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ABSTRACT 
 

SMITH, ASHLEY D., M.S., June 2008, Biological Sciences 

Intraspecific Phylogeography of Graptemys ouachitensis (31 pp.) 

Director of Thesis: Matthew M. White 

 Intraspecific phylogeography of the Ouachita Map Turtle (Graptemys 

ouachitensis) was examined using a 620 base pair sequence of the mitochondrial control 

region from 64 individuals sampled from populations across the species range.  G. 

ouachitensis ouachitensis occupies the Mississippi River drainages as well as two 

disjunct populations in the Scioto River, Ohio and the Kanawaha River, West Virginia.  

A minimum spanning network subdivided 16 haplotypes into three haplotype groups that 

overlapped throughout the species range.  The genetic differentiation observed between 

the haplotype groups suggests a vicariant event during the late Pliocene or early 

Pleistocene.  The lack of genetic differentiation within the haplotype groups, and the 

widespread distribution of two of the groups, provides evidence for a dispersal event 

following the Pleistocene glaciation.  The Scioto River, Ohio population is genetically 

similar to the rest of the populations and became inhabited by two of the three haplotype 

groups in a dispersal event following the glaciation.  The two subspecies, G. o. 

ouachitensis and G. ouachitensis sabinensis, have low levels of genetic differentiation.   
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Matthew M. White 
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INTRODUCTION 

 
Historical processes, habitat requirements, and life history characteristics help to 

shape the geographic distributions of populations and alter their spatial patterns of genetic 

variation.  Genetic differentiation could arise among populations isolated by geologic 

events, while gene flow limits genetic structuring among populations.  Phylogeography 

infers an evolutionary history by superimposing the species’ phylogeny on its 

contemporary geographic distribution.  By analyzing the distribution of genetic variation, 

we can suggest the processes that may have given rise to the patterns observed (Avise et 

al., 1987). 

A geographic barrier that separates populations, such as the rise of a mountain 

range, the splitting of land masses, or glaciations, results in vicariance (Avise, 2000). 

Separated populations may become genetically differentiated through evolutionary 

processes. The result of the isolation event is a function of the duration of the isolation 

and rate of evolution.  Vicariant events can produce phylogeographic concordance in the 

phylogenetic history of different species (Strange and Burr, 1997; Near et al. 2001; 

Berendzen et al., 2003).  Therefore, different species may share a common biogeographic 

history that will be reflected in their phylogenies (Wiley, 1988). 

An alternative hypothesis suggests that populations may show limited 

differentiation because they are not geographically isolated by dispersal (Avise, 1987).  

Dispersal events may occur actively (a need for resources) or passively (a change in 

environmental conditions exposing new habitats) (Avise, 2000).  Because rivers are two-
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dimensional, biogeographic patterns resulting from dispersal processes are easier to 

interpret for riverine organisms than for terrestrial organisms (Strange and Burr, 1997).  

Recently dispersed populations are usually genetically similar because they maintain high 

levels of gene flow.  The dispersed ancestral genotypes may differentiate throughout the 

range, creating many derived haplotypes that are genetically similar to the ancestral 

population.  Although vicariance and dispersal are alternative hypothesis, some 

phylogenies are suggestive of both processes (Near et al., 2001; Berendzen et al., 2003). 

The Pleistocene glaciations profoundly affected the distribution of fauna 

throughout North America.  Advancing glaciers altered the habitats of riverine species by 

damming and rerouting rivers and forced most fauna to retreat to southern refugia.  The 

effect of the glaciations on stream-dwelling organisms has been well studied in small 

stream fishes (Strange and Burr, 1997; Near et al., 2001; Berendzen et al., 2003).  Both 

vicariance and dispersal have helped to shape the phylogeographic patterns in these fish 

species.  Some species limited to smaller streams exhibited genetic differentiation 

between drainage systems (Strange and Burr, 1997).  Although a few studies have 

examined larger river species (paddlefish, Carlson et al., 1982; walleye, White et al., 

2005), little is known about the phylogeography of large river turtles. 

The genus Graptemys (Family Emydidae) is found in the Mississippi drainage 

and other rivers that drain into the Gulf of Mexico.  Two lineages, G. geographica and G. 

pseudogeographica/pulchra, emerged approximately 6-8 MYA when sea levels began to 

drop (Lamb et al., 1994).  Drainages became reduced in size, and created river endemism 

in some species such as G. caglie, G. ouachitensis sabinensis, G. versa, G. oculifera, and 
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G. flavimaculata beginning in the late Pliocene (Lamb et al., 1994).  Two subspecies are 

currently recognized in Graptemys ouachitensis.  One subspecies, G. o. sabinensis, is 

found only in the Sabine River in Louisiana and Texas (Ernst et al., 1994). The other 

subspecies, G. o. ouachitensis, is wide-ranging in the Mississippi River drainage 

(Richmond, 1953; Conant et al., 1964).  Apparently isolated populations of G. o. 

ouachitensis also occur in the Scioto River, Ohio and the Kanawaha River, West 

Virginia.  It is a highly aquatic, large river turtle that is rarely seen on land unless they are 

basking or nesting (Vogt, 1980). 

Using mitochondrial DNA control region sequences, I constructed a phylogeny 

among populations of G. ouachitensis.  I analyzed the relative roles of vicariance and 

dispersal in shaping the historical and contemporary distribution of the species.  Low 

levels of genetic differentiation suggest that a dispersal event occurred in the population, 

while higher levels of variation suggests a vicariant event caused the populations to be 

geographically isolated.  In addition, I examined the genetic structure of G. o. 

ouachitensis in the disjunct population of the Scioto River, Ohio.  If this population is 

genetically differentiated from the Mississippi population, conservation efforts may need 

to be established to conserve genetic diversity.  Lastly, I examined the genetic 

differentiation between the subspecies of G. ouachitensis. 
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MATERIALS AND METHODS 
 

Specimen collection, DNA extraction, and amplification 

I obtained samples of G. ouachitensis from throughout the range (Table 1).  I 

captured individuals from the Scioto River between September 2006 and November of 

2007 using basking traps, fyke nets, baited hoop traps, basket traps, and by hand.  Tail 

snips were taken (1-2cm) and fixed in 95% ethanol.  Fresh and preserved tissue samples 

from other parts of the range and from the closely related False Map turtle, G. 

pseudogeographica, were obtained from other researchers and institutions (Appendix A). 

 I extracted whole genomic DNA from fresh tissue using the DNeasy tissue 

isolation kit (Qiagen, Inc., Valencia, CA) following the manufacturer’s 

recommendations.  A fragment of the control region was amplified using the polymerase 

chain reaction (PCR).  I performed PCR reactions in an MJ Research thermal cycler.  

Twenty μl reactions contained 2.0μl of DNA, 1X ThermoPol Buffer, 0.2 mM each dNTP, 

0.5mM each primer, and 1.0 U Taq polymerase.  PCR conditions were as follows: 35 

cycles of 94o C for 1 min, 50oC for 1 min and 72oC for 2 min.  The light-strand primer 

DES-1 (5’-GCA TTC ATC TAT TTT CCG TTA GCA-3’) and the heavy-strand primer 

DES-2 (5’-GGA TTT AGG GGT TTG ACG AGA AT-3’) from the mitochondrial 

control region were used in all reactions (Starkey et al., 2003).  I verified the presence of 

amplified product with 0.8% agarose gels.  I purified amplified products using the QIA 

Quick PCR Purification Kit (Qiagen) following the manufacturer’s instructions.  

Approximately 20ng of amplified product was sequenced with an Applied Biosystems 

3130 XL Genetic Analyzer. 
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 For older museum samples (many of which were preserved in formaldehyde), the 

tissue digestion time was increased to 4 days to increase product.  I also increased the 

volume of the PCR reaction to 30μl with 12μl of DNA.  The same primers and thermal 

cycler program were used for the museum samples. 
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Table 1. 

Sample locations, sample sizes, and haplotypes for Graptemys ouachitensis and G. 
pseudogeographica 
 
Population County, State N Haplotype 
 
White River Prairie, AR 2 A1 
 
Arkansas River Logan, AR 4 A1, A3, A5 
 
Round Pond Gallatin, IL 4 A1, B1 
 
Illinois River Tazewell, IL 1 A1 
 
Mississippi River Pike, IL 1 A1 
 
Piasa Creek Jersey, IL 10 A1, A2, A7, A8, A9 
 
Swan Lake Calhoun, IL 2 A1, B5 
 
Little Caney River Montgomery, KS 2 A1, B4 
 
Neosho River Neosho, KS 2 A6, B2 
 
Cumberland River Livingston, KY 1 B1 
 
Red River Red River, LA 3 A1, B2 
 
Mississippi River Wabash, MN 4 A1 
 
Ellis Bay St. Charles, MO 2 A6, A8 
 
Two Branch Island St. Charles, MO 1 C2 
 
Mississippi River Lincoln, MO 1 C1 
 
Scioto River Ross, OH 20 A1, A4, A8, B1, B3 
 
Mississippi River Vernon, WS 2 A1 
 
Little Kanawaha River Wirt, WV 1 B1 
 
Calcasieu River Allen, LA 1 G .o. sabinensis 
 
Piasa Creek Jersey, IL 5 G. pseudo. 1, 2, 3, 7 
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Table 1: continued 
 
Swan Lake Calhoun, IL 1 G. pseudo. 2 
 
Wilson Reservoir Russell, KS 1 G. pseudo. 2 
 
Mississippi River Wabash, MN 2 G. pseudo. 3, 5 
 
Lake Wabaunsee Wabaunsee, KS 1 G. pseudo. 4 
 
Round Pond Gallatin, IL 1 G. pseudo. 6 

 
 
 

Genetic Analysis 

 The sequences were read using FinchTV (Geospiza Inc.) and aligned in ClustalX 

v1.81 (Jeanmougin et al., 1998).  A minimum spanning network was manually 

constructed based on the number of nucleotide substitutions between haplotypes.  An 

evolutionary relationship was hypothesized using a neighbor-joining (NJ) analysis 

(Saitou and Nei, 1987) and maximum-parsimony (MP) analysis using MEGA 4.0 

(Tamura et al., 2007).  Distance trees were based on the Kimura 2-parameter model.  The 

MP analysis used the close-neighbor-interchange (CNI) algorithm based on 100 initial 

random-addition trees. Statistical support for nodes and branches were obtained by 

bootstrapping (Felsenstein, 1985) with 1000 pseudoreplicates. Samples of G. 

pseudogeographica were used as the outgroup (Lamb et al., 1994). 

 

RESULTS 

 

A 620-bp partial sequence of the mitochondrial control region was obtained from 

64 samples.  This corresponds to positions 15941-16560 of the Chrysemys picta genome 
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(Genbank no. AF069423).  Within G. o. ouachitensis, there were 17 polymorphic sites of 

which five were parsimony informative.  Sixteen were identified from 14 localities; one 

to five haplotypes were identified per locality. 

 Three haplotype groups (A, B, and C) within G. o. ouachitensis were identified 

from the NJ tree and MP analysis (Figures 2 and 3).  Within each haplotype group, there 

was little sequence divergence (Table 2a) differing by one to three mutational steps.  

Between haplotype groups, the greatest mean divergence occurred between haplotype 

groups A and B with three to eight mutational steps (0.85%, Table 2a).  Haplotype group 

C is similarly diverged from both group A and group B with 0.58% and 0.43% sequence 

divergence, respectively.  Sequence divergence of 0.87% between G. o. ouachitensis and 

G. o. sabinensis is similar to that observed between haplotype groups A and B (Table 2b).  

Relationships among haplotype groups of G. o. ouachitensis and between G. o. 

ouachitensis, G. o. sabinensis, and G. pseudogeographica were poorly resolved based on 

low bootstrap values (Figure 2).  Sequence divergence levels are highest between G. 

ouachitensis and G. pseudogeographica at 1.14%. Although there is little differentiation 

between G. ouachitensis and G. pseudogeographica, a maximum-parsimony analysis 

revealed that the haplotypes of G. ouachitensis formed a modestly supported 

monophyletic group to G. pseudogeographica (Figure 3).   

 Haplotype group A occupies most of the range of G. ouachitensis (Figure 4).  

Haplotype group B has a somewhat narrower distribution and was not detected in the 

Arkansas populations.  These two haplotype groups overlap throughout most of their 

ranges.  Haplotype group C has a localized distribution, inhabiting two river drainages in 
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Missouri (Two Branch Island and Mississippi River).  The distribution of group C 

overlaps both groups A and B.  Both haplotype groups A and B occupy the disjunct 

population in the Scioto River, Ohio.  Of the twenty samples taken from this site, five 

haplotypes were identified.  The genetic differentiation that occurs in G. o. ouachitensis 

in the Scioto River, Ohio population is similar to the differentiation that occurs through 

the rest of the species’ range. 

 

Table 2a.  

Sequence divergence means within and between haplotype groups of Graptemys 
ouachitensis 
 
 G. o. ouachitensis A G. o. ouachitensis B G. o. ouachitensis C 
 
G. o. ouachitensis A 0.084% -- -- 
 
G. o. ouachitensis B 0.85% 0.12% -- 
 
G. o. ouachitensis C 0.58% 0.43% 0.162% 

 
 
 
Table 2b. 

 Sequence divergence means within and between subspecies of Graptemys ouachitensis 
and G. pseudogeographica 

 
 G. o. ouachitensis G. o. sabinensis G. pseudogeographica 

 
G. o. ouachitensis 0.040% -- -- 
 
G. o. sabinensis 

 
0.87% 

 
-- 

 
-- 

 
G. pseudogeographica 1.14% 0.935% 0.410% 
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Figure 1. Minimum spanning network for the sixteen haplotypes of G. o. ouachitensis. 
Sizes of the circles represent the number of individuals that belong to each haplotype. 
Hatch marks along the connections indicate the number of steps between haplotypes.  
Unlabeled connections indicate a single step. 
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Figure 2. Neighbor-joining tree for G. o. ouachitensis, G. o. sabinensis, and G. 
pseudogeographica based on the Kimura 2-parameter distance. Numbers next to nodes 
represent bootstrap support.  Groupings to the right are proposed haplotype groups for G. 
o. ouachitensis. 
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Figure 3.  50% majority rule consensus tree from the Maximum Parsimony analysis.  
Numbers next to the nodes indicated bootstrap support values. 
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Figure 4. Map of the sample localities and ranges of the haplotype of G. o. ouachitensis. 
Locality information can be found in Table 1.  

 

 
DISCUSSION 

 
My study suggests that both vicariance and dispersal have contributed to the 

phylogeographic patterns of G. o. ouachitensis.  These mechanisms by which these 

historical processes helped to shape the species’ phylogeographic patterns are congruent 

with studies done on the hogsucker (Hypentelium nigricans, Berendzen et al., 2003) and 

the gilt darter (Percina evides, Near et al., 2001).  When the levels of genetic divergence 

were analyzed, my data suggests that a late Pliocene or early Pleistocene vicariance event 

split the populations, followed by a post-Pleistocene dispersal event that accompanied the 
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retreat of the glaciers. The NJ tree identifies three possible haplotype groups that may 

have been geographically isolated during the late Pliocene or early Pleistocene.  The 

amount of genetic differentiation between the three haplotype groups suggests that one or 

more of the glacial advances forced the species to retreat south into isolated refugium 

populations.  Alternatively, the vicariant event may have occurred during the late 

Pliocene, as seen in other studies on small stream fishes (Near et al., 2001; Berendzen et 

al., 2003).  Because of the overlapping haplotype group distributions, the refugium 

populations could not be identified. 

 Within each haplotype group, there was little variation.  The star phylogeny 

shown in the minimum spanning network illustrates the limited divergence within 

haplotype group. This pattern is indicative of a likely post-Pleistocene dispersal event.  

Southern refugia populations dispersed northward after the retreat of the glaciers, 

resulting in large, continuous populations that have high levels of gene flow and low 

levels of genetic variation.  Both haplotype groups A and B have distributions in 

previously glaciated regions (Figure 4).  Haplotype group A was present in most 

sampling areas, and occupies the majority of the species range. Haplotype group B also 

has a widespread distribution, and overlaps with most of haplotype group A.  Although 

the distribution map shows haplotype group B with disjunct populations, I believe that 

this distribution is continuous.  Only six samples were obtained from Arkansas, of which 

haplotype B was not found.  Because of low sample sizes in some localities, further 

sampling in northern and southern populations may indicate that haplotype group B is as 

widespread as haplotype group A.  Haplotype group C has a more localized range.  It is 
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uncertain whether haplotype group C is distinct, or whether there are missing 

intermediate haplotypes.  Of the 64 samples of G. ouachitensis, only two belonged to 

haplotype group C.  If this group is a distinct haplotype group, it may have become 

differentiated in a third refugium during the late Pliocene or early Pleistocene along with 

haplotype groups A and B.  Alternatively, this haplotype group could have diverged later 

than haplotype groups A and B because there is less genetic differentiation (Table 2a).  

Refugium populations inhabited by haplotype groups A and B may have formed during 

the late Pliocene or the beginning of the glaciations in the early Pleistocene, while 

haplotype group C may have become isolated during one of the later glacial 

advancements in the mid-Pleistocene. 

 The disjunct population in the Scioto River, Ohio contained five haplotypes from 

groups A and B.  These data suggest that a post-Pleistocene dispersal event allowed G. o. 

ouachitensis to colonize this area.  Although less frequently, this species was spotted 

along the southern region of the Scioto River (pers. observ.), as well as areas of the Ohio 

River, as far east as Pittsburgh, Pennsylvania (J. Thomas, personal communication).   It 

remains possible that the distribution is continuous in the Ohio and Scioto Rivers. 

 I observed low levels of genetic variation within the mitochondrial control region 

of G. ouachitensis.  Other studies of freshwater turtles observed similar low levels of 

intraspecific variation (Avise et al., 1992; Starkey et al., 2003; Rosenbaum et al., 2007; 

Amato et al., 2007).  For the genus Graptemys, Lamb et al. (1994) suggested a rate of 

0.36%-0.46% sequence divergence per million years for the cytochrome b gene.  The 

differentiation observed between species of Graptemys approaches levels of intraspecific 
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variation seen in many vertebrate species, and therefore is one of the lowest levels of 

genetic divergence among vertebrates (Lamb et al., 1994).   

The low levels of genetic variation seen in G. ouachitensis and other turtle species 

can be contributed to some evolutionary and ecological factors.  Life-history 

characteristics such as small clutch size, longevity, and delayed maturity may contribute 

to slow rates of evolution and low levels of genetic variation (Avise et al., 1992; 

Rosenbaum et al., 2007).  Species with similar life-history characteristics such as the 

hellbender (Cryptobranchus alleganiensis, Routman, 1993) and the bog turtle (Glyptemys 

muhlenbergii, Rosenbaum et al., 2007) also demonstrated low genetic variation.  

Additionally, dispersal mechanisms may be a factor in the amount of genetic variation 

that occurs between populations.  Species with high dispersal capabilities and available 

habitats may have reduced genetic variation due to increased levels of gene flow 

(Berendzen et al., 2003).  Furthermore, bottleneck effects during the Pleistocene could 

have reduced the genetic differentiation within a species (Amato et al., 2007).   Because 

of climate changes, some species formed small southern refugium populations during the 

glaciations that were geographically isolated (Near et al., 2001, Berendzen et al., 2003).  

Although these populations began to differentiate from each other, the bottleneck effects 

may have caused a reduction in genetic variation within each population (Near et al., 

2001; Berman et al., 2005).   

By observing the first section of the mitochondrial control region and the 

cytochrome b sequences, Lamb et al. (1994) hypothesized that G. o. sabinensis diverged 

at the end of the Pliocene during the reduction of the Coastal Plain Rivers.  My data, 
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based on the second section of the mitochondrial control region, suggests a divergence 

time for G. o. sabinensis of 2.0 - 2.6 MYA, consistent with the prediction at the end of 

the Pliocene (Lamb et al., 1994).  The two subspecies of G. ouachitensis (formerly G. 

pseudogeographica ouachitensis and G. p. sabinensis) were first characterized because of 

morphological and geographic differences (Cagle, 1953).  Research has shown that G. o. 

sabinensis appears to have environmental conditions (such as stream width, algal growth, 

and basking site area) that limit their upstream distribution, so it is likely that the two 

subspecies do not have overlapping ranges (Shively and Jackson, 1985).  Because of the 

species geographic separation, morphological differences, and the amount of genetic 

variation that occurred between G. o. ouachitensis and G. o. sabinensis, it is suggested 

that these groups remain subspecies.  Genetic differentiation between haplotype groups A 

and B within G. o. ouachitensis were similar to that of the differentiation between the 

subspecies G. o. ouachitensis and G. o. sabinensis (Table 2b).  This suggests that the 

divergence between the subspecies of G. ouachitensis is no greater that that observed 

within G. o. ouachitensis and therefore, their isolation may have occurred at 

approximately the same time.  However, unlike the subspecies, these haplotype groups 

are morphologically similar and have overlapping ranges.  

 The sister taxa, G. pseudogeographica, was moderately differentiated from G. 

ouachitensis (Table 2b).  Previous research suggests that speciation within the 

pseudogeographica clade occurred 2.5 – 3.5 MYA, during the marine transgressions at 

the end of the Pliocene (Lamb et al., 1994).  My data are congruent with this research, in 

that they suggest a divergence time between G. pseudogeographica and G. ouachitensis 
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of approximately 2.5 – 3.2 MYA.  Graptemys ouachitensis did form a moderately 

supported monophyletic group in a maximum-parsimony analysis (Figure 3) to G. 

pseudogeographica, which is considered a sister taxa to G. ouachitensis (Lamb et al., 

1994).   Although G. ouachitensis and G. pseudogeographica are somewhat genetically 

differentiated, these species are morphologically very similar.  Previously recognized 

characters that define these species (e.g., orbital characteristics and eye color) have 

sometimes been found to coincide in G. ouachitensis and G. pseudogeographica (J. 

Tucker, personal communication). 

 Studies of semi-aquatic turtle species demonstrated similar low levels of genetic 

variation, but different phylogeographic patterns than that of G. ouachitensis.  Although 

these species are all in the emydid family, their habitat requirements and dispersal 

mechanisms are different from the riverine Graptemys genus. The painted turtle 

(Chrysemys picta) had little intraspecific variation between the four subspecies.  Two of 

the subspecies dispersed northward into the New England and the upper Midwest after 

the retreat of the glaciers.  The widespread western subspecies, Chrysemys picta bellii, 

was hypothesized to have endured a recent exitinction/recolonization event.  Although 

vicariance and dispersal have contributed to the phylogeographic patterns seen in C. 

picta, the subspecies had limited amounts of overlap in their ranges (Starkey et al., 2003).  

Similar to G. ouachitensis, the wood turtle (Glyptemys insculpta) had extremely low 

levels of genetic variation.   However, there was a geographic separation of clades 

between the proposed southern refugia and more northerly populations (Amato et al., 

2007).  Also, there was very low genetic variability within the threatened bog turtle 
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(Glyptemys muhlenbergii), and haplotypes were extremely localized (Rosenbaum et al., 

2007).  The lack of habitat availability has limited the dispersal capabilities of G. 

muhlenbergii, therefore fragmenting the species range. 

 River fishes with slow evolutionary rates, similar habitat requirements, and 

similar dispersal mechanisms as G. ouachitensis exhibited comparable phylogeographic 

patterns. Unlike the studies done on semi-aquatic turtles, the genetically separated clades 

overlapped throughout the species range.  Both the paddlefish (Polyodon spathula) 

(Carlson et al., 1982) and the White Sturgeon (Acipenser transmontanus, Brown et al., 

1993) had low levels of genetic variation and their clades that were separated by a 

vicariance events.  Similar to G. ouachitensis, the different haplotypes that were 

identified were found to coexist at most sample sites.  This suggests that the mechanisms 

for dispersal may be more assertive in riverine organisms. 

 My study adds to the growing list of species whose phylogeography has been 

affected by the Pleistocene glaciations (Strange and Burr, 1997; Near et al., 2001; 

Berendzen et al., 2003; Starkey et al., 2003; Rosenbaum et al., 2007; Amato et al., 2008).  

Historical process such as vicariance and dispersal have played a part in most of these 

studies, however, phylogeographic concordance seems to vary between organisms.  

Different life-history characteristics, dispersal mechanisms, habitat availability, and a 

species’ range are some of the factors that may contribute to phylogeographic 

discordance in some species.  Because G. pseudogeographica and G. geographica have 

comparable evolutionary rates and ecological requirements to that of G. ouachitensis, it is 

possible that their phylogeographic patterns may also be similar.    
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Appendix A: Locality, haplotype, voucher number, and institution of each sample. 
 
State County Drainage Haplotype Voucher # Institution 

Graptemys ouachitensis ouachitensis 
AR Logan Arkansas River A1 48783B1663 NMRMA 
   A1 486B6B1F6E NMRMA 
   A3 472012683E NMRMA 
   A5 4878191259 NMRMA 
 Prairie White River A1 61733 CMNH 
   A1 61734 CMNH 
IL Calhoun Swan Lake A1 20657 INHS 
   B5 50655 INHS 
IL Gallatin Round Pond A1 155 INHS 
   A1 478 INHS 
   B1 326 INHS 
   B1 327 INHS 
 Jersey Piasa Creek A1 20635 INHS 
   A1 20638 INHS 
   A1 20641 INHS 
   A1 20647 INHS 
   A1 20650 INHS 
   A1 20651 INHS 
   A2 20656 INHS 
   A7 20663 INHS 
   A8 20642 INHS 
   A9 20649 INHS 
 Pike Mississippi River A1 2602 INHS 
 Tazewell Illinois River A1 2601 INHS 
KS Montgomery Little Caney River A1 8768 Sternberg 
   B4 8769 Sternberg 
 Neosho Neosho River A6 9337 Sternberg 
   B2 9336 Sternberg 
KY Livingston Cumberland River B1 12324 Sternberg 
LA Red River Red River A1 34-1  
   A1 P7  
   B2 P8  
MN Wabash Mississippi River A1 83 UC Davis 
   A1 87 UC Davis 
   A1 88 UC Davis 
   A1 89 UC Davis 
MO St. Charles Ellis Bay A6 20645  
   A8 20640  
  Two Branch Island C2 101  
 Lincoln Mississippi River C1 100  
OH Ross  Scioto River A1 0403 OU 
   A1 0424 OU 
   A1 0425 OU 
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Appendix A: continued 
   A1 0727 OU 
   A1 0728 OU 
   A1 0729 OU 
   A1 0736 OU 
   A1 0738 OU 
   A4 0730 OU 
   A8 0721 OU 
   B1 0601 OU 
   B1 0724 OU 
   B1 0731 OU 
   B1 0732 OU 
   B1 0733 OU 
   B1 0735 OU 
   B3 0404 OU 
   B3 0734 OU 
WS Vernon Mississippi River A1 95127 CMNH 
   A1 107763 CMNH 
WV Wirt Little Kanawaha River B1 27 CMNH 

 
Graptemys ouachitensis sabinensis 

LA Allen Calcasieu River  72 UC Davis 
 

Graptemys pseudogeographica 
IL Calhoun Swan Lake P7 20653 INHS 
 Gallatin Round Pond P5 526 INHS 
 Jersey Piasa Creek P1 20664 INHS 
   P2 20665 INHS 
   P6 20637 INHS 
   P6 20648 INHS 
   P7 20643 INHS 
KS Russell Wilson Reservoir P7 7995 Sternberg 
 Wabaunsee Lake Wabaunsee P3 7751 Sternberg 
MN Wabash Mississippi River P2 85 UC Davis 
   P4 84 UC Davis 
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