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Abstract
The partial shell of a Wood Turtle (Glyptemys insculpta) was collected from the West Branch of the East Nishnabotna River 
in southwestern Iowa, near Malvern. By direct accelerator mass spectrometry, it radiocarbon dates to the late Pleistocene 
(10 220 ± 30 years before present [BP], 11 975–11 813 calibrated years [cal] BP). Other subfossil evidence indicates that 
Wood Turtles moved far south of their current range, into the southeastern United States, in response to late Pleistocene 
glaciation. The specimen suggests that the species also moved south and west, into a previously undocumented western 
range, where favourable habitat and, in particular, somewhat cooler summer temperatures prevailed until ~10 200 cal BP. My 
assessment of the Holocene subfossil record suggests that establishment of the western portion of the current range may have 
occurred within the past 1000 years. Phylogenetic analysis and direct radiometric dating of subfossil specimens are needed 
to determine additional details about the late Pleistocene dispersal of Wood Turtle and the postglacial formation of their cur-
rent range.
Key words: Range formation; paleozoology; reptile; paleoclimate; herpetofauna

Résumé
La carapace partielle d’une Tortue des bois (Glyptemys insculpta) a été collectée du bras ouest de la Rivière Est Nishnabotna 
(East Nishnabotna River) au sud-ouest de l’Iowa, près de Malvern. Sa datation radiocarbone par spectrométrie de masse par 
accélérateur remonte au Pléistocène tardif (10 220 ± 30 avant le présent [AP], 11 975–11 813 calibré [cal] AP). Une autre évi-
dence subfossile montre que les Tortues des bois se sont déplacées loin au sud de leur aire de répartition actuelle, au sud-est 
des Etats-Unis, suite à la période glaciaire du Pléistocène tardif. Le spécimen montre que les espèces se sont aussi déplacées 
au sud et à l’ouest, dans une aire de répartition occidentale non documentée auparavant, où un habitat favorable et, en par-
ticulier, des températures estivales un peu plus fraîches prédominaient jusqu’à ~10 200 cal AP. Mon évaluation du registre 
subfossile de l’Holocène suggère que l’établissement de la partie ouest de l’aire de répartition actuelle s’est peut-être produit 
au cours des 1000 dernières années. L’analyse phylogénétique et la datation radiométrique directe des spécimens subfossiles 
sont nécessaires pour déterminer des détails supplémentaires sur la dispersion de la Tortue des bois pendant le Pléistocène 
tardif et la formation postglaciaire de leur aire de répartition actuelle.
Mots-clés : habitat, paléozoologie, reptile, paléoclimat, herpétofaune

Quaternary temporal and geographic distribu-
tions of extant and extinct fauna are routinely used to 
reconstruct environment and community architecture 
as well as to profile how biota differentially respond to 
climate change (Holman 1992; Bell et al. 2010; Wil-
liams et al. 2018). The recovery of the partial shell of 
a Wood Turtle (Glyptemys insculpta; formerly Clem-
mys insculpta) from southwest Iowa in 2019 (Figure 
1), directly radiocarbon dated to ~12 000 calibrated 

years (cal) before present (BP), provides the oppor-
tunity to examine response of the taxon to climate 
change, the character of the regional late Pleistocene 
environment, and the establishment of the species’ 
current range.

Wood Turtle is a medium-sized, semi-terrestrial 
turtle that currently ranges across the northern Great 
Lakes, northeastern United States, and southeastern 
Canada (Ernst and Lovich 2009; Jones et al. 2021; 
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Figure 1). A small, disjunct, and genetically isolated 
population occurs in the Cedar River basin in north-
eastern Iowa and crosses the state border into south-
eastern Minnesota (Spradling et al. 2010; Lapin et 
al. 2019). In general, Wood Turtle is found north of 
the 29°C (85°F) isotherm for normal daily maximum 
July temperature (Parmalee and Klippel 1981). It is a 
habitat generalist that occurs in hard-bottomed (e.g., 
sand, gravel, or cobble substrates) rivers and streams 

adjacent to forested riparian areas that contain forag-
ing and nesting habitat (Lapin et al. 2019). Wood Tur-
tles hibernate in fast-flowing water with high levels 
of dissolved oxygen, and lotic water sources are cen-
tral to individual home ranges (Otten 2017). Although 
some individuals become more terrestrial during sum-
mer, in Iowa, they are usually not found farther than 
300 m from lotic habitat (Tamplin 2016, 2019). Wood 
Turtles are opportunistic omnivores; earthworms, 

Figure 1. Current range of Wood Turtle (Glyptemys insculpta) in the contiguous United States and Canada (Ernst and Lovich 
2009: 251; USGS 2018), including the location of extra-limital records, relative to the position of the ice margin during the 
last glacial maximum (22 100 calibrated years before present [cal BP]) and at 12 100 cal BP (Dalton et al. 2020), when the 
taxon was present in southwest Iowa. Also included are the proposed recolonization routes from the late Pleistocene southern 
range from Jones et al. (2021) as originally proposed by Amato et al. (2008).
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snails, slugs, and plant material are primary foods 
(Ernst and Lovich 2009).

Previously found late Pleistocene remains from 
Black Prairie, Mississippi (Phillips 2006), Ladds 
Quarry, Georgia (Holman 1967, 1985), and Cheek 
Bend Cave, Tennessee (Parmalee and Klippel 1981; 
Klippel and Parmalee 1982; Figure 1) indicate that 
the taxon survived late Wisconsinian glaciation by 
dispersing southward ~1000 km south of the pres-
ent range. Concomitant with retreat of the Lauren-
tide ice sheet, genetic profiles of modern specimens 
show that the turtle rapidly recolonized the area that 
ultimately resulted in its current range by taking two 
routes northward (Amato et al. 2008). One popula-
tion dispersed from Alabama–Georgia, moving north-
ward along the eastern seaboard into New Brunswick 
and Nova Scotia (Figure 1), with a tentacle then mov-
ing west across the Great Lakes region, possibly as 
far west as northern Wisconsin. The Ladds Quarry 
material appears to support this interpretation of 
the genetic evidence. Another population originated 
somewhat south and west of the Appalachian Moun-
tains and recolonized Wisconsin, Minnesota, and 
lower Michigan (Figure 1). The remains from Cheek 
Bend Cave and Black Prairie support this route.

The subfossil turtle shell described here (Fig-
ure 2) was collected in July 2019 from a sand-and-
gravel bar on the west branch of the East Nishnabotna 
River, near the city of Malvern, Mills County, Iowa 
(41.005403°N, 95.529881°W). It is now curated in 
the Paleontological Repository, Department of Earth 
and Environmental Sciences, University of Iowa (cat 
no. SUI – 148451). The specimen consists of about 
50% of the anterior carapace and plastron (fused), 
including all of the left plastral bones. The left half 
of the plastron, which is complete, is 20 cm in max-
imum length. Except for subtle geological rounding 
of recent fracture edges, natural margins, and topo-
graphic highs, the physical condition of the speci-
men is excellent. The carapace is keeled and heav-
ily sculpted, while the plastron is deeply concave and 
smooth. These features indicate it was an adult male 
Wood Turtle ≥25 years old when it died (Ernst and 
Lovich 2009; J.W. Tamplin pers. comm. 19 February 
2020). A sample of plastron submitted for radiocar-
bon dating produced a median age of 11 889 cal BP 
(Table 1) and indicates the specimen is very late Pleis-
tocene in age, hovering over the Pleistocene–Holo-
cene boundary (Rasmussen et al. 2014).

The shell is somewhat similar to that of several 
turtles that share a modern range with Wood Turtles: 
Blanding’s Turtle (Emydoidea blandingii), Common 
Map Turtle (Graptemys geographica), and False Map 
Turtle (Graptemys pseudogeographica). Although 
distinguishing these taxa can be difficult when only 

isolated pieces are available (Holman and Clouthier 
1995), the identity of the Malvern shell is unquestion-
able and based on hands-on comparison with mod-
ern turtle material in my personal collection, pub-
lished descriptions of Wood Turtle shell morphology, 
and feedback from specialists who examined digital 
images of the specimen (see Acknowledgements).

The Malvern record extends the late Pleisto-
cene range of Wood Turtle several hundred kilome-
tres south and west of the modern range (Figure 1) 
and suggests that somewhat cooler summer tempera-
tures prevailed in southwest Iowa and adjacent areas 
of northwest Missouri, northeast Kansas, and east-
ern Nebraska until at least ~12 000 cal BP. Unfortu-
nately, there are no vegetation or pollen studies from 
this area from that period to corroborate my assump-
tion. Marshes, bogs and oxbow lakes, and wet mead-
ows flanking rivers and streams, common landscape 
features today, were also abundant at the end of the 
Pleistocene. By 10 200 cal BP, summers were proba-
bly too warm and the environment too dry (Baker et 
al. 2000) to support Wood Turtles.

The specimen also suggests the existence of a 
previously undocumented, late Pleistocene western 
range for Wood Turtle. Although the extent of this 
range is unknown, it probably stretched into adjacent 
states. The potential for other subfossil specimens 
from these areas is high. Alternatively, the specimen 
may provide support for two rapid reinfiltration routes 
from the southern range. One population of turtles 
moved along the eastern seaboard, while another—
involving the Malvern turtle—moved through the 
interior highlands, interior plateau, and central low-
lands into the southern and western Great Lakes 
states. Assuming favourable preservation of ancient 
DNA, phylogenetic analysis of the Malvern speci-
men—ideally in conjunction with analyses of speci-
mens from the southeast—could address these possi-
bilities as well as determine additional details about 
the taxon’s late Wisconsinan dispersal and the forma-
tion of its current range.

The current range of Wood Turtle covers the 
Upper Peninsula of Michigan, northern lower Michi-
gan, most of Wisconsin, and parts of southeast Minne-
sota and northeast Iowa. Holocene subfossils in these 
areas—loosely, the western range—are absent or rare. 
To date, there are no Holocene records west of the 
Mississippi River (border between Illinois and Iowa) 
and only one from Michigan and three from Wiscon-
sin, all from archaeological contexts (Figure 1). (I 
exclude a late Holocene record in western Wisconsin 
[Penman and Yerkes 1992] cited in the Neotoma data-
base [Williams et al. 2018], because the three speci-
mens were assigned to a different taxon in the final 
faunal report [Styles and White 1994].) The Juntunen, 
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Figure 2. Subfossil Wood Turtle (Glyptemys insculpta) shell from near Malvern, Mills County, Iowa (cat no. SUI – 148451). 
Photo: Matthew G. Hill.

Michigan, record is very late Holocene (about ≤1000 
cal BP; Cleland 1966); the skeletal basis of identifi-
cation is not specified (Adler 1968). Two of the Wis-
consin records are also late Holocene. The first is a 
nuchal (the most anterior carapace element), from 
the Middle Woodland component (1810 ± 80 years 

BP, 1890–1535 cal BP) at Viola rock shelter (Theler 
1989; Steventon and Kutzbach 1990; J.L. Theler pers. 
comm. 21 August 2020). It is possible that this record 
is much older or much younger than the indirect date 
derived from dating the associated charcoal; rock 
shelter deposits are notoriously complex and direct 
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dating is required to resolve this issue.
The second record consists of two carapace ele-

ments (a peripheral no. 7 and a proneural) from the 
late Middle Woodland–Late Woodland component at 
Lawrence I rock shelter (Berwick 1975). The taxo-
nomic identification of these specimens requires ver-
ification because, as noted above, isolated carapace 
pieces from several taxa that co-occur in the region 
can be difficult to distinguish. Unfortunately, they 
could not be relocated in the collections at the Wis-
consin Historical Society (WHS).

The third record is a complete nuchal from Rad-
datz rock shelter (Adler 1968), which I verified using 
digital images provided by WHS personnel. Parmalee 
(1959: Table 2) and Cleland (1966: Table 7) do not list 
the specimen in their enumerations of the site fauna; 
it is possibly tallied in the sample of indistinguishable 
Painted Turtle (Chrysemys picta), Blanding’s Turtle, 
and/or map turtle (Graptemys spp.) remains. How-
ever, in part, because of the long, complicated his-
tory of custody and use of the collection (Speth et al. 
2017), exact provenance has been lost, which muddles 
where the specimen falls in time. Summary data pro-
vided by Cleland (1966: Table 7), combined with his 
(opaque) discussion of the stratigraphy (1966: 104–
105), indicates it was recovered from deposits dating 
to either the early-late Holocene (level 3, ~3500 cal 
BP) or the middle Holocene (level 11, ~7500–5000 cal 
BP). Regionally, these were the two warmest and dri-
est intervals of time since deglaciation (Maher 1982; 
Winkler et al. 1986; Keen and Shane 1990), con-
ditions that stand in contrast to current Wood Tur-
tle range, which is well to the north, suggesting that 
Wood Turtle prefer much cooler habitats. Direct accel-
erator mass spectrometry dating of the specimen will 
be required to resolve this seeming discrepancy.

If Wood Turtles were present in the western half 
of the current range during the Holocene, then it is 

unusual that their remains have not been recovered 
more often at archaeological sites, as is the case 
with other turtle taxa (Theler 2000: Table 5). Fau-
nal preservation at open human habitations and in 
rock shelters across the region is generally excellent, 
and many large faunal samples with high taxonomic 
diversity have been reported (Parmalee 1959, 1960, 
1963; Cleland 1966, 1970; Styles and White 1993, 
1994, 1995; Theler 1993, 2000; Kuehn 1998; Baker 
and Theler 2005; Kuehn and Clark 2012). The geo-
graphic locations of the known records and the lack 
of Wood Turtles at other archeological sites suggests 
that the formation of the western range occurred rel-
atively recently, perhaps within the past 1000 years. 
In this scenario, the western Wisconsin rock shelter 
records represent a now-extinct, Holocene popula-
tion that may be more closely related to those animals 
that recolonized the region from the south follow-
ing deglaciation, with the caveat that the Lawrence 
I record requires checking (assuming the material is 
relocated) and that the Raddatz rock shelter record 
requires direct dating. Direct dating of the Viola and 
Lawrence I records would also shed light on this sup-
position. Furthermore, the current western range may 
have been shaped by a very late Holocene population 
that spread across the northern Great Lakes and into 
Wisconsin, Minnesota, and possibly, Iowa.

In conclusion, Wood Turtles inhabited some areas 
of the southeast and eastern Central Plains at the end 
of the Pleistocene, presumably migrating to these 
locations from a more northern, ancestral range that 
had become inhospitable due to advancing Laurentide 
ice. A general, northward movement of these popula-
tions attended subsequent deglaciation and environ-
mental amelioration. Formation of the current range, 
particularly that which stretches across the northern 
Great Lakes region into northern and southwestern 
Wisconsin, may have occurred during the very late 
Holocene. The extant population in northeast Iowa, 
and possibly that which also inhabits southwest Wis-
consin, may be most closely related to the aforemen-
tioned Central Plains population.
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Laboratory no. 231586
Age 14C years BP ± 1 sigma 10 220 ± 30
Calibrated age, 14C years BP,
cal BP, 2 sigma range (median)*

11 975–11 813 (11 889)

Fraction modern 0.2802 ± 0.0010
δ13C‰ (PBD) −21.3
δ15N‰ (PBD) 6.8

* BP = before present, PBD = Pee Dee Belemnite. OxCal 4.4 
(Bronk Ramsey and Lee 2016) and IntCal20 (Reimer et al. 
2020) were used to calibrate the measured radiocarbon age.
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