to characterize locus-

specific genotyping error. One individual from each pair of replicates

was removed. To minimize genotype inconsistencies across libraries

(i.e., library effects), individuals were grouped by index and library and

two methods were used to identify and remove loci contributing to

differences among libraries. The first method assumes an island model

and utilizes a Bayesian approach to generate a null distribution of FST

for neutral loci in BAYESCAN (Fischer et al., 2011; Foll et al., 2010; Foll &

Gaggiotti, 2008). This method was run with prior odds of 1000 and a

burn-in of 200,000 iterations; 20 pilot runs of 5000 iterations were

used to tune MCMC parameters and following 30,000 sampling itera-

tions with a thinning interval of 50, significance was evaluated using a

q value of 0.05. The second method utilizes an inferred distribution of

neutral FST, after trimming the highest and lower 5% of FST values to

identify FST outliers in OutFLANK (Whitlock & Lotterhos, 2015). Signif-

icance was evaluated using a q value of 0.05. Full details of filtering

and data quality control are available at https://github.com/

marinegenomicslab/notropis_gen_diversity.

Genetic variation was assessed using an unsupervised clustering

algorithm (K-means) that partitions the data into a given set of

k clusters and classifies the individuals by minimizing within cluster

diversity and maximizing between cluster diversity. Identified genetic

clusters were tested using discriminant analysis of principal compo-

nents (DAPC) with cross-validation in the R package adegenet

(Jombart, 2008). This method optimizes the number of PCs in the

model by dividing the data into a training set and validation set, with

the validation set being selected via stratified random sampling. DAPC

is carried out on the training set with variable numbers of PCs

retained, and the degree to which the analysis is able to accurately

predict the group membership of excluded individuals (those in the

validation set) is used to identify the optimal number of PCs to retain

(Jombart et al., 2010). A K-means clustering analysis was performed

for K = 2 (i.e., species) and validated using 50 repetitions at each level

of PCs retained for a maximum of 300 PCs.

The data was further screened for potential evidence of current

hybridization using two methods. The first method, NEWHYBRIDS, is a

Bayesian clustering method that estimates the posterior probability

that an individual belongs to a pure species or hybrid genotype class

(Anderson & Thompson, 2002). Posterior probabilities were calculated

for five genotype classes: pure N. amabilis, pure N. megalops, F1

hybrid, N. amabilis backcross, and N. megalops backcross. Five inde-

pendent runs were conducted using the default parameters on

150 randomly selected SNPs. The second method utilized the hybrid-

ize function of adegenet to derive allele frequencies for each species

and sample the subsequent gametes using a multinomial distribution

(Jombart, 2008). Mitochondrially identified individuals were used to

simulate the F1 hybrid, N. amabilis backcross, and N. megalops

backcross.

To determine degree of genetic differentiation, a hierarchical

AMOVA was run in ARLEQUIN v3.5 (Excoffier & Lischer, 2010), with

individuals first grouped by species, based on results of K-means clus-

tering, and then by sampling location. Significance was determined

using 10,000 permutations at an α of 0.05. To overcome the restric-

tion on the magnitude of fixation indices caused by background diver-

sity (Hedrick, 2005), the observed fixation index between the species

(FCT) was standardized by the maximum value that could be obtained,

given observed levels of genetic variation, using the method laid out

by Meirmans and Hedrick (2011). Briefly, alleles for N. megalops were

re-coded in a way that no alleles were shared between species. For

example, at a given locus, alleles shared between the species would

be named 40424_001 and 40424_003, after recoding, the alleles for

N. megalops would be named 40424_101 and 40424_103, creating

unique alleles for that species. Using the re-coded dataset, another

hierarchical AMOVA was run as above to determine the maximum

value of FCT(max). The standardized fixation index was then calcu-

lated as:

F
0
CT ¼ FCT

FCT maxð Þ
:

Finally, the frequency of each species was characterized at each

of the 11 discrete sampling locations spread across the lower Pecos

River and its tributary Independence Creek, the Devils River, San

Felipe Creek, and Pinto Creek.

2.4 | Identification of diagnostic SNPs

A subset of diagnostic SNPs was identified that could be used to dis-

tinguish N. megalops and N. amabilis either using a probe-based qPCR

assay (Heid et al., 1996) or a genotyping in thousands by sequencing

(GT-seq) panel (Campbell et al., 2015). The SNPs were selected by

identifying those that were completely fixed between the species on

loci shared between the two species. The subset was then filtered to

remove SNPs within 30 bp of the beginning and end of the contig

to allow room for future primer design, and to retain contigs with

SNPs within 20 bp of each other to allow for multiple bases to be con-

tained within a qPCR probe, potentially enhancing probe specificity.

2.5 | Ethics Statement

All voucher specimens and tissue samples (caudal fin clips) were

acquired following appropriate animal care standards of the individual

Federal and State agencies involved, or approved animal care proto-

cols at affiliated academic institutions (Portnoy, TAMUCC IACUC

2023–0022; Conway, TAMU IACUC 2023–0216).
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3 | RESULTS

3.1 | Phylogenetic reconstruction

Phylogenetic analysis contained a subset of 56 individuals from this

study (Notropis megalops, n = 31; N. amabilis, n = 25) and nine Gen-

Bank sequences including N. percobromus (n = 1), N. atherinoides

(n = 2), N. jemezanus (n = 2), N. stilbius (n = 1), P. vigilax (n = 1),

H. hudsonius (n = 1), and A. chrysogaster (n = 1). The final cyt

b alignment consisted of 1121 bp with no gaps. Estimation of models

of nucleotide evolution from ModelTest-NG resulted in TrN + I + G

being the best model according to BIC with a score of 0.5655 (Darriba

et al., 2020). AIC and AICc resulted in alternate models with lower

scores, 0.4171 and 0.3139, respectively. Model TrN + I + G was cho-

sen as the final model based on the compared scores and was used

for subsequent analysis.

Bayesian analysis resulted in a monophyletic group comprising all

members of Notropis included in this study with 100% posterior prob-

ability support. Within the Notropis clade, N. megalops was sister to all

remaining members, and N. amabilis was sister to a clade including

N. atherinoides, N. jemezanus, and N. stilbius (Figure 1). For the

segment of cyt b investigated, the net p-distance between N. amabilis

and N. megalops was 13.4% (Table 1). Comparatively, the putative sis-

ter taxa N. amabilis and N. jemezanus had a net p-distance of 7.1%.

Intraspecific genetic differences for N. amabilis and N. megalops were

1.68% and 0.25%, respectively (Table 1).

3.2 | ddRAD-seq data analysis

After demultiplexing and trimming, the mean number of reads per

individual was 2,162,335 across both libraries. Filtering removed four

F IGURE 1 Phylogenetic tree derived from Bayesian analysis of the 1121 bp fragment of mitochondrial gene cytochrome b (Notropis
megalops, n = 31; N. amabilis, n = 25). Numbers above branches represent posterior probabilities.

TABLE 1 Mean genetic distances within (diagonal) and between

(below diagonal) Notropis amabilis (n = 26), N. megalops (n = 34), and
N. jemezanus (n = 2), estimated using the 1121 bps of the
mitochondrial cytochrome b gene.

N. amabilis N. megalops N. jemezanus

N. amabilis 0.01678

N. megalops 0.1347 0.002529

N. jemezanus 0.07129 0.1506 0.006244
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individuals with >20% missing data. Assessment for library effects

removed 10 unique putative outlier loci (six identified by OutFLANK

and eight identified by BAYESCAN). After filtering, the final data set con-

tained 286 individuals genotyped at 20,771 SNPs spread across 3742

SNP-containing loci, with a mean of 5.55 SNPs and 3.66 alleles per

locus.

For K = 2, cross-validation for DAPC returned 100% assign-

ment for the two genetic groups (i.e., species) regardless of the

number of PCs tested (Figure 2). The genetic groupings corre-

sponded to the mtDNA species identification for the subset of

individuals that were included in both analyses, with no evidence

of mtDNA introgression. Neither method used to detect hybridi-

zation detected any past or present interaction between the spe-

cies. The five independent runs conducted by NEWHYBRIDS

resulted in 100% assignment of each individual to one of the two

species (Table S2). Similarly, the allele frequency-based simulation

using hybridize assigned each individual to one of the two species

(Figure S1).

Components of variance were significant at all levels for the hier-

archical AMOVA, with 4.98% of the variance explained by population

structure within species (FSC = 0.187, p < 0.001) and 73%

(FCT = 0.734, p < 0.001) explained by difference between the species

(Table S3). The maximum value for FCT was 0.821 resulting in an F'CT

of 0.894.

In the Pecos River, across six sampling locations (inclusive of its

tributary Independence Creek) one individual out of 156 collected

was N. amabilis and the remainder were N. megalops. In the Devils

River, across three sampling locations, 24 individuals out of 85 were

N. amabilis and the remaining 61 were N. megalops. Within the Devils

River there were two sampling locations where both species were

found; at Bakers Crossing (Val Verde County, TX) one sample out of

20 collected was N. megalops and at the Devils River and Dolan Creek

confluence (Val Verde County, TX) five samples out of 26 were

N. amabilis (Figure 3).

3.3 | Identification of diagnostic SNPs

Filtering for diagnostic SNPs identified 6223 SNPs completely fixed

different on loci shared between the species. Further filtering for

future panel utilization resulted in 521 diagnostic SNPs at 210 micro-

haplotype loci. The power of the selected diagnostic markers to cor-

rectly assign each individual to a distinct species was investigated

using K-means clustering for k = 2. Cross-validation for DAPC indi-

cated that there was 100% assignment to two genetic groups.

4 | DISCUSSION

The present study highlights the importance of a genomic approach

for proper species differentiation and identification in support of

species-specific conservation policies for N. amabilis and N. megalops.

Mitochondrial and genomic data generated in this study support the

findings of Conway and Kim (2016), that N. amabilis and N. megalops

are two distinct species. The results of the cytochrome b analysis in

this study recover N. megalops as sister to all remaining Notropis spe-

cies included in the dataset, with N. percobromus, N. atherinoides,

N. jemezanus, and N. stilbius nestled between N. megalops and

N. amabilis within the Notropis clade (Figure 1). The independence of

the two species is further supported by a net p-distance greater

between N. megalops and N. amabilis than between N. amabilis and

N. jemezanus (Table 1). The results of population genomic analyses

also demonstrate two distinct genetic groups, with no evidence of

interaction or hybridization, supported by cross-validation and an F'CT

value (0.89) close to complete fixation.

Recent research suggests that both N. megalops and N. amabilis

are extirpated from multiple historic reaches (Conway & Kim, 2016;

Craig et al., 2017), and following the reinstatement of N. megalops,

N. amabilis was no longer considered to occur within the lower Pecos

River (Conway & Kim, 2016). However, the present study recovered a

single N. amabilis in the upper-most sampling location on the Pecos

River (Val Verde County, Texas; Figure 3). This indicates that

N. amabilis and N. megalops still co-occur in the lower Pecos River.

However, with only one N. amabilis present in more than 150 individ-

uals sampled, understanding the species frequency and distribution in

the lower Pecos will require further sampling. Field sampling also

revealed two other sites of sympatry within the Devils River, at

Bakers Crossing (Val Verde County, Texas; Figure 3) and the conflu-

ence of Devils River and Dolan Creek (Val Verde County, Texas;

Figure 3). Only one N. megalops was caught at Bakers crossing, how-

ever, at the confluence of the Devils River and Dolan Creek multiple

individuals of both species were encountered (N. megalops, n = 21;

N. amabilis, n = 5; Figure 3). Pinto Creek was historically included in

the region of overlap between these species (Conway & Kim, 2016;

Garrett et al., 2004), but field sampling for the present study only

recovered N. amabilis at one site in the upper reaches of Pinto Creek.

Overall, the frequency of each species throughout their region of

overlap suggests that they co-occur more often than previously

thought. Although this is a robust assessment of the region of overlap

F IGURE 2 Discriminant analysis of principal components using
the unsupervised clustering algorithm, K-means (= 2), using 3742
single nucleotide polymorphism-containing loci and 286 individuals
(Notropis megalops, n = 241; N. amabilis, n = 45).
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of these species, sampling was not able to take place in Sycamore

Creek, a Rio Grande tributary that both species were previously

observed (Conway & Kim, 2016), due to the creek running dry. The

potential region of overlap within the Mexico portions of their distri-

butions (Conway & Kim, 2016) were also not explored, so it is possible

that the range of N. megalops is larger than is included in this study,

and that the two species may occur sympatrically in more than just

the tributaries and stretches sampled here.

As spring-associated species, N. megalops and N. amabilis rely on

clear, flowing water for successful life cycles. Within the overlapping

range of these species, the Amistad reservoir lies across the Rio

Grande, inundating stretches of the Pecos and Devils Rivers upstream,

decreasing flow downstream, and restricting movement between the

upper and lower portion of this range (Calamusso et al., 2005;

Figure 3). The extensive fragmentation of the Rio Grande has led to a

dramatic decline for numerous native pelagophils resulting in federal

or state protection (e.g., Pecos bluntnose shiner N. simus pecosensis

federally threatened; Rio Grande silvery minnow Hybognathus amarus

federally endangered; Rio Grande shiner N. jemezanus state threat-

ened; Dudley & Platania, 2007; Osborne et al., 2021; Texas Parks and

Wildlife Department, 2023) or extinction (e.g., the phantom shiner

N. orca; the Rio Grande bluntnose shiner N. simus simus; Bestgen &

Platania, 1990). Nearly half of the fishes native to the Chihuahuan

Desert region are ranked as Endangered, Vulnerable, or Near-

threatened (Perkin et al., 2022). The distribution of N. megalops closely

matches that of two other Rio Grande endemics, the Proserpine

shiner C. proserpina, and the Rio Grande darter Etheostoma grahami,

both of which are listed by Texas Parks and Wildlife Department as

threatened, as a result of habitat loss and fragmentation, decreased

stream flows, and alteration of flow regime in the lower Rio Grande

drainage (Jelks et al., 2008). While the majority of the range of

N. amabilis lies throughout the drainages traversing the Edwards Pla-

teau of Texas (Hubbs et al., 2008; Miller et al., 2005; Page &

Burr, 2011), N. megalops is almost entirely restricted to the tributaries

of the lower Rio Grande, with a possible fragmented distribution in

the Trans-Pecos region of Texas and Nuevo Leon, Mexico (Conway &

Kim, 2016). Given the demand for freshwater, for irrigation and

human consumption, throughout arid regions of the Chihuahuan

Desert, water availability and quality may continue to decline and fur-

ther increase the vulnerability of opportunistic species endemic to

these waters.

Given the fragmented distribution across an already small geo-

graphic range and the status of sympatric species or those with pre-

sumably similar ecologies and life histories, a species-specific

F IGURE 3 Lateral view of (a) Notropis megalops, in life, Texas Cooperative Wildlife Collecion (TCWC) 16455.05, male, � 40.0 mm standard
length (SL); USA: Texas: San Felipe Creek and (b) Notropis amabilis, in life, TCWC 16879.08, 38.0 mm SL; USA: Texas: Frio River. (c) Sampling
locations of Notropis individuals throughout the range of overlap included in this study. Independence Creek (N. megalops, n = 32), Pecos River

(N. megalops, n = 121; N. amabilis, n = 1), Devils River (N. megalops, n = 59; N. amabilis, n = 24), San Felipe Creek (N. megalops, n = 29), Pinto
Creek (N. amabilis, n = 14), Guadalupe River (N. amabilis, n = 6).

842 DYE ET AL.FISH
 10958649, 2025, 3, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1111/jfb.15999 by T
exas A

&
M

 U
niversity C

orpus C
hristi, W

iley O
nline L

ibrary on [30/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



conservation assessment is warranted for N. megalops. However, the

conserved morphologies between N. amabilis and N. megalops make in

situ identification exceedingly difficult. The 210 diagnostic loci identi-

fied allow for creation of a reliable, nonlethal genomic tool that can be

used to differentiate between these similar species using economically

efficient methods like qPCR (Heid et al., 1996) and GTseq (Campbell

et al., 2015). These tools could be used to efficiently identify large

numbers of adults and juveniles for a more complete view of distribu-

tion and relative frequency, or larvae necessary for assessments of

reproductive ecology, promoting species-specific conservation

planning.
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