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Many species of freshwater fish, especially
those restricted to spring-dependent water-
ways in arid or semiarid regions, face continu-
ing challenges of habitat loss and degradation
(Garrett and Edwards 2001, Edwards et al.

2004, Jelks et al. 2008). Studies of habitat
preference, for example, indicate that at least
70% of spring-dwelling fishes may be seri-
ously jeopardized, with contributing factors
including non-point-source pollution (e.g.,
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CONSERVATION GENETICS OF SIX SPECIES OF GENUS DIONDA
(CYPRINIDAE) IN THE SOUTHWESTERN UNITED STATES

Ashley H. Hanna1, Evan W. Carson1,2, Gary P. Garrett3, and John R. Gold1,4

ABSTRACT.—We examined allelic variation at nuclear-encoded microsatellites and sequences of mitochondrial (mt)DNA
in 10 geographic samples representing 6 nominal species of the cyprinid genus Dionda. Species of Dionda are found in
springs and spring-fed headwaters in the southwestern United States and Mexico and are of particular interest to conserva-
tion and management, in part because of their limited distribution and habitat specificity, and in part as indicator species of
habitat quality. All 10 samples examined appear to be discrete, demographically independent populations, with greater
observed FST values between or among samples within species (0.123–0.280) than threshold values above which demo-
graphic independence is indicated. All 10 exhibited microsatellite and mtDNA variation comparable to or lower than that
found in other cyprinids considered to be threatened or endangered; across microsatellites, average number of alleles across
populations ranged from of 2.09 to 9.76, allelic richness from 2.24 to 8.45, and gene diversity from 0.0211 to 0.606; for
mtDNA, the number of haplotypes across populations ranged from 1 to 14. Estimates of historical and present-day genetic
demography indicated that all 10 populations have experienced order-of-magnitude declines in effective population size,
with lower bounds of time intervals for the declines in 9 of the populations ranging from 6 to 65 years. Estimates of average
long-term effective population size (536 in Dionda argentosa from San Felipe Creek to 2335 in D. texensis) and effective
number of breeders (22 in D. flavipinnis from Fessenden Spring to 555 in D. diaboli from Devils River) also indicated recent
declines in effective size, and at least 5 of the populations appear to have undergone recent, severe bottlenecks (mean Mc
range 0.806–0.848, P value range 0.000–0.0350). The observation that all 10 populations are demographically independent
indicates that local extirpations likely would not be replaced by new migrants and that loss of any of the populations would
represent loss of a unique genetic entity. Conservation recommendations for each of the populations are briefly discussed.

RESUMEN.—Examinamos la variación alélica para microsatélites nucleares y secuencias mitocondriales en diez
muestras geográficas representantes de seis especies nominales del género ciprínido Dionda. La distribución de este
género incluye manantiales y sus cabeceras en México y el suroeste de los Estados Unidos, y dada su distribución limi-
tada y preferencia de hábitat, las especies de este género son de particular interés para la conservación ya que pueden
ser usadas como indicadores de calidad de hábitat. Las diez muestras estudiadas parecen corresponder a poblaciones
discretas y demográficamente independientes; observamos niveles de FST entre las muestras de las especies
(0.123–0.280) superiores a los valores del umbral indicado por la independencia demográfica. Las 10 muestras indicaron
variación microsatelital y de ADNmt comparable o inferior a las previamente reportadas para otras especies de
ciprínidos amenazados o en peligro; a través de los microsatélites, el número promedio de alelos entre poblaciones
osciló entre 2.09–9.76, 2.24–8.45 en riqueza alélica, yo 0.0211–0.606 en diversidad genética; para el ADNmt el número
de haplotipos entre las poblaciones variaron entre 1–14. Estimaciones en la demografía genética histórica y contem-
poránea indican que todas las poblaciones han sufrido declives en orden de magnitud en los tamaños efectivos de
población, con límites de intervalo de tiempo más bajos para las pérdidas de nueve de las poblaciones, variando entre
seis y 65 años. Estimaciones del tamaño efectivo promedio a largo plazo (536 en Dionda argentosa del San Felipe Creek
a 2335 en D. texensis) y el número efectivo de individuos reproductivos (22 en D. flavipinnis de Fessenden Spring a 555
en D. diaboli de Devils River)  también indican recientes declives en los tamaños efectivos de las poblaciones, y en al
menos cinco de las poblaciones parecen haber sufrido severos cuellos de botella recientemente (rango medio Mc de
0.806–0.848, valores P de 0.000–0.0350). La observación de que las diez poblaciones son independientes demográfi-
camente sugiere que extirpaciones locales probablemente no serían reemplazadas por nuevos migrantes, por lo cual
representaría la pérdida de una entidad genética única. Discutimos recomendaciones para la conservación de cada
población brevemente.
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siltation), alteration of water flow by impound-
ments, development, invasive species, and
the small native range or high endemism of the
spe  cies themselves (Etnier 1997, Rahel 2002,
López-Fernández and Winemiller 2005). Several
fish species in these habitats in the southwest-
ern United States are now either endangered
or threatened (USFWS 2012), including, in
Texas, 2 that are threatened (Dionda diaboli
and Notropis girardi) and 8 that are endan-
gered (Cyprinodon bovinus, Cyprinodon elegans,
Etheostoma fonticola, Gambusia gaigei, Gam-
busia georgei, Gambusia heterochir, Gambusia
nobilis, and Hybognathus amarus). Compounded
upon anthropogenic threats are effects of
drought, which reduce or eliminate spring flows
and consequently degrade associated down-
stream tributary and river habitats. While the
aquifer-fed nature of many springs often allows
for continued flow at times of reduced rainfall,
even large springs are at risk, especially when
drought is combined with human water use
(Brune 2002, Cook et al. 2004). Of particular
concern is the effect of recent, severe drought
(Neilson-Gammon 2011, Combs 2012) on fish
and wildlife in Texas and other parts of the
southwestern United States.

In order to preserve and manage biodi-
versity and genetic resources represented by
aquatic species living in these habitats, con-
servation planning requires information on the
genetic status of individual species (Meffe
1990, Frankham 1995, Vrijenhoek 1998); pa -
rameters of interest include genetic variation,
effective population size, population growth
or decline, and genetic divergence between or
among populations. Reduced genetic variation
stemming from reduced numbers of individuals
poses a significant threat, especially in small,
isolated populations (Soulé 1980, Lynch et al.
1995, Frankham 1996), and often is a conse-
quence of environmental deterioration (Caro
and Laurenson 1994).

At the request of the Texas Parks and Wild -
life Department (TPWD) and the U.S. Fish
and Wildlife Service (USFWS), we evaluated
the conservation-genetic status of 10 popula-
tions representing 6 species of roundnose
minnows (Cyprinidae: genus Dionda) from
spring-fed headwaters in Texas and New Mex-
ico. Species of Dionda are found in the south-
western United States and Mexico; 7 nominal
and 2 undescribed species occur in central
and west Texas; 1 nominal and 1 undescribed

species occur in New Mexico; and 3 nominal
and 2 undescribed species occur in Mexico
(Schönhuth et al. 2012, Hanna et al. 2013).
Roundnose minnows typically inhabit springs
and spring-fed streams (Hubbs and Brown
1956, Hubbs et al. 1991, Edwards et al. 2004)
and are of particular interest to conservation and
management by TPWD and USFWS, in part
because of their limited distribution in spring-
fed headwaters, and in part as indicator species
of habitat quality (Harvey 2005, Edwards et al.
2004). The species examined in this study were
Dionda argentosa, D. diaboli, D. sp. 4 (until
recently, D. episcopa), D. flavipinnis (until re -
cently, D. nigrotaeniata), D. serena, and D. tex-
ensis (until recently, D. serena from the Nueces
River). The recent taxonomic revisions may be
found in Schönhuth et al. (2012). Dionda dia-
boli is considered threatened by both the
United States and the state of Texas (USFWS
1999) and endangered by the Endangered
Species Committee of the American Fisheries
Society (Jelks et al. 2008). The federal recovery
action plan (USFWS 2005) for D. diaboli in -
cludes evaluation of geographic variation and
population genetic structure. Scharpf (2005)
listed both D. argentosa and D. serena (the lat-
ter was split into D. serena and D. texensis by
Schönhuth et al. 2012) as imperiled, whereas
D. episcopa and D. flavipinnis (listed then as D.
nigrotaeniata) were listed as secure. With sup-
port from TPWD and USFWS, we acquired
sequences of mitochondrial (mt)DNA and
genotypes at nuclear-encoded microsatellites
to evaluate the conservation-genetic status of
these species.

METHODS

Samples of adult Dionda were obtained by
seine (4 × 6 ft., 0.25-in2 mesh) in 2008 from
10 localities (Fig. 1, Table 1). Collections of all
species were made, when possible, at multiple
sites at each locality. Whole specimens or cau-
dal fin clips were preserved in 95% ethanol.
Voucher specimens were donated to the Bio-
diversity Research and Teaching Collections
(BRTC) at Texas A&M University. Sampling in
Texas was conducted according to collection
protocols of the Texas Parks and Wildlife De -
partment (details available from GPG). Tissue
samples (muscle) of Dionda sp. 4 (D. sp. 4)
from the upper Pecos River in New Mexico
were provided by the Museum of Southwestern
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Biology (MSB) at the University of New Mexico.
Voucher numbers of specimens used to acquire
mtDNA sequences, microsatellite genotypes,
or both are listed in Appendix 1.

DNA was isolated using the phenol-chloro-
form protocol of Sambrook et al. (1989) or the
DNeasy Blood and Tissue Kit (QIAGEN, www
.qiagen.com). A 597–base pair (bp) fragment of
the mitochondrial ND-5 gene was sequenced
for a subset (n = 20–26) of individuals from
each of the 10 sample localities. Polymerase
chain reaction (PCR) primers, amplification
conditions, and sequencing were the same as
those outlined in Carson et al. (2010). Se -
quences were aligned and protein coding

verified in SEQUENCHER 4.1 (Gene Codes,
www.genecodes.com). The 597-bp fragment
obtained was trimmed to a homologous set of
585 bp due to consistently poor sequence reada -
bility at the 3� end of the fragment. Uni que
haplotypes were identified using MEGA v. 4.0.2
(Kumar et al. 1994) and assigned a haplotype
number. Variation at 28–34 nuclear-encoded
microsatellites, depending on species, was as -
sessed from 24 to 63 individuals across all
sample localities (Table 1). PCR primers and
amplification conditions for each microsatel-
lite and species are given in Renshaw et al.
(2009). Amplified DNA from each PCR reac-
tion was combined with a fluorescent dye and
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Fig. 1. Collection localities of Dionda examined in this study.

TABLE 1. Species, sample localities, and sample sizes of Dionda examined in the study. For number of individuals, the
number before the slash is the total number collected and analyzed for microsatellite variation in microsatellite genotypes;
whereas the number after the slash is the subsample of individuals sequenced for variation in mtDNA sequence.

Number of
Species Sample location Drainage individuals Date sampled Coordinates

Dionda argentosa Devils River (TX) Rio Grande 63/26 13 Mar 2008 29°53�N, 100°59�W
San Felipe Creek (TX) Rio Grande 33/20 25 Apr 2008 29°21�N, 100°53�W
Independence Creek (TX) Pecos 34/26 31 Aug 2008 30°28�N, 101°48�W

Dionda diaboli Devils River (TX) Rio Grande 56/23 13 Mar 2008 29°53�N, 100°59�W
Pinto Creek (TX) Rio Grande 50/21 1 Jul 2008 29°24�N, 100°27�W

Dionda flavipinnis Fessenden Spring (TX) Guadalupe 61/20 12 Mar 2008 30°10�N, 99°20�W
Comal Springs (TX) Guadalupe 60/20 6 Aug 2008 29°43�N, 98°7�W

Dionda serena Frio River (TX) Nueces 24/21 3 Jul 2008 29°50�N, 99°46�W
Dionda texensis Nueces River (TX) Nueces 53/24 3 Jul 2008 29°48�N, 100°0�W
Dionda sp. 4 El Rito Creek (NM) Pecos 41/22 23 Mar 2007 33°18�N, 104°41�W
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a 400 HD ROX size-standard (Applied Biosys-
tems) DNA ladder and electrophoresed on a
5% acrylamide gel by using an ABI PRISM
377 DNA Sequencer (Applied Biosystems).
Sizes of microsatellite fragments were as -
sessed by using GENOTYPER v. 2.5 (Applied
Biosystems) and visually confirmed by view-
ing the gel image in GENESCAN v. 3.1.2
(Applied Biosystems). Alleles at each micro -
satellite were documented for each individual.

Number of mtDNA haplotypes and haplo-
type diversity were generated for each sample
locality, using FSTAT v. 2.9.3.2 (Goudet 1995).
Nucleotide diversity was measured using
DNASP V. 5.10.00 (Rozas et al. 2003). For
comparisons among populations within species
(i.e., for D. argentosa, D. diaboli, and D. flavi -
pinnis), the number of haplotypes of each sam-
ple was corrected for sample size (HR) by
using ANALYTIC RAREFACTION 1.3 (Holland
2003) and after pooling samples of each
species, as conducted by Carson et al. (2011).
Homogeneity of haplotype distributions among
samples within each species was tested via
global exact tests in GENEPOP v. 4.1 (Raymond
and Rousset 1995, Rousset 2008) and analysis
of molecular variance (AMOVA) in ARLEQUIN

v. 3.5.1.3 (Excoffier and Lischer 2010). Pair-
wise exact tests (using GENEPOP) were used to
test homogeneity of haplotype distributions
between or among localities within species,
and pairwise ΦST values (generated with
ARLEQUIN) were used to assess the magnitude
of genetic difference. In order to test for
changes in historical demography (e.g., popu-
lation expansion or decline), tests of selec -
tive neutrality, measured as Fu and Li’s (1993)
D* and F* metrics and Fu’s (1997) FS statis -
tic, were performed for each sample, using
DNASP. In cases where deviations from neu-
tral expectation are detected, comparison of
results (among tests) can be used to distin-
guish between results consistent with histori-
cal demographic change and those consistent
with selection (Fu and Li 1993). Significance
of each metric was assessed using coalescent
simulation, with 10,000 iterations, as imple-
mented in DNASP and assuming the segre -
gating-sites model. Haplotype networks were
constructed for each species, using the median-
joining algorithm in NETWORK 4.5.1.6 (Bandelt
et al. 1999).

Departure of genotypic proportions from
Hardy–Weinberg (HW) expectations for each

microsatellite within each sample was mea-
sured as Weir and Cockerham’s (1984) f as
implemented in F-STAT. Significance of f was
evaluated using an exact probability test as
implemented in GENEPOP. The exact proba -
bility was estimated using a Markov Chain
approach (Guo and Thompson 1992) that
employed 5000 dememorizations, 500 batches,
and 5000 iterations per batch. Genotypic
disequilibrium between pairs of microsatel-
lites also was evaluated using exact tests in
GENEPOP; the exact probability was estimated
via a Markov Chain method using the same
parameters as above. Sequential Bonferroni
correction (Rice 1989) was applied for all
multiple tests performed simultaneously. Oc -
currence of large-allele dropout, short-allele
dominance, stuttering, and null alleles was
assessed via analysis with MICROCHECKER

(van Oosterhout et al. 2004).
Number and frequency of alleles, allelic

richness, gene diversity (expected heterozy-
gosity), and FIS (inbreeding coefficient) were
obtained using FSTAT. Exact tests (global or
pairwise) of homogeneity in microsatellite
allele and genotype distributions between or
among samples of each species were carried
out using GENEPOP; exact probabilities were
estimated via the Markov Chain method (using
the same parameters as above) and corrected
using the sequential Bonferroni approach.
Homogeneity of allelic richness and gene
diversity between or among samples of the
same species also were tested using Wilcoxon’s
signed-rank tests and AMOVA, as implemented
in SPSS v. 16 (SPSS Inc.) and ARLEQUIN, re -
spectively; for AMOVA, 10,000 permutations
were used to test significance. Genetic dis-
tances between pairs of samples within species
were calculated as pairwise FST values by
using FSTAT. Because demographic indepen-
dence of populations depends, in part, on con-
temporaneous dispersal rates (rather than his-
torical averages of gene flow), threshold FST
values were used to further assess distinc -
tion among populations (Palsbøll et al. 2007).
Threshold FST values were defined based on
estimates of contemporaneous Ne (see LDNE

below) and the dispersal rate (10%) above
which populations become correlated demo-
graphically (Hastings 1993).

The demographic history of each of the 10
samples was investigated using the microsatel-
lite data and the Bayesian coalescent approach
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in MSVAR v.4.1b (Beaumont 1999, Storz and
Beaumont 2002). This method is useful in con-
servation because genetic evidence of popula-
tion decline and its timing may be evaluated
with respect to a potential correlation with re -
cent habitat degradation. Demographic parame -
ters, inferred assuming a stepwise mutation
model, were N0, N1, m, and ta. N0 and N1 are
the effective number of chromosomes at
sampling and at the beginning of an expan-
sion/decline phase, respectively; m is the aver-
age mutation rate over all microsatellites per
generation; and ta is the time since the begin-
ning of an expansion/decline phase. Initial
parameters were set to a generation time of 2
years (Harrell and Cloutman 1978, Cloutman
and Harrell 1987), current and ancestral effec-
tive sizes of 10,000, a mutation rate of 0.0005,
and a time since decline or expansion of 5000
years. Runs used 20,000 data points and a
burn-in of 2000. Output from MSVAR was
assessed for density-estimated mode, 2.5 per-
centile, and 97.5 percentile values, using SAS
v.9.2 (SAS Institute). As a complement to the
MSVAR analyses, maximum-likelihood estimates
of theta (Θ) in each sample were generated
using MIGRATE v.3.0.3 (Beerli and Felsenstein
1999, 2001). Initial runs were performed to
generate estimates of Θ, which then served
as starting para meters for longer runs. Long
runs employed 10 short chains with 10,000
sampled gene trees, 4 long chains with
5,000,000 sampled gene trees, and a burn-in
of 50,000. Estimates of the average mutation
rate (m) across micro satellites were obtained
by using MSVAR and then used to estimate
average long-term effective population size
(NeLT) by the following equation: Θ = 4Nem.
Estimates of NeLT provide information about
the harmonic mean of the effective size of a
population over approximately the past 4Ne
generations and is, therefore, disproportion-
ately influenced by small effective population
size, including genetic bottlenecks, of past
generations. Finally, the linkage disequilib-
rium method (LDNE) of Waples and Do (2008)
was used to generate raw estimates of the
contemporaneous number of breeders (N̂b) in
each sample. The 2% threshold for exclusion
of rare alleles, as recommended by Waples
and Do (2010), was used in all samples except
for D. serena, where use of the 3% threshold
was required because the small sample size
(n = 24) limited the observed frequency of

sampled alleles to 2.1% and above (i.e., 1/2n
= 0.021); see Waples and Do (2010) for a
thorough explanation and general recommen-
dations for cases where n < 25. For all esti-
mates, the jackknife method was used to cal-
culate 95% confidence intervals of N̂b. To
correct for bias of overlapping generations
(Waples et al. 2013, 2014), estimates of raw
N̂b were ad justed using the equation 

NbNb(Adj) = _________________ .
1.26 – 0.323 (Nb/Ne)

The ratio Nb/Ne was determined by using the
equation 

Nb/Ne = 0.485 + 0.758log(AL/a) , 

where AL is adult life span and a is age at
maturity (Waples et al. 2014). Based on studies
of other small cyprinids (Harrell and Clout-
man 1978, Cloutman and Harrell 1987), we
used 3 years for AL and 1 year for a. Because
N̂b(Adj) shows a close relationship to true Ne
in species where mixed cohorts approximate
a generation (Waples et al. 2014), estimates
of N̂b(Adj) for populations of Dionda should
closely approximate Ne. Estimates of N̂b(Adj)
were used as contemporaneous values of Ne in
estimation of threshold FST values (above).

Reduction(s) in effective population size
or bottlenecks at each sample locality were
assessed using the M test (Garza and Wil -
liamson 2001), where M is equal to the mean
ratio of the number of alleles to the range in
allele size across microsatellites. Values of M
were estimated using M_P_VAL; critical values
of M (designated as Mc), were estimated using
Critical_M. The observed value of M was
assessed using a 10,000-replicate Monte Carlo
analysis to determine the probability of an M
value smaller than the Mc value. Calculations
of M and Mc and assessment of probability
used the recommended assumption (Garza
and Williamson 2001) of 10% non-single steps,
with the average non-single step being 3.5
steps. Both an assumed theta value of 2 and
theta values generated using MIGRATE were
tested.

RESULTS

A total of 41 mtDNA haplotypes were found
across the 6 species; none of the haplotypes
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were shared among any of the species. The
spatial distribution of haplotypes among sam-
ples and the GenBank accession number for
each haplotype are given in Appendix 2. No
mtDNA variation was found in either D. sp. 4
from El Rito Creek or D. flavipinnis from
Comal Springs, and only 2 haplotypes were
found in D. flavipinnis from Fessenden Spring.
Median-joining haplotype networks are pre-
sented in Fig. 2. The number and diversity
of haplotypes was greatest in the sample of
D. texensis from the Nueces River, while hap-
lotypes in the sample of D. argentosa from
Independence Creek were reciprocally mono-
phyletic relative to the other 2 samples, one
from the Devils River and one from San Felipe
Creek (Appendix 3).

Based on rarefaction of total haplotype di -
versity within species, haplotype number was
lower than expected for D. argentosa from San
Felipe Creek (3 observed, 6.8 +– 2.4 expected)

and from Independence Creek (3 observed,
7.6 +– 2.4 expected); for D. diaboli from Pinto
Creek (3 observed, 5.4 +– 2.1 expected); and
for D. flavipinnis from Comal Springs (1 ob -
served, 1.9 +– 0.4 expected). Significant differ-
ences in nucleotide diversity (data not shown)
were found in D. argentosa (lower in Indepen-
dence Creek), D. diaboli (lower in Pinto Creek),
and D. flavipinnis (lower in Comal Springs);
nucleotide diversity in D. texensis from the
Nueces River was over 2 times greater than
that in any other sample. Estimates of Fu
and Li’s F* and D* metrics were negative but
did not differ significantly from zero following
Bonferroni correction in any of the 10 sam-
ples. Fu’s FS metric was negative and differed
significantly from zero after Bonferroni cor-
rection in the sample of D. texensis; FS metrics
in the remaining samples were negative but
did not differ significantly from zero following
Bonferroni correction.
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Fig. 2. Median-joining networks of mtDNA haplotypes in each of 5 species of Dionda. A network is not shown for
Dionda sp. 4, as only a single haplotype was found in the sample from El Rito Creek. Each hash mark indicates a single
base pair substitution between adjacent haplotypes.
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Significant deviations from HW expecta-
tions before and after Bonferroni correction
and potential amplification errors and/or pos-
sible null alleles identified by MICRO CHECKER

were found at various microsatellites in sev-
eral samples; no deviations from genotypic
disequilibrium were found after correction.
The micro satellite data set was then reduced
to 21–33 experimentally tractable microsatel-
lites that did not deviate significantly from
HW equilibrium expectations, following Bon-
ferroni correction, and that showed no evi-
dence of amp lification errors or null alleles in
any sample. A list of all microsatellites omitted
from subsequent analyses may be found in
Appendix Table 3 in Hanna (2011). Summary
statistics for each experimentally tractable
microsatellite in each sample are presented in
Appendix 4. Mean number of alleles, allelic
richness, and gene diversity (expected hetero -
zygosity) were lowest in D. sp. 4 (2.09, SE
0.37; 2.24, SE 0.13; and 0.211, SE 0.018,
respectively) and highest in D. argentosa from
the Devils River (9.76, SE 1.23; 8.45, SE 0.47;
and 0.606, SE 0.028, respectively). Pairwise
Wilcoxon’s signed-rank tests of average num-
ber of alleles and average gene diversity
(expected hetero zygosity) over all microsatel-
lites (Table 2) indicated significant differences
in number of al leles among samples of D.
argentosa (Devils River > San Felipe Creek,
Independence Creek) and between samples of
D. diaboli (Devils River > San Felipe Creek)
and D. flavipinnis (Comal Springs > Fes-
senden Spring); corresponding differences in
average gene diversity were indicated be -
tween samples of D. diaboli and samples of
D. flavipinnis.

Significant heterogeneity in mtDNA haplo-
type distributions was detected in all com -
parisons between or among samples in each
species (P < 0.001), except for the comparison
of D. flavipinnis (P = 0.106) from Comal
Springs and Fessenden Spring. Significant
he terogeneity in microsatellite allele (P < 0.001)
and genotype (P < 0.001) distribution was
detected in all comparisons between samples
within each species, including the 2 samples of
D. flavipinnis. Genetic distances between
samples in each species, based on pairwise ΦST
values of mtDNA sequences and pairwise
FST values of microsatellites, may be found in
Appendix 5. Probability values for tests of
ΦST = 0 were significant among samples of D.
argentosa (ΦST = 0.705, P = 0.000) and among
samples of D. diaboli (ΦST = 0.252, P <
0.001), but were nonsignificant between the
2 samples of D. flavipinnis (ΦST = 0.158, P =
0.108). Probability values for all tests of FST
= 0 were significant (P < 0.001). Threshold
FST values, based on minimum estimates of
Nb(Adj) [= Ne; see below] and a 10% dispersal
rate between populations (Hastings, 1993), were
estimated for D. argentosa (FST threshold =
0.014), D. diaboli (FST threshold = 0.025), and
D. flavipinnis (FST threshold = 0.104). All ob -
served FST values (0.123 for D. argentosa,
0.230 for D. diaboli, and 0.280 for D. flavipin-
nis) were higher than threshold values, indi-
cating demographic independence of each
population relative to others evaluated.

Estimates of average microsatellite muta-
tion rate (m) per generation, long-term popu-
lation growth of decline (r, where r is the
ratio N0/N1 and is expected to be <1 in a
declining population, equal to 1 in a stable
population, and >1 in an expanding popu -
lation), and the period (ta) since growth or
decline occurred are given in Table 3. Esti-
mates of m ranged from 2.2 × 10–4 to 2.5 ×
10–4 and were consistent ac ross samples.
Modal estimates of log10(r) were negative for
all samples, indicating declines in effective
size, and ranged from –1.35 in the sample of
D. serena (Frio River) to –3.21 in the sample
of D. flavipinnis from Fessenden Spring. Of
the 10 samples, 6 appear to have experienced
a decline of more than 2 orders of magnitude.
Assuming a generation time of 1–3 years,
modal estimates of ta ranged from 508 to 1524
years in D. argentosa from the Devils River
and from 3211 to 9632 years in D. diaboli
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TABLE 2. Results (probability [P] values) of spatial
homogeneity in microsatellite variation between/among
samples of each species of Dionda. Tests include pairwise
Wilcoxon’s signed-rank tests of allelic richness and gene
diversity.

Allelic Gene
Sample richness diversity

Dionda argentosa
Devils River– 0.002 0.433

San Felipe Creek
Devils River– 0.008 0.191

Independence Creek
San Felipe Creek– 0.554 0.879

Independence Creek
Dionda diaboli 0.001 0.004
Dionda flavipinnis 0.000 0.002
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from Pinto Creek. Minimum estimates of ta
were less than 100 years for 9 of the 10 samples.

Estimates of theta (Θ), generated using
MIGRATE, and average long-term effective size
(NeLT) for each sample are presented in Table 4.
Estimates of NeLT were based on the relation-
ship Θ = 4Nem; average values of m were from
MSVAR. Estimates of theta for the sample of D.
sp. 4 failed to converge. Estimates of NeLT
ranged from 503 in D. diaboli from Pinto

Creek to 2335 in D. texensis. Minimum and
maximum estimates (based on 95% confidence
intervals from jackknifing across microsatel-
lites) of the effective number of breeders (Nb)
and of Nb(Adj) are given in Table 5. Several
point estimates were returned as errors (nega-
tive numbers) and upper limits to all but one
of the confidence intervals were returned as
infinity (∞ ); minimum confidence intervals,
however, are considered informative (Waples
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TABLE 3. Modal values and their 95% quantiles for mutation rate (m) and log10 r for 10 samples of Dionda; time since
expansion/decline began (ta) is given for a range of generation times from 1 to 3 years.

Sample Mode 0.025 quantile 0.975 quantile

Dionda argentosa
Devils River
m 2.4 × 10–4 2.8 × 10–5 2.1 × 10–3

Log10(r) –1.54 –2.13 –1.36
ta (years) 508–1524 6–19 13344–40033

San Felipe Creek
m 2.4 × 10–4 2.8 × 10–5 2.0 × 10–3

Log10(r) –2.13 –2.28 –2.02
ta (years) 961–2882 65–196 12882–21440

Independence Creek
m 2.4 × 10–4 2.7 × 10–5 2.0 × 10–3

Log10(r) –2.31 –2.44 –2.22
ta (years) 514–1542 37–111 7147–21440

Dionda diaboli
Devils River 
m 2.5 × 10–4 2.7 × 10–5 2.2 × 10–3

Log10(r) –2.11 –2.08 –1.75
ta (years) 1482–4446 39–116 10325–120976

Pinto Creek
m 2.5 × 10–4 2.7 × 10–5 2.2 × 10–3

Log10(r) –2.98 –3.05 –2.85
ta (years) 3211–9632 206–618 40651–121954

Dionda sp. 4
El Rito Creek
m 2.3 × 10–4 2.6 × 10–5 2.1 × 10–3

Log10(r) –2.32 –2.36 –2.35
ta (years) 1163–3488 60–181 15686–47057

Dionda flavipinnis
Fessenden Spring
m 2.3 × 10–4 2.6 × 10–5 2.0 × 10–3

Log10(r) –3.21 –3.64 –3.03
ta (years) 749–2247 22–67 14251–43563

Comal Springs
m 2.2 × 10–4 2.5 × 10–5 2.0 × 10–3

Log10(r) –2.31 –2.40 –2.17
ta (years) 569–1706 13–40 21747–65241

Dionda serena
Frio River 
m 2.3 × 10–4 2.7 × 10–5 2.1 × 10–3

Log10(r) –1.35 –1.69 –1.34
ta (years) 927–2781 6–17 86497–259409

Dionda texensis
Nueces River
m 2.5 × 10–4 2.8 × 10–5 2.3 × 10–3

Log10(r) –1.56 –1.65 –1.51
ta (years) 1507–4522 45–136 30860–92581
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and Do 2010) for populations or species of con -
servation concern. Minimum estimates of Nb
(after correction for overlapping generations,
i.e., Nb(Adj)) ranged from 22 in the sample of
D. flavipinnis from Fessenden Spring to 555 in
the sample of D. diaboli from the Devils River.
Marked variation in minimum estimates of
Nb(Adj) was observed among samples of D.
argentosa (Devils River > San Felipe Creek >
Independence Creek), between samples of
D. diaboli (Devils River > Pinto Creek), and
between samples of D. flavipinnis (Comal
Springs > Fessenden Spring). Only the mini-
mum estimate of Nb(Adj) for D. diaboli from
the Devils River was greater than 500, and
estimates of Nb(Adj) for D. diaboli from Pinto
Creek, D. sp. 4, and D. flavipinnis from Fes-
senden Spring were <100, with the estimate
for D. sp. 4 near the effective size of 50 at
which there may be immediate concern over
loss of fitness as a result of inbreeding depres-
sion (Rieman and Allendorf 2001). Estimates
of Nb(Adj) for all samples were less than mini-
mum estimates of NeLT.

Estimates of M, the mean ratio of the
number of alleles to the range in allele size,
and Mc, the critical (95%) value for M, are
presented in Table 6. With an assumed theta
value of 2, M values for D. argentosa from San
Felipe Creek and Independence Creek, D.
diaboli from Pinto Creek, D. sp. 4, and D. flavi -
pinnis from Fessenden Spring were signifi-
cant, indicating occurrence of recent bottle-
necks in those samples. When theta values
based on analysis with MIGRATE were used,
M-ratios for these same samples, as well as
for D. flavipinnis from Comal Springs, were
significant.

DISCUSSION

At the core of conservation genetics is the
evaluation of genetic diversity within and
among populations to provide information for
maintenance of natural levels and patterns of
genetic diversity and to mitigate anthro-
pogenic effects on that diversity (Meffe 1990,
Vrijenhoek 1998). Evaluation of genetic diver-
sity (variation) present within populations can
highlight potential conservation risks, while
evaluation of genetic diversity (divergence)
between or among geographic populations can
identify populations that may be considered
distinct evolutionarily significant units or man -
agement units (Waples 1991, Moritz 1994).
Sufficient levels of genetic diversity within a
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TABLE 4. Estimates of average long-term genetic effec-
tive size (NeLT) and 95% confidence intervals; estimates of
NeLT were based on estimates of theta (Θ), obtained from
MIGRATE, and mutation rate (m), obtained from MSVAR.
Estimates of m are not shown but may be obtained from
AHH. An estimate of NeLT for Dionda sp. 4 could not be
generated as Θ failed to converge.

Sample Theta (Θ) NeLT

Dionda argentosa
Devils River 1.396 1449.9 

(1384.3–1517.5)
San Felipe Creek 0.523 536.0 

(499.5–606.6)
Independence Creek 1.156 1227.8 

(1161.1–1302.0)
Dionda diaboli

Devils River 1.364 1371.0 
(1282.0–1452.8)

Pinto Creek 0.501 503.5 
(475.5–534.0)

Dionda flavipinnis
Fessenden Spring 0.624 685.6 

(657.3–716.1)
Comal Springs 1.285 1434.6 

(1372.6–1498.1)
Dionda serena

Frio River 1.372 1485.1 
(1375.0–1641.5)

Dionda texensis
Nueces River 2.351 2335.2 

(2209.1–2489.5)
Dionda sp. 4

El Rito Creek — —

TABLE 5. Estimates (and 95% confidence intervals) of
the effective number of breeders before (Nb) and after
(Nb(Adj)) correction for bias introduced by overlapping
generations. Estimates from LDNE are based on the 2%
threshold for removal of rare alleles, except for D. serena
(see Methods for further details).

Sample Estimated Nb Nb(Adj)

Dionda argentosa
Devils River 442–∞ 448–∞
San Felipe Creek 320–∞ 324–∞
Independence Creek 170–∞ 172–∞

Dionda diaboli
Devils River 547–∞ 555–∞
Pinto Creek 96 96–∞

Dionda flavipinnis
Fessenden Spring 21–∞ 22–∞
Comal Springs 169–∞ 171–∞

Dionda serena
Frio River 101–∞ 103–∞

Dionda texensis
Nueces River 340–∞ 345–∞

Dionda sp. 4
El Rito Creek 51–1553 51–∞

Downloaded From: https://bioone.org/journals/Monographs-of-the-Western-North-American-Naturalist on 08 May 2024
Terms of Use: https://bioone.org/terms-of-use



population ensure a suite of different alleles
that potentially can respond to different envi-
ronmental situations (Frankham 1995, Lynch
et al. 1995). Finally, most studies of genetic
diversity have utilized genetic markers that
are considered selectively neutral (Avise 1994,
McKay and Latta 2002, Reed and Frank ham
2003); although such markers do not neces -
sarily correlate to levels of diversity found in
genes that would impact fitness of individuals
(McKay and Latta 2002), estimates of vari-
ability (e.g., heterozygosity) in selectively
neu tral markers are, at present, extensively
used to evaluate the conservation status of
populations (Reed and Frankham 2003).

All of the geographic samples of Dionda
examined in this study appear to be discrete,
demographically independent populations.
Conspecific samples of D. argentosa, D. diaboli,
and D. flavipinnis differed significantly from
one another in microsatellite allele and geno-
type distributions, and except for the 2 samples
of D. flavipinnis, where the only haplotype
found in 20 individuals from Comal Springs
occurred in 16 of 20 individuals in Fessenden
Spring, all differed significantly in mtDNA
haplotype frequencies. Based on the approach
and suggested criteria outlined in Palsbøll et
al. (2007), all of the samples of Dionda should
be considered discrete genetic populations and
separate management units (MUs). In addi-
tion, the clade of mtDNA haplotypes in the
population of D. argentosa from Independence
Creek was reciprocally monophyletic relative

to the clade of mtDNA haplotypes in the
popu lations of D. argentosa in the Devils
River and San Felipe Creek, suggesting that
the population of D. argentosa in Indepen -
dence Creek could represent an evolutionarily
significant unit (ESU). Based on the work of
Schönhuth et al. (2012), this form of D. argen-
tosa also occurs farther south in the Pecos
River and is related to samples of D. argentosa
found in several localities in Mexico. Finally,
the observation that all 10 populations are
demographically independent indicates that
local extirpations likely would not be replaced
by new migrants and that loss of any of the
populations would represent loss of a unique
genetic entity.

All 10 populations of Dionda examined in
this study exhibited mtDNA and microsatel-
lite variation comparable to or lower than that
found in other threatened or endangered
cyprinids (Tables 7, 8). A particularly relevant
comparison is with the Cape Fear shiner, Notro -
pis mekistocholas, a species listed as endan-
gered (Jelks et al. 2008) or critically endangered
(Hilton-Taylor 2000). Except for the popula-
tion of D. texensis, the populations of Dionda
examined in this study had fewer mtDNA haplo -
types and lower haplotype diversity (Table 7)
and generally fewer microsatellite alleles and
lower gene diversity (Table 8) than reported
for N. mekistocholas. The low level of genetic
variation observed in the populations of Dionda
is of concern given that reduced genetic di -
versity may negatively impact the capability
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TABLE 6. Results of the M test. The M test was performed using a theta value of 2 and theta values based on results
from MIGRATE. Critical values (Mc) and the probability (P) of a smaller M are also shown.

Theta value of 2 Theta value based on MIGRATE__________________ ________________________________
Sample Mean M Mc P Θ Mc P

Dionda argentosa
Devils River 0.837 0.783 0.331 1.396 0.800 0.204
San Felipe Creek 0.740 0.772 0.007 0.523 0.839 0.000
Independence Creek 0.677 0.777 0.000 1.156 0.806 0.000

Dionda diaboli
Devils River 0.843 0.785 0.383 1.253 0.807 0.206
Pinto Creek 0.748 0.784 0.006 0.538 0.844 0.000

Dionda flavipinnis
Fessenden Spring 0.716 0.798 0.000 0.654 0.848 0.000
Comal Springs 0.811 0.797 0.098 1.330 0.817 0.035

Dionda serena
Frio River 0.912 0.773 0.947 1.372 0.794 0.861

Dionda texensis
Nueces River 0.802 0.784 0.122 2.351 0.776 0.148

Dionda sp. 4
El Rito Creek 0.783 0.795 0.024
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of a population to respond to environmental
perturbations (Frankham et al. 2002). In addi-
tion, the finding that genetic diversity in these
Dionda is less than that in other threatened
or endangered cyprinids suggests that their con-
servation status may need to be reevaluated.

Estimates of historical and present-day
genetic demography indicated that all 10
populations of Dionda examined have experi-
enced relatively large declines in effective
population size, with 6 having experienced
declines of over 2 orders of magnitude and
one (D. flavipinnis from Fessenden Spring)
having experienced a decline of over 3 orders
of magnitude. Modal estimates of the time (in
years) of the declines were >500 years; how-
ever, the lower bounds of the time intervals
for 9 of the populations ranged from 6 to 65
years (average of 32.5 years), compatible with
a number of recent, anthropogenic changes to
typical Dionda habitat (Garrett and Edwards
2001). Comparison of the estimates of both
average long-term effective size (NeLT) and
the effective number of breeders (Nb(Adj)) in the
present-day populations also are consistent
with relatively recent declines in effective
size. Estimates of NeLT ranged from 503 (D.
diaboli in Pinto Creek) to >2000 (D. texensis
in the Nueces River) and averaged 1225.4
(SE 183.8). Lower 95% confidence intervals
for estimates of Nb(Adj) (effective number of
breeders) ranged from 22 (D. flavipinnis from
Fessenden Spring) to 555 (D. diaboli from the
Devils River), and averaged 228.7 (SE 55.8).
Estimates of Nb(Adj) are based on the principle
that genetic drift increases the incidence of
nonrandom associations among alleles at dif-
ferent loci in the parents of the sampled
cohort (Luikart et al. 2010), and as such repre-
sent an estimate of inbreeding effective size
(NeI) on a recent timescale (Beaumont 2003,
Waples and Do 2010). The differences between
the estimates of NeLT and Nb(Adj) are consis-
tent with the inference that most of these
Dionda populations have experienced large
declines in the relatively recent past. This
inference also is supported by results of the
M test in that significant recent bottlenecks
appear to have occurred in D. argentosa from
San Felipe Creek and Independence Creek,
D. diaboli from Pinto Creek, D. sp. 4, D.
flavipinnis from Fessenden Spring, and possibly
D. flavipinnis from Comal Springs. One final
point is that minimum estimates of Nb(Adj) in

all of the populations except for D. diaboli
from the Devils River were <500, suggesting
that the equilibrium between the loss of adap-
tive genetic variance from genetic drift and
its replacement by mutation might be com-
promised. This suggestion is based on the
“50/500” benchmark (Rieman and Allendorf
2001) for genetic effective size (Ne), where
an Ne of <50 indicates a population is highly
vulnerable to inbreeding depression, while
an Ne average of ≥500 allows a population to
maintain adaptive genetic variation through
time. Thus, most of the populations of Dionda
appear to be compromised genetically.

Conservation Recommendations

Of the 3 populations of D. argentosa ex -
amined, the one in the Devils River appears
the least compromised genetically, whereas the
popu lations in San Felipe Creek and Indepen-
dence Creek have lower genetic variation and
reduced minimum Nb(Adj), and also appear to
have experienced recent bottlenecks. All 3
populations should be monitored, but close
attention should be paid to the populations in
San Felipe Creek and Independence Creek,
especially as the latter can be categorized as
an ESU. Because D. diaboli is listed as either
threatened or endangered (USFWS 1999, Jelks
et al. 2008), its genetic status was of particular
interest. The population in Pinto Creek has
low genetic variation and a very low minimum
Nb(Adj), and has experienced a significant re -
cent bottleneck. The population in the Devils
River appears among the least compromised
genetically of the 10 populations examined
and was the only population where the mini-
mum estimate of Nb(Adj) was >500. Both popu -
lations likely will be monitored given the
official conservation status of the species. We
recommend that specimens from other known
localities of D. diaboli be examined geneti-
cally; these include San Felipe Creek (Scharpf
2005) and both Las Moras and Sycamore
creeks, although the latter two may be extir-
pated (Garrett et al. 1992). Both populations
of D. flavipinnis examined have very little
genetic variation and a small minimum Nb(Adj),
and have experienced significant recent bot-
tlenecks. Of particular concern is the low
mtDNA diversity of both populations and the
small Nb(Adj) (22) of the population in Fes-
senden Spring. Clearly, the conservation sta-
tus of this species is no longer “secure” as
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listed in Scharpf (2005), and both populations
should be closely monitored. The remaining 3
populations examined represent 3 different
species: D. serena from the Sabinal and Frio
rivers, D. texensis from the Nueces River, and
D. sp. 4 from El Rito Creek. The number of
haplotypes, haplotype diversity, and gene di -
versity in the population of D. serena were
average (compared to the other populations
examined), and all measures of genetic diver-
sity were comparatively high in the population
of D. texensis. Both have experienced historical
declines in effective size, and the minimum
estimates of Nb(Adj) in both were <500. Both
probably warrant continued monitoring. The
population of D. sp. 4 in El Rito Creek appears
severely compromised genetically, and evalua-
tion of D. sp. 4 at other localities is clearly
warranted. If levels of variation and genetic
demography in other populations of D. sp. 4
are comparable to those of the population in
El Rito Creek, it is probable that D. sp. 4 is
threatened or endangered. Additionally, proper
definition of D. sp. 4 as a nominal species will
be imperative in moving forward with further
study and management of this species.

One final comment is that while there may
be other populations of these species in Texas
and New Mexico, finding and sampling them
is problematic. More than 94% of Texas is
privately owned or operated (http://www.tpwd
.state.tx.us/landwater/land/private/lone_star_la
nd_steward/), and large portions of the rivers in
the western part of the state run through pri-
vate land. Obtaining permission from land -
owners to sample what might be imperiled or
threatened species is difficult, and even repre-
sentatives of the state management agency are
generally unable obtain permission to sample.
It is possible that our samples are among the
few that can be legally obtained in headwater
areas of the rivers and creeks sampled.
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APPENDIX 1. Voucher specimens for 6 species of Dionda.

Voucher specimens for all samples except Dionda sp. 4 from El Rito Creek are stored in the Biodiversity Research and
Teaching Collections (BRTC) at Texas A&M University. Voucher numbers for specimens from BRTC specimens are as
follows: D. argentosa Devils River (14847.01–14904.01, 14908.01–14912.01), D. argentosa San Felipe Creek (14981.01–
15013.01), D. argentosa Independence Creek (15124.01–15157.01), D. diaboli Devils River (14905.01–14907.01, 14921.01–
14973.01), D. diaboli Pinto Creek (15014.01–15050.01, 15051.01–15063.01), D. flavipinnis Fessenden Spring (14786.01–
14846.01), D. flavipinnis Comal Springs (15064.01–15123.01), D. serena Frio River (14268.01–14272.01, 14461.01–
14474.01, 14974.01–14978.01), D. texensis Nueces River (14273.01–14286.01, 14475.01–14485.01, 14489.01–14515.01,
14517.01). Specimens of D. sp. 4 are stored in the Museum of Southwestern Biology under voucher number MSB054.21-61.
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APPENDIX 3. Neighbor-joining tree based on ND-5 haplotypes of 10 samples of Dionda species. Numbers above
branches indicate levels of bootstrap support, and the corresponding scale of genetic distance is shown at the bottom of
the figure. Branch lengths in gray designate samples of D. argentosa from Independence Creek. Modified from Fig. 1 of
Carson et al. (2010). Used with permission from the Southwestern Naturalist.
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