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Summary

Recovery efforts for the endangered pallid sturgeon
(Scaphirhynchus albus) include supplementation of wild stocks

with hatchery reared progeny. Identifying the extent of genetic
stock structure, which has previously been detected in samples
from the range extremes, will help to determine whether stock
transfers might be harmful. DNA microsatellite genotypes

were screened in pallid sturgeon from the upper Missouri
River, lower Missouri River, middle Mississippi River and
Atchafalaya River and analyzed using a combination of

Bayesian model-based and more traditional F-statistic based
methods to characterize genetic differentiation. Scaphirhynchus
specimens were collected by researchers active in the recovery

effort and genotypes were screened at 16 microsatellite loci.
Because there is considerable genetic and morphological
overlap between pallid sturgeon, shovelnose sturgeon, and

their hybrids, a combination of morphological and genetic
techniques were used to eliminate shovelnose and possible
hybrids from the sample. Genetic differentiation was detected
among samples (overall h ¼ 0.050, P ¼ 0.001). Pairwise h,
genetic distances, and Bayesian assignment testing reveal that
pallid sturgeon from the upper Missouri River are the most
distinct group with pairwise comparisons of pallid sturgeon

among all the remaining samples exhibiting lower h values,
higher genetic distances, and self assignment scores. Our
results indicate that using local broodstock, when available,

should be used for pallid sturgeon propagation. If local
broodstock are not available, geographically proximate indi-
viduals would limit genetic differences between native and
stocked individuals.

Introduction

The endangered pallid sturgeon (Scaphirhynchus albus) occurs
in the Missouri and Yellowstone rivers, and the Mississippi
River south of its confluence with the Missouri River

(Kallemeyn, 1983; Dryer and Sandoval, 1993). The much
more common shovelnose sturgeon (S. platorhynchus) occurs
throughout the range of the pallid sturgeon (Keenlyne, 1997).

The morphological similarity of species and the presence of
morphological intermediates makes identification difficult for
some specimens. The presence of morphological intermediates
(Carlson et al., 1985) coupled with the finding that these

morphological intermediates tend to be genetically intermedi-
ate (Tranah et al., 2004) indicates hybridization between pallid
and shovelnose sturgeon.

Propagation of pallid sturgeon in locations where adult
population sizes are small and there is a perceived absence of
natural recruitment is a major focus of recovery efforts.

A series of dams constructed between 1933 and 1963 prevents
natural movement of pallid sturgeon in the Missouri River.

Past stocking resulted in considerable transfer of stocks,
including movement of offspring from broodstock collected
above Fort Peck Dam, the uppermost dam on the Missouri
River, to below Gavin’s Point Dam, the lowermost dam on the

Missouri, a transfer of over 800 river km. The pallid sturgeon
recovery plan (Dryer and Sandoval, 1993) calls for integrating
genetic data into recovery efforts. If sufficient genetic differ-

entiation exists among pallid sturgeon populations, stock
transfers may result in outbreeding depression (Templeton,
1986).

Pallid sturgeon genetic stock structure has been observed in
samples taken from the species� range extremes. Campton
et al. (2000) investigated mitochondrial DNA (mtDNA) con-

trol region sequence variation within pallid and shovelnose
sturgeon and found that genetic distances between fish
identified morphologically as pallid sturgeon from the upper
Missouri River (n ¼ 19) and the Atchafalaya River (n ¼ 10)

were nearly as great as those between pallid and shovelnose
sturgeon from the same locations. Pallid sturgeon from the
upper Missouri and Atchafalaya rivers did not share mtDNA

haplotypes. Tranah et al. (2001) used five DNA microsatellite
markers to study pallid and shovelnose sturgeon from the
upper Missouri River and the Atchafalaya River. Later,

Tranah et al. (2004) scored additional loci in most of the
same individuals. Tranah et al. (2001) found significant allele
frequency differences among all pairwise comparisons between
pallid and shovelnose sturgeons. Notably, upper Missouri

pallid sturgeon from two locations, upstream of Fort Peck
Dam (n ¼ 9) and downstream of Fort Peck Dam (n ¼ 11),
were found to be significantly different from Atchafalaya River

(n ¼ 10) pallid sturgeon. Tranah et al. (2004) likewise found
the upper Missouri to be well differentiated from the
Atchafalaya.

Previous genetic research indicated significant genetic het-
erogeneity among pallid sturgeon from the extremes of their
geographic range. However, to date no published study has

examined genetic diversity in pallid sturgeon across the more
than 4000 river kilometers between the locations studied by
Campton et al. (2000) and Tranah et al. (2001, 2004). Know-
ledge of the genetic characteristics of pallid sturgeon from the

lower Missouri and middle Mississippi are necessary to guide
stocking practices. Past stockings have mostly employed
broodstock from either the upper Missouri or Atchafalaya,

and pallid sturgeon from both of these regions have been
stocked into the central portion of the range (Krentz et al.,
2005). It is not known whether wild pallid sturgeon from the

middle of the range are more similar to those at either extreme
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or whether they are genetically intermediate, in which case
extra effort may be warranted to obtain local broodstock to

replenish these regions. This project investigates stock struc-
ture across the range of the pallid sturgeon using sixteen
microsatellite loci and specimens from the upper Missouri,

lower Missouri, middle Mississippi and Atchafalaya rivers.
A combination of Bayesian model-based methods, F-statistics,
and genetic distances are used to determine the extent and
pattern of genetic differentiation.

Materials and methods

Tissue samples taken from the pectoral fin were collected from
specimens ofScaphirhynchus, including pallid, shovelnose, and
morphologically intermediate specimens, by several researchers

active in the pallid sturgeon recovery effort (Table 1, Fig. 1).
Collectors were instructed to collect samples from all sturgeon
with pallid or hybrid-like morphology and a limited number
(30–100) of the more common shovelnose-like forms. The

morphological character index (mCI) of Wills et al. (2002) was
used to generate a putative morphological species identification
for all specimens for which the necessary measurements were

available. The mCI uses five morphometric ratios: outer barbel
length to inner barbel length, head length to inner barbel
length, head length to mouth-to-inner barbel base distance,

rostrum length to inner barbel length, and rostrum length to
mouth to inner barbel distance in order to separate pallid and
shovelnose sturgeon on a regression character index. Wills

et al. (2002) defined mCI categories for pallid sturgeon (index
value )1.34 to )0.71), shovelnose sturgeon (index value 0.84 to
0.97), and an overlapping region including pallid, shovelnose,
and putative hybrid sturgeon (index value )0.70 to 0.83).

Genotypes were determined for 477 specimens at 16 disomic
microsatellite loci previously developed by McQuown et al.
(2000). All genotyping was performed on an ABI 377 with

fragment analysis software (Applied Biosystems). PCR (10 lL

reaction volume) was conducted with 1–15 ng template DNA,
1 · PCR buffer (50 mMM KCl, 10 mMM Tris-HCl pH 9.0, and

0.1% Triton� ·100), 200 lMM of each dNTP, 2 mMM MgCl2, 0.1
unit TaqDNA polymerase, and 0.15 lMM each primer. For each
locus, fluorescent labeled forward primers (6-FAM, NED, or

HEX; Applied Biosystems) and unlabeled reverse primers were
mixed in a cocktail (9 lMM each primer). Thermal profiles for
reactions were: 94�C 2 min, 5 cycles of 94�C 30 s, 54�C 30 s,
70�C 30 s, and 35 cycles of 95�C for 30 s, 56�C 30 s, and 70�C
for 30 s. PCR products were diluted (1 : 1) in loading buffer
(deionized formamide, blue dextran EDTA, and Rox-400 size
standard; The Gel Company), loaded on a 5% Long Ranger

(Cambrex) 36 cm gel, and run at 2500 scans per hour for 2.5 h.
Resultant gel images were analyzed with GENESCAN v 3.1.2
(Applied Biosystems). Alleles were initially scored to raw size

in base pairs with GENOTYPER v 2.5 (Applied Biosystems).
To ensure uniform scoring, alleles identified by GENOTYPER
were scatter-plotted by size and bin-boundaries were visually
defined. Once bin boundaries were defined, alleles were re-

coded to the inferred number of repeats corresponding to the
identified fragment size.

The first objective was to identify which of the genotyped

specimens were pallid sturgeon using a combination of genetic
assignment testing (Paetkau et al., 1995) and phenotypic data.
Genotypes of all Scaphirhynchus specimen including suspected

shovelnose and hybrid sturgeons were analyzed with Structure
v 2.1 (Pritchard et al., 2000; Falush et al., 2003). Structure uses
the multilocus genotypes of each individual without regard to

a priori identification to estimate the number of genetic groups
present in the data. No reference is made to geographic
location of the sample or species identification, allowing
estimates of both the number of genetic groups present and the

strength of individual membership in each group. Initial runs
of Structure indicated that the most likely number of natural
groups showing genetic differentiation in the combined

Scaphirhynchus data was two, with groups largely concordant

Table 1
Sample sizes of Scaphirhynchus specimens from four broadly defined geographic locations and number of pallid sturgeon (Scaphirhynchus albus),
defined by Q-values greater than 0.70 and mCI scores less than )0.70, for each geographic sample

Sample Location
Scaphirhynchus
screened

Pallid sturgeon
retained

Upper Missouri Missouri River Above Ft. Peck Dam 89 49
Lower Missouri Missouri River Mile 220–0 109 12
Middle Mississippi Mississippi River Mile 200–0 174 43
Atchafalaya Atchafalaya River Old River Control Channel 105 27

Fig. 1. Map indicating general sample
locations of Scaphirhynchus specimens.
Geographic locations identified by
open circles from north to south:
upper Missouri, lower Missouri,
middle Mississippi, and Atchafalaya
rivers
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with morphological identification. A second Structure analysis
was performed stipulating that the data included two genetic

groups. The likelihood that an individual belongs to a
particular group is reported as a Q-value, which describes
the proportion of an individual’s genotype that belongs to a

particular cluster (i.e. Q-value 0.70 indicates 70% of an
individual’s genotype has a higher likelihood of belonging to
that cluster). A model allowing alleles in an individual’s
genotype to come from both groups, in effect allowing for

potential hybridization between groups (admixture model),
and correlated allele frequencies, was run at a setting of 30 000
burn-in steps and 1 000 000 post burn-in steps.

Shovelnose and hybrid sturgeon were removed from the
data to avoid confounding the estimates of genetic heterogen-
eity within pallid sturgeon with among-species comparisons.

Fish were retained as pallid sturgeon if they had a Q-value
greater than 0.7 for assignment to the cluster dominated by
morphologically-identified pallid sturgeon. For fish with mor-
phological data available, those with an mCI less than )0.7
were also retained. A Q-value greater than 0.70 indicates that
more than 70% of the individual’s genome is estimated to have
come from the pallid sturgeon cluster based on the admixture

model, which allows some individual’s genomes to have been
derived from multiple clusters. The mCI criteria chosen (mCI
<)0.7) eliminates all individuals that were placed in the

category indicating overlap between pallid sturgeon and
hybrid sturgeon morphology, as defined by Wills et al.
(2002). Thus, the criteria minimize the potential of including

hybrids but possibly eliminate some pallid sturgeon.
Once hybrid and shovelnose sturgeon were removed from the

sample, the number of alleles and the observed and expected
heterozygosities were calculated for each locus using GDA

version 1d16c (Lewis and Zaykin, 2001). Each locus in each
sample was tested for Hardy–Weinberg Equilibrium (HWE) by
comparing the observed estimate of FIS to values calculated

after permutating alleles among individuals within samples
using FSTAT v 2.9.3 (Goudet, 1995). A total of 1280 permu-
tations were performed for each locus within each geographic

sample and the test was performed for both an excess of
heterozygotes and an excess of homozygotes. FSTAT was also
used to test for linkage disequilibrium between all pairs of loci
by comparing G-statistics calculated from the sample data with

9600 randomly generated G-values based on sample allele
frequencies. All significance tests were Bonferroni corrected for
multiple comparisons when appropriate (Rice, 1989).

The most likely number of natural groups in the pallid
sturgeon data (K) was estimated using Structure by comparing
the likelihoods of K ¼ 1 through 6. We tested for a larger

number of groups than the number of geographic samples in
the data because the number of genetic groups could be greater
than the number of sampling localities, (e.g. geographic

samples could contain mixtures of discrete spawning stocks).
Again the admixture model with correlated allele frequencies
was used with a setting of 30 000 burn-in steps and 1 000 000
post burn-in steps. Once the number of genetically differenti-

ated groups was estimated the proportion (Q-value) of an
individual’s genotype that was more likely to have originated
in each cluster was determined. Individuals were then sorted by

geographic location to determine how the genetic groups
related to geographic location.
To estimate genetic differentiation among geographic sam-

ples, Weir and Cockerham’s (1984) h, an unbiased estimator of
FST, which can be thought of as the weighted variance in allele
frequency among samples, was calculated over all four

geographic samples and among all pairs of geographic samples
for each locus and combined over all loci using FSTAT.

A 95% confidence interval for the combined loci h estimate
was determined by bootstrapping across loci. Corresponding
significance tests of genetic heterogeneity were calculated by

permutation of alleles among samples for each test and
performing the log-likelihood G-test of Goudet et al. (1996).
The shared allele distance (DAS; Chakraborty and Jin,

1993) was calculated among all pairs of geographic samples

using Populations version 1.2.28 (Langella, 2002). Genetic
distance measures based on the stepwise mutation model are
perceived by some as being more appropriate for microsatel-

lites than are F-statistics based on the infinite alleles model,
especially among isolated populations (Paetkau et al., 1997).
The shared allele distance uses the average proportion of

shared alleles between populations, adjusting for within
population variation, to estimate genetic distance among
populations. Populations that have a higher proportion of
shared alleles are taken as being more similar genetically than

those that share a smaller proportion of alleles. Also, a Mantel
test was performed with Poptools version 2.6.2 (Hood, 2004)
to investigate the relationship between genetic differentiation

and geographic distance. Geographic distance was estimated in
river kilometers between geographic samples and genetic
differentiation was calculated as h/(1)h). Statistical signifi-

cance was estimated by performing 10 000 iterations.

Results

Screening 477 Scaphirhynchus specimens (Table 1) at 16
microsatellite loci and comparing assignment testing and
morphological index results discriminated individuals into

two major clusters (Fig. 2). Of the fish that had mCI values less
than )0.70 (i.e. were morphologically identified as pallid
sturgeon), 86.6% possessed Q-values greater than 0.7 for the

cluster dominated by pallid sturgeon. Thus, morphological
and genetic identification were in close agreement between
morphological and genetic identification.

The microsatellite loci were highly variable (Table 2) within
the identified pallid sturgeon. The observed numbers of alleles
ranged from 7 to 19 and allelic richness (based on the smallest
sample size) ranged from 2.784 to 8.540. The average Hardy–

Weinberg expected heterozygosity was 0.691, with values
ranging from 0.224 to 0.843. No locus in any sample deviated

Fig. 2. Scatter-plot of genetic assignment testing (Q-value) on y-axis
against morphological index (mCI scores) on x-axis for Scaphirhynchus
specimens. Points in quadrant II: individuals having morphologies and
genotypes consistent with pallid sturgeon (S. albus); quadrant IV:
individuals consistent with shovelnose sturgeon (S. platorynchus).
Open circles ¼ individuals defined as pallid sturgeon (Q-value > 0.70
mCI < )0.70)
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significantly from HWE expectations. One pair of loci, Spl-60
and Spl-173, in the middle Mississippi River sample showed a
significant deviation from linkage disequilibrium (P < 0.0001).
Bayesian model-based assignment testing using only geno-

type data without reference to the geographic origin of each
specimen identified the most likely number of genetic clusters
among pallid sturgeon as three (Fig. 3). In the upper Missouri

sample 93.9% of pallid sturgeon had Q-values greater than 0.7
for cluster 1, while few fish outside the upper Missouri sample
strongly assigned to cluster 1 (Fig. 4). Fish from the lower

Missouri, middle Mississippi, and Atchafalaya were more
strongly assigned to clusters 2 and 3, and a larger proportion
of the fish from the middle Mississippi assigned to cluster 3

than did fish from the lower Missouri or Atchafalaya (Fig. 3).
The overall h (combined overall loci and geographic

samples) was 0.050 (Table 2) with a 95% confidence interval
of (0.028–0.080) and was significant (P ¼ 0.001). Values of h
across all samples for each locus (Table 2) ranged from 0.003
to 0.217. Pairwise h estimates (Table 3) ranged from 0.0059 to

0.0679, with the highest values in comparisons involving the
upper Missouri sample. Genetic heterogeneity between the
lower Missouri and middle Mississippi and between the lower

Missouri and Atchafalaya was not statistically significant.
Significant genetic heterogeneity was observed among all other
comparisons.

The shared allele distance (Table 3) among the upper
Missouri and all other geographic samples was larger (range
0.1026–0.1489) than those between the other geographic

samples (range 0.0145–0.0748). A Mantel test (Fig. 5) showed
a strong correlation between genetic differentiation and
geographic distance (P ¼ 0.038).

Discussion

Significant genetic differentiation was detected within the

range of the pallid sturgeon. The upper Missouri pallid
sturgeon are most distinct, with lower Missouri, middle
Mississippi, and Atchafalaya River individuals being more

closely related to each other than to individuals from the upper
Missouri. Similar conclusions could be drawn from analyses
performed at an individual level, which did not use geographic

sampling location a priori. Bayesian model-based assignment
of pallid sturgeon identified three genetic clusters within the
four geographic locations sampled. These three clusters could
be characterized as one distinct upper Missouri group and two

less distinct lower basin groups. Failure of the Bayesian
analysis to better resolve the lower Missouri, Middle Missis-
sippi, and Atchafalaya samples into distinct groups is indic-

Table 2
Summary statistics indicating sample size (N), number of alleles (#A),
allelic richness (R), and expected (He) and observed (Ho) heterozyg-
osity for 16 microsatellite loci screened in pallid sturgeon (Scaphirhyn-
chus albus). Estimates of h for each locus and combined over loci is
provided. Significance tests of genetic heterogeneity (P) reported for
each h estimate. The 95% confidence interval of the overall h was
(0.028, 0.080)

Locus N #A R He Ho h P

Spl-012 131 7 2.784 0.224 0.237 0.185 0.001
Spl-015 131 9 5.336 0.655 0.641 0.031 0.001
Spl-018 130 7 4.405 0.573 0.554 0.063 0.001
Spl-019 131 7 4.879 0.764 0.748 0.049 0.001
Spl-030 126 11 4.677 0.468 0.444 0.032 0.001
Spl-035 126 19 8.540 0.843 0.833 0.011 0.001
Spl-036 126 16 7.701 0.804 0.786 0.038 0.001
Spl-040 127 14 7.576 0.828 0.850 0.003 0.001
Spl-053 128 15 5.691 0.740 0.766 0.032 0.001
Spl-056 130 18 7.408 0.815 0.838 0.019 0.001
Spl-060 129 8 4.618 0.699 0.729 0.010 0.001
Spl-101 130 7 5.393 0.749 0.615 0.217 0.001
Spl-106 130 10 6.336 0.718 0.662 0.077 0.001
Spl-119 129 9 5.218 0.769 0.791 0.044 0.001
Spl-158 128 9 6.734 0.829 0.867 0.039 0.001
Spl-173 128 7 4.213 0.576 0.625 0.027 0.001

Total 131 – – 0.691 0.687 0.050 0.001

Fig. 3. Pallid sturgeon (S. albus) from four geographic samples:
estimated natural log probability of observed genetic data (y-axis)
given a specified number of clusters (x-axis) calculated by Structure for
analysis

Fig. 4. Bayesian assignment testing results for pallid sturgeon assigned to three clusters. Each bar represents an individual pallid sturgeon
(Scaphirhynchus albus). The fraction of the individual’s genotype attributed to each of the clusters (Q-value) indicated by shading pattern (Cluster
1 ¼ black hatch, Cluster 2 ¼ black, and Cluster 3 ¼ white)
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ative of greater levels of gene flow among these locations.
Because there are no barriers to movement among these
regions, some of the fish included in specific geographic

samples could have been migrants. Ideally, pallid sturgeon
would have been sampled as either spawning adults or recently
spawned juveniles, but the scarcity of pallid sturgeon makes

this impossible. If pallid sturgeon exhibit natal philopatry for
spawning locations, significant genetic structure may be
apparent even if there is considerable mixing of groups
between spawning events.

FST estimates indicated significant genetic differentiation
among geographic regions. Pairwise FST comparisons including
the upper Missouri sample had the highest observed FST values

and were all significant. Estimates among the other samples had
a lower magnitude and those including the lower Missouri
sample, which contained the smallest number of pallid sturgeon,

were not significant. DAS values were also greatest between the
upper Missouri and all other areas. While dams prevent natural
gene flow between the upper and lower Missouri, genetic
divergence between regionsmight reflect historical limits to gene

flow rather than genetic drift between recently isolated popula-
tions. Pallid sturgeon mature slowly and are very long-lived
(Kallemeyn, 1983) and the fish from the upper Missouri sample

are very large and are decades old. Thus, too few pallid sturgeon
generations have occurred since the construction of the dams to
result in significant genetic drift based solely on the dams acting

as migration barriers. A Mantel test found a statistically
significant correlation between geographic and genetic distance,
thus geographic distance might serve as a surrogate for genetic

distance when selecting broodstock.
The microsatellite data and analysis agree with and augment

the studies of Campton et al. (2000) and Tranah et al. (2001),
which found significant genetic differentiation between the

extremes of the pallid sturgeon range. This study demonstrates
that pallid sturgeon at the middle of the range are genetically
intermediate, although more similar to those in the southern

(Atchafalaya River) than northern extreme of the range. Less
genetic differentiation was observed within samples from the
lower Missouri, middle Mississippi, and Atchafalaya rivers
compared to those found between the upper Missouri and all

other samples.
Assigning individuals to species using microsatellite data

and comparison to those derived from a suite of morpholo-

gical characters indicate these identification methods are
largely concordant. Similar to the findings of Tranah et al.
(2004), morphological intermediates tended to be genetically

intermediate, and a small percentage of individuals had
disconcordant genetic and morphological assignments. The
presence of genetic and morphological intermediates and

individuals with disconcordant results could be explained by
hybridization between pallid and shovelnose as suggested for
similar results by Tranah et al. (2004). Nevertheless, since
Structure analysis detects the presence of two well-defined

clusters in all geographic samples and these clusters are
concordant with morphology, it appears that genetically pure
pallid sturgeon are extant and are represented in Fig. 2 by the

individuals with Q-values near 1 and negative mCI values.
Because shovelnose are far more numerous than pallid
sturgeon, we would expect most backcross individuals to be

hybrid · shovelnose crosses that would not genetically assign
to the pallid cluster. It should be reiterated that we intention-
ally collected as many pallid and �intermediate� fish as we
could, thus the distribution of species in Fig. 2 is skewed

toward pallid and intermediate morphologies. We were also
cautious not to include potential hybrid sturgeon in our
estimates of pallid sturgeon stock structure, and several of the

fish we excluded may be pure pallid sturgeon. Growth of pallid
sturgeon is allometric, with smaller individuals more similar to
shovelnose morphologies. This might explain why some fish

exhibited intermediate morphologies but strong genetic assign-
ments to pallid sturgeon, i.e. they were small fish not yet
exhibiting typical �pallid� morphology.

The criteria used to identify pallid sturgeon for this study
might be modified for other applications depending on the
risks associated with failing to identify hybrid sturgeon. We
believe the criteria are adequate to investigate stock structure

by minimizing the potential of including hybrids while
maintaining a sufficient number of pallid sturgeon for analysis.
However, when selecting individuals for broodstock, more

stringent assignment tests would be appropriate to avoid
exacerbating the threats posed to pallid sturgeon recovery by
hybridization. Using the individuals identified to species in this

study as known baseline samples and assigning potential
broodstock with WHICHRUN (Banks and Eichert, 2000) or
GENECLASS (Piry et al., 2004) in concert with morphologi-
cal criteria, would be more efficient for broodstock selection.

With these assignment tests the stringency can be set to
minimize the potential of including hybrids as broodstock.

Table 3
Pairwise estimates of h calculated between all geographic sample pairs (below the diagonal), and the shared allele distance (DAS) among all
geographic samples (above the diagonal)

Upper Missouri Lower Missouri Middle Mississippi Atchafalaya

Upper Missouri – 0.1026 0.1405 0.1489
Lower Missouri 0.0546* – 0.0145 0.0429
Middle Mississippi 0.0656* 0.0059 – 0.0748
Atchafalaya 0.0679* 0.0152 0.0257* –

*Indicates significant test of genetic heterogeneity (h).

Fig. 5. Mantel test results comparing genetic distance, estimated as h/
(1-h), on y-axis; geographic distance, in river km, on x-axis. Correla-
tion test between genetic and geographic distance was significant
(P ¼ 0.038)
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These data provide information that can facilitate propaga-
tion efforts. Results indicate that pallid sturgeon stocks are

genetically structured; thus using local broodstock would be
preferable to stock transfers among regions. The range of the
pallid sturgeon occupies more that 18� of latitude stretching

from the foothills of the Rocky Mountains in Montana to the
gulf coast of Louisiana. There are great differences in physical
(thermal and flow regimes) and biological (species assem-
blages) attributes across this range and thus it might be

expected that differences in selection pressures coupled with
limited gene flow have resulted in adaptive evolution among
stocks. Differences in the frequencies of presumably neutral

markers such as microsatellites can not prove that adaptive
differences among stocks are present but do indicate a lack of
gene flow, a condition which is favorable to the evolution of

adaptive differences. Further studies examining temperature
and flow-related differences in survival and growth, such as
those that have been performed in salmonids (Taylor, 1991)
and centrarchids (Phillipp and Claussen, 1995), would be

useful. Also, examination of markers that are more prone to
the effects of selection, such as amplified fragment length
polymorphisms (AFLP) and single nucleotide polymorphisms

(SNPs) linked to functional genes may indicate a stronger
signal and could perhaps identify candidate loci associated
with adaptation (Rogers and Bernatchez, 2005). We note that

due to the very low abundance of mature pallid sturgeon,
collecting local broodstock may not be possible in some
locations and demographic issues may outweigh concerns

about outbreeding. However, the significant relationship
between genetic and geographic distances indicate if local
broodstock are not available that using geographically prox-
imate individuals would be preferable. Additionally, we

recommend that local allele frequencies should be used and
the data collected can be used as pallid and shovelnose
sturgeon baseline samples for genetic assignment testing of

broodstock to minimize the potential of including hybrids.
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