
ABSTRACT 

 

PHILLIPS, GEORGE EDWARD. Paleofaunistics of nonmammalian vertebrates from the Late Pleistocene of the 

Mississippi-Alabama Black Prairie. (Supervised by Reese E. Barrick) 

 

The Mississippi-Alabama Black Prairie is a distinct geologic, physiographic, and phytogeographic 

district within the Gulf Coastal Plain Province of southeastern North America. Residing in the alluvial portions 

of local Quaternary regolith are rare and diffusely distributed vertebrate fossils collectively possessing a 

Rancholabrean (NALMA) character. Derived from stream-concentrated lags, this seemingly loose association 

of vertebrate fossils is defined herein as the Late Pleistocene Black Prairie fossil assemblage (BPA). Although 

some systematic and interpretive work has been published in the past, much remains to be done, specifically 

with regard to defining the assemblage in terms of a local paleofauna and thereby exploring its usefulness as a 

paleoenvironmental tool. In the light of new species discoveries, the current paper explores assemblage 

paleofaunistics using the nonmammalian component. 

The first part of this study provides a comprehensive and detailed morphometric and comparative 

description of the vertebrate remains in order to identify as many individual fossil specimens as possible from 

the very fragmentary BPA. In a stream-concentrated assemblage, turtle shell elements and snake vertebrae, for 

example, can provide much paleoecological information, but if heavily eroded by abrasive lag components and 

reworking, their identification can be labor intensive with many pieces remaining unidentified. Many 

assemblage and paleofaunal systematic accounts in the published literature consist of weak and even baseless 

attributions or of simple faunal lists alone. Such brief descriptive systematic treatments provide little if any 

justification for the taxonomic assignment. Therefore, the first half of this paper attempts to identify and 

describe important characters useful in the identification of certain non-mammalian vertebrates, primarily the 

freshwater turtles, which were not adequately covered in earlier accounts of the BPA. 

The second part of this study is interpretive. It utilizes simple presence/absence (P/A) and relative 

abundance (RTA) of taxa in order to reconstruct hydrologic paleoenvironment in the Black Prairie and 

subdivide it into two fluvioriparian regimes. Before paleoenvironmental interpretation is attempted, however, 

the extent of taphonomic bias is explored. Although bias exists in the BPA with respect to relative species 

representation, taphonomic corrections and accommodations are made to legitimize fossil-modern and fossil-

fossil assemblage comparisons, which form the basis for paleoenvironmental interpretations. Representational 

bias in the fossil assemblages and modern comparative faunal samples is identified and discussed. P/A and RTA 

are then used in simple community similarity analyses that compares. 

The Black Prairie Late Pleistocene fossil assemblage is divided into two distinct subassemblages derived 

from two different fluvioriparian paleoenvironments—intermittent, or upland, streams and shallow perennial, or 

upper lowland, streams. This is most obviously determined from the remains of large fishes found at lower 

elevation sites and absent from higher elevation sites, which reinforces earlier findings of more aquatic 

mammals recovered from lower elevations. Modern habitat requirements of the fourteen chelonian taxa present 

 



in the Black Prairie assemblage, coupled with the comparisons to modern chelofaunas, have allowed further 

characterization of the different paleoenvironments suggested by the two subassemblages. There is considerable 

similarity in hydrologic requirements between the chelonian composition of fossil subassemblages and the 

modern streams from which each subassemblage is derived. Furthermore, the modern topographic position of 

each subassemblage is consistent with the paleoenvironment suggested by each. This in turn indicates little 

change in relative topography in the area since the Late Pleistocene, which is consistent with the region’s 

geomorphic evolution. 
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P/A Presence/absence. 
RAG Relative abundance (or distribution) of taxa among guilds. 
RTA Relative taxonomic abundance. 
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TBI Taxonomic bias index. Index of preservational bias for or against a given taxon. 
WAE Weighted abundance of elements. An MLE in which the observed number of  
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I .  S Y S T E M A T I C  P A L E O N T O L O G Y  

 

INTRODUCTION 

 

The Late Pleistocene vertebrate fossil assemblage associated with the Mississippi-Alabama Black Prairie 

Physiographic District—or simply Black Prairie—is not well known due to its very fragmentary nature and 

limited publicity in the more widely circulated Quaternary scientific literature. The mammalian component had 

not appeared in publication by the release of Kurtén & Anderson’s (1980) monograph on North American 

Pleistocene vertebrates of this class, thus these authors did not include the Late Pleistocene Black Prairie 

assemblage (BPA) in their comprehensive treatment of the subject. An unpublished dissertation (Kaye 1974) 

and several peripherally circulated U. S. Army Corps of Engineers documents (e.g. Curren et al. 1976, 

Copeland & Curren 1977) on the BPA were in existence by this time, although none of these is easily accessible 

to the Quaternary researcher. In spite of what was available in print by the release of the FAUNMAP (1994) 

volumes on Late Pleistocene mammal distribution, the BPA escaped the attention of these researchers, too. 

Furthermore, of the fifteen total published and unpublished primary papers on Late Pleistocene vertebrate 

fossils from the Mississippi-Alabama Black Prairie, less than half mention nonmammalian vertebrates at all, 

and only one—Kaye (1974)—provides an appreciable list of species belonging to this group. 

This two-part treatise of the nonmammalian vertebrates of the Black Prairie Pleistocene begins with a 

detailed comparative treatment of the fossil species recovered to date. This first part is produced in a traditional 

systematic fashion and is the result of exhaustive skeletal comparisons. The systematics portion is followed by 

an interpretive section that attempts to derive qualitative and relative quantitative environmental information 

based on presence/absence and relative taxonomic abundance within the BPA. Relative abundance within the 

chelonian component of the BPA is then compared to relative abundance in modern communities. Taphonomic 

and sampling assumptions are made in order to legitimize comparison of fossil assemblages and modern 

communities. As there has been both minimal turnover in nonmammalian osteological species since the Late 

Pleistocene and little, if any, detectable anagenetic change above the subspecies level in this group since this 

time, ecologic observations of modern piscine, herpetologic, and avian species are thus models for their Late 

Pleistocene conspecific, and occasionally congeneric, forbears. 

  

 

GENERAL SETTING 

 

The Black Prairie is a distinct geologic and geomorphic district lying along the landward margins of the 

eastern Gulf Coastal Plain (Fig. 1). In economic and agricultural circles, the Black Prairie is referred to as “the 

Black Belt” due to its characteristic belt shape and once highly fertile calcimorphic soils. This narrow strip of 

agriculturally important land was known as the “granary of the Confederacy” during the Civil War Era (Stauffer 

1961: 486). It forms a curved swath approximately 20 to 25 miles wide (Fenneman 1938), beginning just west 
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Central (Fig. 37a) 
Mississippi Black Prairie 
Southern (Fig. 37b) 

 Figure 1.  Physiographic map of the Eastern Gulf Coastal Plain, reproduced from Fenneman (1938). Depending on how it is defined, the Black 
Prairie (aka Black Belt, in blue) may or may not include the closely related physiographic/phytogeographic district to the south known as the 
Chunnenugee Hills (aka Ripley Cuesta), particularly the western portions (see Tower 1961). The Central and Southern portions of the Mississippi 
Black Prairie are the focus of the interpretive section of the current study. 
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of Savannah, Tennessee, and stretching 300 miles from the eastern half of the Tennessee-Mississippi border. It 

then passes through northeast Mississippi, entering Alabama in east-central Mississippi, extending eastward 

through central Alabama, and tapering to an endpoint short of the Georgia state line. Like the prairies of the 

West, Black Prairie soils have a thick, dark A-horizon, or rendzina, which develops under grassland. The pre-

Settlement vegetation of forest-prairie mosaic (e.g. Rankin 1974 and Wilson 1981) is somewhat structurally 

present today although greatly transformed by human development. The once productive topsoil is now much 

reduced, particularly in the uplands were the regolith has lost most of its organically derived component. 

Beneath this now agriculturally exhausted soil, soft carbonate bedrock of Upper Cretaceous age is veneered by 

fluvial and residual regolith of Pleistocene age in the uplands and thicker, Pleistocene and younger alluvium in 

the lowlands. Although most of the Eastern U.S. receives adequate summertime precipitation, the Black Prairie, 

at least in Mississippi and western Alabama, lies in a roughly coincident belt of relatively dry summers (e.g. 

Thornwaite 1948). The limey, alkaline bedrock and slightly atypical Eastern climate together produce the 

distinctive soils of the region. 

Geomorphologically, the region is characterized by seemingly flat to gently undulating terrain of 

relatively low relief, averaging a little more than 200 feet in elevation though ranging from less than this to 450 

and even 500 feet in places (Myers 1948). Stream valleys within the district are as much as 40 feet deep (Myers 

1948), and the center of the Black Prairie is approximately 100 feet deep with respect to the surrounding 

districts (Dixon & Nash 1968). Separating the Black Prairie district from the Appalachian complex is the Fall 

Line Hills; separating it from the rest of the Gulf Coastal Plain is the Pontotoc Ridge to the west, the Interior 

Flatwoods to the southwest, and the Chunnenuggee Hills to the south. Regional relief is due to stream incision 

upon a relatively recently raised surface (Cleland 1920), and resistant bedrock layers have produced subdued 

cuestas in places. The Black Prairie is fairly well drained for its topography with many secondary and tertiary 

streams reduced to no flow during the summertime and early fall and others retaining summer water in isolated 

pools. Artesian systems provide surface water during the early dry season, although there is a general rarity of 

swamps in the region (Cleland 1920). The Black Prairie belongs to the Mobile Drainage System—the western 

(Mississippi) section drained by the Tombigbee River (now the Tenn-Tom Waterway) and the eastern 

(Alabama) section by the Alabama River. 

The region lies within the Austroriparian Biotic Province, which is a topographic lowland home 

inhabited by non-hibernating mammals living in pine and southern hardwood forests (Dice 1943). This province 

is essentially coincident with and largely defined by the Coastal Plain Physiographic Province (Brouillet & 

Whetstone 1993). The modern Black Prairie is part of the botanically defined Southern Mixed Forest Province 

(Bailey et al. 1994) as its upland forests are dominated by a southern assemblage of oak (Quercus), pine 

(Pinus), and hickory (Carya) (e.g. SFES 1969), particularly post oak (Quercus stellata) (Küchler 1964). 

However, Southern Floodplain Forest of bald cypress (Taxodium) and tupelo gum (Nyssa) divide the mixed 

hardwood assemblage in the lowlands and insular prairies (Schyzachirium-Panicum) divide it in the uplands 

(e.g. Lowe 1921, SFES 1969, Küchler 1964, and Wilson 1981). As alluded to above, the Black Prairie was at 

one time a distinct phytogeographic district, and to some extent remains, but extensive and intensive human 
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activity—primarily agricultural—has altered the landscape from its natural state. Historically, the Black Prairie 

has contained few endemics with respect to flora and fauna, although its arrangement of plant formations—

particularly the insular prairies, canebrakes, and post oak woodlands—have stood out within the context of the 

surrounding pine-dominated forest. There has been some suggestion that certain plant and invertebrate species 

(and associations) may have originated in the Mississippi-Alabama Black Prairie and spread elsewhere (Brown 

2003). 

 

 

PREVIOUS WORK 

 

Late Pleistocene vertebrate taxa from the Black Prairie district have been described both individually and 

grouped. Older descriptions and reports of individual and collective fossil herpetologic species are referenced in 

Table 1, which is the updated list of nonmammalian Pleistocene species reported from the Black Prairie and the 

culmination of the first part of this study. Only four herptile species have been adequately attributed by formal 

osteological description in older literature. The remaining taxa occur in simple lists. There are approximately 22 

total previous reports—published and unpublished—on various parts of the BPA. The most important of these 

is reviewed below, and only one of those discussed mentions the remains of mammals. 

Several articles by Jackson & Kaye (1974a, 1974b, 1975) constitute a series of succinct descriptions and 

first records for certain chelonian species from the Black Prairie. The reported remains include male and female 

plastra attributed to a large subspecies of the modern box turtle (1974a: “Terrapene carolina putnami”), a single 

nuchal of the now boreally distributed Blanding’s turtle (1974b: Emydoidea blandingii), and several carapace 

fragments of Leidy’s extinct giant tortoise (1975: Hesperotestudo crassiscutata). The box turtle remains were 

collected in situ, but all other turtle material was collected loose in the active bedload of modern streams, 

although generally within sight of the originating deposit. Holman (1976) commented on the seeming 

ecological incompatibility of the now pantropical giant tortoise and cool temperate Blanding’s turtle, referring 

specifically to material from a famous Mississippi Black Prairie locale called Catalpa Creek. 

Curren et al. (1976), although not a truly systematic treatment, at least quantified the remains of each 

taxon from faunal lists (see also Copeland & Curren 1977) and grouped the remains according to collecting 

locality. Curren et al. (1977) was a more comprehensive treatment of the earlier work—both works discussing 

only that portion of the assemblage from Alabama. Again, neither of these reports were comparative 

osteological descriptions, and the more recent, more detailed document contains errors in identification. To their 

credit, however, a much greater proportion of remains recovered by these researchers was collected in situ from 

deposits radiometrically dated to the terminal-most Pleistocene. Stratigraphic details are provided in Curren et 

al.  (1976, 1977), and carbon dating was performed on shell and plant remains intimately associated with 

Rancholabrean vertebrate fossils, including the loosely associated bones of a juvenile mastodon. 

From his screening of fossiliferous levels at Catalpa Creek, Frazier (1980, 1985) reported at least 21 

mammalian taxa that could be confirmed by the writer as valid reports of the taxa.  Although he recovered 
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Table 1.  List of nonmammalian vertebrate taxa from the Mississippi-Alabama Black Prairie.
More than 60% (19/31) of the taxa are new reports for the BPA.

References
Holocene 
Record

Town-
Fuller 

Catalpa-
Tibbee

BONY FISH
Semionotiformes

Lepisosteidae
M Lepisosteus  sp., gar N P/M x

Amiiformes
Amiidae

M Amia calva , bowfin N P/M x
Cypriniformes

Catostomidae
M Moxostoma sp., redhorse sucker N P/M x

Perciformes
Centrarchidae

M Indet. centrarchid sp(p)., sunfish N P/M x
Sciaenidae

M Aplodinotus grunniens , freshwater drum N P/M x
Siluriformes

Ictaluridae
M Ictalurus punctatus , channel catfish N P?/M x
M cf. Ameiurus  sp., bullhead catfish N P?/M x
M Noturus gyrinus , tadpole madtom N M x

AMPHIBIANS
Anura

Ranidae
M Rana  cf. R. catesbeiana , bullfrog N M x
M Rana pipiens Complex, leopard frog N M x x

Bufonidae
M Bufo  sp., toad N P/M x x

REPTILES
Testudines

 Chelydridae
M Chelydra serpentina , snapping turtle 1,B,n,b P/M x x
M Macrochelys temmincki , alligator snapping turtle 1,B,n,b P?/M

 Trionychidae
M Apalone  cf. spinifera , softshell 1,5,n,b P/M x x

Kinosternidae
A,M Sternotherus  carinatus , Mississippi musk turtle N L

M Sternotherus  cf. S. odoratus , stinkpot N P?/M x
Emydidae

A,M Chrysemys picta , painted turtle 1,5,B,n,b x
M Trachemys scripta , slider 1,B,n,b P?/M x x
M Pseudemys rubriventris Section, red-bellied turtle 1,B,n,b L
M Graptemys  cf. G. pulchra , Alabama map turtle N M
M Emydoidea blandingii , Blanding’s turtle 3,A,B,C,D,E,F,n,b B
M Glyptemys insculpta , wood turtle N B

A,M Terrapene carolina ssp., large extinct box turtle variant 1,2,5,D,F,n,b P/M/X x x
Testudinidae

M Hesperotestudo crassiscutata , giant tortoise 1,4,B,C,D,F,n,b X
M Gopherus polyphemus , gopher tortoise 7 S

Squamata
Viperidae

M Agkistrodon piscivorus , water moccasin N P?/M x x
Colubridae

A Drymarchon corais , indigo snake 6 S
M Lampropeltis sp., milk snake N P?/M x x
M cf. Coluber constrictor , black racer N P?/M x x

A,M Indet. colubridae 5,n x x

Modern 
Observations*
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                                                              Table 1 continued.
 

BIRDS
Galliformes

Meleagrididae
M  Meleagris gallopavo , wild turkey 1,n,b P/M x x

Anseriformes
Anatidae

M Anas  sp., mallard duck N M x
Indet. order

Indet. Families
M Indet. sp(p). 1,5,b x x

A Recovered from the Alabama (i.e. central and southern) portion of the Black Prairie Province.
M Recovered from the Mississippi portion (i.e.  northern) of the Black Prairie Province.

Nature of Publication
1 Kaye 1974a Report, Interpretive
2 Jackson & Kaye 1974a Descriptive
3 Jackson & Kaye 1974b Descriptive , Interpretive
4 Jackson & Kaye 1975 Descriptive , Interpretive

Curren et al. 1976 Report
Copeland & Curren 1977 Report
Curren et al. 1977 Descriptive , Interpretive

6 Dobie et al. 1996 Descriptive , Interpretive
7 Franz & Quitmeyer 2003 Report

A Van Devender & King 1975 Integrative
B Holman 1976 Integrative
C Preston 1976 Integrative
D Lundelius et al. 1983 Integrative
E Brewer 1985 Integrative
F Holman 1995 Integrative

a Domning 1969 Secondary List
b Daly 1992 Secondary List

L Extralimital.
B Extralimital. Currently occupying cooler, more northerly (= boreal) climes.
S Extralimital. Currently occupying warmer, more southerly climes.
X Extinct species (or subspecies in the case of Terrapene carolina ).
P Pre-Columbian archaeological record within the Black Prairie.
? Possible  Pre-Columbian archaeological record within the Black Prairie.
M Modern or historical record. Presumed to have a continuous history in the area. Not introduced historically.

N New report
n Additional report herein

 
*

5

Species with an 'x' were observed living in the area of the fossil localities by the writer. In the case of Terrapene 
carolina , the smaller, modern subspecies T. c. triunguis (or T. c. carolina intergrade) inhabits the area. A 
larger although similar subspecies inhabited the Black Prairie during the Pleistocene.
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nonmammalian remains, these were not included in his published (or unpublished) reports. Frazier’s (1985) 

collections were made in situ, although from Holocene deposits containing reworked Pleistocene fossils. Curren 

et al. (1976, 1977) and Kaye (1974) refer to and even figure specific elements; however, none of the 

aforementioned authors assigned catalog numbers to fossils. In addition, Frazier (1985) provides only a list of 

species recovered with no direct (or indirect) reference to individual specimens at all. The focus of Frazier’s 

(1985) work was on the paleoclimatology suggested by the presence of certain extralimital rodents. The 

author’s efforts were presented within the context of a cultural impact survey released in a government 

document. 

Of all the Black Prairie fossil locales, the Catalpa Creek site has had the most publicity. The locality was 

mentioned by Holman (1976), Preston (1979), and Lundelius et al. (1983) in referencing Jackson & Kaye’s 

(1974b, 1975) unusual and—at the time—certainly unexpected report of the co-occurrence of Blanding’s turtle 

and Leidy’s giant tortoise. Brewer’s (1985) extinct and extralimital herptile distribution maps also mention the 

recovery of Blanding’s turtle from Catalpa Creek, as reported originally by Jackson & Kaye (1974b). Holman 

(1995: 131) referred to the fossiliferous localities in the current study area as the “Blackbelt Site Complex.” He 

focused on Catalpa Creek because of the greater amount of information initially reported from this locality (e.g. 

Jackson & Kaye 1974a, 1974b, 1975). 

 

 

CONTEXT & AGE (PT. I) 

 

The fossils that comprise the BPA are derived from Quaternary fluviatile deposits of Pleistocene and 

Holocene age that occur throughout the region, although fossil-bearing deposits and the fossils themselves are 

relatively scarce. The first report of a Pleistocene fossil recovered from in situ in the Black Prairie is that of Hay 

(1923: 200), who reported a Pleistocene horse (Equus sp.) tooth from south of Ripley, Mississippi, as having 

been extracted from “débris [sic] of Cretaceous marl,” the specimen seemingly “mingled with the marl.” 

Regarding the improbable context of this particular specimen, Pleistocene fossils are frequently found in the 

basal-most layer of the local regolith, which is derived from the immediately underlying Cretaceous carbonates. 

Unoxidized portions of this basal post-Cretaceous clay have been repeatedly described as “blue-gray” in color 

(e.g. Curren et al. 1977) and occasionally resemble the underlying marl (or vice versa) where the two units 

meet. As Pleistocene fossils are typically found in the lowest levels of the basal conglomerate, right on top of 

the slowly disintegrating marl/chalk bedrock, it is easily understood how Hay’s (1923) horse tooth appeared to 

be intimately mixed with Cretaceous marl. The post-Cretaceous fossiliferous clay horizons in the basal regolith 

contain within them a basal conglomerate (Kaye 1974) that is frequently more fossiliferous than any other part 

of the lower extremities of the regolith. The surface of Cretaceous chalks and marls is frequently pitted with 

caldron-sized dissolutional potholes filled with the sparingly fossiliferous Pleistocene clay-conglomerate (Fig. 

2). The basal clay and its basal conglomerate are blue-gray when unweathered but grades into a reddish brown 

to yellow with increasing proximity to the surface, i.e. as it weathers. 
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Photo courtesy of J. M. Kaye

basal clay 
(Pleistocene)
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Figure 2.  Oblique sections through dissolution surface developed on soft Cretaceous marl—exposed in a stream 
channel (a) and a rilled pond excavation (b). F1 contexts are Pleistocene in age and occur as a basal clay of Black 
Prairie regolith overlying and in-filling the irregular, stream-eroded Cretaceous surface. F3 contexts (e.g. active 
stream channel lag) are largely post-Pleistocene (but as recent as last rain) and contain reworked fossils. 
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The Black Prairie is unique among immediately adjoining physiographic districts in that it alone has been 

reported to bear Pleistocene vertebrate fossils in significant concentrations. Pleistocene fossils have been 

recovered from other, more distant regions in the Twin States, including the Loess Bluffs in the western part of 

Mississippi and a few of the larger alluvial valley systems; the Black Prairie, Loess Bluffs, and the Mississippi 

River floodplain appear to have the highest concentrations by far. The districts neighboring the Black Prairie to 

the west and south, the Pontotoc and Chunnenuggee Hills respectively, may be occasionally and partly included 

in the definition of the Black Prairie as both have a similar geology and contain Late Pleistocene fossils in 

identical contexts lying immediately on top of Cretaceous carbonates. Pleistocene fossils have not been reported 

from the Interior Flatwoods to the west, the Red Hills to the south, and the Fall Line Hills to the east and north, 

and these areas have been reconnoitered by several individuals including the writer. It is generally assumed that 

the alkalinity of the Cretaceous bedrock in the Black Prairie allowed for a neutral, bone-preserving burial 

environment in the basal regolith by providing a buffer to the acidic processes of most soil development. 

Anaerobic or at least dysaerobic depositional environments appear to have been equally important immediately 

subsequent to burial. Rapid burial in the montmorillonitic clay that dominates the region would have produced a 

tight seal also assisting in bone preservation. 

Pleistocene bone with the youngest 14C apatite dates (Kaye 1974) exhibits heavy organic acid staining 

with dark colors dominating as the result of an anaerobic/dysaerobic pre- and syndepositional environment. 

Bone from higher elevations and with older apatite dates is generally stained various combinations of red, 

yellow, and/or brown due to the oxidation of clay minerals that have infiltrated pores. Fossils lying in the basal 

regolith are occasionally heavily impregnated with clay minerals (and their alteration products) making them 

extremely dense. 

Holman (1995: 131) accurately described the BPA as being derived from a “complex of localities with 

individually poor stratigraphic control. They represent the Rancholabrean Land Mammal Age and are thought 

to represent the Sangamonian and Wisconsinan ages,” the last interglacial and glacial stages of the Pleistocene, 

respectively and chronologically. The maximum age comes from Kaye (1974) who speculated a Sangamonian 

age for fossils derived from high elevations. This reasoning is based on age-elevation correlations in the context 

of geomorphic evolution of Black Prairie stream valleys as well as faunal character of the BPA at higher 

elevations. Although higher elevation deposits will indeed be older than lower elevation deposits along stream 

valley transects, this writer cannot discern substantive fossil compositional differences between elevations such 

that would warrant assignment of BPA components to different glacial-interglacial stages. In light of our current 

temporal understanding of Quaternary glaciations and interglaciations (e.g. Šibrava et al. 1986), the paltry ten 

thousand year time span of the Sangamonian was probably characterized by only minor local faunal differences 

from most of the Wisconsinan, at least at the latitude of the Black Prairie. Compared to other Pleistocene 

vertebrate fossil assemblages at similar latitudes and with similar faunal composition, the BPA is typical 

Wisconsinan in character. Radiocarbon dates (Kaye 1974, Curren et al. 1976), fluorine analysis (Curren et al. 

1977), vertebrate index fossils (Frazier 1985, McCarroll & Dobie 1994), stratigraphic correlation (Kaye 1974, 

Muto & Gunn 1985), and geomorphic evolution rates (Muto & Gunn 1985) have been the means by which the 
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BPA has thus far been age-approximated as Late Pleistocene, specifically Wisconsinan. Kaye (1974), Curren et 

al. (1976, 1977), Frazier (1985), and McCarroll & Dobie (1994) argued the Rancholabrean nature of the BPA, 

which includes mastodon (Mammut americanum), ground sloths (Megalonyx jeffersonii, Glossotherium 

harlani), pampathere (Holmesina septentrionalis), horse (Equus), tapir (Tapirus veroensis), bison (Bison 

antiquus), and long-nosed peccary (Mylohyus nasutus)—among many other Pleistocene vertebrates contained 

therein. However, only a few of the BPA species have been demonstrated in recent years to be strictly 

Rancholabrean markers in the Eastern U.S. These include Meleagris gallopavo (see Barkalow 1972, Steadman 

1980) and Megalonyx jeffersonii (see review of Morgan & Hulbert 1995), both reported by Kaye (1974); and 

Arctodus simus (see Pinsof 1992, 1998, Richards et al. 1996), Tremarctos floridanus (see Cassiliano 1999, 

Morgan & Hulbert 1995), and Leopardus wiedii amnicola (see Kurtén & Anderson 1980, Werdelin 1985), all 

reported by Kurtén & Kaye (1982). This writer will soon be reporting two other mammalian species (Canis 

dirus and Leopardus pardalis) from the BPA that may also prove to be useful Rancholabrean index fossils in 

the Southeast. 

Within the Mississippi Black Prairie, the majority of Late Pleistocene vertebrate fossils are derived from 

deposits between 150 and 260 feet in elevation. Several sites occur at approximately 325 feet and at least one 

fossil specimen was recovered from an elevation of 360 feet (Kaye 1971, 1974). One of the topographically 

highest BPA fossils yet recovered, consisting of a partial peccary (Platygonus compressus) metacarpus, is 

perhaps the oldest Pleistocene fossil recovered from the Black Prairie, based on elevation alone. The species to 

which it belongs is confined to the Late Pleistocene (Hulbert 2001). 

Kaye (1974) separated the BPA into three different subassemblages based on occurrence and context. He 

referred to these as “genetic assemblages” as they are stratigraphically based. Because of the shared 

physiography, diagenetics, stratigraphy, composition, and age of Pleistocene fossil-bearing localities within the 

Black Prairie, the Pleistocene fossil content of the district is referred to as an assemblage [The use of the term 

“assemblage” here is consistent with that of Lyman (1994) and is discussed in greater detail in the interpretive 

part of this study]. Subdivisions of an assemblage are referred to here as subassemblages. Kaye’s (1974) F1 

fossils, which comprise his F1 subassemblage, are derived from relatively high-elevation Pleistocene deposits. 

F1 outcrops are found along stream divides and exposed in headwater channels of extremely shallow to 

intermittent streams (Fig. 2). His F2 subassemblage is derived from lower elevation Pleistocene deposits below 

thicker, younger alluvium. These deposits are exposed in less intermittent, more perennial streams because of 

their lower elevation. However, F2 deposits lie at depth and are less accessible as they enter and “drop” into the 

floodplains of the principal rivers draining the Black Prairie, which are the Tombigbee River in Mississippi and 

the Alabama River in Alabama. F3 Pleistocene fossils are F1 and F2 fossils reworked into Holocene deposits and 

the active bedload of modern streams and may occur anywhere. These deposits also contain post-Pleistocene 

fossil bones reworked from archaeological contexts ranging from thousands of years old to days. Unfortunately, 

the vast majority of Late Pleistocene fossils are collected from F3 contexts due to the exceedingly low 

concentration of fossils in primary contexts, i.e. F1 and F2 deposits. Greater than 95% of the Black Prairie 

Pleistocene vertebrate remains recovered in this study (and by Kaye 1974, Jackson & Kaye 1974b, Jackson & 
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Kaye 1975, and McCarroll & Dobie 1994) were found out of their primary Pleistocene contexts, although 

within short walking distance if not full view of them. In fact, the most productive context with respect to 

Pleistocene vertebrate fossils is the seasonally active lag of modern streams, which was the main source of the 

material used here and previous studies. Kaye (1974) considered all Pleistocene fossils found in the active lag of 

modern streams to be derived from local Pleistocene outcrop. Thus, F3 fossils immediately downstream from F1 

contexts containing F1 fossils are thus assumed to be derived from F1 contexts. The same is true of F2 fossils, 

although F3 fossils downstream from F2 contexts could also easily be derived from F1 contexts further upstream. 

Nevertheless, fossiliferous outcrop is invariably located upstream from F3 fossils recovered from active stream 

bedloads. F3 deposits can contain fairly coarse lags that include some or all of the following: Cretaceous fossils, 

Cretaceous bedrock rip-up, lithified clay pebbles, pedologic carbonate concretions, rare allochthonous post-

Cretaceous quartzose gravels, rare to locally abundant allochthonous road metal, historic artifacts, even older 

prehistoric (i.e. aboriginal) artifacts, and modern refuse. 

In addition to the reasons listed above, F1 and F2 deposits are known to be Pleistocene in age due to the 

absence of artifacts younger than 10,000 years old. Marshall (1984) describes examples of stone tools found in 

and along the Black Prairie that have been elsewhere identified with tool-making traditions no younger than 

10,000 years old. Although one artifact was recovered from presumably Pleistocene sediments and another 

found (out of context) in the vicinity of Pleistocene fossils, neither was found in direct association with 

Pleistocene animals remains. The writer has also recovered two “permineralized” bone tools. Although the bone 

from which the tools are hewn cannot be identified as belonging to an extinct species in either case, the density, 

color, and texture of the bone tools is nevertheless identical to that of bones belonging to extinct animals in the 

BPA. 

Pleistocene bone is determined to be such largely by inherent physical properties that differentiate it from 

bone derived from Holocene contexts—archaeological, Historic, and very recent. These properties are primarily 

color, density, texture, and protein composition. Black Prairie Pleistocene fossils contain a greater amount of 

clay and oxide mineral infiltrate than Holocene bone. This secondary mineralization makes fossils denser and 

imparts colors to them to greater depths than simple humic acid staining acting at the surface of recent and 

archaeological bone. Simple match flame tests indicate the absence (or scarcity) of proteins in Black Prairie 

Pleistocene fossils. Black Prairie Pleistocene bone has higher fluorine concentrations (0.9-2.8 g%, mean=1.62, 

n=11) from groundwater activity than Holocene bone (0.03-0.20 g%, mean=0.09, n=3) (Curren et al. 1977). 

Although usually and notably dense due to mineral infiltrate, Pleistocene bone occurs in a subsequently leached 

state at a few Black Prairie localities. Such bone may have a chalky appearance and is also easily distinguished 

from post-Pleistocene bone. Bones of animals known to have become extinct elsewhere at the end of the 

Pleistocene are thus assumed to be Pleistocene in age in the BPA. Post-Pleistocene bone concentrated in active 

and inactive Holocene stream deposits, and accompanied by reworked Pleistocene bone, is usually derived from 

archaeological sites of various ages or modern animals living in and along Black Prairie streams. Much of the 

demonstrably recent bone was dumped into streams by hunters and farmers as it consists of wild game and 

livestock. In addition, bones of extant indigenous animals, like box turtle, deer, raccoon, etc., are rarely found in 
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otherwise sterile, post-Pleistocene subsoil horizons stratigraphically below or equivalent to pre-Historic human 

occupational levels. This bone is found in the zone of secondary mineral accumulation and frequently possesses 

adherent pedogenic calcium carbonate called caliche, which is characteristic of this horizon. Bone float from 

archaeological sites is derived from soil horizons and exhibits minimal color change, is less dense and more 

friable, frequently possesses adherent carbonates, and is occasionally calcined from having been cooked in a 

hearth. Modern bone, decades old or younger and found loose in streams, still exhibits some of the tough, 

resilient properties of living bone due to the lingering protein content. Exposing this modern bone to a match 

flame identifies it easily as recently derived as it produces an odor of smoldering organics. The methods for 

distinguishing between Pleistocene and post-Pleistocene bone found out of context are primitive and relative 

and by no means determinants of absolute age. However, the writer is acquainted enough with the geomorphic 

evolution and maximum age of the drainage basin containing the fossil-bearing sites so as to feel fairly 

confident when assigning a Pleistocene age to the specimens recovered out of context, which describes the vast 

majority of material used in this study. The BPA samples used here (and in previously published studies) is very 

likely contaminated with bones younger than Pleistocene age; however, this contaminant is suspected to 

constitute a very small fraction of any sample taken from the BPA. 

 

 

METHODS 

 

Given the extreme rarity of finding fossil material in situ, the vast majority of the Pleistocene fossils 

described below and listed in App. A were recovered by walking, scanning, and picking active fluviatile lag 

deposits in the current bedload of modern Black Prairie streams. Material thus collected was determined to be 

Late Pleistocene based on the methods discussed in the previous section, although the vast majority of fossils 

were age-approximated by faunal indexing and macroscopic physical properties. Less than 5% of the material 

was found in situ in Pleistocene deposits. 

The majority of the fossils used in this study were collected by the writer, J. M. Kaye (MSU Dept. 

Geosciences, Prof. Emeritus), and field assistant J. B. Robinson (Columbus, Mississippi). Other fossils used in 

this study include those screened (but not identified or described) by Frazier (1985) and reposited at the 

Mississippi Museum of Natural Science (MMNS) in Jackson. Also incorporated herein are Black Prairie fossils 

reposited with the Florida Museum of Natural History (FLMNH) in Gainesville and the Alabama Museum of 

Natural History (ALMNH) in Tuscaloosa. Another sizeable collection of Pleistocene vertebrate fossils from the 

Alabama Black Prairie resides at Auburn University Museum of Paleontology, Auburn, Alabama (see 

McCarroll & Dobie 1994). Unfortunately, time did not permit access to this collection. Appendix A contains a 

complete list of identified remains used in the current study. All comparative material—modern and fossil—

used in this study and collected or otherwise acquired by the writer or under the writer’s supervision is reposited 

with MMNS. 
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Figure 3. Map of the Mississippi-Alabama Black Prairie showing the distribution of Late Pleistocene fossil localities. Sites 
producing nonmammalian remains are listed in Table 2. Stream courses are shown in blue. The short, heavy red line passes through
Tuscaloosa, AL, and its angle represents the trend of the Paleozoic-Mesozoic Fall Line, a major geologic and physiographic break
in the Southeast. The vast majority of localities lie in the Tombigbee River drainage. Base map produced by Mettee et al. (1993). 

13



Identifications were carried out by the writer with the help of numerous osteological resources, including 

published paleontological and zooarchaeological literature, institutional comparative collections, and career 

professionals in paleontology and zooarchaeology. Any researcher credited below as a personal communication 

is listed along with his/her institution of residence in the Acknowledgements table. Osteological collections 

consulted for comparison and identification of Pleistocene fossils include the aforementioned MMNS, FLMNH, 

and ALMNH, but the North Carolina Museum of Natural Science (NCSM) in Raleigh was the most helpful. 

Over the course of this study, the vast bulk of the thesis collection was maintained in the collections hall at 

NCSM and its satellite research facility. Primary work and storage space and a base of operations were provided 

by the research and curatorial staff at NCSM, namely L. J. Gatens, Curator of Mammals, and V. P. Schneider, 

Curator of Paleontology. 

Measurements of hand-sized specimens were performed with a simple vernier caliper. Larger specimens 

were measured with metric rulers. All measurements are reported in millimeters, except where otherwise noted. 

Most outdoor photographs were taken with a Canon EOS 650 camera. Most close-up images of fossils and 

comparative skeletal elements were produced with digital cameras, although a several relatively flat fossils, like 

some turtle shell elements, were scanned directly using a Hewlett-Packard Scanjet scanner (3570c model). The 

majority of the photography was performed by the writer, although some fossils were shot by a fellow graduate 

student and Fig. 2a belongs to the writer’s thesis mentor (see Acknowledgements). Abbreviations and certain 

technical terms used in the text are defined on page xii. 

Late Pleistocene vertebrate fossil collecting localities are largely those of Kaye (1974). Black Prairie 

localities yielding Late Pleistocene fossils are plotted in Fig. 3. A list of localities from which the fossils in App. 

A are derived is provided in Table 2. The vast majority of these sites lie within the boundaries of the Mississippi 

Black Prairie. This bias is reflected in the quantity of material used in the current study from this state over 

Alabama. Similarly, collecting was concentrated in the Mississippi section of the Black Prairie. The most 

heavily collected sites were the upper Town Creek drainage (K-20, K-21) and Catalpa Creek (K-30, L-01), 

which along with each of their neighboring streams respectively comprise 31% and 63% of the nonmammalian 

specimens. These two sites were sampled more frequently than others only because they proved to be the most 

productive. Had any of the other dozens of Late Pleistocene fossil sites in the Black Prairie been as productive 

as these two, they would have been collected with comparable frequency. 

In assigning a taxonomic name to a fossil, extant forms (if any) currently living in the area were 

considered by default. The fact that reptiles and amphibians experienced negligible species turnover across the 

Pleistocene-Holocene boundary in North America (Auffenberg & Milstead 1965, Holman 1995) made 

taxonomic assignments among herptiles easier. Given its latest Pleistocene age (discussed above and in greater 

detail in Part II of this work), there is no reason to suspect that the BPA should contain new herptilian species, 

which could potentially make specific assignments more difficult. Species replacement among birds across the 

Pleistocene-Holocene boundary in North America is poorly studied. Generic extinction/extralimitation is 

confirmed for at least a dozen non-passerine genera on this continent (Steadman & Martin 1984); however, the 

avifaunal turnover detected thus far does not affect identifications of the only two avian taxa presently 
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Table 2.  Black Prairie late Pleistocene fossil localities yielding nonmammalian fossils

Site No. Drainage County State Section* TWN* RNG* References / Repositories
F-01 Bogue Chitto Creek Pickens 3 24N 3W

F-23 Chilatchee Creek 30 15N 7E

F-35 Bogue Chitto Creek, downstream from Norfolk Southern RR bridge 19 16N 8E

K-15 Mattuby Creek 7 14S

K-20 Fuller Creek, Vinton vicinity 5 16S

35,36 15S

K-21 Town Creek , Strong-Vinton vicinity 1,2

18 7E

K-30 Catalpa Creek 13,14,15,22 19N

K-39 Magowah Creek, North Branch 35 18N

13,14,23 17E

7,17,18 18E

K-48 Bogue Chitto Creek Noxubee 2,3 14N

K-55 Gilmer Creek, between Prairie School & Billups Gate Rds Lowndes 17,18,20,21 18N 17E

K-57 Browning Creek Oktibbeha 16 17N 15E

K-58 Bogue Chitto Creek Noxubee 27,34 16N 18E

K-66 Old Town Creek, Bigbee vicinity Monroe 12S 7E

L-01 Catalpa Creek 14 19N Frazier 1985 / MMNS

LC-1 Catalpa Creek, upstream from US Hwy 182 bridge 15 18N This study / MMNS

OK-1803 Tombigbee River, just west of Columbus 17 18S 18W

OK-1805 Spring Creek Clay 34,35 17S 7E

OK-1804

OK-1810 Lowndes

OK-1814

T-01 Tibbee Creek, upstream from US Hwy 45A bridge Clay 31 20N 16E This study / MMNS

* Based on USPLS data from the most current USGS quad maps.

Catalpa Creek ≈ K-30

Monroe

M S

Lowndes

Lowndes

7E

Jackson & Kaye  1974a, 1974b, 1975 / 
FLMNH

Kaye 1974 / MMNS, ALMNH, FLMNH

16E

This study / MMNS

Curren et al. 1976, 1977 / ALMNH

K-42 Cedar Creek watershed

19E

Dallas
A L

6E

16E

16S

17N
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confirmed from the BPA. Skeletal comparisons nevertheless considered both extinct and extralimital 

Quaternary species of all nonmammalian groups. Species previously identified from the Quaternary 

Southeast—from Florida to Tennessee to Texas—were given first consideration during the rule-out process. 

There are several different types of “statements of uncertainty” available when assigning taxonomic 

nomenclature to a fossil organism. The ones most commonly encountered in the literature are “sp.” and “cf.” 

The former is used after the genus when the species is unknown. The latter is short for “confer,” specifically 

meaning “compares favorably to,” and is placed between the genus and species names when there is close but 

not conclusive comparison. The identification may be inconclusive for one of several different reasons, yet the 

close affiliation with a particular species is clear. The most common justification for a conferral is that the 

specimen in question contains insufficient information as to warrant a specific identification. A cf. assignment 

does not necessarily mean exhaustive comparison has been carried out. Very few comparative collections are so 

diverse and complete as to have not just all species (and subspecies) required but also iterative representation of 

each in order to account for variability. Thus, very few researchers have comprehensive resources available to 

them for absolute certainty in identification. The level of uncertainly involved when using cf. may arise from 

either insufficient comparative resources or insufficient diagnostic morphology exhibited by the specimen. A cf. 

assignment then stands until more extensive comparison can be carried out. Furthermore, with respect to the use 

of cf. in Late Pleistocene and Holocene fossil assemblages, living species sympatric with a specifically 

indeterminable fossil congener are generally considered by default over extralimital forms when the 

comparisons are otherwise equivocal (see e.g. Molnar 2003). Several of the taxa herein, including Rana cf. R. 

catesbeiana and Graptemys cf. Gr. pulchra, provide good examples of conferrals resulting from non-

comprehensive comparative material and the default precedence of fossil-modern sympatry, although the 

accompanying descriptions are supplemented with substantive anatomical observations. 

The systematic treatment here is a lengthy one, primarily due to the nature of the fossil material, which is 

dominantly and regrettably composed of very fragmentary bones largely reworked into modern stream deposits. 

Many similar systematic reports on fossil assemblages contain little or no justification for taxonomic 

assignments. It is the writer’s opinion that there are too many instances where fossil assemblages are known 

only by species lists with no real descriptive systematic work-up. Comparative morphological descriptions of 

specific vertebrate skeletal elements—especially turtle shell parts—are much needed in the paleontological and 

zooarchaeological literature. Little has been published to assist the vertebrate paleontologist and 

zooarchaeologist in this arena. More thoughtful and somewhat lengthier diagnoses are required for bones that 

are easily misidentified. As the BPA consists of very fragmentary remains, many species identifications are 

based upon a handful of the most diagnostic and sometimes rarer elements. In many cases, the most durable 

elements frequently seem to be the most species diagnostic. Detailed descriptions are especially important in 

instances of highly fragmented assemblages if one expects to use taxonomic composition for paleofaunistics 

and age correlation. There are many species present in the BPA that are temporally well constrained elsewhere 

with respect to when they appear and disappear over the Quaternary, thus these taxa make good index fossils. 

Relative age is more discernible from the mammalian component of the BPA than it is from the nonmammalian. 
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The nonmammalian portion provides much fewer Plio-Pleistocene index species. This is not to say that 

specificity and certainty in nonmammalian identifications are not important, but nonmammalian groups do not 

provide the biostratigraphic resolution that North American Land Mammal Ages (NALMA) do. References to 

the archaeological and historical records are useful in assessing temporal continuity in species residence within 

the study area. 

Thus, the excruciatingly descriptive anatomical details are necessary for the most specific identifications 

possible. In the context of the taphonomic discussion in the second part of this paper, the ultimate goal is 

obvious—interpretive paleoecology. This study attempts to derive the maximum amount of information from a 

very fragmentary, largely reworked fossil assemblage in order to perform paleoenvironmental reconstruction. 

The current work is certainly not unprecedented in its seemingly exhaustive descriptive scope of turtle shell 

remains. Tomlinson’s (1997) somewhat more sophisticated morphometric study of much more complete turtle  

material across the K-T boundary (Big Bend region, Texas) was a comparably detailed effort to uncover actual 

diversity. Therefore, the more specific and certain the identifications, the greater the paleoecological and 

temporal resolution for the assemblage. An additional function of detailed comparative descriptions is the 

assistance it provides to researchers studying similarly fragmented assemblages. 

 

 

SYSTEMATICS 

 

Subphylum Vertebrata 

 

All told, over 80 different vertebrate species are represented in the BPA (Kaye 1974, Curren et al. 1976, 

1977, Frazier 1985, McCarroll & Dobie 1994, Dobie et al. 1996, and work in progress by this writer), 30+ of 

which are nonmammalian and 14 of these chelonian. The following systematic account covers nonmammalian 

vertebrates, the focus of the current study, and a complete species list of this group is presented in Table 1. All 

nonmammalian taxa are discussed, and they include turtles, bony fish, snakes, and birds—in decreasing order of 

both quantitative representation and species diversity. 

 

 

Class Actinopterygii Cope 1887 

 

Bony fish remains have not been previously reported from the BPA. All fish remains reported herewith 

were recovered from Catalpa Creek, Lowndes County, Mississippi (K-30). Approximately half were recovered 

during the course of the current study. Many smaller bones and teeth were collected by M. K. Frazier, former 

MMNS Curator of Paleontology, who fine-screened late Quaternary Catalpa Creek deposits containing 

reworked, intermingled Cretaceous and Pleistocene fossils. 
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Once belonging strictly to the Tombigbee River Basin (Fig. 3), which in turn belongs to the greater 

Mobile River Basin, the Mississippi Black Prairie is now also connected to the Tennessee River by way of the 

Tennessee-Tombigbee Waterway, a U.S. Army Corps of Engineers project completed in 1985. The modern, 

pre-Waterway upper Tombigbee Basin contains 123 native fish species—the lowest diversity of all the major 

watersheds in the greater Mobile Basin (Mettee et al. 1996). A mere fraction of these is represented in the Black 

Prairie Pleistocene fossil record. 

The following references were among the most frequently used for identification, systematics, and 

distribution of bony fish species: Gregory (1933), Lundberg (1975: ictalurids), Rojo (1991), Etnier & Starnes 

(1993), and Ross (2001). Several individuals assisted with fish identifications, and they are noted under 

Acknowledgments. 

 

 

Order Lepisosteiformes Hay 1929 

Lepisosteidae Cuvier 1825 

 

Lepisosteids appear to have changed little since their first appearance in the Early Cretaceous. The extant 

genera Atractosteus Rafinesque 1820 (alligator gar) and Lepisosteus Lacépède 1803 (all other gar) are known 

from the Cretaceous to Recent of the Western Interior (review of Wiley 1976, Wiley & Stewart 1977, Wolberg 

& Le Mone 1980, Neuman et al. 1988). The rhomboidal, ganoine-coated scales, characteristic of the family are 

easily recognizable and cannot be mistaken for scales of non-lepisosteid fish species, except for perhaps 

lepidotids (Semionotiformes). Manning & Dockery (1992) reported both genera from the Cretaceous of 

Mississippi based on differences in scale morphology. However, within the genus Lepisosteus, scales do not 

appear to be particularly species-diagnostic (e.g. Smith 1954).  

 

 

Lepisosteus Lacépède 1803 

Gar 

 

The scales of Lepisosteus tend to have much simpler ganoid patterns with more even, continuous enamel 

coatings, whereas the enamel of Atractosteus scales is often interrupted by enamelless pits and valleys 

producing more elaborate ganoid patterns (E. Manning, pers. com.). All Black Prairie gar scales [e.g. MMNS 

VP-1278, 1381] have a smooth, continuous ganoine veneer, as in Lepisosteus. In addition to scales, several 

skull elements were recovered (App. A). Cook (1959), Mettee et al. (1996), and Ross (2001) note that two 

species of this genus are native to the upper Tombigbee River Basin: Lepisosteus osseus (longnose gar) and L. 

oculatus (spotted gar). Nonspecific Lepisosteus remains are recorded from Pre-Columbian archaeological sites 

in the region (Atkinson et al. 1980, O’Hear et al. 1981). 
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In some respects, relatively small amounts of morphologic change have taken place within the genus 

Lepisosteus since the late Mesozoic. Thus, there exists the possibility that the scales from Catalpa Creek could 

be derived from the underlying fossiliferous marine Cretaceous deposits, which have yielded gar scales in 

places. Furthermore, Cretaceous shark teeth and other fossils are frequently and sometimes abundantly 

reworked into Holocene fluviatile deposits yielding reworked Pleistocene vertebrate fossils. However, 

Cretaceous sediments immediately underlying the Black Prairie District consist dominantly of deep marine 

chalks and marls that have not been known to produce scales of the freshwater gar, except from thin, locally 

extensive lag deposits (e.g. Manning & Dockery 1992). Such lags have not been identified in the immediate 

vicinity of the primary Pleistocene fish fossil locale—Catalpa Creek. Furthermore, older gar-bearing units that 

do produce gar scales primarily produce scales easily attributable to the genus Atractosteus, which has, by the 

way, no archaeological or historical record in the Tombigbee River of either Mississippi or Alabama. Therefore, 

all gar scales found in Catalpa Creek are considered Pleistocene and not Cretaceous in age. 

 

 

Order Amiiformes Hay 1929 

Amiidae Bonaparte 1838 

Amia calva Linnaeus 1766 

Bowfin 

Figure 4 

 

Although an Amia dentary [MMNS VP-1479; Fig. 4a] recovered from the Black Prairie cannot be 

unquestionably assigned to the species Amia calva, there are several reasons to suspect that A. calva may have 

been the only species of Amia during the Quaternary of the southeastern U.S. The fossil record of this ancient 

albeit conservative ‘holostean’ taxon, which seems to have deviated little from the original bauplan, suggests 

negligible morphologic innovation over the late Quaternary. Global diversity of amiids totaled no more than a 

dozen species over the Cenozoic, and the family is not found in the fossil record outside of North America in 

deposits younger than the late Miocene, by which time only a single genus seems to have been present (Grande 

& Bemis 1998). To date, four species of Amia have been described from North America, all of which except A. 

calva are limited to deposits of Eocene age. There are four postcranial meristics and one cranial morphometric 

definitive for the species. Although there is nothing specifically diagnostic about the dentary of A. calva, the 

fossil specimen is virtually indistinguishable from a modern A. calva dentary of similar size, thus an assignment 

to the extant species does not seem at all unreasonable. A caudal portion of a right parietal [VP-1475] also 

belongs to Amia (Fig. 4b). For the same general reasons, largely by the current known amiid fossil record, this 

specimen is also assigned to the species A. calva. 

The bowfin family first appears in North America during the Early Cretaceous, although it is known from 

European deposits dating to the Jurassic (Cavender 1986). Amia calva has been recorded from Miocene though 

Pleistocene deposits in Florida (Hulbert 2001). However, Grande & Bemis (1998), who take a conservative 
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a 

b 

CaudalCranial 

 
Figure 4.  Exploded diagrams of an Amia calva left lower jaw (a) and dorsal neurocranial elements (b). Two 
bowfin elements were recovered from Catalpa Creek: a left edentulous dentary [MMNS VP-1479] and most of 
a right parietal [VP-1475], above labeled ‘d’ (a) and ‘pa’ (b), respectively. Illustrations borrowed from Grande 
& Bemis (1998). 

20



approach in applying this species name to pre-Holocene material, indicate no species-diagnostic traits of 

Pleistocene Amia from eastern North America. Plio-Pleistocene Amia appears to have been limited to south of 

latitude 50N (Grande & Bemis 1998). An archaeological record for the species in the immediate area dates back 

at least 4,000 years (Atkinson et al. 1980, O’Hear et al. 1981, Scott 1982). Amia calva is considered indigenous 

to the Upper Tombigbee River Valley (Mettee et al. 1996, Ross 2001). 

 

 

Order Cypriniformes Bleeker 1859 

Catostomidae Jordan 1923 

Moxostoma Rafinesque 1820 

Redhorse 

Figure 5a 

 

The articular region of a large right opercular [MMNS VP-3971]—including the opercular arm, articular 

process, and proximal portion of the body—undoubtedly belongs to a catostomid cypriniform. The element was 

compared to those of various native catostomids, or suckers, including Cyprinus carpio, Carpiodes spp., 

Cycleptus elongatus, Erimyzon oblongus, E. tenuis, Hypentelium nigricans, Ictiobus spp., Minytrema melanops, 

Centropomis undecimalis, Catostomus spp., and four species of Moxostoma from the upper Tombigbee River 

drainage system. Nelson (1949) grouped the catostomid opercular series into four morphologic groups: (1) 

Catostomus, (2) Carpiodes-Ictiobus, (3) Moxostoma-Hypentelium, and (4) Cycleptus-Minytrema-Erimyzon (Fig. 

5a). Based on Nelson’s groupings, in conjunction with direct comparisons made at NCSM, VP-3971 belongs in 

the third group. With the additional assistance of R. E. Jenkins (pers. com.), the best comparisons were made 

with species of Moxostoma, specifically M. carinatum (river redhorse) and M. anisurum (silver redhorse), two 

very closely related catostomids (Smith 1992) with opercular arms and medial morphologies very similar to that 

of the fossil specimen. However, M. anisurum is not found in the Tombigbee River drainage, nor does it occur 

anywhere in the greater Mobile Basin (Ross 2001). Moxostoma carinatum, on the other hand, is currently found 

in both drainages (Mettee et al. 1996, Ross 2001) and has a pre-Columbian archaeological record in the 

Tennessee River drainage (Barkalow 1972). Moxostoma species of similar adult body size that were not 

consulted and that also currently occur in the Tombigbee drainage include M. erythrurum (golden redhorse), M. 

macrolepidotum (shorthead redhorse), and M. poecilurum (blacktail redhorse). Perhaps further comparison will 

elucidate the precise identity of this element. 

The first North American catostomids appear in late Paleocene deposits in Alberta (Cavender 1986). The 

first appearance of the genus Moxostoma is in lower Oligocene deposits of East Asia (Sytchevskaya 1986). 

Catostomids comprise the second most abundant fish group in the Pleistocene record of the continent (Miller 

1965). The published record for an earlier Holocene presence of the genus in the immediate area goes back 

some four thousand years (Atkinson et al. 1980, Scott 1982); the history of the genus in the Upper Tombigbee 

was discussed above. 
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Catalpa Creek 
specimen is 
most consistent 
with this 
morphology. 

a 

 

b 

Figure 5.  Bony fish elements. (a) Generalized opercular series of catostomid cypriniforms: Catostomus [A]; 
Carpiodes-Ictiobus [B]; and Moxostoma-Hypentelium [C]. The opercular series includes the operculum (OP), 
suboperculum (SO), interoperculum (IOP), and branchiostegals (BS)—all in external view. Borrowed from 
Nelson (1949). (b) cf. Ameiurus left pectoral fin spine (dorsal aspect), Catalpa Creek (L-01). 
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Order Siluriformes Cuvier 1817 

Ictaluridae Gill 1862 

 

References to ictalurids in the Pre-Columbian archaeological record in the Upper Tombigbee River Basin 

are largely non-specific and do not distinguish between Ictalurus and Ameiurus (Atkinson et al. 1980, O’Hear et 

al. 1981). 

 

 

Ictalurus Rafinesque 1820 

Ictalurus punctatus (Rafinesque 1818c) 

Channel catfish 

Figure 6 

 

MMNS VP-805 is the posterior process of the right cleithrum—a rather distinctively structured pectoral 

element among species of ictalurids. The size is much larger than and the shape much different from the 

described species of Noturus. Relative to overall cleithral size, the posterior process is longer in Ictalurus 

punctatus than in Ameiurus or any other species of Ictalurus. The sculpturing on the exterior surface of the 

fossil is most consistent with that of I. punctatus, much more so than I. furcatus and several species of Ameiurus 

examined. Ornamentation occurs primarily at the base of a relatively long, slender posterior process rather than 

covering the entire surface of a broad process (Fig. 6). Perhaps one of the most distinctive features of the 

process is the proximal portion, which retains some of the cleithral angle in VP-805. At the juncture of the 

posterior process and the cleithral angle (ventrally) in I. punctatus, there are two small grooves on either side of 

a thin ridge separating the medial from the lateral side. This morphology must be unique to the species as it was 

not observed in any of the living North American species of Ameiurus examined—including A. nebulosus, A. 

platycephalus, A. natalis, A. catus, and A. melas—nor was it observed in I. furcatus. 

Smith (1961) recorded this particular species from the Miocene of South Dakota, and the genus has a 

fossil history at least as old (Miller 1965). In the Southeast, I. punctatus is known from the Pliocene to Recent 

of Florida (Morgan & Ridgway 1987). Although its remains have not been definitively diagnosed in the local 

Pre-Columbian archaeological record for the Black Prairie (Atkinson et al. 1980, O’Hear et al. 1981, Scott 

1982), it is nevertheless a familiar and ubiquitous native fish (Mettee et al. 1996, Ross 2001). 
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Catalpa Creek specimen is 
most consistent with this 
morphology. 

posterior process

Figure 6.  Ictalurid cleithra, external views. Note the intermediate extent of ornamentation, relatively greater 
length, and narrowness of the posterior cleithral process in Ictalurus punctatus. Borrowed, with author’s 
permission, from Lundberg (1982: Fig. 39). 
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Ameiurus Günther 1864 

Bullhead 

Figure 5b 

 

MMNS VP-834 is the left pectoral fin spine of a medium-sized ictalurid. Based on material examined 

primarily at NCSM, the dorsal articulating surface is more distally recumbent in Ictalurus punctatus, I. furcatus, 

and Ameiurus platycephalus than in the fossil specimen. The angle between this portion of the head and the 

body of the spine is much greater in VP-834 and is most consistent with that of Ameiurus natalis and A. catus. 

The specimen possesses both posterior and anterior dentations, the latter being finer and more weakly 

developed and both somewhat eroded from stream transport. The posterior dentations are positioned along the 

dorsal edge of the groove, unlike Ictalurus in which these structures emanate from within the groove 

(Paloumpis 1963). In addition, the posterior dentations of similarly-sized I. punctatus are characteristically 

uniform, retrorse (i.e. proximally recumbent) triangles, although with continued growth the dentations become 

relatively smaller and less uniform than those of smaller or juvenile individuals.  

VP-834 has an anteroventral emargination (AE) angle of approximately 40o, and the ratio of spine 

thickness to the length of the ventral process-dorsal articulating surface (T/VD) is less than 0.41. Ameiurus 

melas possesses no anterior dentations and has a 60-65o anteroventral emargination angle (Paloumpis 1963). 

Anterior dentations are present in both A. nebulosus and A. natalis, which have AE angles <40o, but T/VD 

ranges from 0.44 to 0.57 (Paloumpis 1963). The specimen was compared directly to Pyliodictis olivaris, 

Ictalurus punctatus, I. furcatus, Ameiurus nebulosus, A. natalis, and A. catus. In spite of the poor condition of 

the specimen, which was the best preserved of all the large ictalurid spines recovered, VP-834 seemed to 

compare demonstrably to species of Ameiurus. 

At least four other fragmentary catfish pectoral fin spines—MMNS VP-834, 949, 982, 983—may belong 

to this genus based on the presence of antrorse (i.e. distally recumbent) and/or erect posterior dentations near 

the spine base, the proximal-most members of which appear to emanate from the dorsal body of the spine in 

each case (contrast with Ictalurus). In Ameiurus the roots of the proximal-most dentations are exposed by a 

greater anterior recession of the ventral body of the spine. In Ictalurus of similar size the ventral half of the 

spine is not as recessed and dentations are always either directed proximally or are normal to the long axis of 

the spine. Based on the Ictalurus and Ameiurus spines at hand, I. punctatus exhibits the most uniform, 

consistently retrorse dentations. All of the catfish spines recovered to date represent medium-sized fishes; none 

were particularly large or small. 

The genus Ameiurus (subgenus of others) dates back to the Oligocene (Lundberg 1982). 

Zooarchaeological reports on Black Prairie sites do not differentiate between Ameiurus and Ictalurus; however, 

it is doubtless that this genus is native to the region. Three species of bullhead are considered indigenous to the 

Upper Tombigbee River Valley: Ameiurus melas (black bullhead), A. natalis (yellow bullhead), and A. 

nebulosus (brown bullhead) (Mettee et al. 1996, Ross 2001). 
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Noturus Rafinesque 1818 

Noturus gyrinus (Mitchill 1817) 

Tadpole madtom 

Figure 7 

 

MMNS VP-890 (Catalpa Creek) is the proximal half of a right pectoral fin spine of a mature Noturus. 

The partial fossil spine is 6.8 mm long and, based on comparison to modern specimens, was approximately 14 

mm long originally. Noturus pectoral fin spines are differentiated from those of other ictalurids by their much 

smaller adult size, and the presence of costae lying in a recession along the anterodistal edge and covering much 

of the dorsal and ventral surfaces of the spine body. 

Twenty-six species of madtom are currently recognized from North America (Etnier & Starnes 1993), 

largely from the eastern U.S. All may be divided into two broad subgeneric groupings that are generally 

distinguishable based on the pectoral fin spine: Noturus-Schilbeodes, which has straighter spines that are 

posteriorly aserrate in most species and anteriorly aserrate in all species (a few having low costal barbs); and 

Rabida, which are characterized by curved spines and all species subsumed therein possessing well-developed 

posterior serrae and moderately to well-developed anterior serrae. VP-890 clearly belongs to the former group. 

Five species of Noturus are native to the Tombigbee River Basin: Noturus funebris, N. gyrinus, N. leptacanthus, 

N. nocturnus and N. munitus (Ross 2001). Only one of these is a rabidiform species (N. munitus); the others 

belong to the remaining two subgenera, which possess aserrate or weakly serrate fin spines. Among the 

Tombigbee Basin species with pectoral spines possessing diminutive or no posterior serrae (four of the five 

above), one is more extensively furrowed than all the others, the distinctive pattern beginning closer to the head 

of the spine than in any other extant species of madtom (Fig. 7). The Catalpa Creek specimen has no posterior 

serrae—only a weakly developed serral rudiment near the base. The fossil spine possesses well-developed 

anterodistal costae in a heavily furrowed surface, which in this case covers most of the surface of the spine. 

Modern madtom spines are frequently illustrated in the literature and occasionally in some detail (e.g. Paruch 

1986, Page & Burr 1991, Etnier & Starnes 1993), thus making identification of the Catalpa Creek specimen as 

Noturus gyrinus fairly straightforward. 

Noturus gyrinus is previously known from the Pleistocene of South Dakota (Lundberg 1975) and 

Nebraska (Corner 1982) and currently has a wide indigenous distribution in the Atlantic and Gulf Coastal Plains 

and Midwest (Etnier & Starnes 1993). In fact, it is a native madtom in the Mississippi-Alabama Black Prairie 

(Mettee et al. 1996, Ross 2001). 
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Catalpa Creek specimen is 
most consistent with this 
morphology. 

Figure 7.  Modern Noturus pectoral fin spines. The fossil specimen described herein is identified as N. 
gyrinus. Note the pronounced, stepped furrows (or costae) in this species extending proximally (i.e. to the 
right), toward the articular surface. Borrowed from Taylor (1969: Pl. 3). 
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Order Perciformes Bleeker 1859 

Sciaenidae Gill 1861  

Aplodinotus grunniens Rafinesque 1819 

Freshwater drum 

Figure 8a 

 

Two largely edentulous adult pharyngeals [MMNS VP-1279, 1467], 14 pharyngeal molariform teeth 

(App. A), and the proximal portion of a dorsal fin spine [VP-951]—all recovered from Catalpa Creek—are 

easily assigned to Aplodinotus grunniens—the only drum recorded from post-Miocene freshwater deposits of 

North America. Freshwater drum pharyngeals and even isolated teeth are rather difficult to confuse with those 

of any other fish species in North America and are well described and well illustrated in the literature (e.g. 

Harington 1971, French 1997). Teeth are similar among all sciaenids; however, the large, adult molariform 

teeth of A. grunniens are more perfectly circular in occlusal outline than the teeth of other species. Aplodinotus 

grunniens exhibits three different pharyngeal tooth types, the relative abundance of which changes as the fish 

matures (Fig. 8a; see also French 1997). Both pharyngeals as well as all isolated teeth recovered represent 

mature animals. The dorsal fin spines, like many of the other bones of this species, have a distinctive linear 

texture, or grain, running longitudinally along the spine. The articular surface for the pterygiophore is similar in 

all perciform fishes; however, the morphology of VP-951 is most consistent with that of Aplodinotus. 

Early Pliocene Aplodinotus grunniens has been reported from the Central Plains, and Pleistocene remains 

of this same species are known from Michigan to Texas (Cavender 1986). Insofar as is currently known, the 

genus has been monospecific for at least the last several million years, although at least one other older species 

has been described from the Miocene of the western hemisphere (Cavender 1986, Nolf & Aguilera 1998). 

Although currently the most widely distributed North American freshwater fish with respect to latitude, this 

taxon has not been reported from the rich fossil record of Florida (Hulbert 2001). The Recent range of the 

species includes North and Central America, from south of Hudson Bay to the Rio Usumacinta Basin of 

Guatemala (Harington 1971), including the Black Prairie tributaries of the Upper Tombigbee (Mettee et al. 

1996, Ross 2001) where the species has an archaeological record (Atkinson 1980, O’Hear et al. 1981, Scott 

1982). 

 

 

Centrarchidae ?Boulenger 1895 

Sunfish 

 

Four dorsal fin spines from Catalpa Creek [MMNS VP-950, 952, 979, 980] are attributable to the 

centrarchid family. The spines are clearly perciform, and a centrarchid assignment is chosen over a percid one 

due to the shape of the articular surface. Most percid dorsal fin spines are relatively broad proximally due to 

rather pointed lateral processes. These lateral processes are generally more subdued in the centrarchids. In 
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juvenile subadult adult 

a

b

 Figure 8.  Freshwater drum (Aplodinotus grunniens) and bullfrog (Rana catesbeiana). (a) Growth series in A.
grunniens pharyngeals representing individuals measuring 128 mm [A], 258 mm [B], and 470 mm [C] total 
body length. The largely edentulous specimens from Catalpa Creek [MMNS VP-1279, 1467] are the size and 
alveolar configuration of adult individuals [C]. Borrowed from French (1997). (b) R. catesbeiana left ilia 
(bottom), ventral aspect. Adjoining pelvic members are given in parentheses. 
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addition, the paired posterior articular surfaces for the pterygiophore in the perches Perca and Stizostedion each 

have the main axis of the surface oriented largely transversely, although the shape of the surface can be highly 

variable depending on the position of the spine along the back. In the centrarchid genera Lepomis and Pomoxis, 

these surfaces are elongate anteroposteriorly (= proximodistally). 

In the High Plains, centrarchids date as far back as the Eocene (Cavender 1986). Miller’s (1965) review 

indicated five species of centrarchid reported from North American Late Pleistocene deposits. Fourteen species 

of centrarchid are historically known from the upper Tombigbee River drainage, including eight species of 

Lepomis (Mettee et al. 1996). Centrarchid remains are present in archaeological sites in the region but in very 

low abundance and never identified beyond the level of genus (Atkinson et al. 1980). Their scarcity in 

archaeological (and other) contexts likely reflects, at least in part, the delicate nature of skeletal elements in this 

fish family, which is otherwise suspected to have been just as popular and important a food fish in Pre-

Columbian times as it is today. 

 

 

Class Amphibia Linnaeus 1758 

Order Anura Rafinesque 1815 

 

Non-specific identifications of both Rana and Bufo have been made in early Holocene archaeological 

contexts in the Upper Tombigbee River Basin (Atkinson et al. 1980, O’Hear et al. 1981). 

Among the most useful references in the identification of anuran remains described below were Tihen 

(1962a) and Olsen (1968). Information on modern distribution was largely from Conant & Collins (1991). 

 

 

Ranidae Gray 1825 

Rana Linnaeus 1758 

Rana cf. R. catesbeiana Shaw 1802 

Bullfrog 

Figure 8b 

 

Two large fossil ranid pelves [MMNS VP-1159, 1815] were recovered from Catalpa Creek. Both are 

from frogs comparable in size and general form to the three largest species inhabiting the Southeast today—

Rana catesbeiana (bullfrog), R. heckscheri (river frog), and R. grylio (pig frog). The fossil specimens are much 

larger than pelves of the second largest group of eastern North American frogs—the Rana pipiens complex, 

which includes R. utricularia and R. pipiens (southern and northern leopard frogs, respectively). Although the 

fossils consist of fragmentary proximal portions, each ilium still possesses the root of a once prominent ilial 

blade, with a stout ilial shaft (or a portion thereof) and dorsal prominence. A broad, relatively deep vexillar 

fossa is evident in both, and the vastal fossa at the root of the dorsal prominence is relatively deep (Fig. 8b). The 
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ilia are essentially identical in size and shape to the largest specimens of R. catesbeiana consulted, except for 

the deep vastal fossa, which is suspected to be a rather variable character. Unfortunately, skeletal material of the 

geographically restricted R. grylio and R. heckscheri—the only other ranids approaching the much more wide-

ranging R. catesbeiana in size—could not be obtained for comparison. Fossil remains have been reported and 

described for R. grylio but not R. heckscheri (Holman 2003). According to Holman (2003), the caudal end of 

the ilial blade in R. catesbeiana reaches posterodorsally producing a sharper incline relative to the supra-

acetabular region than observed in R. grylio. Unfortunately, the BPA specimens were too incomplete to evaluate 

this feature. 

A diaphyseal right anuran tibiofibula [MMNS VP-1389] from Catalpa Creek compares best with a small 

and perhaps juvenile individual of Rana catesbeiana. Although the specimen is missing the epiphyses, it is 

clearly not leptodactylid, hylid, or microhylid, based primarily on its much larger size. Bufonids and pelobatids 

have relatively short, somewhat endomorphic tibiofibulae, with relatively wide epiphyses. Among the ranid 

tibiofibulae available for comparison, only R. catesbeiana is as wide mid-shaft as VP-1389. Tibiofibulae of the 

Rana pipiens complex have somewhat more rounded shafts mid-length and are generally more gracile. 

Furthermore, the specimen is virtually identical to a small R. catesbeiana consulted. The morphology of this 

element, coupled with the following discussion of the ranges of large extant ranids, an identification of Rana cf. 

R.. catesbeiana does not seem at all unreasonable. The same can be said for a large proximal urostyle from 

Catalpa Creek [MMNS VP-789], which compares well with that of R. catesbeiana. 

Rana heckscheri and R. grylio are today mostly limited to near-coastal regions and are not found very far 

inland of the Gulf and Atlantic coastlines (Conant & Collins 1991). In Mississippi, these species are historically 

restricted to southeastern-most Mississippi (Cliburn 1976). Wet, typically near-coastal, warm temperate to 

subtropical lower coastal plain herptiles, particularly amphibians such as these two, have not been recorded 

from Late Cenozoic deposits occurring as far inland as the Black Prairie. The absence of these species may be 

related to the absence of giant coastal mammals, like glyptodonts, eremotheres, and capybaras, from inland 

locales in eastern North America. Based on this writer’s own observations and incorporating mammalian 

distributions as synthesized by Graham (1979) and Martin et al. (1985), the outer (i.e. younger) coastal plain 

contains a distinctive Plio-Pleistocene vertebrate assemblage very different from the inland realm, including the 

inner coastal plain. 

Rana catesbeiana has been reported from interstadial late Wisconsinan deposits of Michigan (Shoshani 

et al. 1989, DeFauw & Shoshani 1991) and older interglacial deposits in Kansas (Hibbard et al. 1978), among 

reports of Pleistocene occurrences from essentially throughout the U. S. (Holman 1995). The fossil record of R. 

grylio, an anuran historically known only from outer coastal plain environments from easternmost Texas to 

southern South Carolina (Conant & Collins 1991), is so far limited to the Pleistocene of Florida (Tihen 1952). 

Fossil R. heckscheri has not been reported to date (e.g. Holman 2003). R. catesbeiana is accepted as a long-

established species in the Black Prairie, although occurring throughout the Twin States (Cliburn 1976, Mount 

1975). As the Black Prairie specimens compare very well with all R. catesbeiana skeletal material consulted 

and are morphologically consistent with illustrated descriptions of bullfrog ilia, and as the other comparably 
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sized ranids are limited in Quaternary distribution to the outer Gulf Coastal Plain (Altig & Lohoefener 1982, 

Sanders 1984, Holman 2003) far from the Black Prairie district, and, finally, as R. catesbeiana is historically the 

commonest and most widely distributed large ranid in eastern North America and the Midwest (Conant & 

Collins 1991), now and during the Pleistocene (Holman 1995), an identification to Rana catesbeiana seems 

very reasonable. 

The fossil record for Rana catesbeiana goes back to the Hemphilian (Miocene), that for Rana grylio only 

to the Rancholabrean (Holman 2003), and R. heckscheri has not been recovered in Pleistocene or earlier 

contexts (Holman 2003).However, evolutionary rates based on cytochrome b and mtDNA analysis suggest that 

most members of the R. catesbeiana  species group, including R. grylio and R. heckscheri, diverged during the 

late Miocene or Pliocene (Austin et al. 2003). 

 

 

Rana cf. R. pipiens Schreber 1782 Complex, sensu Holman 1971, 1984 

Leopard frogs 

 

MMNS VP-1039 and VP-1040 are left distal humeri that belong to a medium-sized frog. The two humeri 

possess well-developed ventral and dorsal diaphyseal ridges functioning as muscle attachment sites and 

extending proximally from the distal humeral condyle. Such ridges are characteristic of pelobatids and many 

older and/or larger ranids but are absent in bufonids. The elements are much too large to belong to known living 

and extinct hylid or leptodactylid frogs. As the long, distinct ventral ridge of Scaphiopus moves proximally 

along the humerus, it migrates dorsally to assume a more posterior position and runs at least three quarters the 

length of the diaphysis. As the ventral ridge extends proximally from the distal condyle in the Catalpa Creek 

specimens, it stops at half the length or less of the diaphysis and maintains a ventral location, never moving 

caudally in the specimens examined. The fossil specimens are most consistent with mature individuals of larger 

ranid species, which also exhibit an irregular modeling of the ridges. The fossil humeri are from individuals 

about the size and shape of larger individuals of the Rana pipiens Complex. 

The biogeography of R. pipiens (northern leopard frog) and R. sphenocephala (southern leopard frog; 

also R. utricularia)—the commonest frogs of this complex—is insufficiently known for the Pleistocene. 

Leopard frogs (sensu lato) have been around since at least the late Miocene (Hulbert 2001). Holman (1968) 

reported near-R. pipiens from the Miocene of Florida. Today R. sphenocephala occurs throughout the Twin 

States (Cliburn 1976, Mount 1975). 
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Bufonidae Gray 1825 

Bufo Laurenti 1768 

Toad 

 

MMNS VP-790 is an eroded vertebra that compares well to bufonid toad. It is somewhat eroded and 

missing the transverse processes and much of the dorsal surface of the neural arch, including most of the 

zygapophyses; however, the interpostzygapophyseal region is intact. Isolated vertebrae of anurans are difficult 

to differentiate, although this depends on both the position and the taxa being compared. The vertebrae of the 

Bufonidae and Hylidae are distinguished from those of all other Quaternary anuran families of the southeastern 

U.S.—including the Pelobatidae, Leptodactylidae, and Ranidae—by the absence of a well-developed spinous 

process on the neural arch. Instead, a very subdued sagittal ridge is present, which frequently develops caudally 

into a septum or thicker divide that separates the interpostzygapophyseal sulcus into two equal halves. The 

Catalpa Creek vertebra is much too large for the largest modern hylid species (Hyla gratiosa). The centrum has 

a greater depth/width ratio than observed for hylids and bufonoids. Considering its size, relatively thick 

centrum, and, most importantly, lack of a stout spinous process interrupting the interpostzygaphoseal space, VP-

790 is most consistent with that of a bufonid. As there is only one genus of bufonid toad reported for the 

Quaternary of North America, Bufo is thus the most reasonable assignment for the single Black Prairie 

specimen. 

The genus Bufo dates to the early Oligocene in the Western Hemisphere (Tihen 1962b). This is the first 

report of fossil Bufo from the Mississippi-Alabama Black Prairie. However, Holman et al. (1990) reported both 

Bufo americanus and B. woodhousii from Late Pleistocene cave deposits to the northeast in northwestern 

Alabama. Three species of Bufo toad are historically known from the Black Prairie (Cliburn 1976, Mount 

1975): B. americanus (American), B. terrestris (Southern), and B. woodhousei (Fowler’s). 

 

 

Class Reptilia Laurenti 1768 

Order Testudines Batsch 1788 

Figure 9, Table 3 

 

The terminology used below to describe the skeletal make-up and surface topography of turtle shells, 

particularly those of emydids, follows a combination of Carr (1952) and Zangerl (1969)— largely the latter 

(Fig. 9). Most turtle anatomical literature of the last several decades has adopted the shell terminology of 

Zangerl (1969), recent examples including Preston (1979), Ernst et al. (1994), Sobolik & Steele (1996), and 

Dodd (2001). The structural bone of a turtle shell is laminated with keratinous epidermal structures called 

“scutes.” Carr (1952) refers to these structures as laminae, which is equivalent to the “horny shields, scutes or 

scales” of others (Zangerl 1969: 315). Scutes are annually deposited and grow upon the external surfaces of the 

living bony shell. The term “sulci” (sing. sulcus) has been used to refer to the grooves in the bone created by 
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bridge 

skin line

a 
Scutes 

(defined by seams) 

 

Figure 9.  Generalized turtle shell surface anatomy. Seam lines (or seams) delimit extent of scutes (a) and 
sutures mark junctures of bony elements (b). Images modified from Zangerl (1969). The bridge is the bony 
connection between carapace (left) and plastron (right), forming the axillary region anteriorly and the 
inguinal region posteriorly (a). Note: Taxonomic (mostly familial) variability in numbers of certain scutes 
(e.g. marginals) and bones (e.g. peripherals). 

b 
Bony Elements
(defined by sutures) 

CARAPACE PLASTRON 
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abutting scutes. The contacts between the scutes themselves, along which lateral growth occurs, are called 

“seams” (Zangerl 1969). In this paper, the term “seam line” is preferred, over the awkward Latin sulcus, to 

describe the grooves in the bony shell coinciding with seams. Seam line is also preferred over seam alone as 

“line” refers specifically to the impression left on the bone, whereas “seam” refers to the juncture between two 

scutes. The lateral extent of each individual scute surface on the carapace and plastron is defined by seam lines 

(i.e. sulci), which mark the edges of scutes. Seam line configuration—a function of scute size and shape—is 

taxonomically diagnostic, as is shell bone topography. 

No one has yet designated a separate term referring to the bone surfaces—defined by seam lines—

supporting the scutes as the turtle grows. When discussing the topography of a descuted/scuteless shell, the 

scute-delimited surfaces may be referred to by using the name of the scute preceded by “surface for the.” For 

example, “surface for the 3rd vertebral scute” refers to the surface on the shell bone that is bounded by seam 

lines and upon where the 3rd vertebral scute lies. This prevents potential ambiguity, especially when the actual 

surface of the bone—not just the outline created by the seams (or seam lines)—is the subject of interest. 

However, for brevity’s sake, this writer, like others preceding him, frequently simplifies reference to a scute 

surface as simply—continuing the example—“the 3rd vertebral.” When collectively referring to the surfaces on 

the shell bone, the term “scute surfaces” will be used with the understanding that the scute itself is not being 

described, only the impression on the bone. Instead of “scute surface” other writers simply use the term “scute” 

when describing the outline of the former, which is identical to that of the latter. Therefore, unless stated 

explicitly, there will be no further reference to the actual scutes themselves in the descriptions to follow—only 

the corresponding surfaces on the shell bone. 

Shell surface topography plays an important role in species diagnoses. However, outside of the seam 

lines, the topography of the epidermal layer (i.e. the scutes collectively) is not necessarily reflected in the 

topography of the bony shell, and, when it is, it is reflected at a generally lower resolution. An example is the 

distinctive pyramidal scutes of the wood turtle (Glyptemys insculpta) carapace. Individual scutes in this species 

represent a multilayered composite of annually deposited scutes, each new scute attached to the bottom and 

larger than that of the preceding year’s scute. A wood turtle scute, or scute growth complex, overlies a less 

interesting and more subdued corresponding bony substrate, delimited by seam lines, upon which the scute 

grows. The growth of the wood turtle’s pyramidal scutes produces an interesting surface texture in which each 

scute possesses a pattern of regularly spaced radiating ridges. These ridges are combined with and intersect a 

pattern of equally spaced concentric ridges, the two together producing a peculiar texture on the scute pyramid 

that is not realized in the underlying, almost featureless bone. In fact, the underlying shell bone of most turtles is 

usually smooth or topographically uninteresting and reflects the nature of the overlying, frequently more 

elaborate scute only in outline. Exceptions to this include Pseudemys and Trachemys, which commonly possess 

carapace bone with a linear, rugose texture that in its extreme form appears as if it had been heavily gouged by a 

wood-working tool. The chicken turtle (Deirochelys reticularia) possesses a distinctive variation of this same 

pattern. In both cases, the pattern is reflected in the overlying scutes. In addition, the epidermal layers (i.e. 

scutes) of turtle shell and occasionally the underlying bone possess growth annuli, the number of which 

 35



approximates age. The annuli may be less obvious and even obliterated in turtles of advanced age (Stickel 

1978). On a much finer scale but still somewhat visible macroscopically, Emydoidea shell fragments tend to 

have an evenly roughened texture to them. 

Note that in the living turtle, scutes cover the entire external surfaces of the carapace and plastron, but 

they also underlap the margins of the carapace ventrally (Fig. 9a) and overlap the margins of the plastron 

dorsally. This means that the soft, scaly cervical, appendicular, and caudal integument of turtles is attached 

within in a few centimeters of the shell margins—along the borders of scute underlap and overlap. This 

integumentary attachment point is called the “skin line” (Figs. 9, 18). 

Preston (1979: 49) provided a useful “key to the identification of turtle shell bones,” which was used in 

the current study but more so in a supportive manner to direct comparisons. The general progression in each 

description is to describe elements of the carapace first, followed by elements of the plastron, with the most 

diagnostic of the available material usually discussed first. Accompanying the spatial distribution and 

configuration of elements within the shell in Figure 9 is Table 3, which provides the numerical distribution of 

element categories. Table 3 is used again in the interpretive section of this paper when expected values and 

ratios are needed to evaluate observed data. Systematic nomenclature follows that of Ernst et al. (1994), 

Holman (1995), and Carr (1952), unless otherwise stated. 

The following references were used more frequently than others for chelonian systematics, diagnostics, 

and distribution: Hay (1908), Auffenberg (1963b: Hesperotestudo), Olsen (1968), Milstead (1969: Terrapene), 

Preston (1979), Ernst et al. (1994), Seidel (1994: Pseudemys), Holman (1995), Sobolik & Steele (1996), Hulbert 

(2001), and Collins & Taggart (2002). 

 

 

Chelydridae Gray 1870 

 

Chelydrids are distinguished from trionychids by, among other things, their possession of keratinous 

scutes and from emydids and kinosternids by, for example, their greatly reduced, cruciform plastron (Ballinger 

& Lynch 1983). 

 

 

Chelydra Schweigger 1812 

Chelydra serpentina (Linnaeus 1758) 

Loggerhead snapping turtle 

 

Chelydra serpentina and Macrochelys temmincki are the only chelydrid species currently recognized 

from the Plio-Pleistocene of North America (review of Holman 1995, Hulbert 2001). One of the more reliable 

osteological distinctions between these two species is the greater average size of the adult in the latter (Sobolik 
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Table 3.  Number and distribution of elements in the chelonian shell
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& Steele 1996), although Preston (1979) identifies species-diagnostic features of the neurals, costals, and 

peripherals. 

Most of a right humerus [MMNS VP-1414], a partial quadrate [VP-1109], and pygal carapace [VP-2356] 

exhibit rather obvious characters consistent with this North American family. These specimens are among a 

handful of chelydrid fossils in the assemblage falling well within the size range and morphology of C. 

serpentina. All appear to pertain to adult individuals. 

Chelydra serpentina is known from Pleistocene localities throughout the central and eastern United 

States (Holman & Andrews 1994) and was previously recorded from the Late Pleistocene of Mississippi (Kaye 

1974, Holman 1995). It is an indigenous Black Prairie chelonian with a well-established Holocene presence in 

the region (e.g. Cliburn 1976, Mount 1975, O’Hear et al. 1981, Scott 1982, Lohoefener & Altig 1983). 

Chelydra serpentina is likely no older than the early Pleistocene (e.g. Meylan 1995: Leisy Shell Pit) as a larger 

unnamed species was the common chelydrid constituent of the late Pliocene of Florida (Meylan et al. 2001). 

 

 

Macrochelys Gray 1855 

Macrochelys temmincki (Troost in Harlan 1835) 

Alligator snapping turtle 

 

Much more massive skeletal elements, keeled costals, and the presence of supramarginal surfaces on the 

4th through 7th costals (Ballinger & Lynch 1983) are a few of the more reliable characters distinguishing 

Macrochelys from Chelydra. 

A chelydrid right hypoplastron [MMNS VP-1953] compares better with Macrochelys temmincki than 

with Chelydra, primarily due to its considerable size but also to the configuration of the medial suture surface. 

M. temmincki has a fossil record dating back to late Miocene (Late Hemphillian) of Nebraska (Parmley 

1992). The species was previously reported from the Pleistocene of the Mississippi Black Prairie (Kaye 1974, 

Holman 1995), and like Chelydra is presumed to have had a continuous Holocene record in the Black Prairie in 

both states (e.g. Mount 1975, Cliburn 1976, Scott 1982). 

 

 

Trionychidae Bell 1828 

 

Pitted shell topography, the presence of preplastra, a 60o scapular angle, the absence of scutes (and thus 

scute surfaces), as well as the absence of a peripheral carapace are just a few characters that distinguish 

trionychids from all other freshwater turtle families of the North American Quaternary. 
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Apalone Rafinesque 1832, sensu Meylan 1987 

Apalone cf. A. spinifera (Lesueur 1827) 

Spiny softshell turtle 

 

Over three dozen Apalone shell fragments (App. A) and an ilium [MMNS VP-1835] were recovered over 

the course of this study. The ilium of this genus differs from the ilia of other species in its less expanded distal 

end and angled diaphysis, which is bent caudally (e.g. Sobolik & Steele 1996: 56). Little comparative 

descriptive detail is necessary for any particular recovered BPA Apalone element. The unique surface pattern, 

consisting of an essentially continuous field of small oval depressions uniformly covering all exterior shell 

surfaces, easily separates the genus Apalone from all other turtles. 

Two species of trionychid are currently native to the Black Prairie—A. mutica and A. spinifera, both of 

which are sympatric over a large portion of their respective ranges (Cliburn 1976, Mount 1975). Osteologically, 

the two are distinguished by (1) the degree of ossification in the hyoid, (2) the relationship between the jugal 

and parietal, (3) length/width ratio of the nuchal bone, and (in large samples) (4) the number of neurals (Meylan 

1987). The Black Prairie material was too incomplete for any of these distinctions to be useful; however, the 

largely fragmentary specimens were complete enough to determine that they are largely derived from females, 

which are substantially larger than males, of a single medium-sized species. Atkinson et al. (1980) and O’Hear 

et al. (1981) also found specific determinations of trionychid remains from archaeological sites in the area to be 

impossible. Holman et al. (1990) found the hypoplastron of A. spinifera to have a consistently more obtuse 

posterior angle. This important character difference between the two species is illustrated in Webb (1962: 474). 

In spite of the fragmentary state of the BPA specimens (MMNS VP-1555), those hypoplastra exhibiting this 

area of the element compare closer to A. spinifera than A. mutica. In addition, Pritchard (2001) described A. 

spinifera as a “medium-sized” species and A. mutica as a “small” species (in terms of species of Apalone 

globally). The bony carapace of A. spinifera is 60% larger in maximize size than that of A. mutica. Apalone 

ferox is a “large” species living in impounded habitat in the coastal Southeast. It is eliminated as a candidate due 

to its size, habitat preference, and current distribution—the closest historic occurrence being southeastern-most 

Alabama. In spite of its fragmentary condition, BPA trionychid shell—carapace and plastron alike—compares 

much better in size, thickness, and occurrence with A. spinifera than A. mutica or A. ferox. 

Sobolik & Steele (1996: 27) state in their osteological identification atlas that A. spinifera “is easily 

distinguished from other turtle species” based on the characteristic exterior sculpturing. However, this ‘pitted’ 

pattern is not limited to the species A. spinifera. In fact, the pattern has adorned trionychid shells since the first 

appearance of the family in the Cretaceous, so that “even the smallest fragment of trionychid shell is 

immediately recognizable by its characteristic sculpturing” (Meylan 1987: 13). That said, trionychid shell 

“fragments hardly justify the application of systematic names” (Hay 1908: 548). Webb (1990: 2) reviewed the 

fossil record of North American Apalone (Trionyx), stating that “most shell fragments (with characteristic 

sculpturing) can be assigned to the genus Trionyx (or as trionychid) but they are usually not otherwise 

diagnostic.” 
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A similar problem of stratigraphic provenance exists with the softshell turtle material as with the gar 

scales discussed earlier, particularly fragmentary specimens of the former. Cretaceous fossils derived from the 

underlying marls are occasionally reworked into the younger Pleistocene and Holocene units. The marls are of 

marine origin and thus are dominated by marine fossils; however, the deepwater Cretaceous carbonates contain 

rare brackish, freshwater, and even terrestrial vertebrates, like gar fish, trionychids, and dinosaurs. Dinosaur 

fossils reworked into Quaternary deposits are very obviously out of place, but Cretaceous softshell turtle fossils, 

especially those of the smaller male, are very difficult to distinguish from shell fragments of modern 

trionychids, given minimal change in the shell morphology of this family in the last 70 million years. Very large 

shell fragments in younger, reworked deposits, on the other hand, are assumed to be Cretaceous as the female of 

the species living at that time appears to have grown to enormous size. Cretaceous and Pleistocene fossils may 

also be distinguished by color, although this distinction may be clouded when the former has been reworked 

with the latter. However, secondary crystallization structures—namely gypsum, calcite, and pyrite—are found 

only in Cretaceous bones in the Black Prairie. 

Although Pleistocene Black Prairie Apalone cannot yet be specifically identified with absolute certainty 

due to the fragmentary nature of the material at hand, the BPA species may eventually be confirmed as entirely 

A. spinifera. This species is very commonly found in all sizes and depths of streams, from intermittent to 

riverine habitat, whereas the geographically sympatric A. mutica is physiographically restricted to flowing 

rivers and the larger, downstream portions of their major tributaries (e.g. Williams & Christiansen 1981). This 

would be consistent with sedimentologic and other biologic indicators of paleo-hydrology in the BPA, which 

collectively suggest smaller streams (as opposed to rivers) as concentrators and depositors of Late Pleistocene 

fossiliferous lag. 

Softshell turtle fossils are known from sites throughout North America from the Cretaceous through 

Recent (review of Webb 1990), and the great similarity of many individual elements, particularly fragments, 

among the known species means that fossils found out of context may be very difficult to date. Kaye (1974) 

previously reported nonspecific Apalone from Late Pleistocene deposits of the Black Prairie. The genus also has 

a well-documented archaeological record in the Black Prairie (e.g. Atkinson et al. 1980, O’Hear et al 1981). 

 

 

Kinosternidae Baur 1893 

 

With respect to size, kinosternids are considerably smaller than chelydrids. Kinosternids are 

distinguished from emydids by, in part, the fewer number of plastral scutes—ten to eleven in the former and 

twelve in the latter. In addition, the pectoral surfaces of the kinosternid carapace do not contact the marginal 

surfaces as they do in the emydids (Ballinger & Lynch 1983). Further differentiating this family from other 

North American freshwater chelonians, kinosternids possess submarginal scutes between the marginals and the 

pectorals, the pectorals are not involved in the bridge (as in emydids), and the entoplastron is fused with and 

divided between the epiplastra. 
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Kinosterninae Agassiz 1857 

Sternotherus Gray 1825 

 

This genus is indigenous to the U.S. with one species—S. odoratus—ranging into Canada during 

interglacial periods. The genus is in part distinguished from Kinosternon, the only other North American 

kinosternid genus, by the more reduced plastron of Sternotherus and the doubly hinged plastron of Kinosternon 

(e.g. Iverson 1991, Conant & Collins 1991). The anterior plastral hinge of Kinosternon divides the abdominal 

scute into a large posterior portion and a smaller triangular anterior portion having distinctively triangular 

pectoral scutes. Iverson (1988, 1991) subsumed all species of Sternotherus under the genus Kinosternon, in part 

based on the work of Seidel et al. (1986. The current study will follow Ernst et al. (1994) and Collins & Taggart 

(2002), among others, in recognizing Sternotherus as a distinct genus. 

 

 

Sternotherus carinatus (Gray 1856) 

Mississippi, or razorback, musk turtle 

Figures 10-12, Tables 3, 4 

 

The following account is apparently the first report of this species in the North American fossil record 

(see reviews of Iverson 1979, Ernst et al. 1994). The current geographic range of Sternotherus carinatus does 

not include the Black Prairie but is very near it—one drainage basin to the west (Iverson 1979, review of Ernst 

et al. 1994). Historically, S. carinatus is known from as far west as the Brazos River drainage of eastern Texas, 

as far north as the Arkansas River, and no further east than the Escatawpa River in Pascagoula drainage basin of 

southwestern Alabama (Blankenship et al. 1995). The Pascagoula drainage is immediately adjacent to the 

Mobile basin—Alabama, Tombigbee, and Black Warrior Rivers—in which the species is absent (Iverson 1979). 

The description of the currently known fossil remains is conducted in detail for the following reasons: (1) the 

current report is based on fragmentary material, (2) the species’ current range does not include the Black 

Prairie, (3) the existence of this species has never been substantiated from anywhere in the greater Mobile 

Basin, and (4) this is the first report of the taxon from the fossil record of North America.  

The presence of a second species of Sternotherus—the commoner S. odoratus known from the modern 

Black Prairie—is discussed after S. carinatus. The inability to separate certain elements of these two species is 

undoubtedly related to their close relationship. In fact, S. odoratus and S. carinatus are thought to be 

phylogenetically closer to one another than either is to other southeastern sternotherines. This is demonstrated in 

the morphologic and protein electrophorytic studies of Seidel & Lucchino (1981) and Seidel et al. (1981). The 

close relationship between these two species is contrary to the earlier comparative morphologic work of Tinkle 

& Webb (1955) and Tinkle (1958a), suggesting a closer relationship between S. carinatus, S. minor, and S. 
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depressus than between S. odoratus and any one of the aforementioned. The current study compares available 

postcranial elements that also suggest a closer relationship between S. carinatus and S. odoratus, an example of 

which includes similarities in the hyo-/hypoplastra not shared with S. minor. 

The headwaters of the Black Warrior River (Mobile basin), lying to the east and north of the Black 

Prairie, are home to Sternotherus depressus—a flat-shelled species (the flattest of the sternotherines) with an 

extremely low-angle or absent median keel. The species is historically limited to the once rapid-flow, shale-

substrate streams in the southernmost reaches of the Cumberland Plateau, streams that have since been modified 

by strip-mining (Mount 1990). Because of its (1) extremely limited geographic range, (2) lack of a sagittal 

carapacial keel, and (3) close relationship to S. minor peltifer (Tinkle 1958a, Iverson 1977, Seidel et al. 1981, 

review of Ernst et al. 1994), S. depressus is not considered as a potential candidate for the fossil remains at 

hand. Comparative material of this species was not acquired for study primarily because none could be located. 

Chilcutt & Jackson (1970) listed five major cranial characters in which the five extant musk turtles differ 

from one another osteologically. Their findings indicated that Sternotherus carinatus is perhaps closest to the 

ancestral condition but noted that support for this notion has yet to be found in the fossil record. Seidel & 

Lucchino (1981: 119) analyzed both protein systems and morphological characters, revealing among other 

things that “S. carinatus is strongly divergent from the other species” of Sternotherus. According to the authors, 

“male S. carinatus have shorter pectoral-abdominal plastron widths than the other two species” (Seidel & 

Lucchino 1981: 125); however, this could not be independently confirmed in the modern sample at hand. Tinkle 

(1958a) noted that the vertebral series (specifically V2-V5) of S. carinatus has generally higher length/width 

ratios than the other species. As the separate carapace elements—nuchal, neurals, suprapygals, and costals—

share only portions of the vertebral surfaces and only separate elements are known in the BPA, these structures 

could not be measured. 

A single, atypical sternotherine neural [MMNS VP-1099] was recovered. Kinosternid neurals (N) tend to 

be highly variable in morphology, particularly N1, N5, and N6. A detailed exploration of this variability is 

required in the identification of this element. N1, N3, and N5 (i.e. the odd-numbered neurals) are usually 

distinguishable from N2, N4, and N6 (i.e. the even-numbered neurals) by the presence of seam lines in the 

former. These lines are most consistently present in N3 and N5. A seam line is variably present in N1, which 

very typically has the most restricted amount of anterior scute surface but more frequently lacks the seam line 

altogether. In the N1, the seam line marks the boundary between the 1st and 2nd vertebral scutes, the latter 

always larger on this neural. N2-N4 in Sternotherus odoratus and S. carinatus are posteriorly concave and are 

generally wider in the posterior half (i.e. they expand caudally). This is in contrast to small Graptemys and 

young Trachemys scripta, which are otherwise similar to one another in this regard, in which N2-N4 are usually 

concave anteriorly and expand in the same direction. Generally speaking, only the N2 is caudally expanded in S. 

minor, the N4 frequently anteriorly expanded (Iverson 1988). In fact, the possession of posteriorly broad neurals 

is a characteristic of kinosternines, distinguishing this group from all other turtles (Iverson 1988). Furthermore, 

S. minor and S. carinatus N1s are generally squared anteriorly indicating broad contact with the nuchal bone, 

whereas those of S. odoratus are pointed anteriorly, generally indicating a lack of contact with the nuchal 
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(Iverson 1988). VP-1099 is squared anteriorly and concave and expanded caudally, as in S. carinatus and S. 

minor. The presence of a seam line and greater dissimilarity to the sternotherine N5 make a convincing case for 

the N1 or N3. The N1 and N3 of S. carinatus may be easily mistaken for N5s of S. minor and even S. odoratus 

when one or the other is turned 180o from its natural anteroposterior position. The similarity is even greater in 

cases where the N1 and N3 of S. minor (or perhaps even S. odoratus) are strongly keeled. 

Thus it becomes necessary to distinguish anterior from posterior in the kinosternid neural, which is easier 

said than done. Vertebrae, which are anteroposteriorly distinct, are helpful in this regard but they readily detach 

form the neural upon shell disarticulation. Fortunately, odd-numbered neurals, which have one seam line each, 

are also distinguishable by the relative elevation of the vertebral scute surfaces. The vertebral surface on the 

anterior side of the seam line is slightly more elevated than the surface posterior to this line. VP-1099 was thus 

determined to be either an N1 or N3 on this basis—most of the surface of this element dominated by the slightly 

lower 2nd vertebral surface. However, the N3 of S. carinatus has a significantly greater depth/width ratio, a 

greater pitch (i.e. smaller angle) to the sagittal keel, and invariably possesses the 3rd-4th vertebral seam line, all 

of which effectively rule out this element as a candidate. Therefore, the best comparison made was with the N1, 

the most highly variable neural with respect to the presence of a seam. As to its exact identity, the dorsal 

outline, large size, and relatively steep median pitch would seem to indicate S. carinatus. N1s of S. minor 

peltifer (n=2) and S. odoratus (n=3) available for comparison have a keel angle (measured along the anterior 

edge) very tightly ranging from 175-180o, although the carapace of the former typically has a much steeper keel 

than the latter. The keel at this point on the N1 of S. carinatus ranges from 119-129o (n=3). The fossil specimen 

falls within the range of S. carinatus at 127o. 

Two large, thick, sharply keeled Sternotherus pygals [MMNS VP-1762, 1921] provide perhaps the most 

compelling evidence for the presence of S. carinatus in this assemblage (Fig. 10, Table 4). Of the three most 

common and widely distributed southeastern U.S. sternotherines, S. carinatus has the sharpest sagittal keel, then 

S. minor, and S. odoratus the most subdued (S. depressus has no keel). Although young S. minor have a distinct 

median keel, the feature disappears with age and is altogether absent in adults (Iverson 1977). The pygals of 

Graptemys are similar in size, particularly in the male, but they are posteriorly bifurcate in this genus. The 

pygals of Graptemys and S. odoratus have parallel sides, whereas the sides of the fossil pygals expand 

caudally—a distinctive characteristic of S. carinatus (Table 4). Although premortem biogenic erosion 

(discussed in the next paragraph) of the posterior margin has taken place in VP-1921, and to some extent in VP-

1762, neither appears to have ever been bifurcate in the manner of Graptemys. 

The posterior margin of VP-1921 is very irregular and is reminiscent of marginal carapace destruction 

observed in certain species of living Sternotherus. The eroded condition of both pygals is inconsistent with 

physical erosion due to the abrasive effects of repeated streambed saltation. Carr (1952: 77) described a similar 

condition in Sternotherus carinatus as a “curious erosive disease that attacks the margin of the shell of southern 

Louisiana specimens.” Such shell destruction is realized in the underlying peripheral bone, not just the marginal 

scutes themselves, and was observed to be especially destructive of the posterior periphery of shells observed 

by Carr (1952). Tinkle (1958a) noted the same phenomenon in S. carinatus from the Pascagoula River drainage 
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Figure 10.  Sternotherus pygals. (a) Modern S. carinatus (left and right) compared to larger fossil specimen 
(center). Scute surfaces designated with asterisks(*) (see Fig. 9). Note bioerosion along the caudal margins of the 
fossil and the modern specimen on the right. Such damage to the living shell is thought to be either initiated or
exacerbated by the growth of epiphytic algae and/or fungi. (b) Morphometric comparison of pygal elements of 
various species of Sternotherus. The fossil pygals from Catalpa Creek compare best to Sternotherus carinatus. 

44



Table 4.  Comparative morphometrics of  Sternotherus  pygals

Keel

Taxon Catalog No. County/Region State Age Length Width1 L/W Angle2 Dorsal/Ventral Outline Pitting

NCSM-H 60286 Obion 12.2 12.0 1.02 156

NCSM-H 60287 Obion 11.7 12.2 0.96 146

NCSM-H 60295 Gibson 10.6 11.5 0.92 150

MMNS JM-021 Onslow 15.3 14.8 1.03 142

NCSM-H 31847 Columbus 9.8 8.9 1.10 140

NCSM-H Roanoke River 15.1 13.3 1.14 152

NCSM-H 60289 Jefferson AL 10.2 8.6 1.19 122

NCSM-H 25113 Cherokee NC 13.5 11.3 1.19 137

S. minor minor NCSM-H 60288 Montgomery GA 12.0 9.6 1.25 133

MMNS CO-451 Madison 13.5 9.9 1.36 122

MMNS CO-405 Hinds 16.7 13.1 1.27 131

MMNS CO-343 Madison 19.4 13.4 1.45 123

MMNS CO-373 Madison 15.3 9.9 1.55 128

MMNS VP-19213 20.0 14.7 1.36 118 Severe

MMNS VP-1762 22.5 15.3 1.47 120 Moderate

1 Width of margin at vertebral scute line.
2 In degrees. Measured along anterior margin of element.
3 Length (conservatively) estimated due to erosion of suture surface. Absolute minimum length = 19.4mm (L/W = 1.32).

AbsentNC Subrectangular to 
subrounded

S. minor peltifer
Subrectangular

S. odoratus

TN

REC

Rectangular

S. carinatus Moderate

Sternotherus sp. Black Prairie (K-30) MS RLB

Posteriorly expanded, 
trapezoidal

MS
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of southeastern Mississippi, the closest occurrence to the Black Prairie of modern populations of this species. 

Jackson (1964) observed a similar erosional process in the peripheral carapace of S. minor minor from north-

central Florida. In the sample examined by Jackson (1964), peripheral erosion involved the pygal and/or the 

adjoining peripherals in every other modern S. m. minor specimen. Of 11 large adult individuals of S. m. peltifer 

in the NCSM collection, two exhibited this phenomenon. None of 22 arbitrarily selected NCSM subadult and 

adult S. odoratus exhibited the erosive condition described by Carr (1952) and others, although approximately 

14% showed other types of irregular posterior margins presumably relating to predation, nutrition, and perhaps 

other disease processes. The cause of such in vivo peripheral erosion is unknown for certain but Conant & 

Collins (1991) offer two possibilities—aggression among males and algal and/or fungal epibiont invasion of 

previously damaged tissue. Although there is a greater incidence of this condition in male (70%) over female 

(47%) S. minor minor individuals (Jackson 1964), an infectious organism is perhaps more likely the causal 

agent (R. Saumure, pers. com.). Hunt (1957) attributed the peripheral erosion observed by Carr (1952) to fungal 

infection. Jackson (1964) indicated that Hunt (1957) also described algae as a likely culprit, but, for the record, 

Hunt (1957) only mentioned Mucorales (fungi). Algae do tend to concentrate in this region of sternotherine 

shells, although this seems to depend on habitat and geographic occurrence. Why S. odoratus, which “often 

supports a rich growth of algae” (Ernst et al. 1994: 142), does not also exhibit similar patterns of carapace 

erosion is unknown. 

A left 4th peripheral [MMNS VP-1076] is attributed to Sternotherus cf. carinatus due to the thickened 

right angle juncture between the dorsal and ventral members of the element, particularly posteriorly. In the L-

shaped 4th peripheral of S. odoratus, the peripheral is proportionally thinner at the inflection point, or vertex, 

and the element is actually thickest in the ventral member. In S. carinatus, on the other hand, the thickest 

portion of the element is at the inflection point itself. In addition, this element in S. odoratus is more wide-

angled (>90o in posterior view) than in S. carinatus and the fossil (≈ 90o). The degree of interspecific variability 

of these 4th peripheral characters has yet to be explored. 

By far the most abundant kinosternid elements in the BPA are plastral, primarily the hyo- and 

hypoplastron. These elements are thick, dense, and sturdy, which may explain their relative abundance over 

other sternotherine elements, most of which are thin and fragile. In Sternotherus, the medial member, or body, 

of the hyo- or hypoplastron (i.e. is the entire element excluding the inguinal and axillary bridges, respectively) 

has a distinctly squarer outline than that exhibited by Kinosternon, which has hyo-/hypoplastra with broad, 

rectangular outlines, producing a greater width/length ratio. As the width/length ratio of the entire hyoplastron, 

or hypoplastron, differs little between these genera, Sternotherus thus has plastral bridges that are transversely 

broader—or longer side-to-side (Holman 1963). In Kinosternon subrubrum and K. bauri, the hyo-/hypoplastra 

are longitudinally grooved along their inflection points between the ventral body and the bridge, whereas in 

Sternotherus there is a smoothly curved transition (ignoring the seam lines) between the horizontal ventral body 

of the hyo-/hypoplastron and the bridge. In addition, Kinosternon has well-developed bridges at the hyoplastral-

anterior lobe juncture and the hypoplastral-posterior lobe juncture, whereas Sternotherus does not (e.g. Conant 
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& Collins 1991). Thus, the Black Prairie plastral material is in every respect entirely consistent with the genus 

Sternotherus and compares best to two species in particular, as will be discussed in the comparison to follow. 

MMNS VP-1683 is a large left hyoplastron that exemplifies the morphology of S. carinatus (Figs. 11, 12, 

Table 5). In this and other BPA hyoplastra, the bridge is at a high angle with respect to the body (i.e. the 

horizontal member), and the body is mostly square in outline. These features of the fossil hyoplastron rule out 

Sternotherus minor, which is wider and narrower in this element with a short, low-angle bridge and 

comparatively gracile form. Bentley & Knight (1998: 8) referred to the distinctive bridge morphology of S. 

minor noting that this structure is “dorsally compressed or flattened in S. minor, and not raised as in S. 

odoratus.” The same difference exists between S. minor and S. carinatus, thus S. odoratus and S. carinatus are 

similar in this regard. The hyoplastron of S. carinatus is relatively thick, and its upward concavity is a gradual 

curve in posterior cross-section, where as that of S. odoratus averages thinner and has a more distinct, angular 

inflection point in the lateral half of this element where the bridge, or axillary member, rises abruptly from the 

ventral body. VP-1683 also falls within the size range of S. carinatus (Fig. 12). MMNS VP-1922 is another 

complete hyoplastron belonging to a smaller sternotherine. It too compares best to S. carinatus for the reasons 

described above—comparatively thick posterior cross-section with a smooth upward concavity caudally. 

Although an incomplete specimen consisting largely of the bridge only, MMNS VP-972 does not appear to 

have an abrupt dorsal inflection (as in S. odoratus) and is relatively thick. In addition, the axillary region (Fig. 

11) is especially thick—this portion of the element averaging thicker in S. carinatus material examined than in 

S. odoratus. MMNS VP-1075 is a fragmentary right hyoplastron missing the bridge entirely. It compares best to 

S. carinatus based on its very thickened posterior margin alone. 

MMNS VP-997 is a complete Sternotherus hypoplastron from Catalpa Creek that in size and thickness 

alone compares best with S. carinatus (Fig. 12, Table 5) over S. odoratus, the latter averaging smaller and 

thinner with respect to plastral elements in general. The same can be said for VP-1564, which is missing part of 

the bridge. Both have elevated high-angle bridges and high length/width ratios with comparatively narrow 

bodies transversely. This morphology produces relatively deep axillary notches, thus eliminating S. minor as a 

possibility as this species has relatively broad ventral members and is narrow anteroposteriorly with shallow 

axillary notches. Holman (1963: 157) indicated that “in S. odoratus the lateral concavity of the hypoplastral 

bone is wider and has its lateral margin deflected more strongly laterad than in S. carinatus.” The current study 

could not independently confirm this distinction in a dozen disarticulated shells of S. odoratus and four of S. 

carinatus, so if the shape of the inguinal notch is different between the two species then the difference may be 

detectable only in certain populations or in larger sample sizes. Nevertheless, of the living, described species of 

this genus, an assignment to Sternotherus cf. S. carinatus seems appropriate, although larger, thicker-shelled S. 

odoratus (not observed in this study) cannot be completely ruled out. MMNS VP-977 and 1044 may also 

belong to S. carinatus for the reasons previously stated, and perhaps a smaller although comparably thick left 

hypoplastron [MMNS VP-996] should be similarly assigned. 

Modern mature Sternotherus carinatus ranges from 100 to 125 mm in carapace length, averaging slightly 

larger than S. odoratus at 51-115 mm (Conant & Collins 1991). As both S. carinatus and S. odoratus can attain 
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Figure 11.  Sternotherus left hyoplastra (left frame, dorsal aspect) and right hypoplastra (right frame, ventral aspect). Modern specimens of S. carinatus (top 
and bottom) are provided for comparison to the larger fossil specimens (center). Heavy blue line represents the shallower inguinal notch of S. minor. 
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 Figure 12.  Comparative plastral dimensions among species of Sternotherus. Shell lengths are given for 
modern specimens where this dimension was taken prior to disarticulation. Among the two dimensions taken 
of the available specimens, thickness appears to be the most telling. Although the fossils are morphologically
incomparable to S. minor, measurements of this species are nonetheless included for size comparison. 
Maximum thickness is the thickest point of the horizontal ventral member of each plastral body and is located 
in a sagittal position (i.e. along the midline). 
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Table 5. Comparative measurements of  Sternotherus  hyo-/hypoplastra

Greatest Greatest Max. Obs.
Reference or Transverse Midline Carapace Carapace

Sternotherus  spp. County/Region State Age Catalog No. Breadth Thickness Length1 Length2

ns ns Holman 1972 (n=9) 19.8 - 34.8 2.7 - 3.9 nr
NCSM-H 60287 29.2 3.4
NCSM-H 60286 28.5 3.2

Gibson NCSM-H 60295 27.3 3.8
Johnston NCSM-H 24524 27.8 3.3
Roanoke River NCSM-H 30.2 3.3 111.4
Onslow MMNS JM-021 33.7 4.7 119.6
Ellsworth KS IRV Holman 1972 (n=6) 17.9 - 28.9 3.1 - 4.8 nr

MMNS VP-1683 41.2 6.4
MMNS VP-1922 30.8 5.0
MMNS VP-1107 4.9
MMNS VP-1103 7.9
MMNS VP-1087 5.6
MMNS VP-1075 5.8
MMNS VP-1108 4.2

Monroe MMNS VP-2406 4.0
Madison MMNS CO-451 31.4 5.0 np
Hinds MMNC CO-405 36.8 7.6 127.3
Madison MMNS CO-343 43.2 8.7 np
Madison MMNS CO-373 27.1 5.7 94.0

S. minor minor Leon FL NCSM-H 60280 32.5 5.2 112.3 145.0
ns ns Holman 1972 (n=9) 20.4 - 34.2 2.7 - 4.8 nr

NCSM-H 60287 28.1 4.0
NCSM-H 60286 28.4 3.6

Gibson NCSM-H 60295 24.8 4.7
Johnston NCSM-H 24524 27.9 3.7
Roanoke River NCSM-H 29.3 4.3 111.4
Onslow MMNS JM-021 33.0 5.0 119.6
Denton TX Holman 1963 30.4 nr
Ellsworth KS Holman 1972 (n=5) 18.3 - 28.4 3.4 - 4.7

MMNS VP-1093 42.4 8.3
MMNS VP-997 34.6 6.4
MMNS VP-1564 30.7 7.2
MMNS VP-1114 np 6.3
MMNS VP-1004 29.9 4.7
MMNS VP-996 21.5 4.0
MMNS VP-1002 24.0 3.8
MMNS VP-1017 4.7
MMNS VP-1563 4.1
MMNS VP-1106 2.9

Monroe MMNS VP-2406 4.0
Madison MMNS CO-451 31.0 6.1 np
Hinds MMNS CO-405 37.1 6.7 127.3
Madison MMNS CO-343 43.3 7.3 np
southwest MMNS CO-373 28.3 6.7 94.0
Montgomery GA NCSM-H 60288 25.7 4.1 np
Leon FL NCSM-H 60280 32.0 7.2 112.3 145.0

S. minor peltifer Jefferson AL NCSM-H 60289 24.2 3.3 np

1 Measurement of carapace length was not possible in previously disarticulated modern shells.
2 From Ernst et al. (1994).
3 Black Prairie fossil material is not S. minor  based on morphology; however, measurements are included for comparison.
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rather large ‘record’ sizes not included in the range, up to 176 mm in the former and 137 mm in the latter 

(Conant & Collins 1991), size alone is less convincing of identity than the sharper sagittal keels of neural and 

pygal elements, relatively thicker plastra, and angular hyoplastral inflection points of S. carinatus. 

The presence of S. carinatus in the BPA is suggestive of a population residing in the upper Mobile 

drainage that must have become locally extinct in that basin at the end of the last Ice Age. The species has not 

been described from archaeological sites in the region, and there are no confirmed historical reports of this 

species from the greater Mobile Basin, let alone the Mississippi-Alabama Black Prairie. Only S. odoratus and S. 

minor peltifer are known to presently occur in the Black Prairie District, at least according to the professional 

biologists consulted as part of this study. As mentioned previously, the closest occurrence of S. carinatus is 

some distance to the south, in the drainage basins of the Yazoo, Pearl, and Pascagoula Rivers of southern and 

western Mississippi (Iverson 1979). Loding (1922) (and later Haltom 1931) reported S. carinatus residing in 

several locales in the Mobile drainage of Alabama; however, Tinkle (1958a: 7) stated that the “specimens were 

almost surely Sternotherus minor peltifer,” and the most comprehensive work to date on Alabama reptiles 

(Mount 1975) does not recognize the presence of this species in that state. Recently, S. carinatus has been 

shown to occur in the southwestern most corner of Alabama (Blankenship et al. 1995)—the easternmost point 

in its range (Iverson 1979). Altig (1973), in an ecological study of the then uncompleted Tennessee-Tombigbee 

Waterway, reported S. carinatus from (presumably) a tributary of the Tombigbee River in Kemper County, 

Mississippi. This record, occurring in “grey literature,” has never been substantiated, by voucher specimens or 

any other means, nor has it been supported by subsequent workers. If this report is ever proven to be accurate, it 

requires an extension of the historic range of this turtle into the upper Mobile Basin. In the rather thorough S. 

carinatus range summaries of Iverson (1979) and Ernst et al. (1994), which are based on rather extensive 

literature reviews, neither includes the Tombigbee Basin nor references Altig’s (1973) report submitted to the 

U.S. Army Corps of Engineers. 

 

 

Sternotherus cf. S. odoratus (Latreille, in Sonnini & Latreille 1802) 

Stinkpot 

Figure 12, Table 5 

 

Two 1st peripheral carapace elements [MMNS VP-1097, 1098]—one right and one left—compare best 

with S. odoratus and to some degree S. minor peltifer. The outer margin of the anterior peripheral series (i.e. the 

forward shell edge) of S. carinatus and S. minor typically remains rather sharp throughout the life of the turtle; 

however, the margins of older individuals of S. odoratus very frequently become dulled and somewhat 

thickened. In addition, the 1st marginal surfaces of this element in S. odoratus are typically narrower than in the 

other living species. In these respects, the two fossil specimens seem to compare best to S. odoratus, but such 

features are not uncommonly characteristic of S. minor peltifer. 
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MMNS VP-2406 (Site K-21) is a left hyoplastron missing the bridge. Based on its relative thinness in the 

axillary region, overall thin proportions, and gently curved inflection point in posterior view, this specimen 

compares best to Sternotherus odoratus. 

A partial left xiphiplastron [MMNS VP-2541] from Town Creek (K-21) is definitely Sternotherus. 

Among other differences, the xiphiplastra of Kinosternon possess significantly more femoral and anal scute 

dorsal overlap than Sternotherus, which has extremely marginal to nonexistent scute surfaces dorsally. 

Although this is yet another element with high intraspecific variability and significant interspecific 

morphometric overlap, it compares best with many more S. odoratus specimens on hand than individuals of any 

other species consulted. As with the Town Creek specimen, most S. odoratus xiphiplastra are usually more 

smoothly convex along the outer margin than typical S. carinatus or typical S. minor. Therefore, an assignment 

of Sternotherus cf. S. odoratus does not seem at all unreasonable. 

Sternotherus odoratus is the most widely distributed sternotherine kinosternid in North America, 

currently found from coastal Maine to the western portions of the Central and Southern Plains. The species 

appears to have had a Pleistocene distribution of similar extent (review of Ernst et al. 1994). In spite of its wide 

distribution and substantial intrapopulational variation, S. odoratus exhibits relatively little interpopulational 

morphological divergence throughout its range (Reynolds & Seidel 1983). 

Of the extant sternotherines, S. odoratus is perhaps the best represented in the Plio-Pleistocene fossil 

record of North America. The oldest record of this species is from the early Pliocene WaKeeney local fauna of 

west-central Kansas (Holman 1975). It has also been recovered from deposits in Florida and Texas (review of 

Ernst et al. 1994). The Holocene range includes the eastern U.S. and the eastern portions of the plains states 

(review of Ernst et al. 1994). 

 

 

Unassignable Sternotherus remains 

 

Perhaps more than all other plastral elements, the most species-diagnostic with respect to near certain 

identification of modern Sternotherus carinatus is the fused but paired epiplastra and entoplastron, which form 

paired halves of an anterior plastral lobe sutured (but not fused) sagitally to make left and right anteroplastra. 

Sobolik & Steele (1996) stated that a principle feature distinguishing Sternotherus anteroplastra from those 

belonging to Kinosternon is the presence of a pair of small, shallow, dorsally located fossae in the latter (Note: 

The authors described these indentations as occurring ventrally, but it is obvious, e.g. from their illustration, that 

they meant dorsally). The writer found this feature present in all S. carinatus and K. subrubrum and most S. 

odoratus anteroplastra examined from the Southeast. However, there was a difference in the location of the 

fossae (which in especially small individuals were simple foramina) between the genera. In Kinosternon, the 

fossae always fell within the posterior half of the anteroplastra, whereas in Sternotherus the fossae were at 

exactly half way between the cranial and caudal ends of the anteroplastra or fell within the anterior half of the 

element. 
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The absence of the gular surface, which is present in all other North American kinosternids, is a generally 

dependable characteristic of living S. carinatus. MMNS VP-1499 is most of a right anteroplastron from Catalpa 

Creek (K-30) assignable to Sternotherus due to the subrectangular shape of the pectoral scutes, which are 

triangular in Kinosternon (Conant & Collins 1991). Although dorsal scute overlap is narrow and marginal in 

both genera, it is even more so in Sternotherus and VP-1499. Most regrettably, however, the single most 

diagnostic portion of VP-1499—the gular region—is missing, thus a specific identification is impossible. 

Nevertheless, the element compares best with S. carinatus and S. odoratus in general character, much more so 

than the two subspecies of S. minor. No other reliable interspecific differences in this element were observed 

with the comparative material at hand. 

A left 6th peripheral carapace [ALMNH PV 985.0013.0194] belonging to Sternotherus was compared to 

the same element in S. minor minor, S. minor peltifer, S. odoratus, and S. carinatus. The specimen is from a 

very large individual. There is no trace of the 3rd pleural surface, which is present in most specimens of all 

species of Sternotherus, although the incidence of this character may be lower in some populations than in 

others. Certain morphometrics of the peripheral carapace are useful in distinguishing between species of 

Sternotherus. Potentially helpful measurements include relative width of the marginal surfaces dorsally and 

ventrally as well as acuteness of the peripheral angle anteriorly and posteriorly. Unfortunately, the present 

specimen could not be satisfactorily assigned to any species in particular as these characters were observed by 

this writer to be too highly variable between species. 

Two left 3rd peripherals [MMNS VP-1710, 1750] are assigned to Sternotherus sp(p). based largely on the 

relatively narrow marginal surfaces ventrally and dorsally (much wider in Kinosternon) and a relatively thinner 

form in general (considerably thicker in Kinosternon). In modern Sternotherus odoratus and in some older 

individuals of S. minor, the edge of the anterior peripheral carapace is frequently dull or rounded (particularly in 

older individuals)—more so than observed among other species examined in this comparative study. This 

contrasts with the typically sharper edges observed in the anterior peripheral carapace of S. carinatus. VP-1750 

has a dull, rounded edge, and VP-1710, belonging to a larger individual, has a distinctly sharper edge, much like 

that observed in typical S. carinatus (S. minor seems to lie somewhere in between). Perhaps not so 

coincidentally, the former is nearer the mean adult size for S. odoratus and the latter nearer the mean for S. 

carinatus. Thus, these elements could be assigned to S. cf. odoratus and S. cf. carinatus, respectively. Whether 

dull peripheral edges of the anterior carapace is a product of the turtle’s interaction with its environment or a 

product of its genotype is unknown but should be explored for its utility as a diagnostic tool. Dull, rounded 

peripheral occurred in most modern S. odoratus shells examined in this study and may be correlated with age.  

The hypoplastra not discussed above, most of which are incomplete, are best left specifically unaffiliated. 

This would include MMNS VP-996, 1002, 1563, 1761, and still others are listed in App. A. The first two are 

complete specimens and represent the smallest Sternotherus specimens in the collection. MMNS VP-1002, 

1563, and 1761 are thicker than average modern S. odoratus hypoplastra, but a relatively distinct inflection 

angle in anterior view precludes an assignment to S. carinatus. 
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Shell Thickness. Given observations of intraspecific regional variability in hyo-/hypoplastral thickness 

for Sternotherus odoratus (Holman 1972b) and Kinosternon spp. (Fichter 1969), it would seem that this 

character cannot stand alone in differentiating between species of fossil kinosternids. Preston (1979: 25) 

suggested that “shell bone thickness within species of aquatic turtles is primarily a function of local water 

chemistry, available diet, and seasonal variations in climate,” never mentioning any adaptive advantages or 

genetically-directed behaviors as causative agents and essentially proscribing the use of this character in species 

diagnostics. Morphology can be partly a product of phenotypic plasticity and can be influenced by an individual 

organism’s responses to its environment. Inherited behaviors that directly or indirectly affect an organism’s 

appearance may never be identified in the genotype, but they may be identifiable in the animal’s tissues when 

the organism matures in and interacts with its preferred habitat. If a gene (or gene sequence) directly 

connectable to plastral thickness cannot be found in (for example) S. carinatus, then the genetic effect on 

plastral thickness may be hidden in the species’ behavior. 

 

 

Emydidae Lydekker 1889 

Deirochelyinae Agassiz 1857, sensu Gaffney & Meylan 1988, Seidel & Adkins 1989 

Graptemys Agassiz 1857 

Graptemys pulchra Group Cagle 1952, sensu Lovich & McCoy 1992 

Graptemys cf. Gr. pulchra Baur 1893b 

Alabama map turtle 

Figure 13 (and 19) 

 

A dozen species of map turtle (Graptemys) are found in the U.S. today—all inhabiting the central and 

eastern portions of the country. The greatest diversity of map turtles is currently found in the Southeast, 

particularly the state of Mississippi (review of Ernst et al. 1994). Two species are known historically from the 

upper Tombigbee River drainage—the black-knobbed map turtle (Graptemys nigrinoda) and the Alabama map 

turtle (Graptemys pulchra) (Shoop 1967, Shealy 1976). However, only the Alabama map turtle has been 

observed to venture up tributaries of the Tombigbee, the black-knobbed preferring the larger, deeper water of 

the main channel (see Cliburn 1971, Jones et al. 1996, Thomas & Bradford 1997). The remaining Mississippi 

map turtle species are found in drainages in the southern and western portions of the state (review of Ernst et al. 

1994). The female is significantly larger than the male in map turtles. 

A large right epiplastron [MMNS VP-1788] from Catalpa Creek (K-30) belongs to this genus based on 

(1) the large angle of the gular-humeral seam line relative to the sagittal (or symphyseal) suture or midline, (2) a 

laterally directed gular horn, (3) the extreme dorsoventral inflection of the epiplastron at the gular horn, (4) 

relatively thin exterior margin (or lip), and (5) the proportionally narrower symphyseal suture margin relative to 

the hyo-/epiplastral suture margin (Fig. 13). Comparative specimens of all Graptemys species were difficult to 

locate, so identification relied to a considerable extent on the descriptions and illustrations in the literature and 
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 a Dorsal aspect 

 
cm 

b Ventral aspect 

 
cm 

c Dorsal aspect 

Figure 13.  Graptemys cf. G. pulchra epiplastron (a, b) and 2nd neural (c). Modern material of Graptemys 
pulchra (MMNS CO-592) and Trachemys scripta provided for comparison. Note pronounced gular horn of G. 
pulchra and narrower, dorsoventrally flatter neural of T. scripta. Scute surfaces designated with asterisks(*). 
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modern range limits. The following species (ranges in parentheses) were available for direct comparison: Gr. 

gibbonsi (Pascagoula and Pearl Rivers), Gr. pulchra (Mobile River Basin), Gr. geographica (Midwest, 

Arkansas, and northern Alabama), Gr. pseudogeographica (Mississippi River Basin and coastal Mississippi), G. 

flavimaculata (Pascagoula River Basin), and Gr. oculifera (Pearl River Basin). Skeletal material of the 

following was not available: Gr. nigrinoda (Mobile River Basin), Gr. versa (Colorado River), Gr. caglei 

(South-central Texas), Gr. ouachitensis (Mississippi River Basin), Gr. ernsti (rivers draining into Pensacola 

Bay), and Gr. barbouri (Apalachicola River Basin). 

A modern Gr. versa epiplastron illustrated by Sobolik & Steele (1996: Fig. 48c) compares very poorly to 

VP-1788 in outline, size, and dorsal overlap of the gular surface. Eliminating this rather small species and the 

other equally small, isolated Texas species (Gr. caglei) leaves ten possibilities. Graptemys barbouri, of the Gr. 

pulchra Group, is a very large map turtle found today only in the Apalachicola-Chattahoochee drainage basin 

and certain drainages of southwestern Georgia. Eliminating all other small, insular Graptemys species occurring 

in localized southeastern drainages with no connection to the Tombigbee River system, leaves six species. 

Graptemys geographica epiplastra differ in at least two respects from the Black Prairie specimen: 

proportionally longer symphyseal suture relative to the length of the epi-/hyoplastral suture and a more convex 

leading edge with the gular horn more posterior to the anterior-most portion of the whole element. This narrows 

the field to five possibilities among the living species, three of which do not currently occur in the greater 

Mobile drainage. Of these three, Gr. ernsti of the Escambia-Conecuh River systems to the southeast and Gr. 

gibbonsi of the Pearl and Pascagoula River systems to the west and southwest (respectively) both belong to the 

Gr. pulchra species group. Graptemys pulchra also belongs to this group, and its epiplastra are virtually 

indistinguishable from the fossil specimen. Graptemys ernsti and Gr. gibbonsi are of similar to slightly larger 

size, and are assumed to be morphologically similar, although no shells could be acquired for direct comparison 

in the case of the former. The black-knobbed (Gr. nigrinoda) and Alabama (Gr. pulchra) map turtles are the 

only map turtle species known from the Tombigbee River historically (e.g. Cliburn 1971, Mount 1975). 

Graptemys nigrinoda adult females range from 100 to 191 mm shell length (221 mm max. obs.) and are much 

smaller than Gr. pulchra, which ranges from 180 to 292 shell length (Conant & Collins 1991, review of Ernst et 

al. 1994). Although a specimen of Gr. nigrinoda was not available for morphological comparison, the 

exceedingly larger size of the fossil epiplastron alone is enough to rule out Gr. nigrinoda. 

This leaves Gr. pulchra and Gr. gibbonsi, both members of the same species group, as candidate 

identities for the fossil specimen. Comparing the fossil to epiplastra of two similarly sized individuals belonging 

to each of these two very similar extant species, the writer identified only one possible differentiating 

morphometric: the ratio of the anterior margin, measured from the midline to the gular horn, compared to the 

lateral margin, measured from the posterior-most portion of the epiplastral lip margin to just below the gular 

horn. In the two specimens of Gr. pulchra the ratios were 1.57 (MMNS CO-626) and 1.69 (CO-592). In the two 

specimens of Gr. gibbonsi the ratios were 1.40 (CO-555) and 1.51 (CO-567). The ratio was 1.62 in VP-1788, 

suggesting a closer morphometric affinity to Gr. pulchra based on this morphometric alone. Adding to this the 

sympatry between the fossil species and Gr. pulchra, plus the fact that Gr. gibbonsi is found only in the Pearl 
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and Pascagoula River drainages, leads to the greater probability that the fossil specimen is more closely allied 

with, or the same as, Gr. pulchra. In spite of the great similarity of the fossil to this species, the documented 

variation in Gr. pulchra anterior plastral scute patterns (Little 1973), which may involve variations in epiplastral 

morphology, and the fact that certain species have not yet been directly consulted, would both make a tentative 

conferral the most prudent type of assignment at this point. 

Based on the measured body lengths of the two Gr. gibbonsi and the two Gr. pulchra used for 

comparison, the fossil epiplastron, identical in size to the epiplastra of the comparative material, belonged to a 

female between approximately 240 and 250 mm standard length. Maximum shell lengths of male Graptemys 

range from 42% to 74% of that of females (Mount 1975). Graptemys pulchra exhibits the greatest sexual size 

dimorphism in that the male maximum shell length is 42% of the female. 

A 2nd neural carapace [MMNS VP-1686] of a large, thick-shelled emydid compares best with large 

Graptemys (Fig. 13c). The length/width ratio is less than that observed in any species of Chrysemys or 

Pseudemys, and the neurals of the latter two genera are proportionally thinner. Gr. ernsti, a Gr. pulchra Group 

turtle of the Escambia-Yellow River basin, is more acute in the dorsal keel (Shealy 1976). The much smaller but 

sympatric Gr. nigrinoda has a pronounced, intermittent keel along the midline of the carapace that supports 

knob-like projections of the vertebral scutes. The sagittal keel in the fossil specimen is more subdued than in the 

large modern Gr. pulchra neural in Fig. 13c; however, the epidermal knobs (i.e. dorsal projections of the scutes) 

and bony keel of Gr. pulchra and other Graptemys become “less conspicuous with age, and virtually 

unnoticeable on large females” (Mount 1975: 280). Whether this is strictly a scute phenomenon or is also 

reflected in the neural bone itself requires the examination of additional scuted and descuted material belonging 

to Gr. pulchra as well as the species of similar size mentioned above. The closely related Gr. pulchra and Gr. 

ernsti females are of similar size; however, the latter is not known from the Mobile Basin. Furthermore, the 

neural carapace of Gr. ernsti has a distinctly more acute angle whereas that of Gr. pulchra is more obtuse (e.g. 

Shealy 1976: Fig. 6), identical to that of the fossil specimen. Based on the material at hand and the current 

distribution of the species, VP-1686 suggests a female Gr. cf. pulchra of substantial size, considerably larger 

than any specimen consulted in this study. 

“All known fossil Graptemys have been referred to Recent species, and most are from sites within the 

modern range of the genus” (McCoy & Vogt 1994: 2). Graptemys geographica and Gr. cf. barbouri are the 

only Graptemys species previously assigned to pre-Holocene fossils from North America, and Gr. 

pseudogeographica has an archaeological record (review of Ernst et al. 1994). Immediately to the north of the 

Black Prairie, in the Highland Rim District of northwestern Alabama, Gr. geographica is part of a diverse 

herpetofauna (≥ 24 spp.) recovered from Late Pleistocene cave deposits (Holman et al. 1990). Although more 

comparisons will be conducted, the writer is fairly confident that Gr. pulchra, or at least a Gr. pulchra-like 

turtle, is represented in the BPA. The current report is the first prehistoric evidence of Gr. pulchra from North 

America. 
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Graptemys sp. 

 

MMNS VP-1572, also from Catalpa Creek, is the distal portion of the left 1st costal carapace. The distal 

rib of this element produces a ridge that is directed more anteriorly in Graptemys than in Trachemys, 

Pseudemys, or Chrysemys. This ridge also tends to lean anteriorly in Graptemys. The fossil compares best with 

Graptemys in these two respects. 

MMNS VP-1743 is a complete emydid left 6th costal lacking (1) the greater curvature of Terrapene, (2) 

the sculpted relief of Trachemys and Pseudemys, (3) the short vertebral surface of Trachemys and Pseudemys, 

and (4) the more extensive vertebral surface of Chrysemys picta. The area covered by the vertebral scute on this 

element is intermediate between that of Chrysemys picta and Pseudemys-Trachemys but is consistent with that 

observed in Graptemys. Furthermore, VP-1743 has a gentle clockwise transverse twist, is relatively thin in 

general and distally thickened along the posterior edge. These character states are also observed in species of 

Graptemys examined, although Glyptemys insculpta is also similar in these respects. 

 

 

Chrysemys Group Boulenger 1889 

 

G. A. Boulenger’s Catalogue of the Chelonians (1889) united species of Chrysemys, Trachemys, and 

Pseudemys under the genus Chrysemys, although earlier and later workers (e.g. Agassiz 1857, Cope 1875, 

Seidel & Smith 1986) preferred dividing this genus into two or more separate genera. ‘Group’ status is 

essentially equivalent to ‘Chrysemys sensu lato’ and recognizes the close phylogenetic relationship between 

these three North American deirochelyines. This close relationship is readily apparent when attempting to 

distinguish between isolated shell fragments of adult Chrysemys and subadult or younger Trachemys and 

Pseudemys—an exceedingly difficult task with respect to most elements. Many elements listed in App. A as 

simply ‘Emydidae’ and ‘Chelonia’ very likely belong to members of this group. Several whole or nearly 

complete elements diagnostic within other emydid groups were not helpful in differentiating between 

Chrysemys Group species. So many more emydid shell fragments were simply unidentifiable due to the extent 

of fragmentation. 

 

 

Chrysemys Gray 1844 

Chrysemys picta (Schneider 1783) 

Painted turtle 

Figure 14 

 

Recently, the Mid-South subspecies—Chrysemys picta dorsalis—was promoted to species rank (Starkey 

et al. 2003). As the writer has not yet investigated the extent of specific osteological differences between C. 
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picta (Schneider 1783, sensu Starkey et al. 2003) and C. dorsalis (Agassiz 1857), the older, more inclusive 

usage of the former name is intended here. Nevertheless, the general physical and ecological differences (e.g. 

average body size and habitat preference) between the Northern and Southern populations are noted. 

The only element recovered in the collecting efforts of the current study assignable to this taxon is a 

small partial nuchal [MMNS VP-1770], although another nuchal (UF 19289) was collected in an earlier effort. 

VP-1770 consists of the anterior portion of this element with most of the posterior portion missing (Fig. 14). 

Dorsally, the surface texture is very smooth and even, lacking in any corrugated topography or scute surface 

inflation, both of which occur to a lesser degree in young T. scripta but not to the degree as found in adults of 

this species. The anterior portion, bearing the cervical and marginal scute surfaces, is long compared to 

Terrapene and Graptemys. The cervical surface is long and relatively narrow—both dorsally and ventrally, 

although it is not as relatively narrow nor does it come to a point as is frequently the case in Trachemys scripta. 

VP-1770 exhibits only very limited portions of the 1st pleural surfaces—the most Chrysemys picta ever 

possesses, if any. Ventrally, the surface of the bone bearing no scutes adjoining and posterior to the cervical and 

marginal underlap recedes anteriorly between the marginal surfaces due to a relatively short cervical underlap. 

This is also the case in both C. picta and T. scripta; however, this non-laminated surface comes to a distinct and 

acute point in C. picta and VP-1770 whereas it is broad and rounded in T. scripta. 

There are other fossil elements within the size range of Chrysemys picta in the current collection that 

could easily belong to this species, especially among the small costal and plastral elements, but due to the great 

similarity between immature individuals of Chrysemys Group species, the extent to which C. picta is actually 

represented may never be known. For example, the epiplastra of Chrysemys picta and young Trachemys scripta 

can be virtually indistinguishable. A small epiplastron from Catalpa Creek [MMNS VP-1701] belongs to either 

an adult C. picta or subadult T. scripta, or perhaps even a juvenile specimen of the Ps. rubriventris Section. All 

of the preceding may possess a stoutly notched anteromedial margin, a somewhat stout gular horn (retained 

only in the adult of T. scripta), and a proximodistally broad gular-humeral overlap. Bentley & Knight (1998) 

found vertebral seam patterns useful in identifying small emydid costals belonging to C. picta. Although this 

writer found such patterns to be too variable to be reliable based on comparisons made to date, this method of 

separation remains to be thoroughly explored. 

Chrysemys picta was previously reported by Kaye (1974) from the Pleistocene of the Mississippi Black 

Prairie (Kaye 1974, review of Holman 1995). The species list of Curren et al. (1976, 1977), who reported on 

Pleistocene vertebrates from the Alabama Black Prairie, contains “Chrysemys sp.” The text accompanying this 

list suggests that the authors were specifically referring to C. picta by their use of the common name “painted 

turtle” (Curren et al. 1977: 96). Like Kaye (1974) and Frazier (1985), however, the work of Curren et al. (1976, 

1977) was non-descriptive, so no descriptive diagnostics are attached to the single referred specimen. The 

closest fossil occurrence of this species outside the BPA is that reported by Holman et al. (1990), who 

documented C. picta from Late Pleistocene cave deposits in the Highland Rim along the Tennessee River in 

northwest Alabama—not quite one hundred miles to the north by northwest of the Mississippi locality. This 

species has a well-documented Holocene archaeological record along the Tennessee River, although its 
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Figure 14.  Modern (left) and fossil (right) Chrysemys picta nuchal bones. The posterior and right 
pleural portions of the fossil specimen are missing. Scute surfaces designated with asterisks(*).  

Figure 15.  Fossil (left) and modern (right) 11th peripherals of Pseudemys rubriventris Section—
species indeterminate for the fossil specimen. Scute surfaces designated with asterisks(*). 
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occurrence in such contexts indicates it was rarely collected by Native Americans (Barkalow 1972). Chrysemys 

picta is a native turtle of Mississippi and Alabama (Gandy 1966, Mount 1975, Scott 1982, Lohoefener & Altig 

1983), although zooarchaeological reports for the Tombigbee River Valley are nonspecific with regard to 

Chrysemys Group turtles of this size (see O’Hear 1981, Scott 1982). The species is known as far back as the late 

Miocene of Nebraska (review of Ernst et al. 1994). 

 

 

Trachemys Agassiz 1857 

Trachemys scripta (Schoepff 1792) 

Slider 

(Fig. 19) 

 

Comparative Pleistocene material of this species, although abundant at some institutions, was 

inaccessible at the time of this study. Therefore, the identifications below rely solely on material belonging to 

the modern subspecies Trachemys scripta scripta from North Carolina and T. s. elegans from Mississippi, as 

well as physical descriptions in the literature. 

MMNS VP-1738 is the anterior portion of a nuchal bone from Catalpa Creek (K-30). Weaver & 

Robertson (1967) and Dobie & Jackson (1979) illustrate and discuss differences among the nuchals of most 

North American emydids. The nuchal of Trachemys scripta is different from that of Terrapene and Pseudemys 

in a number of ways, including the following: (1) the anterior region (forward of the 1st vertebral) is much more 

elongate than in Terrapene, (2) the ratio of cervical length ventrally to cervical length dorsally is considerably 

greater than in Pseudemys, and (3) the scute surfaces are typically more inflated, or raised, than in Pseudemys 

and Terrapene. Preston (1966) defined three characters by which the nuchals of T. s. elegans may be 

distinguished from T. s. scripta. Although the only BPA specimen was not complete enough to apply this 

author’s diagnostics, the writer agrees with his observations of modern shells based on Oklahoma, Mississippi, 

and North Carolina material housed at MMNS. 

MMNS VP-1845 is a single pygal carapace from Catalpa Creek also attributable to this species. The 

pygal of modern T. scripta is distinguished from that of Pseudemys spp. and Chrysemys picta by a greater angle 

of inflection, the vertex of which is directed ventrally and identified by the dorsal juncture of the surfaces for 

the paired 12th marginals and the 5th vertebral. This angle is relatively subdued to nonexistent in Pseudemys and 

Chrysemys picta, respectively. In addition, Trachemys carapacial elements in general have somewhat inflated 

scute surfaces, a feature that usually prevents confusion with shell bones of Pseudemys and Chrysemys. 

Furthermore, the pygal of Trachemys, even in small individuals, is proportionally thicker than the pygal of 

Chrysemys and Pseudemys, particularly at the inflection angle described above. In these respects, VP-1845 is 

most consistent with Trachemys. Comparison to the pygals of Graptemys and Glyptemys insculpta, both 

described in greater detail under the latter, were also made revealing even less similarity. 
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A right epiplastron [MMNS VP-1745] is also assignable to a small individual of this taxon. The 

relatively wide gular-humeral surface and the prominent though somewhat eroded gular horn (see Fig. 19) make 

this assignment fairly straightforward, even given the occasional similarity of young T. scripta to adult 

Chrysemys picta. Preston (1966) stated that, based on material available at the time, the epiplastron of modern 

T. s. scripta from North Carolina is smooth along the leading edge whereas that of T. s. elegans from Tennessee 

is coarsely serrate. Unlike the nuchal characters discussed above, the writer found no such distinction in this 

element between the two subspecies, although this observation is based on only two scripta from North 

Carolina compared to many more elegans from Mississippi and other states. 

T. scripta dates as far back as the Blancan of Texas and has an extensive Pleistocene fossil record 

throughout the Southeast, Mid-South, and southeastern Southern Plains states (review of Ernst et al. 1994, 

Hulbert 2001). Fossil T. scripta was previously reported from the study area by Kaye (1974). Based on the Pre-

Columbian archaeological record for the species in the district (e.g. Scott 1982), this T. scripta has had a 

continuous presence in the Black Prairie since the Pleistocene. The red-eared slider (T. s. elegans) is one of the 

most common turtles of the Twin States today and has a wide distribution therein (Gandy 1966, Mount 1975, 

Lohoefener & Altig 1983). 

 

 

Pseudemys Gray 1855 

 

Carr (1952) divided deirochelyines of the genus Pseudemys (sensu Agassiz 1857, Seidel and Smith 1986) 

into two groups based, not on an invariable suite of distinctive characters nor even any specific character(s) 

wholly unique to either, but on the general and sometimes variable similarities shared between species and 

species populations within each group. Carr & Crenshaw (1957) later focused on morphologic and chromatic 

characters (one of each) of the skull, but the former had already been found to be inconsistent in a western race 

of Ps. floridana sensu Carr 1952. Carr’s (1952) two Pseudemys groups consist of the Ps. floridana Section, 

which contains Ps. concinna (Southeast, Mid-South, and northwestern Florida), Ps. floridana (northeastern Gulf 

Coastal Plain and southern Atlantic states), Ps. gorzugi (Rio Grande River), and Ps. texana (Colorado-Brazos 

and related river systems), and the Ps. rubriventris Section, which contains Ps. rubriventris (Middle Atlantic 

States), Ps. nelsoni (Florida), and Ps. alabamensis (Mobile Bay area) (distributions based on Ernst et al. 1994). 

In a similar fashion, Weaver & Rose (1967) grouped the species of Pseudemys into two different evolutionary 

lineages, but their groupings also incorporated the closely related Chrysemys picta and the various Quaternary 

races of Trachemys scripta. Ward (1984) placed the polytypic Ps. texana and the Ps. rubriventris Section 

together into the subgenus Ptychemys Agassiz 1857. Seidel & Palmer (1991) confirmed the distinctive nature of 

cooters (Ps. floridana and Ps. concinna) and red-bellies (Ps. rubriventris) in the Atlantic drainages as originally 

observed by Carr (1952). Seidel & Palmer (1991) reported that interspecific similarity along the zone of 

sympatry is the result of hybridization. Revisiting Ward’s (1984) contention, Seidel (1994) returned Ps. texana 

to the floridana Section based on protein electrophoretic studies and generally confirmed the precision of Carr’s 
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(1952) original grouping. Ward’s (1984) research found Ps. concinna and Ps. floridana to be osteologically 

distinct. Seidel & Palmer (1991) and Seidel (1994), however, took issue with Ward’s (1984) work again, 

insisting the subspecies Ps. concinna concinna and Ps. floridana floridana were morphometrically 

indistinguishable. Jackson (1995), on the other hand, recognized enough morphometric and chromatic distance 

to assign all eastern populations of this section to either Ps. concinna or Ps. floridana. Distribution maps in 

Ernst et al. (1994) do not show Ps. floridana (sensu Carr 1952, Jackson 1995) ranging into modern Mississippi 

or central Alabama as these authors are of the opinion that the species is not found northwestward of 

southernmost Alabama. 

This writer found considerable difficulty in differentiating between isolated carapace fragments of the 

two Pseudemys sections. Preston (1979: 52) indicated that the scute surfaces of red-belly (Ps. rubriventris 

Section) shells are “finely and vermiculately sculptured,” in contrast to that of cooter (Ps. floridana Section) 

shells which are smoother. Although the current writer found this to be very generally the case, it was not 

always true. The degree of sculpturing appears to be highly variable between, and perhaps even within, local 

populations. Adding further to the confusion, isolated shell elements—particularly the peripherals, costals, and 

hyo-/hypoplastra—of Trachemys scripta can also be quite similar to all Pseudemys species in general 

morphology, seam pattern, and surface texture. 

It is possible that some of the nonspecifically identified Pseudemys remains herewith belong to the Ps. 

floridana Section (i.e. Ps. concinna). However, more intensive and extensive comparisons are required to test 

this notion. 

 

 

Pseudemys rubriventris Section Carr & Crenshaw 1957 

Red-bellied turtles 

Figures 15-17 

 

MMNS VP-1392 is one of two recovered 11th peripherals that compare better to Ps. rubriventris than Ps. 

concinna/floridana (Fig. 15), an interpretation based largely on the fine dorsal topography, or texture. Although 

carapace surface ornamentation can be highly variable between species of Pseudemys, the textured pattern on 

both specimens compared somewhat better with Ps. rubriventris from North Carolina than Ps. 

floridana/concinna from North Carolina, Mississippi, and Florida. More extensive comparison later may bear 

this out.  

Three isolated epiplastra [MMNS VP-698, 1816, and 1517] (Fig. 16) of a very large, thick-shelled 

emydid species were found in the Tibbee-Catalpa Creek drainage. They are closest to Pseudemys and large 

Trachemys in size and general morphology. In thickness, they are most like Ps. nelsoni. Epiplastra of 

Chrysemys picta are much smaller but also differ morphometrically. Although similar to Trachemys scripta, the 

gular margins of the fossil specimens do not exhibit the pronounced gular horn of T. scripta (see Fig. 19). Based 

on the writer’s examination of modern specimens of Chrysemys Group turtles from Florida, Mississippi, and 
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Figure 16.  Emydid epiplastra belonging to fossil Pseudemys rubriventris Section (left) and modern Pseudemys 
spp.  (right). The fossil specimens are essentially identical to the modern Ps. rubriventris epiplastron shown here 
(upper right). The position of the pregular fossa (attachment point for the cervicoplastral ligament) changes with 
the breadth of the epiplastral lip, which is the dorsal combination of the humeral and gular scute surfaces 
(designated with asterisks). Epiplastra of both allopatric Ps. floridana (lower right) and sympatric Ps. concinna, 
which are much more similar to one another than either is to Ps. rubriventris (e.g. Fig. 17), were also compared 
to the fossil specimens although with considerably less agreement. 
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North Carolina, modern C. picta of all ages, subadult Pseudemys floridana Section, and occasionally Ps. 

rubriventris exhibit some form of a gular horn (Fig. 16), although never the pronounced process exhibited by T. 

scripta. Pseudemys nelsoni, fossil or modern, does not exhibit a gular horn (e.g. Dobie & Jackson 1979: Fig. 8). 

Although the fossils exhibit shallow, multiple gular notching along the leading edge, as in Ps. rubriventris 

Section turtles, a pronounced gular horn is lacking. A gular horn is also completely lacking in adult Ps. 

floridana Section. Frequently, the gular portion of T. scripta epiplastra is deflected ventrally to produce a 

somewhat bowed ventral surface, whereas Pseudemys and the fossil specimens have a more planar ventral 

surface. 

Preston (1979: 52) indicated that the dorsal overlap of the humeral and gular scutes, or epiplastral lip, is 

more “strongly developed” (i.e. anteroposteriorly broader) in the Pseudemys rubriventris Section than in the 

Pseudemys floridana Section. This writer observed the characteristic to be consistent among all specimens 

personally examined, both wet and skeletonized. In addition, the breadth of the epiplastral lip affects the 

position of the pregular fossa (insertion point for the cervicoplastral ligament), such that this depression is more 

posteriorly placed in the rubriventris Section and more anteriorly placed in the floridana Section (Fig. 16). 

Other authors (e.g. Rose & Weaver 1966) have also noted the usefulness of epiplastral lip development in 

differentiating between species of Pseudemys. Only one published exception was found. Holman & Clausen 

(1984: Fig. 2) illustrate what they refer to as an epiplastron of Ps. floridana from the Late Pleistocene of Little 

Salt Spring, Florida. However, the authors’ reasons for the assignment are questionable, at least with respect to 

separating this species from Ps. nelsoni based on this element. As the specimen illustrated and described in 

Holman & Clausen (1984) is consistent with published descriptions and comparative material of nelsoni (and 

other members of the rubriventris Section) examined by the writer, and as it represents the only “Ps. floridana” 

element among other material identified as nelsoni at Little Salt Spring, the specimen most probably belongs to 

Ps. floridana. 

The Black Prairie specimens clearly belong to the Ps. rubriventris Section. The overlap of the gular-

humeral surfaces is proportionally much broader in the BPA fossil than in turtles of the floridana Section, 

including Ps. concinna, Ps. floridana (Figs. 16, 17), and the extinct Ps. hibbardi, approximating that of T. 

scripta, Ps. rubriventris, Ps. nelsoni, and the extinct Ps. caelata. Pseudemys caelata is a late Miocene member 

of the rubriventris Section that also has a slight gular horn (Jackson 1976), as occasionally appears in the 

related Ps. rubriventris, although in a subdued form (Fig. 16). The breadth of the humeral surface overlap at the 

epi-/hyoplastral suture is significantly greater in Trachemys (see Fig. 19) than the fossil specimens and all 

modern Pseudemys spp. The Black Prairie fossils are greater in this dimension than turtles of the floridana 

Section but within the range of this dimension in the rubriventris Section. Within the genus Pseudemys, Ps. 

floridana has the lowest ratio of gular surface breadth (Fig. 16, 17: dimension C) versus the entire width (W) of 

the epiplastron (C/W=1.8-2.8, n=3). This ratio is slightly higher in concinna from Mississippi (C/W=6.2-9.9, 

n=4) and is significantly higher in rubriventris from North Carolina (C/W=22.1, n=1), alabamensis from 

Mississippi (C/W=20.5, n=1), and nelsoni from Florida (C/W=17.4-28.4, n=10, from Rose & Weaver 1966). 
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Figure 17.  Epiplastral morphometrics in Quaternary Pseudemys. The ratios are the proximodistal breadths of the gular and humeral surfaces dorsally relative to 
the lengths of their respective adjacent sutures (Fig. 16). Although T. scripta is included here, this species is not a serious consideration due in part to the lack of 
gular horns in the fossil specimens, which have a greater morphological similarity to species of the Pseudemys rubriventris Section. There are actually four data 
points for Ps. rubriventris, two of which coincide. 
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This same ratio among the Black Prairie specimens (C/W=24.6-33.3, n=3) is consistent with the observed range 

for the three species of the rubriventris Section. 

Finally, epiplastral width/length (W/L) ratios are relatively high in Pseudemys concinna from Mississippi 

(W/L=1.14-1.25, n=5), Ps. floridana/concinna from North Carolina (W/L=1.25-1.27, n=2), and Ps. floridana 

from Florida (W/L=1.04-1.28, mean=1.16, n=3), as well as late Miocene Ps. caelata, a hypothesized Ps. nelsoni 

ancestor from Florida (W/L=1.16-1.29, n=2). The Black Prairie fossils (W/L=0.98-1.01, n=3), Ps. alabamensis 

(W/L=1.08, n=1), and Ps. rubriventris from North Carolina (W/L=1.05-1.07, n=2) are comparatively narrower. 

It must be noted, however, that there is a weak correlation (r2=0.636) between epiplastral length and W/L with 

larger elements tending to have lower ratios. 

Considering the (1) broad gular-humeral surfaces (i.e. epiplastral lip) dorsally and corresponding 

placement of the pregular fossae, (2) lack of pronounced gular horns, (3) relatively low length/width ratio, (4) 

planar ventral surface, and (5) endomorphic construction, the Black Prairie specimens are most consistent with 

members of the Pseudemys rubriventris Section. 

The three species comprising the Pseudemys rubriventris Section are today allopatric; however, the fossil 

record suggests that species populations of the rubriventris Section may have been more contiguous in the past 

covering much of the Gulf and Atlantic Coastal Plain. Pseudemys alabamensis, the nearest species of this 

section to the Black Prairie and occurring in the same drainage basin, is today restricted to the lower sections of 

rivers and streams draining into Mobile Bay although not the bay itself. Pseudemys nelsoni is confined to 

Florida, and Ps. rubriventris occurs in the Mid-Atlantic States (review of Ernst et al. 1994). A modern range 

extension of the rubriventris Section, specifically the species alabamensis, has recently been reported west of 

Mobile Bay from the Pascagoula and Escatawpa Rivers of coastal Mississippi (Leary et al. 2003). Fossil 

remains (i.e. Pleistocene and older) of alabamensis and rubriventris have not been reported in the literature, 

although shell material of the latter species is known from archaeological sites within its historic range (review 

of Ernst et al. 1994). Pseudemys nelsoni, on the other hand, has a very good Plio-Pleistocene fossil record 

within its current range (Florida), and the species has also been reported from Pleistocene deposits in coastal 

South Carolina (Dobie & Jackson 1979) and the inland Ridge & Valley District of Georgia (Holman 1985), 

both of which are extralimital occurrences with respect to the species’ current distribution. The first of these 

reports, based on the recovery of material from Edisto Island, South Carolina (Roth & Laerm 1980), suggests 

that nelsoni may have been continuous with rubriventris to the north during the Pleistocene (Dobie & Jackson 

1979). The two major existing rubriventris populations (see Graham 1991) are thought to represent what 

remains of a once larger, more continuous population covering the New England Coastal Plain in prehistoric 

times (Waters 1962). The nearest extant species of the Ps. rubriventris Section to the Black Prairie is Ps. 

alabamensis, which is limited to the lower portions of rivers draining into and within the immediate vicinity of 

Mobile Bay (review of Ernst et al. 1994).  

Kaye (1974) reported the occurrence of Pseudemys nelsoni from the Mississippi Black Prairie (see also 

Holman 1995). As Kaye’s (1974) work was not a comparative discussion, it included no morphometric 

justifications for the final faunal list. Thus, the original reason(s) for assigning the Black Prairie material to Ps. 
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nelsoni are unknown, although they may have been justified. Still, the identification was based solely on a 

single incomplete peripheral element [UF 19287]—a weak assignment given the great variability in these 

elements between red-bellies, cooters, and sliders. Given this poorly diagnostic specimen and the lack of a 

comparative discussion, Kaye’s (1974) identification of Ps. nelsoni from the BPA is abandoned for a more 

general reference of all the nelsoni-like BPA specimens to the Ps. rubriventris Section, at least until more 

diagnostic remains are uncovered and/or a more thorough comparison can be conducted. 

The occurrence of turtles of the Pseudemys rubriventris Section from the Mississippi Black Prairie Late 

Pleistocene indicates a more extensive ancestral range for these turtles. If extralimital fossil locales for this 

section of Pseudemys continue to be identified, particularly in regions lying between the currently known 

populations in southeastern Alabama, the Central Atlantic Coast, and Florida, then the Pleistocene-Holocene 

transition may mark an allopatric speciation event within this group as the result of population break-up and 

isolation. The hydrologic and physiographic connection to southeastern Alabama suggests more gene exchange 

occurred between the BPA Pseudemys and Ps. alabamensis than between the former and rubriventris on the 

Atlantic seaboard and nelsoni in Florida. As alabamensis inhabits the lower portions of the Mobile River, which 

drains the Black Prairie via the Tombigbee and Alabama Rivers, the most likely candidate modern species for 

the Black Prairie material would be alabamensis. Again, until distinguishing osteological characters of 

individual elements of the three red-bellies are identified, the writer proposes a more conservative assignment of 

the BPA Pseudemys to the rubriventris Section. 

Pseudemys concinna. Remains of the cooter have not been identified in the BPA to date, although some 

of the material still lacking a specific assignment may in fact belong to this species. This would not be at all 

surprising as Ps. concinna is the only Pseudemys recovered from Pre-Columbian, Post-Pleistocene 

archaeological contexts in the area (Scott 1982: Author’s “Pseudemys floridana” is actually Ps. concinna—see 

Ernst et al. 1994) and is considered a native species of Mississippi and Alabama (Mount 1975, Lohoefener & 

Altig 1983). In addition, Ps. floridana, which is so similar to Ps. concinna in certain areas of sympatry as to be 

nearly indistinguishable (e.g. Seidel 1994), shares habitat with Ps. nelsoni, therefore interspecific competition 

must be low enough to allow the two turtles to coexist. Nearly every location thus far sampled in Florida where 

the two are sympatric, floridana is more abundant than nelsoni. Therefore, it is reasonable to assume Late 

Pleistocene concinna was capable of co-existing in close proximity with the BPA red-belly. 

 

 

Emydinae Lydekker 1889, sensu Gaffney & Meylan 1988, Seidel & Adkins 1989 

Figure 18 

 

Compared to deirochelyine emydids, emydine skulls have (1) generally narrower, ridgeless triturating 

surfaces, (2) upper triturating surfaces with negligible portions of the palatine or pterygoid, (3) a smaller 

orbitonasal foramen, (4) more coarsely sculptured interorbital regions, (5) wider postorbital bars, and (6) jugals 

not touching the palatines (Ernst et al. 1994). Shells of the three largest extant North American emydine 
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Figure 18.  Emydine plastra, dorsal view. Note (1) th nglymoid hinge in Terrapene and partial hinge in Emydoidea, (2) the very different 
plastral bridge (rectangles) development ree species—the most subdued in Terrapene, (3) the small portion of the abdominal scute surface 
located dorsally in the inguinal region of Emydoidea, (4) the broad, stout gular-humeral surfaces (green) in the epiplastra (red

e fully kinetic gi
 among the th

) of Glyptemys insculpta, 
and (5) the posteriorly rounded plastro . Xiphiplastral bones in bluen in Terrapene . The plastra of Emydoidea and Terrapene are divided at the hinge into 
anterior and posterior lobes. As rlap—gular (dk. greenterisks (*) designate scute surfaces in dorsal ove ) and humeral (lt. green) surfaces highlighted. 
Drawings by U. Fritz of Holman & Fritz (2001: Fig. 9) and reproduced here with kind permission of the authors. 
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genera—Terrapene, Emydoidea, and Glyptemys—are readily distinguishable. In contrast with Emydoidea and 

Glyptemys, the plastron of Terrapene is completely kinetic between plastral lobes and shell elements are fused 

to one another in the adult (Fig. 18). In Emydoidea blandingii, (1) the length-width ratio of the nuchal carapace 

is ≥1, (2) the length-width ratio of the hypoplastral femoral surface is ~1, and (3) the xiphiplastral floor is 

deeply excavated (Holman & Fritz 2001). In Glyptemys insculpta, (1) the nuchal carapace is strongly domed, 

(2) the epiplastra have broad, thick gular-humeral surfaces dorsally, and (3) the anterior plastral lobe is 

relatively narrower than in other emydine species (Fig. 18). The plastron of Terrapene differs from the other 

two emydine species in its (1) more rounded posterior margin, (2) more subdued contribution to the bridge with 

a fully ligamentous attachment to the carapace, and (3) broader, deeper pregular region. 

 

 

Glyptemys Agassiz 1857 

Glyptemys insculpta (Le Conte 1830) 

Wood turtle 

Figures 18-22 

 

Glyptemys insculpta is a medium-sized turtle (160-250 mm adult length) with a low-profile carapace 

bearing very elaborate and distinctive scutes (Harding 1997, Hulse et al. 2001) supported by a generally 

featureless bony carapace. The carapace of the larger male is taller, narrower, and ventrally concave, whereas 

that of females is more subdued, broader, and ventrally planar (Harding 1997, Hulse et al. 2001). The male also 

has a relatively larger skull for its body size (Oldfield & Moriarty 1994). 

Two systematic revisions of the Emydinae have been published in the very recent past, each arguing for 

the resurrection of a different genus name for the extant North American wood turtle. Both names, proposed for 

what has been known for quite some time as Clemmys insculpta, are derived from Agassiz (1857). At the 

moment, this writer adopts the reasoning and usage of the genus Glyptemys by Holman & Fritz (2001) over that 

of Calemys by Feldman & Parham (2002) for Testudo insculpta LeConte 1830. Glyptemys (= Testudo) 

insculpta has only one congener (sensu Holman & Fritz 2001) but formerly had four under Clemmys (sensu 

lato). Three of these, including Gl. insculpta, occur in eastern North America and the other (Actinemys 

marmorata) is not found outside the Pacific states. All four species are very similar osteologically; however, the 

other two eastern species—G. muhlenbergii and C. guttata—are half the adult size of Gl. insculpta thus are 

easily separable using size alone. Analysis of the scute surface, or seam line, pattern of the ventral plastron in 

turtles of the genus Clemmys sensu lato—i.e. Clemmys guttata, Glyptemys muhlenbergii, Gl. insculpta, and 

Actinemys marmorata—indicates a close relationship among these species (Lovich et al. 1991). 

The wood turtle is identified from this assemblage based in part on two nuchals [MMNS VP-1702, 

1703], one of which is fairly complete. Holman & Clouthier (1995) found the nuchal bone to be the most 

diagnostic carapace element in identifying fossil Gl. insculpta from Late Pleistocene deposits in Nova Scotia. 

The nuchal of Gl. insculpta is perhaps closest in size and morphology to large Terrapene carolina with which it 
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may be confused. The vertebral region of the nuchal in Gl. insculpta is very highly domed, more so than in 

Terrapene and Pseudemys-Trachemys and closest to that of Trachemys scripta examined in this study. The 

anterior (i.e. marginal-nuchal) end is proportionally wider and anteroposteriorly shorter in Gl. insculpta than in 

Pseudemys or Trachemys producing a considerably lower length/width ratio. In T. scripta, the scute surfaces of 

the nuchal are typically developed in high relief, with more heavily incised seams, even in small individuals. In 

both Gl. insculpta and T. scripta, the cervical surface is relatively long dorsally and ventrally, longer than the 

various species of Pseudemys, which have short cervicals ventrally. Ventrally, the nuchal surface is 

proportionally longer and narrower in Gl. insculpta than in Terrapene, and its greatest width is located more 

posteriorly in the former and more anteriorly in the latter. In spite of its less domed appearance and incomplete 

posterior region, VP-1703 compared better to available Gl. insculpta than to available nuchals of Terrapene, 

Pseudemys, and Trachemys. The more complete specimen [VP-1702] is, on the other hand, indistinguishable 

from modern Glyptemys. 

A left 1st peripheral [MMNS VP-1771] is closest to this species. The fine texture of the surface is 

relatively smooth, although uneven at a larger scale. Most importantly, it lacks the distinctive washboard, or 

furrowed, pattern characteristic of many adult Pseudemys and Trachemys. It is relatively thin compared to 

Chrysemys Group species of similar size, and the marginals take up nearly the entire ventral surface, as in Gl. 

insculpta. The outer margin of the fossil is slightly more convex than in any other emydid 1st peripherals 

examined, largely due to the outer edge of the 2nd marginal surface being angled more posteriorly, as in Gl. 

insculpta. The seam pattern on the fossil is also most consistent with Gl. insculpta. The dorsal and ventral scute 

patterns on VP-1707—a left 3rd peripheral—are also most consistent with that of Gl. insculpta. 

Left and right 2nd peripherals [MMNS VP-1786 and 1881, respectively] are assigned to this species with 

reasonable certainty. Most easily confused with Gl. insculpta with respect to the anterior peripherals are 

Emydoidea blandingii and smaller individuals of smooth-surfaced Trachemys scripta elegans. In Trachemys 

scripta this element is proportionally much thicker laterally and posteriorly (i.e. toward the bridge) and contains 

at least a portion of the insertion point for the 1st costal rib, which is eroded away in the Black Prairie 

specimens. Ventrally, the skin line along the marginal surfaces is not level with the interior alaminate surface 

(as in T. scripta) but is elevated above it (when viewed in ventral aspect). In dorsal or ventral aspect, the outer 

margin of the 2nd peripheral possesses a gradual, obtuse bend at the seam line juncture of the 2nd and 3rd 

marginal surfaces in Gl. insculpta, such that the edge of the 2nd marginal surface assumes an attitude slightly 

different from that of the outer edge of the 3rd marginal surface. The outer edge of this element in E. blandingii 

does not turn medially as abruptly at the 2nd marginal. In addition, the anterior peripheral carapace is smoother 

and more even-surfaced in E. blandingii and is not concave dorsally as in Gl. insculpta. Finally, these elements 

cannot belong to Terrapene as neither possesses the prominent and continuous subperipheral ridge just below 

the rim of the carapace that is so characteristic of this genus. 

A single pygal [MMNS VP-1708] is assigned to this taxon. The pygal of Glyptemys insculpta is obtusely 

bowed along the intermarginal seam dorsally, and the posterior margin of the element comes to an obtuse point 

with a shallow caudal notch. The pygal of Graptemys has a very similar construction although the caudal notch 
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is deeper. In Gl. insculpta this caudal notch is primarily due to the pointiness of the 12th marginals rather than a 

distinct bifurcation of the pygal as observed in Graptemys. In addition, the 5th vertebral surface is relatively 

narrow along the anterior margin of the element, compared to other similarly-sized emydids. 

In spite of the relatively featureless bony carapace compared to the elaborate epidermal layer thereon, 

Holman & Clouthier (1995) found surface sculpturing to be useful in the identification of various Gl. insculpta 

fossil carapacial elements. Parmalee & Klippel (1981) listed six major characters useful in identifying a partial 

carapace from the Late Pleistocene of Tennessee, two of which related to surface features (and one to seam 

pattern). Preston (1979: 50) implied that the carapace of Gl. insculpta was “sculptured and keeled” in fossil 

material. Contrary to the findings of the aforementioned researchers, the writer did not find carapacial bone of 

this emydine to be especially sculptured or particularly keeled, although the scutes may certainly be 

characterized in this manner.  

The most abundant element of Gl. insculpta in the BPA is the very distinctive epiplastron, at least a 

dozen of which were recovered (App. A). All specimens belong to individuals of approximately the same adult 

size. Dorsally, the epiplastron of this species has a broader gular-humeral surface relative to internal-external 

breadth of the entire element than any other North American emydid species, except perhaps Chrysemys picta, 

with which Glyptemys is otherwise quite divergent morphologically (Figs. 18, 19). Not only is the gular-

humeral surface in Terrapene and Emydoidea narrower than that in Glyptemys, but the former genera are more 

similar to one another in this and other morphological respects than either is to Glyptemys (Fig. 18). The gular-

humeral region is also notably thicker in Glyptemys. Cope (1899: 201?) indicated that, compared to modern Gl. 

insculpta, the “median lip [= gular surface] of the anterior lobe of the plastron was a little more produced [= 

thickened, enlarged]” in fossil material from the late Irvingtonian Port Kennedy Cave deposits; however, the 

writer has not examined enough modern comparative material to comment on gular or epiplastral variation  

between the BPA and living Gl. insculpta. Dorsally, the gular-humeral seam line is proportionally longer than 

in other emydid species, except in Chrysemys picta, and is parallel to the symphysis, unlike in Graptemys. 

Holman (1967) described fossil epiplastra from northwestern Georgia as having a deep gutter along the interior 

border of the gular surface, a feature also exhibited by the Black Prairie specimens. This gutter continues in the 

hyoplastron [e.g. VP-1752], which is described below. 

The largest modern Gl. insculpta shell consulted (NCSM 62353) was 167 mm in shell length, although 

maximum observed length for the species exceeds 200 mm (Ernst et al. 1994). Six randomly chosen fossil 

epiplastra were all slightly larger than the largest comparative specimen—approximately 10% greater in 

average length and width dimensions but nearly 30% thicker. Whether these differences are a function of 

thicker-shelled Late Pleistocene turtles, a greater growth slope for thickness, or a taphonomic bias requires 

further study. 

Two left hyoplastra—MMNS VP-1668 (Figs. 20, 21) and VP-1851—compare very well with modern Gl. 

insculpta. The fossil specimens and the hyoplastron of extant Gl. insculpta share: (1) a very reduced axillary 

surface, (2) the presence of portions of the 4th and 5th marginal surfaces on the bridge, (3) a more erect bridge 

(compared to the Chrysemys group turtles), and (4) similar seam line patterns. VP-1668 (Fig. 20) has a deep, 
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dorsal 

Glyptemys insculpta 
Belknap Co., NH 

 

ventral 
Glyptemys insculpta 

Belknap Co., NH 

Figure 19.  Various emydid epiplastra. Bones of modern individuals are provided for comparison in the top row 
and right-hand side of the page. The top of the page is the cranial direction, the bottom caudal. All are left 
elements except for Graptemys, which is a right epiplastron. Scute surfaces are designated with an asterisk (*).
Scale in inches. All specimens—fossil and modern comparative—reside in the MMNS collection. 
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Figure 20.  Glyptemys insculpta plastral elements from Catalpa Creek (K-30). Hyoplastron (top) is nearly 
complete; hypoplastron (bottom) is app. 60% complete. Scute surfaces designated with asterisks(*).  
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 G l y p t e m y s  i n s c u l p t a  a b 

hypoplastron

hyoplastron

Figure 21. G. insculpta left hyo- and hypoplastra. The fossil 
hyoplastron (a) is missing only a portion of the bridge (lower left 
corner of specimen), whereas the hypoplastron is missing much 
of the medial portion and part of the bridge. Drawing (b) adapted 
from Holman & Fritz (2001: Fig. 9C) and reproduced here with 
kind permission of the authors. Scute surfaces labeled (*). 
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short groove at the axillary notch that begins at the skin line and runs caudally to the ventral surface. The 

axillary scute in this specimen is anteroposteriorly longer than in three modern shells consulted. Located just 

above the axillary groove, it extends caudally from the skin line to the posterior seam line of the 4th marginal 

and has a squared caudal termination, a somewhat different configuration from the pattern observed in the 

modern shells. An anterior fragment of the right hyoplastron [MMNS VP-1752] is also rather easily assigned to 

Gl. insculpta. The specimen exhibits the broad humeral surface dorsally with the undercut medial edge 

characteristic of Glyptemys and Clemmys. 

Most of a left hypoplastron [MMNS VP-1795] recovered from Catalpa Creek compares well with 

Glyptemys insculpta. VP-1795 (Figs. 20, 21) is assignable to Gl. insculpta, and different from all other North 

American emydid genera, for all the reasons detailed by Holman (1967). Although it is missing most of the 

bridge, enough of the adjoining marginal surfaces are present to distinguish the bone from Pseudemys, 

Trachemys, Graptemys and other emydids. The absence of the portion of the hypoplastron bearing the surface 

for the inguinal scute is also noted but not an obstacle to the identification of the element with reasonable 

certainty. As described by Holman (1967), the abdominal surface enters the inguinal notch in Clemmys guttata, 

Emydoidea blandingii, and Gl. insculpta, but does not encroach upon the horizontal dorsal surface of the bone 

in Gl. insculpta as it does in the other two species (Figs. 18, 21). Furthermore, the inner side of the posterior 

portion of the hypoplastral bridge faces anteriorly in Gl. insculpta (Fig. 21a, not readily apparent in Figs. 18 and 

21b) and Chrysemys Group species and medially in E. blandingii (Figs. 18, 23). VP-1795 is thus confidently 

identified as Gl. insculpta. Another left hypoplastral fragment [VP-1753] of the inguinal region is also assigned 

to this species for the same preceding reasons. Both specimens have a broad, flat femoral surface dorsally and, 

in spite of being somewhat eroded, exhibit at least a vestige of the characteristically deep groove forming the 

skin line along the inside margin of the femoral surface. The hypoplastron of E. blandingii is discussed in 

greater detail later. 

MMNS VP-1573, also from Catalpa Creek, is a portion of the left xiphiplastron of an emydid with a 

distinctly pointed posterior angle. Glyptemys insculpta (Fig. 18) and Graptemys spp. both have pointed 

xiphiplastra with a similarly shaped anal surface dorsally, especially at the posterior angle. Although the 

Catalpa Creek specimen compares best to the Gl. insculpta material available, it can only be tentatively 

assigned to this taxon as the writer is not fully familiar with the degree of variability in this element among 

emydids. 

As indicated above, the tough, durable construction of Gl. insculpta epiplastra is the likely explanation 

for the greater relative abundance of this element over others in this stream-concentrated, attritional assemblage. 

However, there are many other currently unidentified emydid shell specimens in the BPA that may prove to 

belong to Gl. insculpta, and other species, but have not been identified beyond family due to the degree of 

fragmentation and/or the inexperience of the writer. One of the limiting factors in this study was access to 

sufficient comparative material, primarily multiple specimens of descuted, disarticulated wood, Blanding’s, 

map, and red-bellied turtle shells. Most museums generally do not intentionally reduce turtle shells to their 

constituent parts (except at MMNS), and most institutional specimen encountered in these conditions had 
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reached that point naturally as opposed having been prepared that way. Plans are currently underway to build a 

comparative collection at MMNS (the writer’s current employer) that can meet the comparative needs of 

researchers working on Quaternary turtle assemblages—both archaeological and paleontological—in the eastern 

United States. 

The current range of Gl. insculpta includes parts of southern Canada and the northern tier of the eastern 

United States (Ernst et al. 1994). Glyptemys insculpta was recently reported from as far back as the late 

Hemphillian (latest Miocene) of east-central Nebraska (Holman & Fritz 2001). The species is also known from 

Pleistocene levels in Pennsylvania (e.g. Parris & Daeschler 1995), northwestern Georgia (Holman 1967), as far 

south as Tennessee (Parmalee & Klippel 1981), and as far north as Nova Scotia (Holman & Clouthier 1995, see 

also review of Ernst et al. 1994). This is the first report of this turtle from the Mississippi-Alabama Black 

Prairie, and it is based on material from two locales: Catalpa Creek (K-30: App. A), Lowndes County, Miss., 

and Old Town Creek (not to be confused with K-21, Table 2), Monroe County, Miss. (e.g. MMNS VP-4123). 

Figure 22 depicts the Quaternary range for Glyptemys insculpta in the eastern United States compared to that of 

Emydoidea blandingii. 

Lastly, a correction to an erroneous report on the range of Glyptemys insculpta is in order. Russell (1975) 

reported a possible Gl. insculpta (“Clemmys cf. insculpta”) nuchal bone associated with Rancholabrean 

mammals at McFaddin Beach, coastal Texas east of Houston. The author based his identification on a 

description of turtle shells from Blair et al. (1957: 221), who states that the carapace of this species is 

“roughened by concentric grooves and ridges,” like the Texas fossil. The fossil, however, is scuteless, and Gl. 

insculpta possesses this sculpturing only in the scute, not the bone, which has very shallow, anteroposteriorly 

oriented parallel grooves in the 1st vertebral surface of younger animals. The only turtle recorded from the 

Quaternary of North America that has a pattern in the bone itself fitting Russell’s (1975) description is the 

diamondback terrapin (Malaclemys terrapin), which is a long-time resident of the brackish coastal waters in 

Texas, including McFaddin Beach (Ernst & Bury 1982). Interestingly, J. D. Russell’s nuchal of Glyptemys cf. 

insculpta is the only other known occurrence of fossil Malaclemys terrapin outside of South Carolina (Dobie & 

Jackson 1979, review of Ernst et al. 1994). Although the writer has not personally inspected the Texas fossil, 

the mistaken identity is obvious. 

 

 

Emydoidea Gray 1870 

Emydoidea blandingii (Holbrook 1838) 

Blanding’s turtle 

Figures 18, 22, 23 

 

Blanding’s turtle is a medium-sized turtle (125-180 mm adult length) with a very dome-shaped carapace 

and anteriorly hinged plastron (Conant & Collins 1991). Adult males are larger than adult females, and, as is the 

case with many emydids, the plastron of the male is ventrally concave (Oldfield & Moriarty 1994). 
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Figure 22.  Recent (thick lines) and approximate southernmost Pleistocene (thin lines) ranges of Emydoidea blandingii (vertical pattern) and Glyptemys 
insculpta (horizontal pattern), based on distribution data from Ernst (1972), McCoy (1973), Jackson & Kaye (1974a), Russell (1975), Parmalee & Klippel 
(1981), Bentley & Knight (1998), review of Ernst et al. (1994), and the current study. Both species occur together at the Black Prairie Catalpa Creek locality 
(K-30) (black dot). The Mississippi Black Prairie marks the southernmost Quaternary limit of this species. Note: PDF version of this map does not allow for 
visualization of overlapping ranges, which should be cross-hatched from intersection of vertical and horizontal lines. 
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The nuchal and hypoplastron are very diagnostic in this species (Figs. 18, 23), thus the fossil specimens 

from the BPA that pertain to these elements are confidently assigned. Unlike all other emydids, the anterior 

portion of the nuchal carapace, which bears the cervical surface and most of the paired 1st marginal surfaces, has 

nearly parallel sides in Emydoidea blandingii. In all other emydids, these sides are concave and diverge 

posteriorly. The nuchal in E. blandingii also has a “smooth, unsculptured, unkeeled dorsal surface” (Jackson & 

Kaye 1974b: 418). The nuchal bones of all other emydid rule-outs considered here (e.g. Terrapene and 

Chrysemys group) exhibit at least a tiny portion of the first pleural, whereas the first vertebral surface of late 

Quaternary Emydoidea is uninterrupted by any seam lines (Fig. 23). Furthermore, the microscopic structure of 

the surface of Emydoidea shell bone, particularly the carapace, is different from that of other smooth-shelled 

turtles. The vesicular porosity of shell cortical bone containing the living component of the bone assumes a 

microscopic vermiform pattern in Emydoidea not observed by the writer in the shell bone of other turtles. This 

microscale pattern (contrasted with the mesoscale pattern discussed below) imparts a distinctive macroscopic 

texture useful in confirming the identification of Emydoidea shell elements previously identified by gross 

morphology. Thus, the Catalpa Creek specimens reported here are consistent in every respect with modern E. 

blandingii. 

MMNS VP-1768 is a 7th right peripheral with a smooth, featureless mesoscale surface texture unlike that 

of Glyptemys insculpta and Terrapene in which the peripheral surfaces are textured to varying degrees. This 

mesoscale texture is not to be confused the microscale structure discussed in the preceding paragraph. In 

addition, the Emydoidea 7th peripheral has proportionally greater pleural surfaces (very limited in Terrapene) 

and a convex dorsal surface (slightly to very concave in Glyptemys insculpta and Terrapene). The minimal 

marginal angle is intermediate between that of Gl. insculpta and Terrapene but very much like that of E. 

blandingii. 

One large portion [MMNS VP-1688] and three smaller portions [MMNS VP-1625, 1685, 1774] of 

hypoplastron are assigned to this taxon, based largely on diagnostics of the inguinal region and bridge. In 

Emydoidea blandingii, the ascending portion of the hypoplastron (i.e. the hypoplastral bridge) is subdued and 

thick with a low-relief ligamental surface for attachment to the carapace, although it is not as subdued as in 

Terrapene. Not nearly as developed as in Chrysemys Group turtles, the bridge of Emydoidea is also more 

vertically erect, facing anteriorly at the posterior end and medially at the anterior end rather than dominantly 

upward as in Chrysemys Group turtles and Glyptemys insculpta. The hypoplastral portion of the bridge is very 

broad and flares laterally in Chrysemys, and Pseudemys, and Trachemys. The general form of the hypoplastral 

margin and the dorsal portion of the femoral surface are very similar between E. blandingii, Gl. insculpta, and 

large Chrysemys Group turtles, but in Emydoidea the inguinal limb of the abdominal surface prevents the 

femoral surface from entering deep into the inguinal region (Figs. 18, 23). Like Emydoidea, Gl. insculpta also 

has a relatively deep groove or overhang along the inner margin of the femoral surface dorsally, and this groove 

continues caudally into the xiphiplastron (Although present in the fossil specimen [VP-1795], this groove does 

not show up very well in Fig. 21a). Also distinguishing both E. blandingii and Gl. insculpta from large species 

of the Chrysemys Group, the abdominal-femoral seam line rapidly retreats posteriorly as it moves medially 
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Figure 23.  Nuchal (top) and left (L) and right (R) hypoplastra (bottom) of Emydoidea blandingii. Scute 
surface terminology designated with asterisks(*). Note the low hypoplastral bridge with ligamentous 
attachment point for the carapace that is characteristic of this emydine species. The bridge is less extensive
than observed in Glyptemys insculpta but more so than in Terrapene. Note also the broad dorsal overlap of 
the femoral surface and presence of the abdominal surface. 
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along the ventral surface of the hypoplastron in the two emydines (Fig. 20), whereas the same line slopes very 

gradually and posteriorly in large Chrysemys Group turtles. Even given the eroded nature of VP-1685 and VP-

1774, the structure of the bridge alone is sufficient to identify these specimens as E. blandingii and not Gl. 

insculpta. 

MMNS VP-1709 is the posterior portion of the right xiphiplastron attributable to E. blandingii. 

Glyptemys insculpta and Graptemys xiphiplastra have angular margins posteriorly, although that of the former 

is nearly pointed (Fig. 18). The dorsal surface of the anal scute surface in Terrapene is very narrow and steeply 

beveled dorsally compared to the broad and relatively low-angle surface of VP-1709. The posterior portion of 

this element in the Chrysemys Group turtles is similar to that of Emydoidea; however, the anal surface of E. 

blandingii is yet again comparatively broader. In addition, inward of the dorsal overlap, the internal, alaminate 

surface of the posterior plastron is very deep due, in part, to a relatively steep posterior lip. This deeply 

excavated inner region of the xiphiplastron is for the attachment of the M. external abdominal oblique (Preston 

1979) and is a feature that is most pronounced in Emydoidea (e.g. Preston & McCoy 1971: Fig. 1a, 2) and larger 

races of Terrapene. The skin line lacks the deep inner groove or overhang found in Gl. insculpta xiphiplastra. 

This is the continuation of the structure present in the hypoplastra and mentioned in the previous paragraph. 

Jackson & Kaye (1974b) first reported fossil Blanding’s turtle from the Mississippi Black Prairie based 

on a single specimen—most of a nuchal carapace (OK-1818) from Catalpa Creek, Lowndes County, Miss. The 

additional material presented here (App. A) further establishes the presence of this species and provides some 

idea of its relative abundance (see Fig. 36). Emydoidea blandingii remains (e.g. MMNS VP-4122) have also 

been found at Old Town Creek at Bigbee (not to be confused with K-21, Table 2), Monroe County, Mississippi, 

less than forty miles due north of Catalpa Creek. The current study demonstrates that this riparian emydid was 

not by any means a rare turtle in the Mississippi Black Prairie. 

Emydoidea blandingii can be traced back to the late Miocene (Late Hemphillian) of Nebraska (Parmley 

1992, review of Ernst et al. 1994, and Holman & Parmley in review), which is included in its current range. 

During the Late Pleistocene, Blanding’s turtle was found as far south as South Carolina (Bentley & Knight 

1998) and northern Mississippi (Jackson & Kaye 1974b, current paper). Today the range of E. blandingii is 

limited to northern New England and the northern Midwest (review of Ernst et al. 1994). Figure 22 illustrates 

the separate pre- and post-Pleistocene ranges of Emydoidea blandingii and Glyptemys insculpta.  

B. L. C. Wailes, an early Mississippi geologist, historian, and collector-naturalist of Natchez, Mississippi, 

recorded Emydoidea blandingii in one of the first published inventories of Mississippi’s vertebrate species 

(Wailes 1854). Blanding’s turtle was known to occur in the western states by the time of Holbrook (1838), but 

Mississippi, part of the “Old Southwest,” was at that time also considered a western state. Unfortunately, 

mention of this species was only made in Wailes’s (1854) taxonomic list; the author did not elaborate in his text 

where the animal was observed or collected not anything else relating to its occurrence. Reading Sydnor (1938) 

one is left with the impression that the Natchez naturalist did most of his collecting in the southern part of the 

state given his home lay therein. Although Wailes sent many turtles (and other animals) to Smithsonian 

zoologist Spencer Baird for identification, written records or voucher specimens possibly supporting Wailes’ 
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Blanding claim could not be located in print or at the Smithsonian. The most parsimonious explanation for this 

very improbable occurrence of E. blandingii in the post-Pleistocene Deep South is that Wailes (1854) mistook 

one of two indisputably native Mississippi chelonians for the northern, cool temperate, historically extralimital 

emydine. Wailes most likely observed/collected either the chicken turtle Deirochelys reticularia or Gulf Coast 

box turtle Terrapene carolina major, both of which resemble E. blandingii (in different ways in each case) and 

are indigenous to the southern half of Mississippi. 

Considerable morphological convergence between Emydoidea blandingii and Deirochelys reticularia has 

been noted by several herpetologists (e.g. Conant & Collins 1991, Stephens & Wiens 2003), some having 

proposed a close relationship between the two (e.g. Jackson 1959) and others having subsequently subscribed to 

it (e.g. Zug & Schwartz 1971). However, the chicken turtle, an uncommon and cryptic resident along southern 

Mississippi riverine backwaters, was unknown outside of coastal South Carolina until Agassiz (1857). In 

addition, the similarities between the two are not immediately obvious as they are between E. blandingii and 

Terrapene c. major, which share other and greater superficial similarities. Terrapene c. major and D. reticularia 

look nothing alike, thus the similarities between Blanding’s turtle and the chicken turtle are quite different from 

those between the former and the Gulf Coast box turtle. The Gulf Coast box turtle, which had been viewed as a 

distinct species as recently as Ditmars (1936), is the largest of the T. carolina subspecies, exhibiting a 

significant size range overlap with E. blandingii. The Gulf Coast box turtle also occasionally bears a spotted 

pattern (e.g. Dodd 2001: Pl. 20) similar to the normal carapace pattern exhibited by Blanding’s turtle and, like 

Blanding’s, tends to be low-domed (e.g. Ernst et al. (1994: 253, figs.), at least compared to the other T. carolina 

races. Furthermore, both species possess a hinge in the plastron anteriorly, although only that of Terrapene is 

fully kinetic (see discussion under T. carolina). Deirochelys, on the other hand, possesses no anterior plastral 

kinesis, is ventrally more like a slider or cooter, and is never spotted on top. 

Terrapene carolina major has been historically (i.e. today and in Wailes’ day) and archaeologically (e.g. 

review of Ernst et al. 1994) limited to the outer coastal plain of the deep Southeast, which includes southern 

Mississippi. The most comprehensive work on North American turtles at the time, Holbrook (1838) contains the 

original illustrated description of Blanding’s turtle (“Cistuda blandingii”), but the reference offers no 

understanding of what was soon after recognized as several distinct geographic races within the species T. 

carolina. Wailes (1854) recognized several different kinds of “terrapins” (= Subfamily Emydinae, excluding 

Clemmys sensu lato) from Mississippi, which can only be interpreted as the author’s confusion over the 

different geographic races of box turtle. Terrapene c. major was officially recognized as a distinct taxon 

(“Cistudo major”) by Agassiz (1857) based on material from Alabama and Florida. Prior to Agassiz (1857), 

Holbrook (1838) offered the only illustrated description of T. carolina, which was for obvious reasons based 

largely on the race inhabiting the northeastern U.S. where the indigenous fauna was better described. Given the 

greater similarity between the two emydine species, Mississippi’s first homegrown naturalist was most likely 

mistaking T. c. major, and not Deirochelys, for E. blandingii as major would have looked at least outwardly 

more like blandingii than the chicken turtle or any other turtle. 
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Terrapene (Merrem 1820) 

Terrapene carolina (Linnaeus 1758) 

Eastern box turtle, extinct variant 

Figures 18, 24-28, Tables 6-8 

 

Two species of box turtle (Terrapene) currently occur in the contiguous United States. Terrapene 

carolina occupies a diversity of mesic woodland habitats from the U.S. Atlantic Coast to the eastern margins of 

the Central and Southern Plains. Terrapene ornata is found in a nearly equal diversity of more xeric habitats in 

the Great Plains and desert Southwest and primarily in or near prairie (Ernst et al. 1994). Both species appear to 

have fossil distributions very similar to their current distributions. Terrapene carolina is known from 

Pleistocene locales as far west as the western portions of Nebraska, Kansas, and Oklahoma (Ernst & McBreen 

1991); T. ornata, as far east as western Indiana and the central portions of Arkansas and Louisiana (Conant & 

Collins 1991). Osteologically, T. carolina differs from T. ornata in that the former has (1) a median keel along 

the dorsal carapace (lacking in T. ornata), (2) a subrectangular 1st marginal (usually subtriangular in T. ornata), 

and a (3) plastral hinge (see Fig. 18) consistently at the level of the 5th marginal (5th-6th marginal seam in T. 

ornata) (Milstead 1969). Other differences between the two species are detailed below. Subspecific differences 

relating to both size and morphology of T. carolina are also reviewed in order to possibly narrow the specific 

identity of the material from the Black Prairie. 

Three subspecies of Terrapene carolina currently occur in the Eastern U.S. and portions of the 

Central/Southern Plain. Terrapene c. carolina ranges over the Midwest, East-Central, and Northeast; T. c. major 

is a coastal race ranging from eastern Texas to northwestern Florida; and T. c. triunguis is centered in the 

Midwest and eastern portions of the Central/Southern Plains but penetrates as far eastward as the Alabama-

Georgia line. A fourth subspecies—T. c. bauri—is restricted to peninsular Florida. As one might expect, 

intergradation of varying degrees occurs all along zones of sympatry. Today, a largely intermediate population 

of T. c. carolina and T. c. triunguis dominates the region of the Mississippi-Alabama Black Prairie, although 

pure T. c. triunguis enclaves may exist in the region (Milstead 1969, Mount 1975, Ernst & McBreen 1991). The 

Black Prairie intermediate form is referred to using the standard intergrade convention T. c. carolina x 

triunguis. Most T. carolina in the Mississippi Black Prairie exhibit some variation of the T. c. carolina color 

pattern, although the writer has personally observed three-toed turtles with senescent olive carapaces, red-

headed males, and other features suggestive of pure T. c. triunguis. Tracking spatial changes in subspecies is 

difficult enough; the added dimension of time with fossil assemblages makes interpretation even more difficult. 

The Black Prairie Pleistocene Terrapene described in the following paragraphs, like other fossil Terrapene 

populations, should be perceived as representing a ‘segment,’ not a ‘point,’ in the larger space-time continuum 

because of the unknown extent of assemblage diachroneity. 

The first and only other described and published Terrapene carolina material from the Pleistocene of the 

Black Prairie region consists of a male posterior plastral lobe (read caption Fig. 18) and a female partial shell 
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(Note: These specimens were actually found along and just outside of the eastern margins of the Black Prairie 

district). The fossil shells were identified by Jackson & Kaye (1974a) as intermediate between earlier 

Pleistocene T. c. putnami, the largest subspecies that ever lived, and terminal Pleistocene through Holocene T. c. 

triunguis. The authors’ diagnosis was based on a relatively lengthy description of the material. However, as 

detailed as it was, there was no comparative, point-wise discussion truly justifying the assignment. Jackson & 

Kaye (1974a) used Milstead’s (1967) temporal intergrade terminology—“T. c. putnami xt triunguis”—for the 

material they described. Milstead (1967, 1969) provided the most comprehensive description of the described 

extinct and extant subspecies of T. carolina to date. However, some of his explanations are certainly not the 

most parsimonious. The spatiotemporal transitions Milstead (1967, 1969) described in and among the species of 

Terrapene are poorly defined and are complicated by the incompleteness of fossils and the fossil record as well 

as the complexity of relations within Quaternary Terrapene populations. The detailed morphometric analysis to 

follow provides little support for the subspecific assignment favored by Jackson & Kaye (1974a) for the Black 

Prairie material. Therefore, this writer suggests restricting the assignment of the BPA Terrapene material to the 

level of species T. carolina. The specific morphometric reasons for this are discussed below. 

The box turtle is by far the most abundant chelonian in the BPA. Its identified remains comprise a little 

more than half of the total identified chelonian shell fragments. That the fossil box turtle material from the BPA 

belongs to the species Terrapene carolina and not the western species T. ornata is abundantly clear. For 

example, the previously described Black Prairie partial carapace mentioned above is “fairly elongate and 

appears rather steep-sided” (Jackson & Kaye 1974a: 12), which is contrasted with the circular, flattened 

carapace of T. ornata (Milstead 1969, Minx 1996). The vast majority of the larger, thicker (i.e. adult) shell 

fragments from the Black Prairie exhibit co-ossification, or fusion, of elements (see App. A). This feature is 

characteristic of mature, adult T. carolina (and the Mexican species T. coahuila) but has not been observed in T. 

ornata (Minx 1996). The Black Prairie material also shares with T. carolina a relatively thick posterior carapace 

margin, which is contrasted with the thinner, generally more flaring peripheral elements in T. ornata (Minx 

1996). The typically short dorsal cervical surface in T. ornata also produces oval to subtriangular 1st marginals 

(Milstead 1969), whereas anteroposteriorly longer cervical surfaces in T. carolina contribute to mostly 

subrectangular 1st marginals (see Fig. 24a). Preston (1979) also observed that the dorsal excavation of the 

alaminate inner surface of the xiphiplastron was more deeply excavated in T. ornata than T. carolina. Twenty-

nine osteological characters were used by Minx (1996) to separate the two North American species, but due to 

the fragmentary nature of the BPA, only the differences mentioned here are readily observable and thus of any 

use in assignment of this material confidently to T. carolina. Finally, in so far as is currently known, T. ornata 

has never ranged east of the lower Mississippi River. 

Out of all the emydids in the BPA, the related emydines Emydoidea blandingii and Glyptemys insculpta 

are the most similar to Terrapene osteologically and thus the most commonly confused with this genus. For this 

reason, these two emydines are the most frequently referred to in the comparisons to follow. Major distinctions 

of the plastron of Terrapene contrasted with that of its fellow North American emydines include (1) a 

comparatively subdued contribution to the shell bridge, (2) a proportionally narrower and thicker dorsal overlap 
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along a rounded, unnotched caudal margin of the posterior lobe (Fig. 18), and (3) the presence of a well-

developed, fully kinetic, ginglymoid hinge (Fig. 18). Isolated carapace elements can also be easily confused 

between the three North American emydine genera. However, unlike all other emydine genera, Terrapene 

exhibits (1) co-ossification of elements in the adult, (2) more concave costals producing a more vaulted 

carapace, and (3) an intermittent median keel bridging the neurals in pairs. One other notable difference 

between extant Terrapene and other North American emydines is the greater average adult size of Emydoidea 

and Gl. insculpta. There is an ample supply of more specific dissimilarities setting T. carolina apart from other 

emydine species; some were discussed previously under Emydoidea and Gl. insculpta and several will be 

discussed below. 

Carapacial Elements. MMNS VP-2402 is an emydid nuchal easily assignable to Terrapene carolina. The 

specimen is from a subadult individual due to its lack of co-ossification with adjoining elements. Inter-element 

fusion, or sutural co-ossification, in the carapace or plastron of T. carolina is an indication of maturity, thus the 

lack of fusion is an indication of immaturity. The specimen is considerably larger than a subadult (i.e. unfused) 

modern specimen (Fig. 24a, NCSM-H 60299) from the mid-continent. Both are of approximately equal age as 

discerned from the number of growth annuli on the 1st vertebral of each. Another BPA nuchal, MMNS VP-

2234, is atypical for T. carolina in that the triple-juncture of the 1st pleural, 1st vertebral, and 1st marginal 

surfaces is placed more sagitally than in any extant or extinct T. carolina nuchal examined for comparison or 

located in the figured literature. As with VP-2402, it is larger than any specimens of modern T. c. carolina and 

T. c. triunguis examined during the course of the current study. MMNS VP-1393 is the anterior portion of a T. 

carolina nuchal with the right 1st peripheral attached. The cervical surface is missing in this specimen and may 

have been eroded away during the animal’s lifetime. It is not uncommon in modern Terrapene for this portion 

of the nuchal to be damaged, disfigured, or broken, or even worn completely away as a result of the individual’s 

behavior; however, in the case of this particular specimen, this region may have never even formed prenatally. 

Distinguishing isolated (= unfused, subadult), fragmentary Terrapene costals and neurals from those of 

other emydines and certain other North American emydids did not seem possible at first; however, there are 

several characters that actually set this taxon apart from its close relatives. The lower radius of curvature in 

Terrapene and subtle differences in carapacial topography offer some assistance in the effort. Co-ossification of 

carapacial elements in mature T. carolina (e.g. Moodie & van Devender 1977) shell is also useful in separating 

this species from other emydids, thus any fragmentary and otherwise nondiagnostic fused carapace is 

automatically assumed to be box turtle, as long as at least one other character is discernible. Isolated, unfused 

Terrapene elements are generally assumed to be derived from subadults rather than smaller taxa lacking fusion, 

namely T. ornata. Younger box turtles have unfused carapacial elements that are found unfused to other 

elements or portions thereof. Therefore, turtle shell fossils exhibiting costal-costal, costal-neural, and costal-

peripheral fusion are attributed to mature T. carolina. MMNS VP-2427, 2438, and 2583 are but a few examples 

out of many (App. A). 

Like the unfused nuchals described earlier, other carapace elements also indicate a significantly larger 

turtle than now occurs in the Black Prairie. An isolated, unfused 7th neural [MMNS VP-1009] is 1.9 times the 
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Figure 24.  Terrapene carolina carapacial elements. (a) Modern nuchal bone (left) accompanies fossil specimen 
(right) for comparison. Faint growth annuli on the 1st vertebral and lack of co-ossification indicate both are from 
subadults of subequal age. (b) Left (VP-2432) and right (VP-1083) portions of the peripheral carapace, in ventral 
aspect, from the region of the plastral hinge. VP-2432 is the 4th peripheral from an unfused (i.e. immature) shell; 
VP-1083 is the 4th fused to part of the 3rd, thus from an adult animal. Scute surfaces identified with asterisks (*). 
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size, in areal extent, of the same element in a 120 mm SL (= standard carapace length) unfused carapace 

[MMNS CO-342] of Recent Terrapene carolina from the Black Prairie. An unfused right 2nd peripheral 

[MMNS VP-975] is 3.2 times the same element from the same modern carapace. SL The fossil 7th neural and 

2nd peripheral are 1.5 and 3.3 times (respectively) the size of the same elements from a modern 135 mm SL T. c. 

carolina shell from North Carolina. The dimensions of certain neurals are positively correlated with body size, 

and this is discussed in greater detail below. A subadult left 3rd peripheral is notably larger than its modern 

counterpart (Fig. 25a) from a subadult T. c. triunguis shell of 107 mm SL. 

MMNS VP-2409 is an isolated suprapygal assignable to T. carolina primarily based on its (1) 

subtriangular shape (more elliptical in other emydines), (2) relatively flattened appearance (more concave in 

other emydines), and (3) thicker, more robust form (compared to living E. blandingii, Gl. insculpta, and smaller 

T. carolina of the modern Black Prairie). In this particular specimen, a pointed posterior projection is evident in 

the seam line separating the 4th and 5th vertebrals. Absent in the fossil specimen are paired interior pits or 

perforations in the caudal corners of the element just below the pelvic buttresses. These two paired 

depressions/perforations are evident to some degree in nearly all prepared shells of modern T. c. carolina 

housed at NCSM and on some T. c. carolina x triunguis at MMNS, although not on all modern specimens 

examined. The unfused (i.e. subadult) fossil specimen is 29.1 mm in length (L), 34.4 mm in width (W), and 9.8 

mm in maximum thickness (T). By comparison, a modern unfused T. c. carolina carapace from North Carolina 

(NCSM-H 62084) of 135 mm SL has suprapygal dimensions of L = 14.3 mm, W = 20.3 mm, T = 4.2 mm. 

Another unfused shell from the same state (NCSM-H 31860) of slightly greater length (SL = 138 mm) and 

predictably larger but thinner suprapygal dimensions (L = 16.0, W = 21.4, T = 2.8 mm) than the first, is also 

smaller than the fossil specimen. A fused fossil adult partial carapace from the middle Pleistocene of 

Pennsylvania, described by Hay (1908) as originally ≤140 mm long and assumed to represent a possible 

precursor race to T. c. carolina (Milstead 1969), has a much longer (L = 25.0 mm) and thicker (T = 11.0 mm) 

suprapygal than a sample from modern unfused T. c. carolina carapaces from North Carolina (L = 11.7-16.8, T 

= 2.8-4.5, SL = 107-138 mm, n = 4), and is shorter though slightly thicker than the Black Prairie specimen. 

Excluding the unusual thickness of the older Pennsylvania fossil, all of the preceding comparisons suggest 

MMNS VP-2409 is derived from a subadult animal >140 mm carapace length. The Pennsylvania fossil may 

belong to a thicker-shelled individual, population, or subspecies. 

In some instances unfused peripherals were easily identified as Terrapene, although this was not always 

the case (e.g. Fig. 25a). In the 6th peripheral carapace of T. carolina, the apical rib of the 4th costal carapace 

inserts at the posterior corner and along the posterior margin. In all eastern North American species of Clemmys 

consulted, including Glyptemys (Clemmys) insculpta, the apical rib of the 4th costal carapace also enters the 6th 

peripheral at the posterior corner—but along the dorsal margin of this element. This is especially useful in 

identifying subadult (i.e. unfused) specimens, as in MMNS VP-1746, 1790, and 2636, which lack the co-

ossification that might otherwise immediately identify these elements as T. carolina. 

Axillary Scute. Figure 24b depicts a lateral peripheral element exhibiting the axillary scute surface. The 

shape and incidence of occurrence of this small scute has been used to identify certain subspecies (see Milstead 
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Figure 25.  Terrapene carolina left 3rd peripheral (a) and left hyoplastron (b); modern specimens (left) provided 
for comparison to fossils (right). All specimens lack interelement co-ossification and are of subequal age. The 
modern comparative specimens belong to a turtle 107 mm SL. Scute surfaces designated with asterisks (*). 
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1967). When present in modern Black Prairie box turtles, this surface is located at the skin line along the lateral 

peripheral carapace near the root of the anterior plastral lobe, either rudimentarily developed between and 

medial to the 3rd and 4th marginal surfaces or fairly well-developed along the 4th marginal only. The presence vs. 

absence of this feature is highly variable among populations of Terrapene carolina carolina and T. c. triunguis. 

However, in T. c. major and T. c. putnami the incidence of occurrence is 100% and its size relatively 

substantial; in T. c. bauri the incidence is ≤ 6% (Milstead 1969). The scute surface is variably present among T. 

c. carolina x triunguis from the Mississippi Black Prairie and when present it is not as well-developed as in the 

larger, coastal T. c. major and fossil T. c. putnami. As T. c. major is the largest extant subspecies, T. c. bauri the 

smallest, and T. c. carolina and T. c. triunguis intermediate, there is probably a correlation between body size 

and development of this scute surface, although such a possibility was not explored statistically in the current 

study. Curiously, however, Milstead (1967) reported the absence of this structure from the large strain of T. c. 

triunguis (n=26) from the latest Pleistocene Friesenhahn Cave deposits. Therefore, the presence/absence of the 

axillary scute may be more of a polymorphic trait independent of size. 

Minx (1996) stated that the shape and position of the axillary scute (and scute surface) in extant U.S. 

subspecies varies between three primary configurations: (1) elongate and centered at the 4th marginal (T. c. 

major and T. c. triunguis), (2) absent or rudimentary at the 4th marginal (T. c. bauri and some T. c. carolina), 

and (3) centered between the 4th and 5th marginal (other T. c. carolina). All but this last condition were observed 

among modern Black Prairie specimens of T. carolina, further suggesting intergradation between carolina and 

triunguis in this region. Incidence for this accessory scute in the fossil Black Prairie material is 80% (8 out of 10 

fragments), a value that falls within the range of most Quaternary subspecies and their intergrades (see Milstead 

1969). Among modern Black Prairie T. carolina shells at MMNS the incidence is 79% (n=19), which is rather 

close agreement with the BPA. In those Black Prairie specimens in which it does occur (Pleistocene and 

Recent), the axillary surface is variably developed, from barely perceptible to well-developed, but never 

approaching the size of this scute in modern T. c. major or fossil T. c. putnami. Also when present in Black 

Prairie fossils, the surface is usually narrow and located along the 4th marginal (Fig. 24b), as in modern T. c. 

triunguis from the same region. 

Vertebral Hump. A “small hump” occurs in the carapace posterior of T. c. triunguis at the 3rd vertebral 

surface (Milstead 1967: Fig. 1D; Milstead 1969: Figs. 2H, 2I, 10A, 10H). Jackson & Kaye (1974a) make no 

mention of a hump in their description of a partial carapace from the Mississippi Black Prairie (not personally 

inspected by the writer). Unfortunately, no other Black Prairie Terrapene remains are complete enough to get a 

sense of the relative development of this structure that Milstead (1967, 1969) considered to be important in 

tracking the influence of triunguis. Therefore, this feature, which does not occur in other subspecies (at least not 

pure races), cannot currently be used in characterizing the nature of the Black Prairie fossil material. 

Median Keel. A median keel is present in most large Black Prairie carapace fragments [e.g. MMNS VP-

2400, 2802, 2399] but is not as prominent as in the larger extant T. major and fossil putnami from Florida. This 

structure in BPA fossils is more comparable in form and general proportion to modern T. c. triunguis and T. c. 

carolina (and their intergrades) living in the Black Prairie today. Jackson & Kaye (1974a) also reported a 
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relatively subdued median keel in a partial fossil carapace from the Mississippi Black Prairie. Among living T. 

c. triunguis and T. c. triunguis x carolina intergrades in the region, and in the fossil sample, the keel is 

discontinuous and generally connects the 2nd and 3rd, 4th and 5th, and 6th and 7th neurals, although the 2nd neural 

may not be involved at all. In both modern and fossil samples, the keel is very closely flanked by a 

correspondingly discontinuous shallow depression that enhances the height of the structure. 

Costal Pitting. Of at least 60 costal fragments recovered, none exhibited the characteristic costal pitting 

observed in 33% and 46% of modern T. c. triunguis individuals from Missouri (Schwartz & Schwartz 1974) 

and Oklahoma (Carpenter 1956), respectively. Such markings are irregularly distributed along the posterior 

margin of the 2nd and 3rd pleural seam and range from shallow pits in the scute alone to complete perforations of 

the shell. These pits are not truly phenotypic (sensu stricto) in that they do not directly result from gene 

expression but instead are the result of the interaction between the phenotype and the environment. Considering 

that (1) 62-77% of females possess them compared to 23-33% of males, (2) there exists a positive correlation 

between the presence/size of pitting and age (or sexual maturity), and (3) males frequently insert their claws 

into the pits during copulation, most researchers believe that the perforations are induced by breeding males 

(Carpenter 1956, Schwartz & Schwartz 1974). The pits appear sometime in early adulthood, induced by males 

hooking their fore claws in the pleural seams of females. With repeated mounting, males enlarge the pits, which 

eventually serve as holdfasts or ‘stirrups’ to facilitate copulation. Pits in males would then be the result of 

indiscriminate mounting by other males. Such behaviorally-induced pitting has not yet been reported in T. c. 

triunguis from other areas in the country, and Milstead (1967, 1969) did not report it in what he determined to 

be a large T. c. triunguis population from the Late Pleistocene of Texas. However, the writer has personally 

observed this same pitting, as described by Schwartz & Schwartz (1974) and Carpenter (1956), in modern T. c. 

carolina x triunguis shells collected in the Mississippi Black Prairie and in pure T. c. triunguis from central 

Mississippi. This would be the first report of the phenomenon in the area of intergradation of T. c. carolina and 

T. c. triunguis as defined by Mount (1975). If indeed the fore-claws of mounting males are the culprit, perhaps 

an opportunistic pathogen coupled with repeated mounting delays the proper healing of the seam (and thus the 

seam line). Living turtles with shells thusly pitted do not seem adversely affected by it. 

Plastron. In distinguishing between different taxa, Milstead (1969: 2) concentrated on plastral elements 

because “they are more frequently preserved as fossils than carapacial elements, and…appear to be less 

variable.” A nearly complete, unfused right epiplastron [MMNS VP-2437] from a medium-sized emydid is 

attributable to this species for the following reasons: (1) relative dorsal width of the gular-humeral surface, 

which is proportionally broader and stouter in Clemmys, Glyptemys, Emydoidea blandingii, and members of the 

Pseudemys rubriventris Section, and proportionally narrower and more subdued in the Pseudemys floridana 

Section; (2) ventral angle of the gular-humeral seam relative to the sagittal seam, which is significantly greater 

in Graptemys (Figs. 13b, 19 vs. Fig. 26), (3) transversely shorter gular surface dorsally than Graptemys (Figs. 

13a, 19); and (4) lack of gular horns, as found in Trachemys and Graptemys (Figs. 13, 19), or any type of 

nodulation or dull serration of the gular margin as generally exhibited by many members of the Chrysemys 

Group. 
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A complete, isolated (i.e. unfused) right hyoplastron [MMNS VP-2412] was recovered from Town Creek 

(K-21), Monroe County, Mississippi. It is slightly larger than the largest modern T. c. carolina or triunguis 

consulted, which, along with its lack of fusion, would suggest that this specimen is most likely derived from an 

individual no older than a late subadult. MMNS VP-2846 (Fig. 25b) is a left hyoplastron of a subadult animal 

obviously larger than a modern conspecific of similar maturity (i.e. both unfused). The right half of a fused 

anterior lobe [MMNS VP-2349] from Town Creek (K-21) (Fig. 26) is nearly twice the size of modern T. 

carolina from the Mississippi Black Prairie. Among other diagnostic features, it exhibits the very characteristic 

ginglymoid hinge of Terrapene plastral lobes. A nearly complete specimen [MMNS VP-3808] belonging to an 

even larger adult individual was also recovered (Table 6). 

Sex. The male of all subspecies of Terrapene carolina possesses an upward concavity of the ventral 

surface of the posterior plastral lobe (Milstead 1967, 1969). Similar concavities are found in males of other 

emydid species. In all subspecies except T. c. triunguis the concavity is deep and centered over the triple-

juncture of the interabdominal and paired femoro-abdominal seams (Minx 1996). The femoral concavity of T. c. 

triunguis is much shallower and centered instead more posteriorly, directly over the interfemoral seam (Minx 

1996). Female and male posterior plastral lobe fragments from the BPA are very easily separated from one 

another by the extremely curved nature of male fragments, especially when the shards are from near the sagittal 

line along which the concavity is greatest. However, the average position of this structure in the Black Prairie 

material cannot be determined with certainty until more complete material is recovered, although from the 

fragments recovered thus far it appears to be located as in T. c. bauri, carolina, and major. Jackson & Kaye 

(1974a: 11) are more general in their description of where the ventral concavity is located in the most complete 

male plastron recovered to date, indicating only that it occupies “the medial portions of the abdominal, femoral, 

and (barely) anal scute areas” (The writer has yet to examine personally this particular specimen). Milstead 

(1956, 1967, 1969), in his generally thorough and as yet unsurpassed study of inter- and intraspecific variation 

in the genus, never described the state of this character in T. c. triunguis intergrades, namely T. c. putnami xt 

triunguis (temporal intergrade mentioned earlier) and the large variant of T. c. triunguis from latest Pleistocene 

deposits of Friesenhahn Cave, Texas. This is unfortunate as this information might have been useful in the 

current identification process. Nevertheless, the fossil material from the Black Prairie does not represent pure T. 

c. triunguis, at least not in the sense of the extant form, this based on the fairly well-developed and anteriorly 

placed ventral concavity observable in a quarter of all posterior lobe fragments (Table 8). 

Seam Ratios. Combining information from Milstead (1956, 1965, 1967, 1969), Auffenberg (1958, 1967), 

Minx (1996), Conant & Collins (1991), and other subspecies accounts, it is easily appreciated that shell 

characters, both osteological and chromatic, exhibit considerable subspecific variation, a problem compounded 

by equally significant intersubspecific overlap. Least helpful among Milstead’s (1969) methods of 

differentiating between subspecies of T. carolina is the proportional length of sagittal seam line segments (Fig. 

26) as defined by points of intersection with the transverse seam lines. Two sagittal seam segments used by 

Milstead (1969) for subspecific identification are the interfemoral (not illustrated) and interhumeral segments 

(Fig. 26), which separate the left and right femoral and humeral scute surfaces, respectively. In his detailed 
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Figure 26.  Terrapene carolina anterior lobe, right half (MMNS VP-2349); complete anterior lobe of 
modern Black Prairie T. carolina for comparison (MMNS CO). The modern comparative specimen belongs 
to a turtle with an estimated SL of 123 mm. The two are essentially identical, although the fossil specimen is
nearly twice the size (L x W) of the modern specimen. Both exhibit co-ossification of elements and are from 
mature individuals of subequal age  (compare to Fig. 25b). Scute surfaces identified by asterisks (*). 
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Terrapene carolina Relative

Subspecies Catalog Number Description Sex1 Fused MIT2 L3 W Size4 SL County/Region State Age
cf. putnami MMNS VP-4036 ? Yes 8.9 80.4 112.3 1.0 210 unknown FL Pleisto.

putnami  xt triunguis MCZ 2170* nr Yes nr 89.0 nr L 235 Archer TX SAN

NCSM-H 31860 M No 4.1 53.5 70.3 140 Edgecombe NC

NCSM-H 62617 M Yes 4.5 57.6 70.2 136 Hampton SC

NCSM-H 43964 F No 3.6 40.2 55.4 91 Surry

NCSM-H 61757 M Yes 4.4 50.5 67.9 126 Chatham

NCSM-H 61884 M Yes 3.1 50.7 65.1 128 Scotland

NCSM-H 60398 M Yes 3.7 49.0 67.2 117

NCSM-H 60399 F Yes 4.3 53.3 73.6 127

NCSM-H 58008 M Yes 4.2 50.4 68.3 121

NCSM-H 41292 M Yes 4.0 50.2 69.8 124

NCSM-H 31553 ? Yes 3.8 50.8 71.6 123 Randolph

NCSM-H 42462 F Yes 4.0 45.2 62.8 110 Wake

NCSM-H 31578 M Yes 4.5 57.3 81.3 140 Macon

NCSM-H 03613 M Yes 3.3 48.7 68.5 114 unknown
NCSM-H 03614 F Yes 5.0 47.4 68.0 111 unknown

bauri NCSM-H 03612 F Yes 3.5 43.9 57.5 101 Clay FL

NCSM-H 60281 F Yes 4.6 47.6 60.9 110 Crowley's Ridge AR

NCSM-H 60299 F? No 4.5 46.6 61.0 107 Douglas MO

TMM 903-3687* nr Yes nr 88.0 nr L 233 Bexar TX 14-10 ka

USNM 8617* nr Yes nr 60.0 nr 153 Travis TX 10-5 ka

KU 46768* nr Yes nr 63.0 nr 150 Cherokee KS

TCW 4666* nr Yes nr 53.0 nr 134 Brazos TX
major x triunguis NCSM-H 60282 M Yes 5.4 55.5 80.4 139 Pearl River

? Yes 4.3 45.1 60.6 106
? Yes 4.7 50.9 62.0 123

MMNS VP-2349 Right half Yes 6.9 66.7 90.8 169

MMNS TC-0463 Entire Yes 8.0 71.0 np 182

MMNS VP-2412 Hyo, right 6.2 (42.4) 73.6

MMNS VP-2804 Hyo, right 8.0 np 85.2

MMNS VP-2846 Hyo, left 9.1 (48.8) 86.8

MMNS VP-2906 Hyo, right Yes 7.6 (58.3) np np

MMNS VP 2407 Hyo, right No np np 108.6 C

MMNS VP-2413 Hyo, right Yes 8.4 np np S

MMNS VP-2437 Epi partial Indet. np np np L

MMNS VP-2917 Hyo, right Yes 8.2 np np

MMNS VP-2930 Hyo frag Indet. 9.9 np np

cf. putnami MMNS VP-4036 F Yes 14.6 116.2 118.9 1.0 198 unknown FL Pleisto.

putnami xt triunguis MCZ 2170* nr Yes nr 139.0 nr L 235 Archer TX SAN

NCSM-H 42462 F Yes 5.0 72.6 70.6 110 Wake

NCSM-H 32784 F Yes 4.4 75.0 79.5 122 Rockingham

NCSM-H 31578 M Yes 6.0 87.4 91.4 140 Macon

NCSM-H 43964 F No 3.6 56.7 62.2 91 Surry

NCSM-H 61757 M Yes 5.6 78.5 75.6 126 Chatham

NCSM-H 61884 M Yes 3.4 76.0 77.7 128 Scotland

NCSM-H 60398 M Yes 4.0 77.8 81.5 117

NCSM-H 41292 M Yes 5.0 74.5 82.7 124

NCSM-H 60399 F Yes 5.0 81.0 84.2 127

NCSM-H 58008 M Yes 5.7 73.1 77.3 121

NCSM-H 40588 M Yes 5.0 72.3 72.4 117 Forsyth

NCSM-H 03613 M Yes 3.0 66.0 75.9 114 unknown
NCSM-H 03614 F Yes 5.2 69.6 77.6 111 unknown
NCSM-H 31860 M No 3.4 80.0 81.2 140 Edgecombe

bauri NCSM-H 03612 F Yes 5.1 63.2 64.0 101 Clay FL

NCSM-H 60299 ? No 5.3 68.1 69.0 107 Douglas MO

NCSM-H 60281 F Yes 5.0 69.8 66.7 110 Crowley's Ridge AR

TMM 903-3687* nr Yes nr 141.0 nr 233 Bexar TX 14-10 ka

USNM 8617* nr Yes nr 91.0 nr 153 Travis TX 10-5 ka

KU 46768* nr Yes nr 85.0 nr 150 Cherokee KS

TCW 4666* nr Yes nr 80.0 nr 134 Brazos TX

major  x triunguis NCSM-H 60282 M Yes 8.1 92.8 87.0 139 Pearl River MS

carolina x triunguis MMNS CO Lobe only ? Yes 4.3 58.9 57.8 91 Lowndes (BP) MS

eurypygia ANSP 1625 Partial shell nr Yes nr 80.0 79.0 130 Montgomery PA Lt. IRV

UF 192436 ~80% lobe M nr 101.0 104.0 169
UF 192426 ~92% lobe 13.0 98.0 102.2 164
MMNS VP-2419 Hypo frag No 8.8 np 90.2

MMNS VP-2543 Hypo frag 9.9

MMNS VP-1780 Hypo frag 13.0

MMNS VP-1567 Post frag ? np

MMNS VP-1737 Post frag M np

MMNS VP-2352 Hypo frag 12.6 S

MMNS VP-2319 Hypo frag 8.0 C

MMNS VP-2522 Hypo frag M 6.6

MMNS VP-2520 Hypo frag F Yes 12.5
MMNS VP-2523 Hypo frag M No 8.8

MMNS VP-2421 Hypo frag F Yes 9.8

MMNS VP-2418 Hypo frag No 9.9
MMNS VP-2401 Hypo frag 9.1

MMNS VP-2321 Xiphi frag ? np

MMNS VP-2799 Post frag No 7.2 C

MMNS VP-2811 Hypo frag 13.1

MMNS VP-2858 Post frag 13.6

MMNS VP-2422 Hypo frag 10.0

MMNS VP-1579 Hypo frag np

MMNS VP-2420 Hypo frag 15.1 C

MMNS VP-1220 Hypo frag 10.8 S

MMNS TC-0462 Hypo frag 15.0 C

1 Male posterior plastral fragments in the Black Prairie fossil assemblage identified by strong ventral concavity.
2

3 Lengths in parentheses are of the hyoplastron only.
4

5 Hay (1908) gave the total plastron length as 131 mm, which generally runs a few mm or so longer than carapace length.
6

* Taken from Milstead (1969: Table 5).
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osteological description of the known subspecies of Terrapene, Milstead (1969: 66) stated that the “interfemoral 

ratio is the only plastral ratio that will distinguish carolina and triunguis.” Unfortunately, Milstead’s (1969) 

data represent ranges of means taken from many demes, not ranges within a series of individual data points. The 

interhumeral ratio has also been invoked in subspecies identifications, as well as tracking geographic 

intergradation, although usually in conjunction with other stronger characters. By themselves, or even in 

conjunction with one another, the seam ratios of Milstead (1969) should be used cautiously and then only as a 

guide for large samples. Having said that, the male and female posterior plastral lobes of Jackson & Kaye 

(1974a) yielded interfemoral seam ratios (10-12%) more in line with T. c. carolina population means (9-12%) 

than T. c. triunguis population means (12-16%). Only two Black Prairie anterior lobe specimens [MMNS VP-

2349, VP-3808] were complete enough for calculation of the interhumeral ratio—the resulting measurements 

equivocal with respect to their diagnostic potential. Again, Milstead’s (1969) data is of little use here as it does 

not provide observed ranges or error rates for samples of individuals, only deme sample means. 

Shell Fusion. Shell co-ossification, or fusion, is a normal process of the typical maturing adult T. 

carolina (e.g. Auffenberg 1958), such that unfused shells are characteristic of subadults and fused shells of 

adults. Occasionally, the shell of T. carolina either does not fuse, incompletely fuses, or fuses after sexual 

maturity. There may be several reasons why these phenomena occur, but the most likely explanation is believed 

to be dietary (pers. obs.). Nevertheless, shell fusion seems to have been characteristic of the species throughout 

the Pleistocene (e.g. Meylan 1995, Bentley & Knight 1998). Elements fused at suture points are actually less 

likely to break along sutures and break instead through the individual elements. The fused Terrapene shell thus 

consists of a solid, bowl-like carapace and plate-like plastron. Terrapene shell fragments in stream lag 

assemblages like the BPA are thus analogous to pottery shards in archaeological contexts. The vast majority of 

isolated Terrapene shell specimens are shards and not discrete, complete, unfused elements. The vast majority 

of shell shards are either fragments with both broken margins and unfused suture margins or shards with broken 

margins only and composed of part(s) of more than one fused shell element. The proportions of these two 

groups among plastral specimens can be seen in Table 8, keeping in mind the relationship between shell co-

ossification and relative age. Approximately one third (31%) of all plastral fragments in the BPA sample 

exhibited no fusion of elements—anterior lobe fragments exhibiting 37% incidence of non-fusion and posterior 

lobe fragments 32%. In an even larger sample of carapace fragments comprising 42% of the total Black Prairie 

T. carolina shell material and consisting of costals, neurals, and peripherals, the incidence of non-fusion was 

lower at 25% (27 of 107 shell shards). Therefore, the incidence of shell co-ossification—a measure of skeletal 

maturity among subadult and adult Terrapene—seems to have ranged somewhere between 65% and 75% in the 

BPA. 

Body Size. Average and maximum shell size are perhaps more reliable osteological characters 

contributing to the definition of the known Quaternary subspecies (Auffenberg 1958, review of Milstead 1969), 

although some workers proscribe, and perhaps rightly so, the use of size alone in this manner (e.g. Blaney 1971, 

Bentley & Knight 1998). 
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A modern random sample (n=10) of complete adult T. carolina carapaces [MMNS] collected from the 

central portion of the Mississippi Black Prairie exhibit a mean standard shell length (SL) of 120 mm (OR=114-

127 mm, SD=3.47 mm). Means of population samples from the Alabama Black Prairie ranged from 119 to 137 

mm mean SL (Milstead 1969). All modern T. carolina shell material personally collected by the writer in the 

Mississippi Black Prairie is notably smaller and more gracile than the smallest of all the Pleistocene fossils.  

During the current study, a partial, associated, unfused (i.e. subadult) fossil skeleton was discovered in a 

deep subsoil horizon—stratigraphically positioned between Pleistocene levels and human occupational (or 

Recent) zones at Site K-55 (Table 2). As mentioned earlier, bones found in these presumably early Holocene 

contexts are frequently encrusted in pedogenic caliche, as was this partial shell, due to the accumulation of 

calcium carbonate in lower pedologic horizons. The specimen in question falls within the size range of extant T. 

carolina of the region. The occurrence may represent an individual having entered a burrow or some other 

whole in the ground that subsequently collapsed or perhaps filled with alluvium. 

Tables 6-8, Figs. 24-28, and the discussion to follow serve to approximate average and upper body size 

limits for BPA Terrapene using a nearly complete carapace (from Jackson & Kaye 1974a), isolated plastral lobe 

dimensions (including thickness), and the relative proportions of isolated shell elements (and fragments 

thereof). Only one associated carapace is known from the BPA and was recovered from Pleistocene levels along 

the eastern margins of the Black Prairie in Mississippi. Although the nuchal region and inner portions are 

missing, enough of the carapace is present for an estimate of 162 mm SL (Jackson & Kaye 1974). In this case, 

standard carapace length (SL) is estimated from the carapace directly; all other SL approximations provided 

below are derived from non-carapacial portions of the shell. The best estimator of total shell length is probably 

the posterior plastral lobe (Auffenberg 1958). Figure 27 illustrates the strong linear correlation between 

posterior lobe length (PL) and standard shell length (SL). Predicted SLs of two fossil Black Prairie posterior 

lobes are provided in Table 6—the predictions based on the equation in Fig. 27b. A similar correlation exists 

between anterior plastral lobe length (AL) and SL (Fig. 27a). Two AL-based SL predictions from Black Prairie 

fossils are also provided (Table 6, based on equation in Fig. 27a). The PL- and AL-based SL estimates (164, 

169, 169, and 182 mm) of the four mature fossil plastral lobes (2 anterior, 2 posterior) are essentially in close 

agreement (SD=7.70 mm). Combined, they suggest a fossil turtle with an adult carapace length between 164 

and 182 mm with a mean of 171 mm. 

Regarding the earlier mention of body size as indicated by isolated neurals and suprapygals, certain 

combinations of 3rd and 7th neural dimensions are reasonably good predictors of shell length (Table 7, Fig. 28). 

Unfortunately, only 4-5 data points were available for each correlation, as unfused, individual, and thus 

measurable, neurals were uncommon in the comparative collections consulted. Due to the limited availability of 

larger comparative material, the larger fossil dimensions applied to the correlations could not be completely 

enclosed by comparative data points, thus the estimates are based on short forward projections of the 

correlations. The three neurals produced shell length estimates (Table 7) generally lower than those derived 

from Black Prairie plastral lobes (164-182 mm). However, the neural-based estimates of shell length (137, 150, 

and 159 mm SL) are consistent with what would be expected of large, subadult (i.e. unfused) carapaces 
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Table 7.  Dimensions of the neural carapace 1 as an estimate of body size in Terrapene
Product of length (L) and width (W) is plotted against total shell length.

Total

Shell Carapace

Taxon Catalog No. County State Age Fusion2 Length Width L x W Length Width L x W Length5

MMNS VP-1009 No 20.8 19.0 395.2 159
MMNS VP-1616 No 17.8 17.9 318.6 150
MMNS VP-2524 Monroe No 17.2 16.4 282.1 137

ANSP 154 Yes 15.0 17.0 255.0 127
ANSP 1556 Yes 16.0 17.0 272.0 133

Regression equation: y = 0.3625x + 34.829 y = 0.1896x + 84.416

Coefficient of determination: r2 = 992 r2 = 0.936

T. c. triunguis NCSM-H 60299 Douglas MO No 13.8 14.4 198.7 10.5 11.5 120.8 107

T. c. carolina x triunguis MMNS TH-101 Lowndes MS No np np np 14.3 14.0 200.2 118

NCSM-H 62084 Salem No 17.0 16.3 277.1 15.2 17.5 266.0 135

NCSM-H 31405 Nash No 15.2 16.3 247.8 12.9 15.1 194.8 126

NCSM-H 31860 Edgecombe No 14.8 15.6 230.9 16.0 17.7 283.2 138

NCSM-H 361297 Stokes No 15.0 15.7 235.5 np np np 119

x = L x W

y = Total carapace length
1

All comparative shells examined possessed the elements above, but only elements of unfused (~immature) specimens were measured.
2

A correlate of age.
3

4

5
Total carapace length each fossils element is based on the regression equation for that element.

6
 Hay (1908) estimated this partial carapace tohave originally been between 130 and 140 mm in length.

7

NCSM-H 31860 was not used in the regression due to its abnormal shape, which produced an r2 value of 0.523 and predicted carapace lengths of 151 mm (VP-1616) and 139 mm (VP-2524). MMNS 
TH-101 was not measured due to gross morphologic aberration.

3rd Neural3 7th Neural4

Pleisto.

lt. IRVMontgomery PA

Within the sample measured, W had a higher r2 value than L or L x W (0.993, 0.966, and 0.971, respectively) vs. TL; however, W for VP-1009 is an absolute minimum due to its eroded sides.

An abberant specimen exhibiting 9 neurals (instead of the normal 7). N7 in this individual lowered the correlation strength so much that dimensions for this specimen were discarded.
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Based on the regressions below, MMNS VP-2349 is derived from a turtle app. 169 mm long. Without the two largest 

turtles, the estimate is 168 mm (r
2
=0.931). See Table 5 for data point values and other details .
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Figure 27.  Carapace length as a function of plastral lobe length in Terrapene carolina. See Table 5. 
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Figure 28.  Linear correlations between neural size and carapace length (SL) in Terrapene carolina carolina 
(car) and T. c. triunguis (tri). See Table 7 for mensural data and size estimates for Black Prairie Pleistocene T. 
carolina. Only unfused elements of modern unfused (i.e. immature) shells of approximately equal age were used 
in the correlation. 
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maturing eventually into the adult size estimated by the plastral lobes, all of which were completely fused and 

thus derived from mature individuals. If the neural size vs. shell length relationships are essentially the same for 

all Quaternary Terrapene carolina, the Black Prairie population would then have been larger than the northern 

T. c. carolina ancestral race from Port Kennedy Cave (see Table 7). 

Shell thickness also provides an approximation of total shell length, albeit a very crude one. Although 

this metric is by itself “a poor character with which to separate populations” it is nevertheless one of the few 

criteria available for analyzing extremely fragmentary Terrapene remains (Auffenberg 1958: 70), which are 

rather common in stream-concentrated Late Pleistocene vertebrate assemblages. The first of the following 

thickness vs. shell length comparisons is qualitative and somewhat subjective, but, coupled with the second 

more quantitative measure, the two together suggest mean and maximum sizes consistent with those predicted 

by whole plastral lobe dimensions. Tables 5 and 8 contain the supportive data, including shell length estimates 

based on shell thickness. 

MMNS VP-4036 includes a complete posterior plastral lobe of T. c. cf. putnami (or T. c. major) from the 

Pleistocene of Florida with a maximum central thickness of 14.6 mm and, based on the bivariate estimator of 

Auffenberg (1958) reproduced in Fig. 27, is derived from a shell of nearly 200 mm total length. VP-4036 also 

includes an anterior plastral lobe from the same locale that belonged to a fossil box turtle of similar length 

(Table 6). Although the two specimens do not belong to the same individual, they are nevertheless derived from 

animals of very similar if not identical size. Nearly a quarter of the Black Prairie plastral fragments appear to be 

derived from plastral lobes equal in size to that of the comparative specimens from Florida, although only one 

out of 34 total fragments is actually of greater absolute thickness (Table 8). UF 14760 is a complete fossil 

Terrapene carolina shell found in loose association with extinct Pleistocene vertebrates in Eichelberger Cave, 

Marion County, Florida. Most Black Prairie Terrapene fragments are from shells somewhat larger and thicker 

than UF 14760, which measures 150 mm SL. A mature adult T. carolina plastron from middle Pleistocene 

deposits of Port Kennedy Cave, Pennsylvania, “was almost everywhere thicker than in the corresponding parts 

of [local, extant] T. carolina” (Hay 1908: 365). Differences in shell thickness between spatiotemporal 

populations of otherwise equal carapace length may be more of a dynamic, physiological response to available 

nutrient levels rather than representative of phylogenetic distance (Fichter 1969, Preston 1979), hence the low 

correlation strength (Table 8). Thus, considering this poor correlation between shell thickness and body size 

within the BPA, there seems to be a great deal of within-population genetic variation with respect to this 

character. The BPA shell material is absolutely thicker and appears to be relatively thicker than modern T. c. 

triunguis and carolina consulted, albeit by some as yet undefined and somewhat variable allometric proportion 

to the shells lengths (SLs) inferred from other means above. 

In spite of the poor linear correlation between plastral thickness and carapace length and the fact that 

only one large specimen was accessible with which to bound the Black Prairie measurements at the upper limit 

of the relation, SL predictions produced in such a manner are in general agreement with the previously 

discussed predictors of body size. Shell length estimates based on thicknesses of Black Prairie plastral 

fragments produced means of 176 mm for fused (≈ mature) and 154 mm for unfused (≈ late subadult) material. 
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Table 8.  Plastral thickness and shell length estimates for fossil box turtles in the BPA
Based on data from Table 6. Estimated mean shell lengths in bold.

Maximum

Interior Thickness1

Lobe Grouping n % Min Mean Max SD Min Mean Max r2

Fused (adult) 5 63 6.9 7.8 8.4 0.59 166 181 191

Unfused (subadult) 3 37 6.2 7.8 9.1 1.46 155 181 203

Total 9 100 6.2 8.0 9.9 1.10 155 185 216

Fused 5 56

Unfused 4 44

Smaller* 9 82

Comparable* 1 9

Larger* 1 9

Fused (adult) 13 68 9.1 12.1 15.1 2.00 149 171 192

Unfused (subadult)3 6 32 6.6 8.2 9.9 1.20 132 143 155

Total 19 100 6.6 9.4 15.1 2.56 132 152 192

Male 4 21 6.6 8.6 9.9 1.41 132 146 155

Female 15 79 7.2 11.5 15.1 2.47 136 167 192

Fem/Fused 12 80 9.9 12.4 15.1 1.86 155 173 192

Fem/Unfused 3 20 7.2 8.0 8.8 0.80 136 142 147

Male/Fused 1 25 9.1 9.1 9.1 na

Male/Unfused 3 75 6.6 8.4 9.9 1.68
Fused 18 75

Unfused 6 25

Male 6 20

Female 24 80

Smaller* 17 71

Comparable* 7 29

Larger* 0 0

Thinner* 22 92

Thicker* 2 8

Fused 22 69

Unfused 10 31

Smaller* 26 76

Comparable* 7 21

Larger* 1 3

1

2

3

*

Shell Length Estimates by

Linear Correlation2

Maximum interior thickness is measured only on the those fragments possessing at least some portion of the thickest region
the interior plastron. Measurements taken within the plastral interior, inside the laminated margins. Along the humeral 
eminence just inside the lateral margin of anterior plastral lobes and at the juncture of the symphyseal and femoro-abdominal 
seams of posterior lobes.

The strength of the correlations is controlled by the specimens from Florida (MMNS VP-4036)--the only T. carolina 
material available that was large enough to establish an upper boundary for predicting shell length within the Black Prairie 
assemblage. The rest of the comparative data is derived from modern small to medium-sized subspecies/populations.
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If shell thickness provides a rough estimate of size, which in turn is a correlate of maturity, then the greater 

number of Black Prairie posterior plastral lobe fragments that are thick and fused or thin and unfused over those 

that are thick and unfused or thin and fused (respectively, see Table 8) suggests fusion in the fossil sample is 

very largely a product of maturity, as has been noted in modern T. carolina. 

Several estimates of body size (i.e. shell length) have now been introduced. The mean of standard shell 

length (SL) predictions from (1) the two anterior plastral lobes (Table 6: 169 and 182 mm SL), (2) the two 

posterior plastral lobes (Table 6: 169 and 164 mm SL), plus (3) the mean of shell thickness for co-ossified 

anterior and posterior plastral fragments (Table 8: 181 and 171 mm SL, respectively) is equal to 173 mm SL—

for adult shells. Throwing out the predictions from shell thickness because of their low r2 values, we get a very 

similar figure of 171 mm SL for fused, or mature (~adult), shells. The mean of shell length predictions based on 

dimensions of the unfused neural carapace (Table 7: 159, 150, 137 mm SL) and thickness of unfused plastral 

fragments (Table 8: 181 and 143 mm SL) is 154 mm SL—for large, subadult shells. Again, tossing out shell 

thickness we get 149 mm SL for unfused, or immature (~subadult), shells. The mean of all fused/adult and 

unfused/subadult carapacial and plastral predictions, including plastral thickness, is 164 mm SL. Finally, if we 

eliminate shell length estimates based on shell fragment thickness, then the mean is 161 mm SL. This estimate 

is very close to the length of the only associated carapace from the BPA, which is about 162 mm SL. Thus, it is 

believed that the Black Prairie fragmentary shell material is derived from turtles ranging in late subadult 

(unfused) and adult (fused) carapace length from, conservatively, 140 to 180 mm SL with an average mature 

adult carapace length somewhere between 160 and 165 mm SL. By comparison, mature (presumably fused) T. 

c. triunguis (sensu Milstead 1967, 1969) shells from the late Wisconsinan site of Friesenhahn Cave of inland 

Texas average 163 mm, and mature T. c. putnami xt triunguis shells from older Wisconsinan deposits at 

Ingleside (coastal Texas) average 174 mm (Milstead 1969). The six largest shells from Friesenhahn range from 

213 to 264 mm SL (mean = 232), and seven shells from Ingleside are 188 to 223 mm long (mean = 204)–both 

ranges each including a few plastral lobe predictions from dimensions given in Milstead (1969) and Johnson 

(1987). Two large Late Pleistocene Lubbock Lake (Texas) turtle shells are slightly greater than 220 mm long, 

and an anterior lobe from the Late Pleistocene Blackwater Draw (New Mexico) locale suggests a fossil turtle 

just over 210 mm in carapace length—estimates based on data from Johnson (1987). A quarter of Black Prairie 

plastral fragments may be derived from turtles slightly larger than 200 mm SL (Table 8), but not by much. 

Furthermore, a partial anterior carapace (MMNS VP-1171) from the Mississippi River along the western border 

of Mississippi is from a shell estimated to be at least 200 mm SL when compared to shells of T. c. major from 

coastal Mississippi. The few fragments of Late Pleistocene Terrapene from the Mississippi River alluvial valley 

in western Mississippi are as large as and larger than the largest BPA material. 

The present range of pure Terrapene carolina triunguis is centered in the states of Texas, Arkansas, 

Louisiana, Kansas, Oklahoma, and Missouri, but T. c. triunguis influence (i.e. intergradation with other 

subspecies) extends as far east as Georgia, just short of the Carolinas (Milstead 1969). Terrapene c. putnami is a 

giant Pleistocene subspecies known from the Great Plains to Florida (review of Dodd 2001). Terrapene c. 

putnami xt triunguis is a temporal intergrade found in Sangamon to middle Wisconsinan deposits from Texas to 
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Kansas (Milstead 1967). This intergrade was succeeded by a larger strain of T. c. triunguis, which is known 

from late Wisconsinan deposits from Texas north to Illinois and west to New Mexico (Milstead 1967). There 

appears to be significant temporal overlap of T. c. putnami, T. c. triunguis, and the temporal intermediate 

(Milstead 1967, 1969, Gillette 1974). Unfortunately, spatial clines and evolutionary trends are complicated by 

what appear to be an abundance of poorly justified referrals in the literature (writer’s opinion). Milstead (1967, 

1969) considered all Late Pleistocene mid-continental T. carolina to be either T. c. triunguis or T. c. putnami xt 

triunguis. Depending on locality and horizon, maximum shell lengths range from 198 to 281 mm for T. c. 

putnami xt triunguis over most of the Wisconsinan, 156 to 246 mm for T. c. triunguis over the terminal 

Wisconsinan, and 134 to 165 for T. c. triunguis since the end of the Wisconsinan 10 ka (Milstead 1969). 

Carapace length in T. carolina from the latest Pleistocene (~20 ka) Ardis local fauna ranges from ~140 to 260 

mm (Bentley & Knight 1998). The estimated SL for the BPA (140 to 180 mm) spans the lower end of this 

range. If a single subspecies is represented in each assemblage—Ardis and BPA—then these ranges are 

counterintuitive. That is, one might expect a larger observed range in attritional stream assemblages, which by 

default are assumed to be poorly constrained temporally (i.e. articulated material very rare), than in a death 

assemblage that appears to have been buried much more quickly (i.e. articulated specimens common). 

Nevertheless, with respect to size range and maximum size, Black Prairie T. carolina best fits the Late 

Pleistocene T. c. triunguis samples dating to the late or terminal Wisconsinan. 

Growth. Growth is fairly rapid in the early years, such that only 9% of individuals in Terrapene c. 

carolina populations and 18-25% of T. c. triunguis turtles are ever less than 110 mm (review of Leuck & 

Carpenter 1981). Within a population and depending on the species, there is a theoretical maximum body size 

defined either precisely by an asymptotic upper limit beyond which growth ceases as the animal continues to 

age (= exponential function) or loosely by a point at which growth rate slows progressively but essentially never 

stops (= power function). These two alternatives among turtles comprise Biddle’s hypothesis (Elghammer et al. 

1979). Elghammer et al. (1979) demonstrated a negatively accelerated length-age relationship among male and 

female T. c. carolina from Illinois, thus preferring the indeterminate growth model—a hyperbolic power curve 

theoretically predictive of size into the advanced years. More recently, however, maximum size in the genus 

Terrapene has been found to be asymptotic, or determinant, with respect to age (Ernst et al. 1998, review of 

Dodd 2001). According to this now widely accepted model, Terrapene growth is rapid in the early years and 

slowly decreases until it essentially ceases altogether. This model is important in distinguishing the modern and 

Late Pleistocene Black Prairie populations as distinct subspecific level phenotypes and not different by life 

spans that determine shell size. Beyond maximum body size, negligible senescence may be exhibited in very 

old turtles not otherwise displaying advanced years (Miller 2001: e.g. T. c. triunguis). 

Age. Ewing (1939) and Nichols (1939) simultaneously described a method of age determination in 

Terrapene long known in naturalist circles though never sufficiently documented. The scutes of this genus 

accumulate discrete, concentric growth zones in annual increments, enabling age determination up to 18-25 

years, after which the annuli cease formation due to the attainment of maximum size (Stickel 1978). Annuli are 

typically counted on the pleural scutes, where they are the most distinct. The annular pattern is also produced in 
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the underlying bony carapace, although not quite as clearly as it is in the scutes. Faint growth annuli are visible 

in many Black Prairie costal fragments, but no individual specimens exhibit complete pleural surfaces. Based 

on (1) the average size of the annuli, (2) the larger size of fossil Terrapene fragments in the BPA, and (3) shell 

size at shell fusion, a sample of the most complete carapacial fragments permit an estimate of age at maximum 

size in agreement with what Stickel (1978) observed in modern populations.  Thus, it seems more likely that the 

fossil Black Prairie turtle was actually a larger race (i.e. measurably distinct genotype) of T. carolina than that 

living in the area today rather than the same race (i.e. identical genotype) that simply lived longer and grew 

continuously. 

Population. To what extent the Terrapene material recovered from the Black Prairie actually represents a 

living Late Pleistocene population may never be known. That said, the body size range for fossil assemblages 

assumed to approximate local populations with contemporary individuals can be considerable, as exemplified 

by the discovery of very disparate adult T. carolina size extremes in intimate association at the coastal Ingleside 

site in Texas, the inland Friesenhahn Cave site also in Texas, and even Ardis in South Carolina. If the 

observations on sexual size dimorphism in box turtles reviewed by Gibbons & Lovich (1990) is true of all T. 

carolina subspecies or populations, then there is very little size difference among sexes within the whole genus 

(M/F = 0.97-1.08, 3 spp., 5 pops.), meaning within-population size extremes cannot be attributed to gender 

differences. Diachroneity, on the other hand, can be extreme in fossil assemblages and varies between cave (e.g. 

Friesenhahn), pond (e.g. Ingleside), and stream (e.g. Black Prairie and Ardis) deposits. The Friesenhahn Cave 

fauna is late Wisconsinan in age and accumulated over a short period of time 19-17 ka (Evans 1961, Toomey 

1992). The Ingleside assemblage accumulated during an as yet unidentified warm interstade of the Wisconsinan 

glacial (Lundelius 1972, Otvos & Howat 1996). Ardis turtles are thought to have been concentrated by a local 

catastrophic event, like a coastal flood (Bentley & Knight 1998), perhaps produced by a hurricane. A precise 

age for the BPA is somewhat elusive at this time, which is frequently the case of attritional fluviatile deposits, 

but it is presumed to be largely Wisconsinan. More importantly, the BPA may have been concentrated over a 

much greater time frame than the aforementioned assemblages. Thus, the BPA T. carolina may represent a 

temporally mixed population with an age range measured in several thousands or perhaps even tens of 

thousands of years. 

Identity. Excluding the small Terrapene carolina bauri of peninsular Florida, influence of three different 

subspecies dominates the Southeast today: T. c. carolina (Eastern Inland), T. c. triunguis (Midwest and Mid-

South), and T. c. major (Coastal Plain). Blaney (1971) synonymized the two largest box turtles of the 

Quaternary Southeast—T. c. major and the fossil T. c. putnami—under the senior name T. c. major, this based 

on his analysis of the latter in the Apalachicola barrier island chain of Florida. He indicated that the only 

tangible difference between the two species is temporal, although T. c. putnami also possessed a larger 

maximum size (~320 mm) over that of T. c. major (216 mm) (Auffenberg 1958, 1967)—a character that does 

not appear to be determined by endless, power-function growth. Bentley & Knight (1998) favor Blaney’s 

(1971) synonymy based on their recovery of extensive T. carolina material, including partial carapaces and 

partial skulls, from the latest Pleistocene Ardis local fauna from South Carolina. Two size populations were 

 103



recovered at Ardis, which is roughly equivalent in age to the BPA but more temporarily restricted. The authors 

refer to the larger (~190-260 mm SL) of the two Ardis subspecies as T. c. major. The larger turtles appear to be 

much more common than the smaller variant (~140-145 mm SL), which falls in the size range of T. c. carolina 

living in the immediate area today. Unlike Ardis, the BPA turtle fragments do not appear to be bimodal with 

respect to adult size. 

Summary. Reviewing its total morphometrics as they are currently known, T. carolina in the BPA ranges 

in adult size from about 140 to 180+ mm, averaging close to 165 mm SL. The deep ventral concavity of the 

male plastron seems to have been consistently centered on the perpendicular juncture of the interabdominal and 

femoral-abdominal seams, not the interfemoral seam as in modern T. c. triunguis. The Black Prairie carapace 

fragments from the region of the 3rd vertebral surface contain no detectable hump, although more complete 

remains would better serve this yet preliminary observation. The presence/absence of the axillary surface alone 

is an essentially useless character in the identification of individual specimens but is to some extent useful in 

distinguishing large samples of T. c. major (100% incidence) and T. c. putnami (100%) from the large strain of 

terminal Pleistocene T. c. triunguis (0%) as well as from other subspecies. The shape, position, and incidence of 

occurrence of this structure in the Black Prairie material are closest to modern T. c. triunguis than Pleistocene 

triunguis or either of the large Pleistocene subspecies. However, the large size and relatively deep posterior 

plastral lobe in the male BPA T. carolina would tend to rule out modern triunguis, which is significantly 

smaller with an absolutely and relatively shallower depression. Seam patterns suggest a subspecies other than 

pure T. c. triunguis or the putnami x triunguis temporal intergrade. Thus, it would be meaningless to assign a 

subspecific or intergrade identification to the Black Prairie Terrapene carolina material, as Jackson & Kaye 

(1974a) have done, given the degree of fragmentation of the BPA and the poorly understood nature of 

osteological variation in extinct and extant races of this species as they have been thus far described. 

The oldest evidence for Terrapene carolina dates from the Miocene of the Great Plains, where the 

species has a fairly continuous fossil record up to the Recent (reviews of Ernst & McBreen 1991, Dodd 2001). 

 

 

Testudinidae Gray 1825 

Xerobatinae Gaffney & Meylan 1988 

Hesperotestudo Williams 1950 

Hesperotestudo (Caudochelys) crassiscutata (Leidy 1889) 

Giant caudochelyine tortoise 

Figure 29, 30 

 

North American tortoises belong to the subfamily Xerobatinae, which includes the extant Gopherus and 

the extinct Hesperotestudo (Gaffney & Meylan 1988). Two lineages of non-Gopherus xerobatine tortoises are 

generally recognized in the North American Pleistocene and are identified by the subgenera Hesperotestudo and 

Caudochelys (e.g. Auffenberg 1963b, Meylan et al. 2001, Hulbert 2001). The two lineages to which these 
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subgenera belong have co-existed in North America since at least the Oligocene (Meylan et al. 2001, Hulbert 

2001) and in the Southeast since at least the Miocene (Hulbert 2001), although Caudochelys may be traced back 

to the late Eocene of Utah (Auffenberg 1963b). Quaternary Hesperotestudo consists of small to giant North 

American tortoises, four species of which are currently recognized from the Pleistocene of the eastern U.S.: 

Hesperotestudo crassiscutata, H. incisa, H. mlynarskii, and H. percrassa. Remains of large and small forms of 

Hesperotestudo (sensu lato), some very likely endemic and some of uncertain affinity, have also been identified 

from the western U.S. and Mexico (Preston 1979, review of Holman 1995). Hesperotestudo crassiscutata, one 

of the largest and best known of the North American Pleistocene giant tortoises, is well documented in deposits 

in the eastern U.S.—from Florida to South Carolina to Illinois (Morgan & Hulbert 1995, review of Holman 

1995, Bentley & Knight 1998). Whether or not the equally large series of Hesperotestudo sp(p). recovered from 

Pleistocene deposits of Missouri, Texas, and other western states (e.g. review of Holman 1995) is conspecific 

remains to be seen. All other described North America species of Hesperotestudo are generally smaller animals, 

although there is considerable overlap between H. incisa and H. crassiscutata (see Auffenberg 1963b: Table 1). 

Hesperotestudo incisa is so far known only from the Late Pleistocene of Florida, where it seems to have 

succeeded the closely related, similarly-sized middle to Late Pleistocene H. mlynarskii (Meylan et al. 2001, 

Hulbert 2001). The smallish H. percrassa is known only from the late Irvingtonian of Pennsylvania (Hay 1908, 

Parris & Daeschler 1995). 

One of the most species-diagnostic individual elements of this group is the epiplastron. Two essentially 

complete epiplastra—one large [MMNS VP-648] and one small [MMNS VP-2018] (Fig. 29)—compare closest 

to Hesperotestudo crassiscutata (Fig. 30). The larger specimen, based on size alone, must belong to this species 

as no other described tortoise species form the Late Pleistocene of North America are known to attain such 

dimensions. Although falling within the size range of both southeastern Late Pleistocene species (see 

Auffenberg 1963b: Table 1, Fig. 16), the smaller of the two is closer morphologically to H. crassiscutata (e.g. 

Hay 1908: Figs. 616, 622; Auffenberg 1963b: Fig. 10, 11, 12, 13, 18) than to H. incisa (Fig. 30) and its 

predecessors of the H. turgida-complex (sensu Auffenberg 1963b, 1988). The relatively thicker, more 

endomorphic epiplastron of H. incisa and turgida-complex tortoises is constricted at the gular-humeral seam 

and possesses a keel dorsally. Perhaps because of this constriction, the epiplastra of the turgida-complex also 

tend to be more anteriorly projecting and one form (the male?) possesses a forked gular anteroplastron (Fig. 30). 

The epiplastron of H. crassiscutata, on the other hand, is more even in width along its length (i.e. outer and 

inner margins are more parallel) and possesses no keel or extreme dorsoventral thickening. Although MMNS 

VP-2018 is missing much of the dorsal surface of the gular region, enough of the specimen is intact to be fairly 

certain that a pronounced keel, as indicated for H. incisa, was not present. MMNS VP-648 is notably larger than 

MMNS VP-2018, the latter perhaps representing a younger or otherwise smaller animal. The size and 

morphologic differences together might also reflect a sexual dimorphism like that seen in other testudinids. 

Most North American testudinid species from the Oligocene to Recent exhibit two shell morphs possibly 

interpretable as sexual dimorphism; however, sexual dimorphism has not been reported or described for species 

of Hesperotestudo, at least not to the writer’s knowledge. 
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Figure 29.  Hesperotestudo crassiscutata left (VP-2018) and right (VP-648) epiplastra. The smaller specimen 
may belong to a subadult. Alternatively, the size difference may be a product of sexual dimorphism, in which 
case the larger specimen is suspected to represent the female. Asterisks (*) designate scute surfaces. 
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Figure 30.  Hesperotestudo epiplastra from the Late Pleistocene of Florida. Examples of isolated (a) and 
associated (b) epiplastra of H. crassiscutata are more comparable to the Black Prairie material (Fig. 29) than 
are the two epiplastral morphologies of H. incisa (c & d). The two anteroplastral forms observed in H. 
incisa may represent a skeletal dimorphic distinguishing males and females, in which case UF 3077 (c) is 
likely the female and 3029 (d) the male. Note the constriction at the gular-humeral seam (d) and keeled 
gular region (c & d). Drawings modified from Hay (1908) (a) and Auffenberg (1963) (b-d). 
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Other elements assignable to H. crassiscutata were recovered from the BPA (App. A), including several 

fragments of costal carapace [MMNS VP-1718, 1736] and a large, oblong osteoderm [MMNS VP-2766] 

measuring 45 mm long x 35 mm wide x 20 mm thick—all suggestive of a tortoise of considerable size. The 

osteoderm is in the shape of a low, lop-sided cone and is comparable in size to the largest specimens reported in 

the available literature for this species (see Holman 1985). 

 

 

Gopherus Rafinesque 1832 

Gopherus polyphemus (Daudin 1802) 

Gopherus polyphemus 

Gopher tortoise 

Figure 31 

 

In the 1970s, C. G. Jackson, Jr. (Prof. Biol., MUW, retired), and J. M. Kaye (Prof. Geol., MSU/MUW, 

retired) reposited with FLMNH (Gainesville) a plastral fragment [UF 19288] from Catalpa Creek assignable to 

this species. The specimen appears to have been first recognized and identified by the late W. Auffenberg 

(Curator Emeritus, FLMNH) as belonging to Gopherus polyphemus. The specimen was brought to the writer’s 

attention by R. L. Franz (FLMNH). The writer has not personally examined this specimen, which was published 

in Franz & Quitmyer (2005). 

The Genus Gopherus is known from as far back as the late Eocene (McCord 2002: Great Plains), and the 

species is at least as old as the early Pleistocene (Meylan 1995: Florida). The Pleistocene range of Gopherus 

polyphemus appears to have been larger than but inclusive of its current range, which includes most of Florida, 

the Pearl River drainage of eastern Louisiana, and the southern portions of Mississippi, Alabama, and Georgia 

(Auffenberg & Franz 1978, 1982). The historic range of the species is illustrated in Fig. 31. During the 

Pleistocene, the range of this species extended north to South Carolina (Auffenberg & Franz 1978, Roth & 

Laerm 1980) and westward to at least the limits of its current range. The nearest gopher tortoise populations are 

within 40 miles of the Black Prairie in the Lime Hills district of southwestern Alabama, although they are closer 

to the Black Prairie in the southeastern corner of Alabama in the immediately adjacent Chunnenuggee Hills 

district (Mount 1975: Fig. 339). Gopher tortoise burrows were found along but outside of the northern borders 

of the Alabama Black Prairie in the Fall Line Hills earlier in the previous century (Harper 1943, Mount 1975), 

therefore their appearance in the Late Pleistocene of the Black Prairie is perhaps not all too surprising. No 

Gopherus remains have been recovered from the Alabama Black Prairie. However, the discovery of indigo 

snake (Drymarchon corais) (Dobie et al. 1996), an inquiline resident of G. polyphemus burrows (Mount 1975, 

MMNS 2001), in Pleistocene deposits of the Alabama Black Prairie suggests that the gopher tortoise may have 

been established at several locations within the district during this time. As has been suggested by R. L. Franz 

(pers. com.), the burrowing Gopherus likely preferred the looser, thicker, and sandier exogenous alluvial soils 

within the Black Prairie district over the sticky, clayey upland and endogenous alluvial substrata. 
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Figure 31.  Current range of Gopherus polyphemus with respect to certain physiographic features in Louisiana 
Mississippi, and Alabama. The Black Prairie in Mississippi lies 75 mi to the northeast of the Oligocene 
outcrop belt and 36 mi north of Lauderdale County. The dashed line (MS) marks the northern and western 
limits of the Jackson Insular Prairies; the southern limit of these prairies is defined by, and includes, Oligocene 
age limestones. 1 cm = 20 mi. Maps borrowed from Auffenberg & Franz (1982: Figs. 9, 10). 
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Regarding the western limits of Gopherus polyphemus, the large Gopherus from the Irvingtonian 

Gilliland (Texas) and Arkalon (Kansas) local faunas (Preston 1966, 1971) is probably a new species 

(Auffenberg & Franz 1978), in spite of some suggestion of conspecificity with G. polyphemus (Auffenberg & 

Franz 1978, Holman 1995). This early Pleistocene Plains tortoise appears to have averaged larger than all extant 

species (Preston 1971) and was 1.7 to 2.0 times the mean length of the largest—G. flavomarginatus. This size 

approximation for flavomarginatus is based on a complete plastron from Gilliland figured by Preston (1966: 

Fig. 5), and mensural statistics of the extant species provided by Auffenberg (1976) and Germano (1993). 

Preston (1966, 1971) and Auffenberg & Franz (1978) suggested at least a greater affinity with G. polyphemus 

over the other extant species. Preston (1971: 209) provided the first specific reason for this, stating that the 

“interhumeral seam [line] is longer than the intergular seam [line] in the Gilliland species.” However, this 

statement is true of not just G. polyphemus but also of G. agassizii of the Desert Southwest and G. berlandieri 

of southern Texas (see Auffenberg 1976). If Preston (1966: Fig. 5) serves as an accurate portrayal of plastral 

proportions, then the relative length of the two sagittal seam lines in the Gilliland specimen (UMMP 41509) is 

comparable to seam line means (male, female, and combined) of G. berlandieri as well as G. polyphemus, based 

on data from Auffenberg (1976: Table 12). Furthermore, a comparison matrix based on mensural data on all 

four extant species (Auffenberg 1976) and the relative lengths of all six sagittal seam lines in the Gilliland 

specimen (Preston 1966) indicates a closer alliance of the Southern Plains fossil with G. berlandieri (and to 

some extent G. flavomarginatus) than G. polyphemus. Seam line proportions, larger average size, Irvingtonian 

age, and geographic location all together suggest an equal, if not much closer, affinity of the large early 

Pleistocene Plains Gopherus  to extant Southern Plains Gopherus. This is certainly the most parsimonious 

explanation. Later Preston (1979: 39) stated that the early Pleistocene Gopherus from Texas, Kansas, and other 

locales in the region “likely…belongs to a single extinct species occupying at least the entire southern Great 

Plains. The specimens in all cases indicate a close relationship to Recent G. polyphemus except for greater 

maximum size...[however, the] degree of isolation and the apparent temporal as well as geographic 

morphological uniformity…argue strongly for a separate species designation.” Preston (1979) also suggested 

that the most appropriate species name for the Irvingtonian Gopherus of the Southern Plains may be Testudo 

laticaudata Cope 1893 (Preston 1979). Therefore, G. polyphemus was very likely limited to the Southeast over 

much if not the entirety of the Quaternary. 

 

 

Order Serpentes Linnaeus 1758 

 

Snake fossils from the BPA consist of isolated vertebrae, which can be rather challenging elements when 

attempting diagnoses below the level of subfamily. In fact, leading authors in snake osteology advise caution in 

identifications based on individual vertebrae (e.g. Auffenberg 1963a, Holman 2000). For this reason, both 

comparisons and literature searches were as thorough as time and resources would allow. The following sources 

were most frequently used with respect to snake systematics, osteology, and distribution: Gilmore (1938), 
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Auffenberg (1963a), Olsen (1968), Holman (1995), Holman (2000), and Hulbert (2001). The systematics and 

vertebral terminology used herein is largely that of Auffenberg (1963a) and Holman (2000). However, no 

specific term exists for the transverse end-member of the haemal keel below the cotyle. When viewing a snake 

vertebra ventrally, this structure is the cross-member if the haemal keel is viewed as the vertical member of an 

uppercase ‘T.’ This transverse structure is referred to here as the subcotylar eminence (Fig. 32), which like the 

haemal keel is also raised above the surface of the centrum (when viewing ventrally) and is most pronounced 

when the subcentral grooves are deep. 

 

 

Colubridae Oppel 1811 

 

Family Colubridae is composed of three subfamilies in North America, all having representatives in the 

southeastern U. S.: (1) the Neotropical Xenodontinae, (2) the Holarctic Colubrinae, and (3) the largely 

Holarctic-Oriental Natricinae (Holman 2000). Xenodontine colubrids are identified by their generally “wide and 

sometimes indistinct” haemal keels, whereas natricine colubrids have well-developed hypapophyses on all 

precaudal vertebrae (Holman 2000: 112). The very diverse and terrestrial colubrine colubrids are differentiated 

from the other two subfamilies by their (1) lack of hypapophyses on the trunk vertebrae, (2) relatively thin 

haemal keels set out from the centrum, (3) usually distinct subcentral grooves and ridges, and (4) somewhat 

lightly built form with generally higher length/width ratios (Holman 2000). Of all the colubrid vertebrae from 

the BPA reported herein, none appear to be xenodontine. 

 

 

Colubrinae Cope 1895 

 

Ten of the seventeen North American genera of colubrine colubrids are native to the southeastern United 

States, which makes the rule-out process somewhat involved when attempting to identify isolated vertebrae. 

Intraspecific differences may be greater than intrageneric differences, as with the case of Lampropeltis. Because 

of this, Holman (2000) advises species-by-species comparisons.  

 

 

Drymarchon Fitzinger 1843 

Drymarchon corais (Boie 1827) 

Indigo snake 

 

Trunk vertebrae of Drymarchon corais are easily distinguished from all other colubrine colubrids 

(Auffenberg 1963a) by their large size, robust form, and relatively short length (Holman 2000). The anterior 
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Figure 32.  Agkistrodon piscivorus trunk vertebra (cranial aspect). The centrum is the central “cylinder” 
of the vertebra; the cotyle constitutes its anterior end. The paracotylar fossae flank both right and left 
sides of the top half of the cotyle. Typically, a single foramen is located at the deepest portion of each 
fossa in A. piscivorus. The subcotylar eminence (a new term introduced here) is a transverse ridge 
beneath the cotyle that forms the cross-member of a “T” with the haemal keel (or spine), which forms the 
trunk of the “T.” Viperid trunk vertebrae differ from that of colubrids in that they have stout haemal 
spines ventrally, whereas most colubrids possess a simple haemal keel. Haemal spines and haemal keels 
comprise the hypapohysis. 

 

112



edge of the neural spine is nearly unique to Drymarchon, although when this structure is broken it may be 

difficult to separate this genus from large individuals of Coluber and Masticophis (Auffenberg 1963a). 

Indigo snake was not identified in the current study, which very largely focused on the Mississippi Black 

Prairie; however, Dobie et al. (1996) reported a single fossil trunk vertebra belonging to this snake from the 

Alabama Black Prairie, which lies outside of the species’ historic range (see Mount 1975). The specimen, like 

the bulk of the current collection, was found in loose association (F3 assemblage of Kaye 1974) with other 

Pleistocene animal remains. 

The historic range of Drymarchon corais at one time extended from southern Texas to southwestern 

South Carolina where it has been most frequently identified with dry, sandy soils and usually within piney 

woods habitats of lower coastal plain environments (Mount 1975, MMNS 2001). Because of an inquilinistic 

association with Gopherus polyphemus in which this snake inhabits tortoise burrows for refuge and winter 

denning, the ranges of these two reptiles overlap considerably (Mount 1975, MMNS 2001). To date, only one 

BPA fossil of each is known—the single D. corais vertebra from Alabama and a gopher tortoise plastral 

fragment from Mississippi (described above). Because of their rare occurrence, it is assumed that neither 

species was ever particularly common in the Black Prairie proper, although, based on their current distribution, 

drainages in the Chunnenuggee Hills along the southern margins of the Alabama Black Prairie would have 

provided habitat more to the liking of both. 

 

 

Lampropeltis Fitzinger 1943 

Kingsnake 

 

One small colubrid vertebra [MMNS VP-971] from Catalpa Creek is attributable to this genus with 

reasonable certainty. It is a stout, nearly as wide as long, posterior-most precaudal vertebra with relatively deep 

subcentral grooves producing a tall, well-defined haemal keel. The keel is thin against the centrum though 

thickened along the ventral margin. The subcentral grooves have sheer walls from cotyle to condyle, or 

anteroposteriorly. Unfortunately, the vertebra is missing the neural spine and much of the left posterior region 

of the neural arch, the former structure very useful in species diagnostics. In addition, the various vertebral 

processes, including the prezygapophyseal accessory processes, are missing altogether. The comparative 

discussion to follow predominantly applies to trunk vertebrae. The specimen was compared to the similar 

Pituophis, Coluber, and Masticophis, which seem to be monospecific over the late Quaternary of the eastern 

U.S., and two species of Elaphe—E. guttata and E. obsoleta. 

Central and posterior precaudal vertebrae of colubrine colubrids lack hypapophyses and instead have 

well developed but relatively thin haemal keels (Holman 2000). The Catalpa Creek specimen has a thin haemal 

keel with a thickened ventral edge, as in the colubrine genera Lampropeltis, Pituophis, and Elaphe. Holman 

(2000) listed several published fossil occurrences in which vertebrae of these three genera could not be 

distinguished from one another. As mentioned above, MMNS VP-971 has deep subcentral grooves that pass 
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anteriorly between the parapophyses and the subcotylar eminence, the latter projecting in sharp, contrasting 

relief with the rest of the subcentral topography. Each subcentral groove is deep at the juncture of the dull, 

rounded haemal keel and the subcotylar eminence, such that the walls of the grooves are nearly vertical, as in 

Lampropeltis. Although Pituophis melanoleucus has deep subcentral grooves, the subcotylar eminence has a 

more subdued appearance in this species due to the sloping walls of the grooves. Within the subcentral groove 

of Elaphe and Pituophis, the corners formed by the juncture of the ventral keel and subcotylar eminence have 

less steep walls than Lampropeltis and frequently produce the platform in relatively low relief. The haemal keel 

of Elaphe and Pituophis is in general sharper than Lampropeltis (throughout the precaudal series) and VP-971. 

In addition, the haemal keel of Elaphe is typically thicker against the centrum, whereas VP-971 is only 

thickened along the ventral margin of the keel, which is itself relatively thin against the base. 

Although the neural spine is largely missing in MMNS VP-971, enough of the base is present to 

demonstrate that this structure did not extend as far anteriorly as it does in Pituophis melanoleucus. Relative to 

the length of the neural arch, the neural spine of VP-971 was approximately 75% of the length that this structure 

attains in Pituophis, falling well short of the anterior margin and in agreement with Lampropeltis. Anteriorly, 

the neural arch of Elaphe possesses a low, nodular relief at the base of the neural spine, whereas this region is 

smooth and flat in Lampropeltis and VP-971. Furthermore, the dorsal profile of the zygosphene is planar to 

notched, or medially concave, in the various locally indigenous species of Elaphe and broadly concave in the 

only U.S.-Canadian species of Pituophis. In contrast, the zygosphene of Lampropeltis in dorsal view is 

distinctly convex medially, as is that of VP-971. Furthermore, the neural arch of Elaphe is significantly more 

vaulted than in Lampropeltis and VP-971, and the base of the neural spine much broader in Pituophis. 

Vertebrae of Lampropeltis may also be confused with the equally endomorphic and similarly-shaped 

vertebrae of Cemophora coccinea (Holman 2000). However, VP-971 is nearly twice as large as the high end of 

the range for modern and fossil vertebrae of this species as reported by Holman (2000). Cemophora coccinea 

also has relatively shallow subcentral grooves, producing a thicker haemal keel in relatively low relief. 

Anteriorly the subcotylar eminence is in relatively high relief with a shape similar to that of Lampropeltis. The 

zygosphene of Cemophora is also convex medially in dorsal view; however, the zygosphene in anterior view is 

much more convex dorsally in C. coccinea than in Lampropeltis and VP-971, both of which are nearly planar. 

Three species of Lampropeltis range into the Black Prairie today: L. getula, L. calligaster, and L. 

triangulum. Because of strong intraspecific differences, comparisons must be made at a species or subspecies 

resolution when an identification of Lampropeltis is suspected (Holman 2000). Compared to the posterior 

precaudal vertebrae of L. calligaster rhombomaculata, the subcentral groove of VP-971 is more excavated, 

particularly so posteriorly. The posterior terminus of the haemal keel is also not as prominent. Lampropeltis 

getula has rather endomorphic vertebrae with relatively wide haemal keels. In general, VP-971 does not 

compare well at all with L. getula. Lampropeltis triangulum has a more depressed neural arch than L. 

calligaster and VP-971; it also has a thicker haemal keel (Holman 2000). As the relative thickness of the 

haemal keel may vary among subspecies of L. calligaster (as well as L. triangulum), as may the degree of 

vaulting (or depression) of the neural arch, a specific assignment for VP-971 is not possible until a more 
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comprehensive comparative collection can be examined. Furthermore, extensive subspecific comparison may 

be futile given the considerable and generally standard degree of individual variation within most serpentine 

species and subspecies. 

The genus Lampropeltis dates as far back as the middle Miocene of the Plains states (Holman 2000) and 

perhaps even Florida (review of Hulbert 2001). Today, it is widely distributed in North America, including 

Mississippi and Alabama (e.g. Mount 1975), and is assumed to have had a continuous presence in the Black 

Prairie since the Pleistocene. 

 

 

Coluber Linnaeus 1758 

cf. Coluber constrictor Linnaeus 1758 

Racer 

 

MMNS VP-820 is a trunk vertebra of a colubrine colubrid assignable to the cogeneric morphologic 

category Coluber-Masticophis—a necessary grouping due to the great similarity between these two genera with 

respect to this element in general (see Holman 2000). Vertebrae of this group are characteristically elongate and 

ectomorphic (Holman 2000). Unlike Elaphe, Lampropeltis, Pituophis, and Drymarchon, the haemal keel in 

MMNS VP-820 is comparatively thinner throughout (i.e. at the base and along the ventral edge), the subcotylar 

eminence very narrow anteroposteriorly, and the subcentral grooves comparatively shallow—as in Coluber and 

Masticophis. In Drymarchon the subcotylar eminence is comparatively lower, anteroposteriorly broader, and 

rather indistinct in general. 

Previously published species-diagnostic vertebral characters for Coluber and Masticophis were critically 

reviewed by Auffenberg (1963a). Among the published discussions examined by the writer, Brattstrom (1955) 

characterized Coluber constrictor as possessing a thin, narrow keel extending posteriorly to the edge of the 

cotyle, whereas the haemal keel of Masticophis flagellum was comparatively thicker (on average) with a keel 

ending just short of the ventral edge of the cotyle. Auffenberg (1963a) adds that the posterior end of the ventral 

keel is frequently more flattened in C. constrictor; however, the author warned against the inconsistency of 

these characters in distinguishing between these two species in sample trials. The writer believes that 

Brattstrom’s (1955) reference to relative continuity between the haemal keel and the subcotylar eminence as 

being species-diagnostic has more to do with the depth of the subcentral groove immediately posterior to the 

subcotylar eminence. This area of the subcentrum, specifically the anterior wall of each subcentral groove, is 

observed to be generally steeper in C. constrictor than in M. flagellum, effectively bringing the groove further 

anteriorly. It is in this regard that MMNS VP-820 is most consistent with Coluber constrictor. Coluber 

constrictor priapus currently inhabits the Mississippi Black Prairie district (Lohoefener & Altig 1983). 

Definitive Coluber, and specifically Coluber constrictor, first appears in the late Miocene of Nebraska 

and is known from Plio-Pleistocene locales throughout the U.S. (Holman 2000, review of Hulbert 2001). The 

currently monospecific genus has a wide modern distribution across much of the U.S., including Mississippi 
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and Alabama (e.g. Mount 1975). It has been recovered from Pre-Columbian archaeological contexts in the 

central Mississippi Black Prairie (e.g. Scott 1982) and is assumed to have a long-standing presence throughout 

the region. 

 

 

Colubridae, indeterminate 

 

Nine other snake vertebrae (App. A) were recovered from Catalpa Creek by M. Frazier during his 1979 

expedition to Catalpa Creek. Four of these [MMNS VP-824, 1031, 1041, and 1042] can be identified to 

subfamily. Based on the presence of a relatively thin, fairly well produced haemal keel and greater general 

resemblance to the colubrine form, these specimens are assignable to the Colubrinae. Copeland & Curren 

(1977) were the first to report colubrid remains from the Black Prairie District. These Alabama fossils were not 

determinable beyond family, although they are most likely colubrine. The aforementioned Mississippi 

specimens include one cervical vertebra [MMNS VP-824], based on the steep-sided neural arch posteriorly. The 

indeterminable colubrine vertebrae may include water snake (Nerodia), which would be expected given the 

fluviatile nature of the fossil material in the BPA. This suspicion is only conjectural, however, as these 

vertebrae are much too eroded for further comparative diagnostics. 

 

 

Viperidae Opel 1811 

Crotalinae Opel 1811 

Agkistrodon Beauvois 1799 

Agkistrodon piscivorus (Lacépède 1789) 

Cottonmouth 

Figure 32 

 

A single, large viperid trunk vertebra [MMNS VP-819] was recovered from Catalpa Creek by M. Frazier 

in 1979. The published fossil record indicates only three genera of viperid inhabiting the eastern U. S. during 

the Quaternary—Agkistrodon, Crotalus, and Sistrurus—all of which are extant. Gilmore (1938), Auffenberg 

(1963a), and Holman (2000) discussed the differences between the vertebrae of these genera, and Walker 

(2003) detailed the specific differences between Agkistrodon piscivorus and Crotalus adamanteus—the two 

most commonly encountered viperids in the Coastal Plain. Viperids have the haemal keel developed into a stout 

spine in most trunk vertebrae. Size alone eliminates the possibility that VP-819 belongs to Sistrurus. 

Auffenberg (1963a: 201) admits that “large specimens of Agkistrodon piscivorus and Crotalus are sometimes 

difficult to separate,” which has certainly been the case here in spite of the specimen’s very good condition. 

However, Auffenberg (1963a) and Holman (2000) observed that the paired paracotylar fossae are comparatively 

larger and deeper in Agkistrodon. Holman (2000) further characterizes this genus by a single large foramen in 
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the center of each fossa, contrasted with Crotalus, which typically has a shallower depression with a main 

paracotylar foramen frequently accompanied by smaller foramina. Furthermore, the writer observed instances of 

a small subtriangular recession at the base of the neural spine along the anterior margin of the zygosphene of 

several C. adamanteus specimens. No such pit was observed in any of the A. piscivorus specimens examined at 

NCSM or MMNS. In all these respects, VP-819 is consistent with A. piscivorus. 

Agkistrodon piscivorus has a fossil record extending back into the early Pleistocene, and an unnamed 

species is present in the late Pliocene (review of Hulbert 2001). Agkistrodon piscivorus is a rather common 

viperid species in modern Mississippi and Alabama waters (e.g. Mount 1975). 

 

 

Class Aves 

 

Certain avian osteological and systematic published references were more useful than others, but there 

were very few to choose from in general. The useful references include Woolfenden (1961), Olsen (1968: 

turkey), Olsen (1979), Steadman (1980: turkey), Gilbert et al. (1985), and Mielczarek & Cichocki (1999). 

 

 

Order Galliformes Linnaeus 1758 

Meleagrididae Linnaeus 1758 

Meleagris gallopavo Linnaeus 1758 

Turkey 

Table 9 

 

The fossil turkey remains from the Black Prairie are morphologically indistinguishable from modern wild 

turkey—Meleagris gallopavo. Of a total 23 specimens, the most complete consist of most of a humerus 

[MMNS VP-1251] from Browning Creek (K-57) and a virtually complete juvenile tarsometatarsus [MMNS 

VP-1913] from Catalpa Creek (K-30). Male, female, and juvenile material is represented (App. A)—the sexes 

most readily distinguished by the presence/absence of a bony spur on the tarsometatarsus. Among all the bones 

of the turkey skeleton, the adult male tarsometatarsus is perhaps the most species-diagnostic. Extractable 

measurements from adult male tarsometatarsi in the BPA are in agreement with the gross morphological 

similarity to modern turkey (Table 9). 

The oldest records of definitive Meleagris include the Blancan of California, Arizona, Texas, and 

Kansas, and the oldest record of M. gallopavo is from the Illinoian of Maryland and Pennsylvania (Brodkorb & 

Mourer-Chauviré 1984). This is one of the most common bird species at Late Pleistocene sites throughout 

North America (see Wetmore 1945, Cracraft 1968, Beasley 1993, and the review of Steadman 1980), perhaps 

owing largely to the size of the animal and the sturdier nature of the bones compared to other birds. The wild 

turkey is abundant in pre-Columbian archaeological sites along the middle Tennessee River to the north 
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Table 9.  Comparative dimensions of adult male  Meleagris  tarsometarsi
Comparative data from Steadman (1980). Italicized values are estimates.

Spur Spur Core

Taxon/Cat. No. Locality State Age n Position1 n Length2

MMNS VP-2849 Black Prairie (K-21) 1 62.1 1 16.6

MMNS VP-2132* Black Prairie (K-39) 1 64.7 1

MMNS VP-2852* Black Prairie (K-21) 1 63.8 1

M. progenes Rexroad KS BLA 1 48.0 1

M. cf. progenes Benson AZ BLA 2 48.6 - 49.3 2

Cita Canyon TX BLA 1 50.7 1 np

Inglis 1A FL e. E. IRV 13 48.3 - 59.6 15 26.2 - 35.5

Leisy Shell Pit FL lt. E. IRV 1 nr 1 nr

Meleagris sp. Coleman 2A FL Lt. IRV 7 54.9 - 65.1 4 21.1 - 32.4

American Falls ID SAN 1 70.0 1 17.4

Ingleside TX WIS 1 68.5 1 np

Aucilla River FL Lt. RLB 1 68.2 1 20.0

Itchetucknee River FL Lt. RLB 8 63.9 - 72.5 3 16.1 - 21.7

Seminole Field FL Lt. RLB 3 np 3 15.0 - 17.9

Buffalo Site WV AD 1650 2 69.2 - 71.1 7 19.2 - 25.8

M. g. osceola Not specified FL MOD 7 65.8 - 74.8 4 22.2 - 23.0

NY

M. g. silvestris Not specified PA MOD 27 62.1 - 73.2 14 16.8 - 24.9

VA

1 Distance from middle of spur core to the distal end of the medial condyle (see Steadman 1980).
2 See Steadman (1980).
*

M. gallopavo

M. leopoldi

Medial trochlea missing or damaged. Distance from distal foramen to distal-most end of the medial trochlea is 15.1 
mm in VP-2849, and this was used to estimate spur position in VP-2132 and 2852.

MS Pleisto.
np

np
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(Barkalow 1972) and has been reported from prehistoric occupations in the central Mississippi Black Prairie 

(e.g. Scott 1982). 

 

 

Anseriformes Linnaeus 1758 

Anatidae Leach 1820, sensu Livezey 1996 

Anatinae Leach 1820, sensu Livezey 1997b 

Anas Linnaeus 1758 

Dabbling duck 

Figure 33 

 

A nearly complete left humerus [MMNS VP-1628] of an adult anatid duck was recovered from Catalpa 

Creek (K-30) (Fig. 33). Although much of the proximal and distal ends are heavily eroded, there are enough 

diagnostic features remaining for a satisfactory identification to the genus Anas, which is based largely on direct 

comparisons. The bone is estimated to have been approximately 84 mm in total length, which puts it in the size 

range of the larger Anas species—A. platyrhynchos, A. acuta, A. strepera, A. rubripes, and A. americana. Based 

mostly on comparisons made at NCSM, the specimen is too large to be from an adult wood duck (Aix sponsa), 

shoveler (Anas clypeata), or any of the teals (e.g. Anas discors). Most of the head and associated proximal 

structures are missing down to the distal-most portion of the pneumatic fossa. An equally large portion of the 

distal region is missing, although the insertion point for the M. brachialis anticus is preserved. The humeri of 

the mergansers (Mergus) possess several differences from that of Anas, especially with respect to the proximal 

end. One principal difference is in the shape of the M. brachialis anticus insertion site, which has a lateral 

margin parallel to the diaphyseal margin (or central axis) in Mergus but at an angle and curved with respect to 

the diaphyseal margin in Anas (Fig. 33). VP-1628 is also notably more endomorphic than the diving ducks 

(Aythya) and Anas clypeata. The same element in the adult gadwall (Anas strepera) is comparable, although 

even better comparisons in size and morphology were made with Anas platyrhynchos and A. americana. The 

distal insertion point for the M. brachialis anticus in the fossil is shaped like that of the anatids in general but is 

closest to the mallard (A. platyrhynchos) and widgeon (A. americana) and appears to resemble the former more 

closely (Fig. 33). Furthermore, the distal end of the humerus is proportionally larger in the mallard and VP-1628 

versus that in the widgeon (Fitzgerald 1991). Woolfenden (1961) was unable to separate the humeri of A. 

platyrhynchos from A. americana, A. strepera, and A. clypeata. Campbell (1980: 122) indicated that the bones 

of A. platyrhynchos and A. rubripes are “extremely difficult, if not impossible, to separate.” Therefore, 

assignment of the fossil to anything more specific than genus would be unwise. 

Anatids first appear during the early Oligocene of Western Europe (Olson 1985), and the Anatinae has its 

roots in the middle Miocene (Cheneval 1987). The oldest anatine species representing the genus Anas dates to 

the middle Miocene of France (Cheneval 2000). 
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Figure 33.  Anas sp. humerus (palmar aspect). Humeri of mallard (left) and American widgeon (right) 
provided for comparison to a single fossil specimen (center) recovered from the BPA. The proximal- and 
distal-most extremities of the fossil are incomplete and may be the result of scavenging by carnivore(s). The 
size and configuration of the palmodistal fossae at the radial end (bottom of picture) is most consistent with 
that of widgeon, but the extent of variability of this feature has not been explored to the writer’s satisfaction. 
The small patch of adherent soft tissue on the proximal end of NCSM-A 10182 is not a part of the bone itself. 
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Aves, indeterminate 

 

Kaye (1974: 52) refers to the presence of an “unidentified wading bird” from the Pleistocene of the 

Mississippi Black Prairie. The whereabouts of this specimen is unknown at this time. Dobie et al. (1996) 

mention an unidentified fossil bird from the Alabama Black Prairie reported by McCarroll & Dobie (1994); 

however, the latter reported only mammals and made no direct or even oblique reference to avian remains from 

the region. Curren et al. (1976) and Copeland & Curren (1977) also reported indeterminate bird fossils from the 

eastern Black Prairie. In addition, a couple of very fragmentary Pleistocene bird bones from the BPA housed at 

MMNS remain unidentified. 

The absence or scarcity of smaller bird species as well as many fish and amphibians is likely due to the 

delicate nature of their bones, which would have a lesser chance of survival in a stream-concentrated 

assemblage that is largely reworked. 

 

 

DISCUSSION 

 

To date, more than 30 nonmammalian vertebrate species have been identified from pre-Holocene, post-

Cretaceous deposits in the Black Prairie of Mississippi and Alabama—8 bony fish, 3 anurans, 14 turtles, 4 

snakes, and at least 2 birds. All extant taxa were mentioned by Gandy (1966) in his “Preliminary Check List of 

the Vertebrates of Mississippi” as being historical residents of the state except Emydoidea blandingii and 

Glyptemys insculpta, which are today found much further to the north in cooler temperate latitudes. The vast 

majority of fossils have been found outside of their original depositional contexts, in the active lag of modern 

streams, but several age proxies, including mammalian species composition and the Quaternary physiographic 

history of the region, strongly indicate a collective age of Late Pleistocene. In fact, the mammalian composition 

by itself is Rancholabrean in character and work in progress confirms earlier suspicions (e.g. Kaye 1974) that 

the assemblage may be entirely late Rancholabrean or perhaps even strictly Wisconsinan. 

Context. Reworking of older fossils into younger deposits with younger fossils is a common 

phenomenon, particularly with respect to stream depositional environments. The Cretaceous and Pleistocene 

fossils eroded from streambeds today, if buried securely in a non-acidic environment, will become the reworked 

fossils of the future, entrained in yet another cycle of reworking. Reworking creates less confusion when the 

periods represented by the fossils are separated by substantial amounts of geologic time, so long as the temporal 

relationship or evolutionary state of the taxa in question has been worked out elsewhere (e.g. in deposits with 

greater stratigraphic control) and the assemblage is not too fragmentary. However, instances do exist where 

stream deposits contain fossils reworked from parent deposits separated by only a few million years, or even 

less. This is a vexing problem for the paleontologist as such deposits are quite common and may be the only 

source of information for a time frame, or some subdivision thereof, in a given area. There are numerous such 
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instances in the younger, outer (lower) Atlantic and Gulf Coastal Plains in which reworking of older fossils into 

slightly younger deposits (frequently containing younger fossils) has occurred. Just one example of this is the 

discovery of Pliocene three-toed horse (Nannippus) fossils occurring in late Quaternary deposits. This has 

occurred in the Nueces River Valley in southern Texas (Baskin & Cornish 1989), throughout Florida (e.g. 

review of Webb 1974), coastal North Carolina (V. Schneider, pers. com.; pers. obs.), and possibly even the 

lower Mississippi River Valley (Williams 2002). To this day, the fossiliferous context yielding the Edisto Island 

local fauna (Roth & Laerm 1980) has never been identified, yet it continues to feed the beach with numerous 

bones of very dominantly late Pleistocene age, as can be ascertained by taxonomic composition and certain 

physical characteristics of the fossils themselves. The diachronous nature of these and other similar Plio-

Pleistocene fossil assemblages may be demonstrated by the presence of older (including earlier Pleistocene) 

index vertebrates as well, although so many congeneric species differences are much more difficult to detect 

across the Plio-Pleistocene boundary and even more so across the Early-Late Pleistocene boundary. 

Content. All but four of the 30+ nonmammalian taxa of the BPA are considered endemic today, and all 

but one are extant. Of the extant taxa, one—Terrapene carolina—is almost certainly represented by an extinct 

subspecies. Extralimital and extinct forms are found among the chelonians only. Based on number of individual 

fossil specimen counts (i.e. NISP), slightly less than one quarter of the BPA is composed of nonmammalian 

vertebrate remains (Fig. 34a). The vast majority of the nonmammalian component is chelonian (Fig. 34b), and 

more than half of the chelonian remains belong to a large, extinct subspecies of box turtle (Terrapene carolina) 

(Fig. 35). Diversity and relative species abundance differs significantly between locales occupying divergent 

modern elevations (Fig. 36), but this will be elaborated upon in Part II. 

New Records. The BPA produces the first records of two extant chelonian species for which no pre-

Holocene fossil record currently exists—Sternotherus carinatus and Graptemys pulchra. 

Absent Species. There are many snake and bird species absent from the BPA that include the Black 

Prairie in their current ranges. These absences are, in many cases, the result of preservational bias against the 

bones of small vertebrates. Only a few native turtle species are missing, but these absences are interpreted as 

largely a function of ecology due to the ability of turtle shell elements to better withstand the rigors of transport 

(e.g. Hutchison & Holroyd 2003). The ecological nature of chelonian fossil absences will be useful later in the 

interpretive portion of this study, but a few important points are briefly discussed here. 

Among the trionychids, Apalone mutica is probably not present among the unassignable Apalone remains 

described above, but its presence in the BPA cannot be completely ruled out. Altig (1973) reported A. mutica to 

be an infrequently encountered turtle in and along the Tombigbee River in the eastern part of the Mississippi 

Black Prairie. The writer has never observed live A. mutica at late Pleistocene stream localities, which consist 

entirely of shallow, intermittent streams, but A. spinifera is relatively common in the spring and early summer at 

these same locations. Apalone mutica occurs in relatively low abundance throughout its range. In addition, it 

prefers larger, deeper streams, like rivers (Ernst. et al. 1994). As will be explained in the second part of this 

study, the absence of this softshell species is consistent with the type of fluvial subenvironments suggested by 

other vertebrate components of this assemblage. 
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Vertebrates
NISP ≈ 2700

Mammals
76.2%

Reptilia
20.8%

Anura
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1.0%

Bony Fish
1.8%

> 80 species
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Bony fishAves
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85.1%
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(Reptiles in green) 

31 species

Figure 34.  Relative abundance among all vertebrate groups (a) and all non-mammalian groups (b) based on 
the bulk NISP content of all Mississippi-Alabama Black Prairie locales. No taphonomic corrections applied. 
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Amia calva
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crassiscutata

4.1%

Emydoidea 
blandingii

2.8%

Pseudemys-
Trachemys

7.8%

Chrysemys picta
0.4%

Sternotherus  spp.
10.1%

Glyptemys 
insculpta

6.7%

Graptemys 
pulchra

0.9%

Apalone  sp.
8.6%

Gopherus 
polyphemys

0.2%
Chelydridae

2.2%

b 

Figure 35. Relative abundance of bony fish groups (a) and chelonian groups (b) based on the bulk NISP 
content of all Mississippi-Alabama Black Prairie locales. No taphonomic corrections applied. All fish fossils 
were recovered from Tibbee and Catalpa Creeks.  
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Town-Fuller Creek Locality

Monroe-Clay Cos., MS

F1/F3 Subassemblage

Intermittent Upland Stream
185-235 ft. mod. elev.
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Terrapene
carolina
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cf. Trachemys
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Catalpa-Tibbee Creek Locality
Lowndes-Clay Cos., MS

F2/F3 Subassemblage
Perennial Lowland Stream

165-180 ft. mod. elev.

Glyptemys
insculpta

10.8%

Chelydra
1.4%
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0.3% Macroclemys

1.0%
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Chrysemys picta
0.7%
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  Figure 36.  Relative taxonomic abundance (RTA) of major chelonian groups based on total identified fossil 

composition (i.e. NISP) of the two major Black Prairie fossil subassemblages. Note that the Catalpa-Tibbee 
sample (b) was taken from perennial sections of streams downstream from upland sections. Thus, this
sample is likely contaminated with fossils representing the upland, intermittent stream subassemblage, as 
exemplified by the Town-Fuller sample. See Fig. 38 for relative topographic position of the subassemblages.
Compare proportions above to Figs. 40, 43-45, which are derived from NISP but account for certain biases. 
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Among the kinosternids, fossils of Kinosternon subrubrum are definitely not present in the BPA; 

however, the presence of Sternotherus minor cannot be entirely ruled out among the nonspecifically assigned 

remains. To date, fossils of S. minor have not been reported anywhere within the current range of S. m. peltifer. 

In fact, the only published report of S. minor is from the latest Pleistocene of Vero Beach, Florida (Weigel 

1962). Although not recovered from late Pleistocene deposits in the region, there is an archaeological record for 

Kinosternon subrubrum in the Mississippi Black Prairie dating back to perhaps over a thousand years (O’Hear 

et al. 1981). In addition, this shallow, standing-water species was considered abundant by Altig (1973) along the 

eastern margins of the Mississippi Black Prairie in the Tombigbee River floodplain. 

Among the emydids, the absence of Deirochelys reticularia from the BPA is certain, and the absence of 

Graptemys nigrinoda is nearly so. Graptemys nigrinoda, considerably smaller than Gr. pulchra, is a modern 

riverine species (review of Ernst et al. 1994). The apparent absence of this species and A. mutica suggests that 

the BPA is derived from sediments deposited by smaller streams. The absence of Deirochelys reticularia along 

with the low relative abundance of Chrysemys picta—both turtles of marshes and ponds (review of Ernst et al. 

1994)—indicate rare impoundment of the streams that preserved the BPA. Again, the paleoecological 

implications of the nonmammalian composition of the BPA are discussed in greater detail in the second part of 

this study. 

Range Extensions. With the discovery of the wood turtle (Glyptemys insculpta) from Catalpa Creek 

(33.5N Latitude), the Mississippi Black Prairie contains the southernmost confirmed report of this cool 

temperate taxon. Previous confirmed southerly reports for this turtle are those from Ladds Quarry (34.2N), 

Georgia (Holman 1967), and Cheek Bend Cave (35.6N), Tennessee (Parmalee & Klippel 1981). The report of 

this species from Coastal Texas (Russell 1975) is in error. The confirmed range of the Mississippi musk turtle 

(Sternotherus carinatus) does not currently include the Tombigbee Basin. Altig (1973) identified S. carinatus 

from the Upper Tombigbee Basin, but no voucher specimens were taken, and the author (pers. comm.) does not 

recall his precise reasons for the assignment. Based on the sternotherine material collected from Catalpa Creek 

(Tombigbee Basin), S. carinatus once ranged further east than it does today. Blanding’s turtle (Emydoidea 

blandingii) in the BPA was originally reported by Kaye (1974b) and discussed in additional detail by Holman 

(1976). 

Biostratigraphy. The BPA has thus far failed to produce any vertebrate species that became extinct prior 

to the Late Pleistocene (Rancholabrean NALMA), but it does contain a few mammalian species that did not 

appear (or become well-established) in the Southeast until after the Illinoian (e.g. Kaye 1974, Curren et al. 

1977, McCarroll & Dobie 1994, work in progress). The only age proxy revealed during the course of the current 

study involves the nonmammalian faunal composition and how it relates to better temporally defined 

assemblages in the U. S. Although nonmammalian vertebrates are not nearly as telling of geologic age as 

mammals, they do offer some use as biostratigraphic tools, the turtles particularly in the case of the BPA. 

Except for Graptemys cf. pulchra and Sternotherus carinatus, which are reported herein for the first time from 

the pre-Holocene fossil record (e.g. Ernst et al. 1994), most chelonian species in the BPA have been recovered 

elsewhere from sediments older than Late Pleistocene. The presence in the BPA of an unidentified large race of 
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Terrapene carolina (“T. c. putnami xt triunguis” of Jackson & Kaye 1974a) and the extinct giant tortoise 

Hesperotestudo crassiscutata indicates a pre-Holocene age. Low latitude (i.e. below ~36.0N Latitude) 

occurrences of Emydoidea blandingii and Glyptemys insculpta have been thus far from strictly latest Pleistocene 

(i.e. Wisconsinan) sites—Cheek Bend Cave, Tennessee (Klippel et al. 1982: 35.6N, 18.0?-7.5 ka); Ladds 

Quarry, Georgia (Holman 1967, 1985: 34.2N, 22.0?-10.0? ka); and Ardis, South Carolina (Bentley & Knight 

1998: 33.2N, 19.7-17.8 ka). Outside of the Southeast, Gl. insculpta dates to the latest Miocene (Homan & Fritz 

2001) and E. blandingii to the late Pliocene (review of Ernst et al. 1994). 
In addition to possible paleoecological implications, the absence of certain taxa may also provide clues to 

age of the BPA. The absence of “Chelydra nov. sp.” sensu Meylan et al. (2001: Haile 7C) and Trachemys 

platymarginata (as defined in Meylan et al. 2001) suggest an age younger than late Pliocene. The absence of 

Trachemys scripta bisornata, as defined in the review of Holman (1969), and the gigantic Terrapene carolina 

putnami, as defined in Milstead (1967, 1969) and the review of Holman (1969), suggests an age younger than 

early Pleistocene. Finally, the absence of Pseudemys hibbardi, as defined in Holman (1987) from the Mt. Scott 

local fauna, suggests an age younger than early Late Pleistocene. Alternatively, the absent taxa may have never 

even ranged into northeast Mississippi, which is very likely given the geographic separation between this region 

of the coastal plain and the closest documented occurrence of these species—Florida and Texas. Terrapene c. 

putnami is found in the fossil record of both Florida and the Southern Plains; therefore, given suitable habitat, 

one might expect this turtle to be present in intervening regions, including Mississippi. Still, an irregular or 

disjunct distribution may be a possibility for putnami’s absence in the BPA. This argument becomes irrelevant 

if T. c. putnami is synonymous with T. c. major, as suggested by Blaney (1971) and Bentley & Knight (1998), 

in which case the allelic combination(s) that produce(s) giant T. carolina can be expressed anywhere, regardless 

of the geographic discontinuity of the giant phenotype. Nevertheless, several non-biochronologic proxies—

including geomorphology, radiocarbon dating, and fluorine analysis—further indicate an age no older than the 

last interglacial (or Sangamonian) and no younger than terminal Pleistocene (e.g. Kaye 1974 and Muto & Gunn 

1985). Thus, the assemblage is thought to be largely Wisconsinan based on the biostratigraphic evidence. 

Age. In spite of the non-contextual nature of the vast majority of fossils collected and reported by Kaye 

(1974), Kurtén & Kaye (1982), McCarroll & Dobie (1994), and others, there is little doubt about the origins and 

approximate age of the post-Cretaceous fossils that comprise the BPA. Post-Cretaceous deposits bearing 

vertebrate fossils with a Rancholabrean character were identified by Kaye (1974) as late Pleistocene, but it has 

long been known that surficial deposits capping the Cretaceous in this region of the coastal plain were some 

combination of Pliocene and/or Pleistocene. This was surmised from a holistic understanding of terrain 

evolution in the Gulf Coastal Plain (e.g. Harper 1857, Cleland 1920, Fenneman 1938). Unfortunately, fossils are 

rarely found in situ as they occur only rarely and very diffusely within what has been previously identified as 

their original context. Vertebrate fossils with a Rancholabrean character occur in greater and more accessible 

concentrations within modern, active (or earlier Holocene) stream lags, after having been eroded from 

Quaternary alluvium. Although the total vertebrate diversity (~80 species) within the BPA is based dominantly 

on material collected out of context, a consensus of applied dating techniques, including geomorphology (Muto 

 127



& Gunn 1985), radiocarbon dates (Kaye 1974, Curren et al. 1976), fluorine analysis (Curren et al. 1977), 

lithostratigraphy (Muto & Gunn 1985, Kaye 1974), and biostratigraphy (Kaye 1974, McCarroll & Dobie 1994, 

Curren et al. 1977), when taken collectively and holistically, point toward the last ~80,000 years of the 

Pleistocene known as the Wisconsinan glacial period. 

Assemblage or Fauna? Lyman (1994) was the last major review of taphonomic methods and 

terminologies, including those associated with fossil assemblage analysis. The author defined a fossil 

“assemblage” as an “analytically defined set of faunal remains usually, but not always, from a particular spatio-

temporal context” (Lyman 1994: 8). He reserved fossil “fauna” for remains in “close spatial and temporal 

association; usually qualified by some geographic, temporal and/or taxonomic criterion” (Lyman 1994: 4). 

However, Fagerstrom’s (1964) concept of a fossil assemblage is very similar to Lyman’s (1994) definition of a 

fossil fauna—“assemblage” carrying with it no paleoecological weight whatsoever (Fagerstrom 1964). Clark & 

Kietzke’s (1967) use of the terminology is just as strict if not more so, describing a fossil assemblage as two to 

three interpretive steps removed from a living assemblage. Assemblage fidelity refers to the extent to which a 

fossil “fauna,” or assemblage, accurately reflects a living fauna in terms of representation, richness/diversity, 

evenness, and relative abundance (Lyman 1994, after Kidwell & Bosence 1991). A fossil assemblage is most 

useful biostratigraphically if it can be demonstrated to closely approximate a living fauna, as individual species 

vary with respect to their temporal indexing strengths. Similarly, an assemblage is most useful 

paleoecologically if it can be demonstrated to have a high degree of fidelity. There are problems involved with 

treating the constituents of the current assemblage as a once living fauna, the foremost having to do with the 

dissociation of most of the Black Prairie fossils from their original Late Pleistocene fluviatile context. In spite of 

its stratigraphic complications, a maximum age within the Rancholabrean NALMA is certain for the BPA (see 

Kaye 1974, Curren et al. 1976). In addition, compositional alteration of the original fauna from which the BPA 

is derived and potential compromise of assemblage fidelity may not be as severe as believed by Frazier (1985) 

or as circumstances might first appear for an attritional, stream-concentrated fossil assemblage. 

A taphonomic inquiry is required to measure the degree to which a fossil assemblage departs from its 

representation of an actual living fauna. The taphonomic analysis in the second, interpretive part of this study 

explores in greater detail the separate issues involved in constraining the age and living intimacy of the 

organisms represented in the BPA, examining the issues individually and then merging them into a greater 

spatiotemporal understanding of the entire assemblage. The argument for contemporaneity of the BPA within 

several tens of thousands of years of the Late Pleistocene consists of a litany of evidence that is based in part on 

several methods of relative dating, although unpublished absolute radiometric dates (e.g. Kaye 1974 and Curren 

et al. 1976) generally corroborate published biostratigraphic and geomorphologic interpretations (e.g. Muto & 

Gunn 1985). Based on the evidence presented to date, and the manner in which the term has been used in the 

past, reference to the BPA as a “paleofauna” seems appropriate. Therefore, all localities within the boundaries 

of the Black Prairie Physiographic District (Fig. 3), including related sites lying just outside its borders in the 

Pontotoc Ridge (to the west) and the Tombigbee River Valley (to the east), that have yield Late Pleistocene 
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fossils are here qualified as comprising a “local paleofauna” (sensu Lyman 1994), although a somewhat widely 

occurring one with subdivisions reflecting variations in local physiography. 

Fauna & Climate. The Black Prairie Late Pleistocene assemblage contains what would be referred to 

today as mid- to high-latitude, cool-climate (cool-temperate to boreal) forms, like wood turtle and caribou, co-

occurring with what are considered by Holocene standards to be lower latitude, warm-climate 

(tropical/subtropical and warm-temperate) forms, such as armadillos and tortoises. Three extant, although 

extralimital nonmammalian species in the BPA form a most unlikely association at Catalpa Creek, and all are 

turtles. 

Whether or not ostensibly disparate climatic forms as occur in the BPA actually co-existed has been a 

question raised against many other late Quaternary assemblages throughout North America, particularly where 

the degree of assemblage diachroneity is poorly known. Many Quaternary researchers have reported similar 

seemingly incongruous associations contained within perhaps even more securely constrained time frames. 

Such climatically improbable fossil assemblages have been referred to as ‘disharmonious’ (Semken 1974) as 

they consist of now allopatric taxa. For example, to the north, in the Duck River basin of central Tennessee, 

Klippel & Parmalee (1982) reported the co-occurrence of arctic shrew (Sorex palustris), yellow-cheeked vole 

(Microtus xanthognathus), pine martin (Martes americana), wood turtle (Glyptemys insculpta), and beautiful 

armadillo (Dasypus bellus) in Wisconsinan deposits (Stratum II) of Cheek Bend Cave (35.6N). Today, the arctic 

shrew occurs no further south than southern Michigan, the yellow-cheeked vole no further south than central 

Alberta, and the pine marten no further south (in the eastern U.S.) than southern Ohio (Klippel & Parmalee 

1982; see Fig. 22 for current range of Gl. insculpta). The additional presence of a species of dasypodid, 

armadillos today having a warm temperate to sub-tropical distribution, makes for a seemingly improbable fauna 

at Cheek Bend Cave. Sympatry of climatically or thermophysiologically disharmonious taxa has also been 

documented at other Eastern U.S. locales, namely Ladds Quarry, Georgia (Holman 1967, 1985: 34.2N), and the 

Yarmouthian levels of Port Kennedy Cave, Pennsylvania (Parris & Daeschler 1995: 40.1N). Lundelius (1989: 

414) reviewed disharmonious assemblages globally and noted them to be a “ubiquitous feature of Pleistocene 

mammal faunas in all parts of the world.” 

The Catalpa Creek site in particular contains a rather “disharmonious” array of chelonians, at least by 

modern standards. It is assumed that Wisconsinan (or pre-Holocene) associations were the result of now extinct 

North American climatic configurations and seasonal and geographic heat redistributions. In fact, we should 

perceive the late Pleistocene as exhibiting the “normal” geographic (i.e. latitudinal) distribution of animals and 

the immediate post-Pleistocene composition of North American provincial faunas as resulting from some event 

leading to major extinct and animal redistribution. Holman (1976: 291) commented on the co-existence of the 

extinct giant tortoise (Hesperotestudo), which has only tropical to warm temperate living counterparts (e.g. 

Geochelone), and extant Blanding’s turtle (Emydoidea blandingii), historically a cool temperate taxon, at 

Catalpa Creek (K-30) and other Pleistocene locales: “The occurrence of these two chelonians together is a 

striking association of two forms one would expect to be highly ecologically incompatible today.” The addition 

of wood turtle (Glyptemys insculpta) and gopher tortoise (Gopherus polyphemus) to the BPA add further to this 
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seemingly climatic inconsonance. In order to explain the co-existence of such “ecologically incompatible” 

associations, Holman (1976: 290) envisioned the last glaciation, i.e. the Wisconsinan, as possessing “a more 

equable climate than at present; the northern forms [e.g. Blanding’s turtle] indicating cooler summers, the 

southern forms [e.g. gopher tortoise] and large land tortoises…indicating milder winters.” Holman’s (1995) 

reptilian-amphibian faunal lists for the Southeast indicate that herptilian disharmony was systemic throughout 

the northern and central portions of this region, similar to the effects produced on mammalian distributions. The 

coexistence of large, nonmigratory, seemingly “incompatible” vertebrate species that now occur at different 

latitudes, or isothermal zones, suggests decreased seasonality of temperature during the Wisconsinan for not 

only the Black Prairie but much of ice-free eastern North America. 

Semken (1988) plotted area of maximal sympatry (AMS) for 27 Late Pleistocene micromammal species 

shared by three different high altitude (35.9-38.4N) local faunas across the modern Eastern Deciduous Forest 

Biome (EDFB) in the Southeast. This analysis and another including three other Wisconsinan faunas have 

identified central Wisconsin (44.5N) as the AMS, containing 81.5% (22/27) of the shared species (Semken 

1988). Accounting for the five disjunct mammalian species, areas of resolved sympatry (ARS) lie in the 

Canadian Western Interior (Boreal Cordillera) and the Appalachias (Semken 1988). Catalpa Creek (33.5N), 

which has the highest diversity of turtle species in the BPA at fourteen, lies in a deciduous hardwood-dominated 

peninsula of prairie-forest mosaic (e.g. Barone 2005) extending from the EDFB into the Inner Gulf Coastal 

Plain immediately to the south. As the late Pleistocene chelonian species of this locale are too few and too 

disjunct, an AMS would be meaningless. On the other hand, the ARS for the chelonian fraction of the BPA 

exists as several disjunct areas lying in the outer (i.e. lower) coastal plain and stretching from the Gulf States to 

New England—two regions widely separated by latitude although physiographically similar. 

Based on Holman’s (1995) review of Pleistocene herpetofaunas and the chelonian ARS described in the 

previous paragraph, the Mississippi portion of the BPA is geographically placed precisely where one would 

expect overlap of modern Canadian (Great Lakes, cool temperate), Carolinian (Eastern Interior, cool 

temperate), and Austroriparian (Southeast, warm temperate) taxa (sensu Dice 1943). In the Mississippi Black 

Prairie, Caribou (Rangifer tarandus), meadow vole (Microtus pennsylvanicus), southern bog lemming 

(Synaptomys cooperi), wood turtle (Glyptemys insculpta), and Blanding’s turtle (Emydoidea blandingii)—all of 

which are now considered cool-temperate to boreal species—are found together with the beautiful armadillo 

(Dasypus bellus), northern pampathere (Holmesina septentrionalis), gopher tortoise (Gopherus polyphemus), 

and giant tortoise (Hesperotestudo crassiscutata)—most of which are extinct (except the gopher tortoise) and 

very closely related to what are today considered warm-temperate to tropical forms. Given the unusual 

sympatries at many other late Quaternary locales, ecological disharmony based on modern standards (i.e. bias of 

the Recent) cannot alone be invoked in demonstrating diachroneity within the BPA. Quaternary biologists 

cannot entirely rule out the possibility of slightly different thermophysiological or behavioral strategies among 

the now extinct ‘Southern’ taxa (e.g. armadillos and tortoises) that could have permitted penetration of the 

cooler, milder climes characterizing most of North America during the Wisconsinan. 
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Certainly some measure of climatic cooling took place as the ice sheets could not have covered such a 

vast area and so quickly and thickly. The presence of Gl. insculpta and E. blandingii, which have the lowest 

critical thermal maxima (CTM) of North American semi-terrestrial (and terrestrial) turtles (Hutchison et al. 

1966), would suggest lower summer highs in east-central Mississippi. However, the presence of tortoises, which 

today have the highest CTMs of all turtles, seem to suggest warmer winter lows, specifically the absence of 

deep, extended, and/or multiple winter freezes. Of the half-dozen or so North American turtles with the lowest 

mean CTMs, E. blandingii and Gl. insculpta are two of them. The other four species, which include chelydrids 

and red-bellies (i.e Pseudemys rubriventris Section), are fully aquatic (outside of subaerial basking in the 

emydids and terrestrial nesting in all of the above), and their even greater dependence on water than the boreal 

emydids keeps these non-emydines from overheating in their warmer ranges. If summer highs in northeast 

Mississippi were not appreciably lower than today, then Gl. insculpta and E. blandingii could not have been as 

terrestrial; that is, increased aquatic activity, the preferred method of cooling the body in all at least semi-

aquatic animals, would have been almost certain. This is how Ps. nelsoni (of the rubriventris Section)—

possessing one of the lowest CTMs—is able to keep cool in Florida. Paradoxically, however, this species basks 

for longer periods than its congeners of the Ps. floridana Section, which have higher CTMs (Ernst et al. 1994). 

Tortoises, on the other hand, are generally found below the northern hemisphere frost line. Testudinids inhabit 

almost entirely tropical to subtropical climates today, and those found at higher, cooler latitudes (Testudo of 

southern Asia) are found only in dry to arid environments (Ernst & Barbour 1989). 

 

 

CONCLUSION 

 

The BPA is derived from a stream-concentrated lag, the vast majority of fossils recovered from post-

Pleistocene contexts. That the BPA consists of material from fluviatile deposits of different ages is 

unquestioned. The degree of diachroneity of the post-Cretaceous deposits or the post-Cretaceous, pre-Holocene 

fossils they contain is not known with absolute certainty. However, a consensus of published and unpublished 

evidence gathered from a diversity of sources—including faunal indexing (i.e. biostratigraphy), 

geomorphology, radiocarbon dates (of shell, wood, and bone apatite), and fluorine assays—suggests an age 

range no older than Sangamonian and possibly entirely within the Wisconsinan. Furthermore, the 

spatiotemporal proxy data accompanying post-Cretaceous, pre-Holocene fossils in the BPA indicates an 

association definable as a “paleofauna.” The current analysis of the reptilian component of the BPA supports 

previous age estimates for the Black Prairie local paleofauna. 

The first treatment of nonmammalian members of the Black Prairie Late Pleistocene fossil assemblage 

was that of Kaye (1974), who identified ten nonmammalian species in the assemblage. Subsequent to that, and 

prior to the current research, two more species were added to the list to make twelve. The current work adds 19 

species to the growing list, bringing the total to 31 nonmammalian vertebrate species in the assemblage. The 

four chelonian additions herein bring the total for this group in the BPA to 14 species. Among these additions 
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are one range extension (Glyptemys insculpta) and two first reports of extant species from the pre-Holocene 

fossil record (Sternotherus carinatus and Graptemys pulchra). Although previously described from the 

Mississippi Black Prairie, Blanding’s turtle, a cool-temperate zone turtle today, was based on only one fossil 

specimen. The current study establishes this species as comprising a sizeable portion of total BPA turtle 

specimens. 

The Late Pleistocene Black Prairie vertebrate fauna fills a biogeographic hole in the late Quaternary 

landscape of eastern North America. The fact that the chief descriptions of this fauna are unpublished, or occur 

in government grey literature, or, if published, do not occur in widely circulated literature, has prevented this 

region from being well-represented in Quaternary mammalian biogeographies, such as Kurtén & Anderson 

(1980) and the FAUNMAP (1994) database. However, the nonmammalian component appears to have had a 

slightly better history of representation among works detailing species distributions, including biogeographic 

summaries like Lundelius et al. (1983) and paleoclimate studies like Holman (1976). The paleoclimatic 

significance of the species association among the Black Prairie nonmammalian vertebrates is noteworthy, 

contributing to a greater understanding of faunal and thus presumably climate change at the end of the 

Pleistocene. 
The current work is the first formal osteological description of the entire nonmammalian component of 

the Black Prairie paleofauna. It provides the most current species list for the nonmammalian component of the 

Black Prairie Pleistocene vertebrate assemblage and describes within it some rather thought-provoking 

distributions and sympatries. Catalpa Creek is the first locale to yield the two largest Quaternary “boreal” 

turtles—Glyptemys insculpta and Emydoidea blandingii—in association with Gopherus polyphemus. Although 

representing a unique combination of chelonians from climatically disparate regions, the Late Pleistocene 

climatic implications for the Black Prairie are consistent with what has been hypothesized for similar 

associations found at contemporaneous and sites in the Southeast and elsewhere. 
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I I .  I N T E R P R E T I V E  P A L E O N T O L O G Y  

 

The preceding section significantly updates the nonmammalian diversity of the Late Pleistocene Black 

Prairie fossil assemblage (BPA) from earlier works. This section will utilize the resulting faunal identifications 

for local paleoenvironmental reconstruction. Kaye (1974) and Frazier (1985) provided a very general 

understanding of Late Pleistocene environment and climate in the Black Prairie based on their then current lists 

of large vertebrates and small mammals, respectively. Kaye (1974) noted paleoenvironmental differences from 

one locale to another based on differences in vertebrate faunal composition. Holman (1976) examined more 

closely the climatic implications of the co-occurrence of Blanding’s turtle (Emydoidea blandingii) and the 

extinct giant tortoise (Hesperotestudo crassiscutata) at Catalpa Creek in the Mississippi Black Prairie, as 

originally reported by Jackson & Kaye (1974b). Although the nonmammalian species additions herein add no 

new perspectives to the current understanding of paleoclimate within the Black Prairie or in this region of the 

Southeast, they do serve to reinforce the earlier interpretations about this region of the U.S. during the last Ice 

Age. More importantly, this paper documents differences in faunal composition and relative taxonomic 

abundance between topographically distinct Black Prairie fossil locales. The fossil topographic assemblages are 

compared to modern faunal and other fossil assemblages, producing a comparative insight into a variegated 

paleoenvironment within localized portions of the Black Prairie district during the Late Pleistocene. 

Detailed paleoenvironmental studies employing fossil turtle assemblages are rare. Hutchison & Holroyd 

(2003) acknowledged the importance of assemblage composition and relative species abundance in providing 

insights into the specific types of hydrologic structures not preserved in the structure, fabric, or texture of the 

entombing sediments. The authors recommended turtle fossils as particularly useful for paleoenvironmental 

reconstruction. Skeletal turtle remains are characterized by, namely: 

(1) A strong correlation between morphology and habitat; 

(2) A high species-diagnostic potential; 

(3) Density and shape that is readily conducive to preservation. 

Therefore, turtle assemblage composition may reflect a much greater diversity of habitats than that suggested by 

sediments alone. In their study of late Cretaceous and early Paleocene sites in the Denver Basin, Hutchison & 

Holroyd (2003) compared relative species abundance between formations rather than between contemporaneous 

sites. The authors hypothesized a greater abundance of streams with sandy bottoms and higher currents in the 

Denver Formation (Puercan, early Paleocene) than in the overlying Fort Union Formation (Torrejonian, middle 

Paleocene). They also acknowledged the possibility that sampling biases—both size and recovery—may have 

influenced their results. Nevertheless, as the current paper will point out, turtle species assemblages may also 

contain more paleoenvironmental information than other vertebrate groups taken individually. Modern turtle 

communities exhibit changes in species composition and relative abundance with changes in hydrology and thus 

topography. 

An understanding of the modern environmental setting is relevant to the occurrence and composition of 

various aspects of the BPA. A very general geomorphologic model for the Upper Tombigbee Valley already 
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exists (see Muto & Gunn 1985) and suggests a geological youthful Black Prairie landscape with post-

Cretaceous deposits not exceeding 2-3 million years old (see also Cleland 1920). This and other non-

paleontologic evidences indicate relative topography within the district has changed little over the late 

Quaternary. This study focuses on the paleontological evidence for the same, specifically on the chelonian 

components of two contrasting fossil subassemblages occurring within in the northern part of the study area. 

Each subassemblage is examined through the composition of a representative fossil locality that best 

exemplifies one of two distinct fluvioriparian subenvironments within the Mississippi Black Prairie. Although 

this study will focus on the nonmammalian vertebrates, subassemblage (or topographic) differences in 

mammalian composition will be included in order to complement the nonmammalian evidence (with a more 

comprehensive update on the mammalian component to be conducted elsewhere). 

Paleoecological reconstructions based on species composition of fossil assemblages are based on 

presence/absence (P/A) and relative taxonomic abundance (RTA) data. Fossil community reconstruction based 

on P/A requires the least number of assumptions. Because of the sensitivity of RTA to taphonomic bias, such 

data should be used cautiously. In fact, RTA should not be applied across all vertebrate taxa in an assemblage, 

at least not without regard for differences in size, morphology, and other peculiarities of the skeleton and its 

individual elements. The use of species proportions across major groups and based solely on the number of 

identified specimens (NISP) will be biased without accommodations for intertaxonomic skeletal differences. No 

accurate reflection of a fossil community should be expected if the fossils used are derived from skeletons of 

unrelated taxa with disparate numerical compositions, morphologies, and sizes of skeletal elements. For 

example, NISP-based RTA of birds-fish-cattle is a rather useless statistic as there are considerable meristic and 

morphometric corrections involved to account for the, for example, lack of scales in cows and birds, much 

larger bones of cattle, delicate nature of bird and fish bones, etc. Simple P/A can also be biased if, for example, 

bedload texture and stream hydrology are not considered as possible selective agents operating against the 

preservation of small vertebrates. By using taxonomic levels where the included groups are most similar 

meristically and morphometrically, taphonomic bias should be decreased considerably. This allows for more 

reasonable comparisons that better reflect the relative abundance of habitats preferred by the variously 

represented taxa. Where they are abundant and speciose, chelonian taxonomic diversity is a reflection of habitat 

diversity. Turtles also have the advantage of the same basic morphometric bauplan. The shapes and numbers of 

elements are very similar, making their relative numbers ostensibly more morphologically comparable within 

the order, much more so than relative turtle fossil numbers would be to, for example, those of cows or birds. 

Prior to the interpretation of P/A and RTA and their ecological implications, the investigator must 

consider a variety of behavioral, post-mortem, and even interpretive biases that could potentially affect species 

representation in fossil contexts. An organisms behavior governs whether or not if it will be preserved and in 

what type of fossiliferous contexts. Taphonomy attempts to identify and explain the phenomena affecting the 

fidelity of animal and animal-plant associations as they pass from living contexts into fossil contexts. This 

transition typically includes the consideration of scavenging, transport, and diagenetic phenomena. Also, most 

assemblages are diachronous, to one degree or another. Representation and chronologic issues can make 
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reconstructing ancient faunas very challenging. Thoughtful transformation of taxonomic representation-

association data from paleontological or archaeological contexts, along with good chronostratigraphic control, 

can provide a means by which one can approximate how ancient communities might have been assembled. In 

archaeology, the most important taphonomic consideration is anthropogenic bias. In paleontology, however, the 

most important consideration for any association is the sum of environmental phenomena acting to disperse, re-

concentrate, and ultimately preserve animal and plant remains. Interpretive biases, primarily those having to do 

with sampling and identification, are controlled by the interpreter, thus these should be clear in the methods 

section. 

The fossil assemblage analysis to be discussed on the following pages begins with a major but certainly 

very reasonable taphonomic assumption: 

For stream-concentrated fossil assemblages, related species that are most similar to one another in 

skeletal size and morphology will possess greater equivalence in elemental hydrodynamics and 

will thus experience less comparative bias with respect to representation (presence/absence and 

relative numbers) than will taxa that are more distantly related and thus less similar 

morphometrically. 

In other words, similar skeletal morphometry between species means that the bones of those species will have 

similar hydrodynamic properties, making these species more comparable for meaningful relative abundance 

analysis. Therefore, the accuracy of relative species representation/abundance in a fossil assemblage should be 

positively correlated with phylogenetic distance, so that the more exclusive a taxonomic subset of a fauna is the 

more comparable its members are osteologically, and vice versa. It makes sense that RTA is much more 

meaningful within a fossil assemblage if, after having been determined to otherwise constitute a living 

association, only component species with similar skeletal elemental size, shape, and density are compared. 

Appropriate intra-group comparisons would include, for example, medium-sized artiodactyls only, turtles only, 

or pachyderms only. However, taphonomic “corrections” are certainly possible when the taxonomic group is 

more inclusive. For example, comparing artiodactylate (i.e. even-toed) greater kudu (Tragelaphus) numbers to 

that of the similarly-sized perissodactylate (i.e. odd-toed) Burchell’s zebra (Equus burchelli) at a stream 

crossing near Lake Manyara in northern Tanzania could simply require correcting for twice the number of 

phalanges in the former. 

The goal of this section of the study is to deduce paleoenvironmental structure and complexity in the Late 

Pleistocene Black Prairie by applying ecological observations of modern animals and animal communities to 

the BPA, specifically the turtle component. Both autecological and synecological models for modern turtles are 

used for paleoenvironmental reconstruction. Reconstructing the community nature of the turtle association in 

the BPA begins with discussions of age and context continued from Part I with additional detailed discussions 

of taphonomy and biased representation. A detailed examination of all of these is required in ascribing qualities 

of a “fauna” to the Late Pleistocene Black Prairie fossil “assemblage.” Paleoenvironmental interpretations 

proceed from comparisons of the Black Prairie paleofauna with both modern and other fossil faunas, the focus 

here being on the nonmammalian members of the BPA with particular attention to the chelonian component. 
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GEOLOGICAL & HISTORICAL SETTING 

 

The Mississippi-Alabama Black Prairie is a distinct geologic, physiographic, and botanical region that 

has been classified as a USEPA level IV Ecoregion (Omernik 1995, Chapman et al. 2004). This ecogeographic 

division is roughly equivalent to the older terminology of “biogeographic district.” The Black Prairie District is 

a topographical depression relative to the physiographic districts adjoining it. The Black Prairie lies almost 

entirely within the Mobile River Basin. The Tombigbee River, now the Tenn-Tom Waterway, drains the 

western and central thirds and the Alabama River drains the eastern third (Fig. 3). The underlying bedrock of 

the Black Prairie—a soft, fine, relatively unconsolidated calcareous sediment—has likely been the chief 

determinant of vegetation composition and metastructure in the Black Prairie since the shallow inland sea that 

deposited it retreated from the area about 70 million years ago. The vast majority of the Black Prairie is 

underlain by the late Cretaceous Mooreville and Demopolis Formations, the former having “eroded to low, 

rolling hills and broad, open grasslands” (Britton 1968: 10). The latter once produced a thick, alkaline rendzina 

that must have resulted in even grassier swards. Traveler-writers of the early 1770s like Bernard Romans and 

William Bartram were among the first to record the botanical contrast between the Black Prairie and 

surrounding areas. Another early traveler William Gooddell, a Massachusetts missionary and later U. S. 

Ambassador, described a prairie scene in the vicinity of the writer’s hometown that could easily have been a 

characterization of the area when throngs of Pleistocene megamammals were once resident: 

As you approach [the region] from the east, there opens unexpectedly to view an extensive 

prairie…Casting your eye over the prairie, you discover here and there, herds of cattle, and horses 

and wild deer, all grazing and happy…The grass, which will soon be eight feet high, is now about 

eight inches, and has all the freshness of spring…The prairie has very gentle elevations and 

depressions…which…resemble the undulating motion of the Atlantic…Flowers of red, purple, 

yellow, and indeed of every hue, are scattered, by a bountiful God, in rich profusion, and in all the 

beauty and innocence of Eden. (Gooddell 1822: 223-224) 

However, extensive grassland prairie is not characteristic of the region today, nor does it seem to have been 

historically or, presumably, prehistorically. Instead, a prairie-forest mosaic with small insular prairies 

distributed primarily along stream divides constituted the historical and, presumably, Pre-Columbian 

composition of the district (e.g. Rostlund 1957, Stauffer 1961, Rankin 1974, Wilson 1981, Barone 2005). 

Native botanical formations and their composition have, as has been the case elsewhere, been greatly modified 

by man. Prairie patches constituted between ten percent and less than one-third of the Black Prairie landscape 

prior to historical development. 

Unpublished relative abundance data derived from the Late Pleistocene mammalian composition of the 

Black Prairie is also suggestive of a prairie-forest mosaic in that region during the Wisconsinan. The proportion 

of grazers, for example Mammuthus, Equus, and Bison, versus that of browsers, for example Mammut 
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americanum, Megalonyx jeffersonii, and Odocoileus, indicates such a configuration. The most numerically 

abundant remains expressed as NISP are those of Mammut, Equus, and Odocoileus, with individual fossil 

specimens of Equus outnumbering those of Mammut and Odocoileus combined, without taphonomic or skeletal 

correction. 

The Black Prairie paleobotanical record has so far proved unproductive in Pleistocene sediments. Lentic 

palynomorph profiles have not been identified within the Black Prairie. Pollen-producing sites in close 

proximity to the region have been sampled, including one just outside its eastern margin in Mississippi. 

Terminal Pleistocene-earliest Holocene layers from an oxbow lake on the Tombigbee River in east-central 

Mississippi indicate a mesic mixed hardwood (Quercus-Carya) forest dominated by oak (~60%) and hickory 

(~12%) (Whitehead & Sheehan 1985). Pollen samples dating to ~28-26 ka and collected from another site in the 

Fall Line Hills, immediately to the north of the eastern limb of the Black Prairie, contain a significant peak in 

contributions of Compositae over tree and shrub species (Markewich & Christopher 1982). A relatively 

continuous profile from a lone site in the Red Hills immediately to the south has produced a similar peak in 

Compositae but in conjunction with pine (Pinus) surpassing the influx of hardwood pollen at some point prior 

to 33 ka and up to 26 ka (Delcourt 1980). At the latter two sites, both located in Alabama, oak and pine together 

dominate local pollen input in subsequent layers with oak dominating pine between 8.5 and 6.5 ka. Data from 

the two Fall Line Hills localities, one in Mississippi and the other in Alabama, would appear to illustrate a 

moisture gradient at about 7.5 ka within the degree of latitude that separates the two localities. Exactly how this 

data can be used to infer conditions for the Black Prairie during this time has not been explored. 

Hydrology. The nonmammalian fossils described in the systematic portion were recovered from over a 

dozen localities, but the focus of the interpretive portion of the current study is centered on two of the most 

productive and therefore most intensively collected fossil chelonian localities of the Mississippi Black Prairie. 

One of the two is in the upper Town Creek drainage and its tributary watershed Fuller Creek (Figs. 3, 37a). The 

other is within the lower reaches of the Tibbee Creek drainage and its tributary watershed Catalpa Creek (Figs. 

3, 37b). The vast majority of the study material was collected from Town and Catalpa Creeks. Both watersheds 

empty into the Tombigbee River. The mouth of Town Creek lies 5.5 mi to the north of the mouth of Tibbee 

(Fig. 37a). 

Black Prairie streams are of two general types: endogenous streams originating within the Black Prairie 

and exogenous streams originating along its margins or from just outside of the district. The Town-Fuller 

drainage is endogenous, while both Catalpa and Tibbee Creek are exogenous streams. Streams confined to the 

Mississippi Black Prairie have clay, silty clay, and occasionally fine sandy clay alluvium comprising their 

floodplains; exogenous Black Prairie streams have deposited fine- to medium-grained sand and sandy clay in 

their floodplains. In the central Black Prairie, the endogenous sand is derived from the Upper Cretaceous Ripley 

Formation (e.g. Harper 1920), which may or may not be included in physiographic and/or geologic definitions 

of the Black Prairie. The exogenous sand is derived from the Clayton Formation (Lower Paleocene) and 

perhaps even the Wilcox Group (Upper Paleocene), both of which comprise terrain to the west. The significance 
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Modified from Myers 1948 

Town-Fuller Creek Drainage 
(collecting area in red) 

Intermittent upland stream system bordered 
primarily by upland woodland and prairie and 

ranging from 185 to 235 feet in elevation 
 

Fossil localities:  K-20, K-21 

Figure 37. Location of main fossiliferous drainages that define two different fossil chelonian 
subassemblages. (a) Map of the Central Mississippi Black Prairie depicting the location of the Town-Fuller 
Creek drainage. The Catalpa-Tibbee drainage (collecting area in blue) is depicted more clearly in Fig. 37(b)
(next page). These maps, borrowed from Myers (1948), also illustrate the basic vegetative configuration of 
the Mississippi Black Prairie prior to extensive post-Settlement modification. A larger map of the study area
is provided in Fig. 3. Note: This early map does not show boundaries for Clay County, which is composed 
of adjoining portions of Monroe, Chickasaw, Oktibbeha, and Lowndes Counties. 
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Note: Solid lines mark the 
extent of the Black Prairie 
according to one geologic-
pedologic definition of the 
district. Dashed western 
boundary marks the western 
limit according to a more 
inclusive definition. 

Modified from Myers 1948 

Catalpa-Tibbee Creek Drainage
(collecting area in blue) 

Shallow perennial lowland stream system
bordered primarily by lowland forest and 
ranging from 165 to 180 feet in elevation

 
Fossil localities: K-30, L-01, LC-1, 

OK-1804, OK-1810, OK-1814, T-01 

Figure 37(b). Southern Mississippi Black Prairie. Green dot identifies a fossil vs. modern comparative 
RTA study based on a single 4.5 hr collecting effort in Catalpa Creek. See Fig. 37(a) for detailed caption. 
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of this difference in the composition of alluvial sediments as it relates to differences in elevation and fossil 

composition from one locale to another is discussed further on. 

The modern Black Prairie “represents a unique and clearly defined hydrologic region” (Mettee et al. 

1987: 5). Black Prairie “streams are typically entrenched, and only the larger ones have a permanent flow” 

(Boschung 1987: 185). Smaller streams, like Fuller Creek, and headwater regions of large streams, like upper 

Town Creek, are essentially empty late in the summer. Most years find larger streams, like Catalpa Creek, 

experiencing very little flow during this same time (Mettee et al. 1987). In fact, the availability of water was the 

foremost concern for Black Prairie pioneers (Welsh 1901). However, when it did rain, the mostly clayey 

alluvium and calcareous bedrock from which the soil is derived made flash flooding a near equal concern 

(Boschung 1987). The montmorillonitic composition of alluvial clays has poor penetrability so that most water 

leaves the area by run-off or evaporation. Any water standing in fields is trapped there until it evaporates. 

Damming along the Tombigbee River has resulted in increased perenniality in both Town and Catalpa Creeks, 

particularly along their lower reaches. Thus, hydrologic intermittency, or drying-up periods, extended lower 

into Black Prairie streams prior to the construction of dams along the Tombigbee. However, this may have been 

counteracted by natural artesian effluent, which apparently was seasonally significant prior to the American 

Civil War. 

Tibbee Creek and the downstream section of Catalpa Creek are susceptible to natural impoundment, or 

stream blockage. In general, natural stream impoundments tend to increase diversity and abundance (e.g. Metts 

et al. 2001), although among turtles there are those species (e.g. Graptemys pulchra and Apalone spp.) that 

prefer flowing over still water and thus are generally restricted to unobstructed streams and rivers. Cleland 

(1920, citing Harper 1913) commented on the general rarity of natural swamps in the Black Prairie, at least 

during the latter half of the 19th century. Floodplain buildup due to alluviation in small, secondary stream 

valleys has been poorly detailed by Quaternary geologists (e.g. Johnson 1967). Rather, the focus has been on 

floodplain evolution of larger streams. Natural stream impoundments in the Black Prairie exist today and in the 

past primarily as the result of beaver (Castor canadensis) dam construction. In fact, non-fluviatile alluvial 

aggradation in Black Prairie stream valleys is probably very largely the result of the damming activities of 

beavers, a very ancient inhabitant of the Holarctic. The Canada beaver is thought to have played a major role in 

the accumulation of alluvium by creating swamp and increasing stream perenniality. Prior to the construction of 

manmade ponds in the Black Belt, beaver ponds provided the only source of available water during particularly 

dry summers when the greater lengths of the prairie gullies essentially ran dry (Johnson 1967). This community 

dependence on beavers for standing water would have made them a keystone species in the Black Prairie. 

The hydrology of the district has been under the influence of man since at least the 1830s and possibly 

earlier. More than a few streams have been channelized and straightened to varying extent in order to ameliorate 

drainage and thus reduce flooding. Mount (1975) observed that anthropogenic impoundments in the Black 

Prairie, generally located on steep grades overlooking natural streams, increase abundance in certain primarily 

generalist herpetologic taxa but not diversity. However, the presence of manmade ponds on the prairie does 

provide habitat that would not otherwise exist, allowing lentic taxa to establish themselves in places where they 
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would otherwise be considered transients or not seen at all (see Parker 1990). Artesian water originating from 

deep Cretaceous siliciclastic deposits once fed rivers and streams in the Black Prairie, although probably not 

voluminously according to early historical accounts (e.g. Welsh (1901). Residential and commercial 

groundwater use has caused a significant drop in the water table such that artesian water has been absent from 

the prairie for several decades now. 

Channelization to improve drainage and water table subsidence from domestic and industrial usage over 

the latter half of the last century has resulted in the increasing intermittency of many streams. Even during early 

settlement, the Black Prairie was characterized as having very little available upland surface water (Harper 

1913, Doster & Weaver 1987). A late summer and fall water deficiency in the Black Prairie of Mississippi and 

western Alabama (Harper 1943, Thornwaite 1948) tends to exacerbate this problem. Damming in the 1970s and 

1980s along the upper Tombigbee River, now the Tenn-Tom Waterway, has led to a return of perennial waters 

to much of the lower and middle reaches of Mississippi Black Prairie secondary and tertiary streams. Less than 

20 years ago, the Tombigbee River was joined to the Tennessee River to the north by a manmade canal, 

allowing the exchange of aquatic species between the once very distinct faunal provinces on either side of the 

Tennessee-Tombigbee Divide. 

Fossil Localities. The vast majority of fossil sites (partial list in Table 2; see Kaye 1974 and Curren et al. 

1977 for a complete listing) are located distal to the Tombigbee River. Fossil sites yielding Pleistocene bones, 

particularly nonmammalian remains, are invariably located at one of two distinct types of shallow, low-order 

stream subenvironments. One type of fossil site, best exemplified by the Town-Fuller Creeks fossil sample, 

occurs in upland fluvioriparian subenvironments. This sample is also represented by material collected at sites 

in headwaters and stream divides. Another site category, exemplified by the Catalpa-Tibbee sample, occurs at 

lower elevations within the channels of more perennial, although still very shallow streams. The elevation and 

hydrologic structure of the two fossil site types apparently reflect the habitats indicated by the vertebrate 

subassemblages distinguishing each. 

The Town-Fuller Creek study area drains the uplands to the north of the Catalpa-Tibbee Creek locality 

(Fig. 37a). Fossils are derived from channel deposits exposed in the bed and walls of the upper portions of 

Town and Fuller Creeks, located in Monroe and Clay Counties, Mississippi. These deposits are at elevations 

ranging from 185 to 235 feet (Figs. 37a, 38). Fossils were largely hand-collected from subaerially exposed 

gravel bars, although a few were excavated in situ when discovered exposed in old channel deposits; others 

were removed from outcrop in stream divides. This portion of the Town-Fuller drainage is comprised of arroyo-

like stream channels that are bank-full only briefly during excessively rainy episodes; they drain fairly quickly 

in the ensuing hours and days, depending on the length of the rain. During the dry season, the Town-Fuller 

channels are nearly dry, although there are scattered and rare shallow pools. Throughout the remainder of the 

year, outside of flooding episodes, ankle- to knee-high water inches to several feet wide can be found in most 

places. Waist-deep water can be found on even rarer occasions. Stream bottoms in Town and Fuller Creeks are, 

on average, harder than those in Tibbee and Catalpa due to more frequent deep incision into the compact 

Cretaceous marl. The middle and upper reaches of Catalpa Creek (see Fig. 37b) possess a similar seasonal 
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hydrology and channel morphology. Alluvium, however, is notably thicker along the middle section of Catalpa 

than it is along the middle and upper sections of Town Creek, and as a result, incision is not as deep into the 

underlying bedrock. Fossils found in the Town-Fuller drainage basin are referred to collectively as the Town-

Fuller subassemblage. 

The Catalpa-Tibbee Creek fossil sample was collected from the bed and channel walls of the lower 

courses of Catalpa and Tibbee Creeks, Lowndes and Clay Counties, Mississippi, at elevations ranging from 165 

to 180 feet (Figs. 37b, 38). Tibbee was collected by scuba diving and Catalpa primarily by walking exposed 

gravel bars at low water. These two lowland streams are perennially flooded in their lower sections. However, 

fossiliferous portions of Catalpa exist, and have been collected, in the middle and upper sections where this 

stream is intermittent to very shallow. On the other hand, fossils in the prospected section of Tibbee are only 

accessible by Scuba as there are no exposed gravel bars along this stretch of the creek even in the driest of 

years, particularly since the damming of the Tombigbee River. Bottoms in the two streams range from firm 

Cretaceous chalk and/or marl to thick deposits of compact, post-Cretaceous alluvial silty to sandy clay. 

Channels contain scattered bars of clay, silt, and fine sand, or some combination thereof, with a coarse fraction 

of, on average, pea-sized indigenous gravel of amorphous pedologic iron and calcium carbonates. The 

indigenous, i.e. pre-Columbian, hydrology of Tibbee was likely a deep, perennial stream; however, Catalpa was 

probably always very shallow and intermittently pooled in the study area. Fossils found in the Catalpa-Tibbee 

drainage basin are identified as the Catalpa-Tibbee subassemblage. 

The Mississippi Black Prairie contains no pre-Columbian exogenous gravel per se. Chert gravel is 

abundant along and east of the Tombigbee River, but Black Prairie streams today may contain locally abundant 

chert gravel, which is used as road metal and washes from undeveloped, macadamized roadbeds. For chalk- or 

marl-bottom streams, as occurs in Town Creek, marl shingles, limestone cobbles, iron pyrite (FeS2), large oyster 

shells, and coquina flags, all derived from the Cretaceous bedrock, constitute the coarsest lag component. This 

is supplemented by indigenous concretions of pedogenic carbonate (both FeCO3 and CaCO3). For those streams 

not incising their channels down to chalk or marl bedrock, pedogenic carbonates make up the coarsest native lag 

fraction. Less abundant in both channel types are smaller Cretaceous shells and bone, Pleistocene bone, and 

quartzite cobbles of Plio-Pleistocene age (see Kaye 1974). 

Late Pleistocene fossils occur within a few feet of the base of Black Prairie regolith. Black Prairie 

alluvium appears to be mostly if not entirely late Quaternary in age based on a consensus of sedimentologic, 

pedologic, stratigraphic, geomorphologic, archaeologic, and paleontologic studies in the Tombigbee River basin 

(Muto & Gunn 1985). High terrace deposits in the district have in the past been labeled as “Pliocene? and 

Pleistocene” (Stephenson & Monroe 1940: map insert). Pleistocene/Holocene chert gravel deposits occur in the 

channel walls of exogenous streams in the Alabama Black Prairie, and deposits of the same occur along the 

eastern margins of the Mississippi Black Prairie in the Tombigbee River Valley and in terraces east of the river. 

The vast majority of the sediment and soil contained within Black Prairie regolith consists of native clays and 

silty clays weathered and eroded from the underlying Cretaceous-age carbonates. Both residual, or 

autochthonous, and detrital, or allochthonous, sandy soils exist at the northern and eastern extremes. Where its 
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headwaters penetrate the western margins of the Black Prairie, Catalpa Creek cuts through some of the sandier 

facies of the soft Cretaceous bedrock. Over some unknown amount of time and over at least the late Quaternary, 

this exogenous fine sand has been incorporated into alluvium within larger stream valleys of the Black Prairie. 

This fine sandy component of Catalpa Creek valley alluvium created the ideal pedologic conditions for nesting 

females of the diverse Late Pleistocene Catalpa Creek turtle fauna, especially the now extralimital gopher 

tortoise. 

Native Species. The Black Prairie contains no endemic vertebrate species, although it is home to several 

unique crayfish (Deselm & Murdock 1993). The lack of extensive moist to wet sandy, acid soils, except locally 

in certain floodplains, like that of Tibbee and Catalpa Creeks; extensive upland forest; and abundant swamp 

environments (Cleland 1920, Mount 1975) all contribute to the scarcity of many herpetologic species in the 

modern Black Prairie. The tiger salamander (Ambystoma tigrinum) is relatively common throughout its range, 

except Mississippi, where it is “restricted to shallow pools of the Black Belt Prairie” (Deselm & Murdock 1993: 

111). The copperhead (Agkistrodon contortrix), speckled Kingsnake (Lampropeltis getula holbrooki), 

amphiuma (Amphiuma), and smallmouth salamander (Ambystoma texanum) are considered defining 

herpetologic species for the Black Prairie (Mount 1975). Although the Black Prairie contains no piscine and 

herpetologic endemics, several species generally avoid the district because of the nature of the bedrock and its 

residual and alluvial pedologic products (see Mount 1975, Mettee et al. 1987). Although possessing prairie 

habitat that is home to 18 species of grassland birds, as defined by Herkert (1991), the district contains no avian 

species that are not commonly seen in other grasslands in the Southeast (see Turcotte & Watts 1999). 

The Mississippi-Alabama Black Prairie, including the major rivers that flow along its margins, is home 

to 14 different species of freshwater-terrestrial turtle (Altig 1973), all of which are listed and discussed further 

below. Four of these (in decreasing order of abundance)—Trachemys scripta, Terrapene carolina, Apalone 

spinifera, and Chelydra serpentina—have been observed by the writer within the study area and are also present 

in the BPA. These species have been observed in Catalpa Creek, where it ranges from a very shallow, canicular 

no-flow to a maximum 4.5 feet deep low-flow perennial stream, and in upper Town Creek, a very shallow, 

intermittent stream section. This chelonian species list is hardly complete for the former locality, which was 

collected prior to the writer’s familiarity with turtles. The turtles of upper Town Creek, on the other hand, are 

very well known to the author. The study area itself has not been studied with respect to modern turtles, but the 

writer hopes to remedy this with a more detailed census of the local turtle community in the very near future. 

 

 

CONTEXT & AGE (PT. II) 

 

Much of what is known about the sedimentologic/stratigraphic context and faunal age of Late Pleistocene 

Black Prairie fossils was discussed by Kaye (1974: vertebrates) and Frazier (1985: microvertebrates), both 

working in the BPA in Mississippi, and Curren et al. (1976: vertebrates) and Copeland & Curren (1977: 

vertebrates), reporting on the BPA in Alabama. 
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Throughout the Mississippi Black Prairie, Late Pleistocene fossils are found in Late Pleistocene and 

Holocene fluviatile deposits, the latter containing reworked Cretaceous, Pleistocene, and Holocene fossils. 

Pleistocene and Holocene deposits comprise the basal portions of the local regolith and immediately overly 

marine bedrock carbonate sediments of late Cretaceous age. There is no convincing evidence of intervening 

deposits containing Pliocene, early Pleistocene, or earlier post-Cretaceous fossils, nor have fossils of these ages 

(except perhaps the Paleocene) been reworked into Late Pleistocene and Holocene sediments (Kaye 1974, Earl 

Manning, pers. com., and pers. obs.). The stark unconformity between Cretaceous marine bed-sediments and 

post-Cretaceous surficial alluvium, coupled with the various evidentiary age estimates of the BPA as well as 

assemblage attrition inferred from fossil fragmentation and dearth in microvertebrate (e.g. lizards, amphibians, 

and passeriform birds) representation, indicates an extremely low net deposition and relatively high erosional 

rates in the Black Prairie District since the end of the Cretaceous. Thus, sedimentologic accommodation space 

has been essentially nil since the southerly retreat of the Mississippi Embayment during the Zuni regression. 

Cretaceous fossils are frequently reworked into Quaternary lag deposits, and there are rare instances of 

Paleocene fossils found in the alluvium of exogenous streams in the Black Prairie. Fossiliferous Pleistocene 

sediments in the Black Prairie consist of intrachannel bar deposits of clay, silty clay, fine sandy clay, and rare 

gravel. These deposits increase in abundance towards the east and possess, in many places, a sparingly 

fossiliferous basal conglomerate. This lag is fluviatile and usually rests directly on the dissolution surface 

developed on Cretaceous sediments. The surface of this underlying calcareous bedrock is in many places 

riddled with pot-hole dissolution structures occasionally filled with fossiliferous lag and clay typically 

containing fossils no younger than Late Pleistocene age, although re-worked Cretaceous fossils may be 

occasionally present (Kaye 1974). Kaye (1974: 30) stated that the clays overlying the Cretaceous chalks “have 

subsided into the structures as they developed.” However, there is no convincing structural evidence for small-

scale, incremental karstification and subsequent subsidence, but there are modern analogs for arboreal 

(hardwood) tap-root dissolution followed by fluviatile fill-ins from migrating Black Prairie streams. Pleistocene 

fossils can be found throughout the post-Cretaceous fluviatile clay beds but are concentrated in lags and are 

very rare in general. 
In the Mississippi BPA, Kaye (1974: 57) identified three genetic fossil subassemblages, each of which he 

called an “assemblage.” The assemblages are defined as follows: “F1, found beneath high clay deposits; F2, 

found beneath dark floodplain alluvium of streams with source areas outside the Black Belt; and F3, generally 

found loose on point bars” (Kaye 1974: 57) (see Fig. 38). Of the upland and lowland fossil samples discussed 

above, the Town-Fuller Creek sample (185-235 ft) is derived from F1 and F3 contexts, and the Catalpa-Tibbee 

Creek sample (165-180 ft) is derived from F2 and F3 contexts. The F1 sediments are composed of yellowish- to 

brownish-red, i.e. oxidized, clays and silty clays and are found at relatively high elevations (Fig. 2). Kaye 

(1974) divided the F1 contexts into two fractions: the F1a, found at the highest elevations along stream divides 

and exposed naturally as outcrop or artificially as developmental excavations, and F1b, naturally exposed at 

slightly lower elevations in stream heads and upland sections of streams. The F1a sediments are also more 

oxidized than the F1b, which consists of mottled red and bluish gray clay; the F2 sediments are composed of dark 
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Intermittent Upland Streams 
E.g. Town Creek – ‘paleo-upstream’ deposits

Perennial Lowland Streams 
E.g. Catalpa Creek – ‘paleo-
downstream’ deposits 

(Cretaceous)
Kaye 1974a

Figure 38.  Diagrammatic cross-section indicating position of fossils and fossiliferous horizons in two different types of streams (and valleys) occurring in 
the Mississippi Black Prairie. The F1 subassemblage (red arrows) of the modern Black Prairie uplands contains an intermittent stream chelofaunule
indicating late Pleistocene upland stream (or upstream) subenvironments. Likewise, the F2 subassemblage (blue arrow) occupying lower elevations in the 
modern Black Prairie contains a more perennial stream chelofaunule indicating largely lowland stream (or downstream) subenvironments during the late 
Pleistocene. Diagram borrowed with permission and little modification from Kaye (1974). 
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gray, i.e. reduced, silty to sandy clays and are found at even lower elevations. Unfortunately, the vast majority 

of fossils discussed by Kaye (1974) and this paper were recovered from F3 contexts, which contain reworked 

Pleistocene, Cretaceous, and Holocene fossils. Because fossils are so rare, finding remains in situ is an 

exceedingly difficult task. However, F3 fossils are generally easily associated with either an F1 or F2 context in 

the immediate vicinity. The relative topographic position of these subassemblages is illustrated in Fig. 38. As F1 

deposits are frequently up-gradient from F2 and F3 deposits, fossils collected in the active bedload (F3) beneath 

F2 contexts may represent a combination of both F1 and F2 subassemblages. Although F2 and F3 contexts can be 

“contaminated” by F1 fossils, F1 contexts contain only F1 fossils because streams do not flow uphill. Frazier 

(1985) screened Holocene point bar deposits in Catalpa Creek containing reworked Late Pleistocene F2 fossils 

in addition to Cretaceous and Holocene fossils and artifacts. Kaye (1974) also referred to such contexts within 

floodplain environments as F3. Kaye’s (1974) Late Pleistocene fossil subassemblages are also applicable to the 

Alabama section of the Black Prairie as well (pers. obs.; J. M. Kaye and C. B Curren, pers. com.). In the eastern 

Alabama Black Prairie, Curren et al. (1976) excavated in situ a rare, local concentration of Late Pleistocene 

fossils from massive reduced clays representing F2 contexts, which also contained plant and invertebrate 

remains. McCarroll & Dobie (1994) collected F3 contexts in the central Alabama Black Prairie from which they 

recovered a diverse Late Pleistocene mammalian sample. 

Kaye’s (1974) F2 and F3 assemblages occur in streams originating outside of the Black Prairie. Such 

streams in the Mississippi Black Prairie predominantly originate to the west where the headwater regions cut 

through sandy facies of latest Cretaceous and early Tertiary deposits. Although the Cretaceous bedrock 

immediately underlying the Black Prairie is dominantly non-sandy, alluvial plains within the district may be 

sandy as the result of exogenous sandy alluvium. Catalpa Creek is an example of such a stream, originating 

outside the Black Prairie and having introduced into it sandy sediments from outside the Black Prairie, 

primarily from along its western margins. This sand content appears to have been just enough to support the 

diversity of turtles that require loose, sandy soils for nesting (e.g. wood turtle) and burrowing (e.g. gopher 

tortoise). 

Kaye (1974) and Curren et al. (1976) demonstrated the age of the Black Prairie fossils to be Late 

Pleistocene, specifically Rancholabrean based on the mammalian composition. Radiocarbon dates of bone 

apatite, wood, and mussel shell, along with geomorphologic evidence provided by the same authors suggest a 

late Rancholabrean (Sangamonian?-Wisconsinan) age. Kaye (1974: 70) postulated that “the F1 assemblage is of 

Sangamonian age and the F2 assemblage is of Wisconsinan age,” for which he offered both geomorphologic and 

paleontologic evidence. However, a more detailed study of the mammalian component being done by the writer 

does not corroborate this age separation based on differences in faunal composition between the two 

subassemblages. Thus, there are no solid faunal indices to suggest that the higher elevation deposits are any 

older than the lower elevation deposits. On the other hand, the underlying topographic premise that fossiliferous 

deposits occurring at higher elevations are older than those at lower elevations is certainly valid, although 

exactly how much older has yet to be determined. The geomorphologic study of Garner et al. (1985) indicates 

early Pleistocene stream dissection and landscape degradation in the upper Tombigbee watershed with 

146



transitory deposits accumulating along stream courses. Unfortunately, this study does not offer any useful 

insights on deposits of this age within the Black Prairie proper. More significant deposition and long-term 

deposit preservation is indicated for the general area during the Late Pleistocene (Garner et al. 1985). 

Behrensmeyer’s (1982) model of time resolution in attritional, fragmentary stream-concentrated 

vertebrate fossil assemblages, such as the BPA, suggests maximum resolution on the order of thousands of 

years as opposed to, for example, hundreds of years. This model seems reasonable for the BPA and does not 

affect its age estimation based on the evidence previously discussed, as the maximum age of the BPA is 

measured in tens of thousands of years. 

 

 

TAPHONOMY 

Introduction & Overview 

To what extent the greater BPA—mammals, herps, and birds alike—at one time constituted a living 

fauna can only be imprecisely known. Such is the case with other vertebrate fossil assemblages often described 

as local faunas. In keeping with the definition of Lyman (1994), the Black Prairie assemblage is defined as a 

paleontological fauna, or simply paleofauna, based on its common geographic occurrence in the Mississippi-

Alabama Black Prairie, as well as its relatively tightly constrained age, which appears to be largely 

Wisconsinan. Unlike the attritional, stream-concentrated assemblages discussed by Behrensmeyer (1982) that 

have undergone “temporary storage” in other depositional environments outside of the main channel, the BPA 

seems to have been originally preserved in coarser deposits within the main channel. Fossiliferous extra-channel 

Pleistocene deposits have not been definitively identified in the Black Prairie, although locality F-5 of Curren et 

al. (1976) may be, in part, an exception. Preservation seems to have occurred dominantly, if not solely, in intra-

channel environments, where bones either came to rest directly upon or within a few feet of stream-incised 

alkaline bedrock, or were sealed off from further aerobic degradation in “tight” smectitic clay. Bone does not 

appear to have been regularly preserved in post-Pleistocene Black Prairie alluvium, perhaps because stream 

valleys were dominantly aggradational since the end of the Pleistocene with only infrequent stream incision to 

bedrock. This provides neutral burial environments more conducive to bone preservation. Some archaeological 

contexts within Black Prairie alluvium appear to be exceptions to bone preservation, perhaps due to their 

reduced pedologic acidity and/or leaching capacity coupled with the relative impermeability of midden clays. 

Within the Black Prairie, Late Pleistocene deposits and Holocene deposits containing reworked 

Pleistocene fossils are of fluviatile origin. Behrensmeyer & Hook (1992: 30) reviewed the two principle types 

of fossiliferous fluvial depositional contexts, both of which are represented in the Black Prairie: 

In active channels the less transportable clasts accumulate in winnowed lags or other high-energy 

deposits, usually at the bottom of the thalweg. Other bedload sediments form topographically 

higher deposits known as bars, the distribution and composition of which reflect channel sinuosity 

and braiding. 
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As Pleistocene animals died in and along Black Prairie streams, their disarticulated remains were 

gradually dispersed by predators and scavengers and concentrated by water flow. Hydrologic dispersion 

occurred at different rates depending on the physical properties of individual element categories and the 

variable strength of stream flow. Entrainment time and burial rates are unknown, although much of the 

assemblage may have been reworked at least once. Fossils were entombed in fluviatile sediments immediately 

overlying calcareous marine deposits. As discussed earlier, the underlying alkaline Cretaceous bedrock has in 

places counteracted the otherwise acidic effects of soil development; this allows preservation of Pleistocene 

bone in pedologic B horizons developed in alluvial or otherwise detrital deposits. The B horizon is also the zone 

of mineral accumulation, thus a pH neutral depositional, or burial, environment along with secondary 

calcareous and argillaceous mineralization in bone interstices is the simplest explanation for the preservation of 

bones of Late Pleistocene animals in the BPA. Preservational bias exists across all taxa in the BPA with 

represented elements or their fragments possessing some combination of size, density, and shape selectively 

preserved over others. For example, there is a disproportional abundance of deer calcanea, horse molars, and 

wood turtle epiplastra. Among large mammal remains there does appear to be some consistency in 

representation within Voorhies groups (Voorhies 1969, Behrensmeyer 1975), although Group II (propodials, 

epipodials, metapodials, and pelves) is highly fragmented. Whether hydrologic selection biases are operating 

primarily during initial dispersal or reworking is unknown. Most bone breakage appears to be brittle, which 

suggests the latter. Alternatively, the turtle fossils may also hold evidence of substantial preburial 

disarticulation. The taphonomic biases discussed further below pertain specifically to stream-concentrated lags 

as this is the context from which Late Pleistocene fossils are derived in the Black Prairie. 

In spite of any and all taphonomic artifacts present, the BPA does indeed represent a fluvioriparian 

community because of its fluviatile origin. Of the nonmammalian vertebrates, the fluvial component consists of 

the fishes and aquatic turtles. The terrestrial or riparian component includes the tortoises, box turtles, anurans, 

and wild turkey. The mammalian composition (Kaye 1974, and work in progress by the writer) also reflects the 

fluvioriparian nature of the BPA with both semiaquatic and riparian components. The degree of dependence on 

the riparian environment varies considerably within each component. For temporary residents of streams, 

occupation or use of the stream or its borders was likely based on either diel or seasonal needs. Whatever the 

association between vertebrates and ancient Black Prairie streams, those animals represented in this stream-

concentrated assemblage represent mortalities related to fluvioriparian ecology, whether they were victims of 

old age, accidents, predation, or floods. 

The BPA is in a very fragmented state. Articulated material does not exist unless it is the product of 

sutural fusion, as in the co-ossified elements of the adult box turtle for which two partial shells exist (see 

Jackson & Kaye 1974a). Although no instances of articulated skeletons or portions thereof exist, several 

instances of loosely associated elements of single individuals are known. However, such rare associations never 

consist of more than a few elements. Most Pleistocene vertebrate fossils in the BPA consist of individual 

skeletal elements, and the vast majority of these are incomplete or fragmented. Much of the bone breakage 

appears to be from transport during reworking, although the full extent of post-depositional re-entrainment is 
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unknown. This bone breakage is brittle due to the loss of the fibrous protein collagen, which makes bones 

pliable and more resistant to breakage. Approximately 7% of the total bone in the assemblage, including that of 

mammals, has been gnawed on by small rodents, indicating that at least this much of the bone has spent some 

time lying on the surface prior to initial burial. A small fraction of the bone exhibits obvious signs of predation 

or scavenging by carnivores. Among these are limb elements of the turkey (Meleagris gallopavo), several of 

which possess carnivore puncture marks about the size and pattern of coyote (Canis latrans). Another fraction 

of the bone exhibits what appears to be desiccation prior to burial, indicating protracted surface transit time. 

Two mammalian bone fragments, artifacts hewn from what appears to be deer bone (MMNS IA-1, IA-22), 

show signs of human alteration. University of Florida archaeologists suggest that these bone awls were 

manufactured prior to permineralization. 

Fossil animals in the BPA are represented by those elements that appear to be most resistant to 

environmental degradation and biased towards fluviatile transportation. A list of nonmammalian vertebrate 

remains found to date is provided in Appendix A. Fish, amphibians, snakes, and birds are poorly represented 

and their remains are often difficult to identify even to genus. 

Fish remains are the second most common nonmammalian Pleistocene fossils in the BPA and are 

represented by a variety of elements, although the ictalurids are known almost entirely by their durable pectoral 

spines (Figs. 5b & 7). The most abundant fish elements are ictalurid spines, gar scales, and freshwater drum 

teeth. Frazier (1985) recovered the majority of the fish remains used in the current study with a stacked 4, 8, and 

24 mesh screen series. The large Aplodinotus grunniens edentulous pharyngeals (MMNS VP-1279, 1467) were 

macro-collected, as were several individual drum teeth, a few gar scales, and a catostomid operculum (App. A). 

The drum pharyngeals were hand-picked directly from F3 contexts in the vicinity of F2 deposits, although most 

individual teeth were recovered from screens. Ictalurids, for example catfish and madtoms, are largely 

represented by fin spines. Only two pectoral fin spines are present in each catfish or madtom, whereas many 

hundreds of ganoid scales comprise each gar. Thus, catfish would seem to be much more common relative to 

gar than the NISP data suggest (Fig. 35a). There are other fishes of comparable size present in the area today 

that are assumed to have been present in the area during the Late Pleistocene. Unfortunately, so many of the 

other bony fishes likely present have more delicate skeletal elements not as readily conducive to preservation in 

attritional fluviatile assemblages. Among these are the centrarchids, which are represented by only a few dorsal 

fin spines. This group constitutes the only other perciform fish remains identified in the assemblage. 

The large fish recovered from Pleistocene contexts in the Black Prairie have also been recovered from 

Holocene archaeological contexts in the immediate area. In fact, a site along the lower reaches of Tibbee Creek 

(O’Hear et al. 1981) and dating from 3,000 to 900 BP yielded an assemblage of bony fish essentially identical 

to that of the Catalpa-Tibbee Creek fossil assemblage. Thus, archeological taphonomic bias appears to mirror 

the paleontological bias, at least in this instance. Another aboriginal site along Tibbee Creek, the Kellogg Site 

(Atkinson et al. 1980) dating from 7,000 to 750 BP, has yielded many sturgeon (Acipenser oxyrhynchus) 

elements in addition to the BPA fish. In both cases, archaeological and paleontological, the operating bias 

favors large fishes, particularly the more durable bones of large fishes. 
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Amphibians are poorly represented and only a few bones, all of anurans, have been recovered (Fig. 34); 

all belong to the most common and largest anurans of the area today. Most, but not all, of the remains of this 

group were recovered by Frazier’s (1985) screening of Holocene F3 deposits. The bullfrog (Rana catesbeiana) 

is best represented, presumably owing to the larger size, greater body mass, and generally greater durability of 

its skeletal elements. All anuran fossil elements are incomplete to one degree or another. Limb bones miss their 

largely cartilaginous epiphyses and ilia their delicate cartilaginous blades. Salamanders have been found to be a 

frequent component of Late Pleistocene and early Holocene herpetofaunas of the Appalachias. Fay (1988) 

found them at 76.2% of sites (see also Holman 1995).  Holman (1995) recorded salamanders from 43.8% of 

sites in the Southeast. However, caudate amphibians (e.g. salamanders) were not recovered from Late 

Pleistocene contexts investigated in the Black Prairie. 

Snakes are represented in the BPA only by their vertebrae, which is typical for stream-concentrated 

assemblages. According to Holman (2000: 9), “snake vertebrae are…the most numerous and diagnostic snake 

bones that occur as fossils.” It is not surprising in an attritional assemblage like the current one that this group is 

identified solely by vertebrae. Many are badly damaged, their diagnostic but delicate protuberant articular 

processes easily broken by stream transport, making identification to genus, let alone species, difficult. Little 

paleoecological information can be gathered from the serpentine component of the assemblage because of the 

inability to satisfactorily identify most of the vertebrae. One of the best-preserved vertebrae belongs to 

Agkistrodon piscivorus, or common water moccasin. Of those vertebrae identified below subfamily, however, 

none belongs to the water snake genus Nerodia, which one would expect to be the most abundant snake in the 

BPA due to the fluvial nature of the assemblage. There is the possibility that one, some, or all of the 

indeterminate colubrid vertebrae belong to Nerodia, which would be consistent with the original burial context. 

Other snake vertebrae identified below the subfamily level belong to terrestrial snakes, which often visit 

streams. All snake vertebrae recovered were found in F2/F3 deposits, which are immediately adjacent to modern 

perennial stream environments. Included among these is a vertebra of the indigo snake (Drymarchon corais), 

which was found in loose association with Canada beaver (Castor canadensis), extinct giant beaver 

(Castoroides ohioensis), and muskrat (Ondatra zibethicus) in the Alabama Black Prairie (McCarroll & Dobie 

1994). 

All avian fossils recovered belong to the turkey, except one which belongs to a duck. Bones of smaller 

birds did not appear to survive attritional stream transport and reworking; none were found during the macro-

collecting of lag deposits nor were any revealed in mostly redeposited material fine-screened by Frazier (1985). 

Rich (1980) noted the greater abundance of avian tarsometatarsi and tibiotarsi over radii, carpometacarpi, 

fibulae, and furculae in South African Tertiary fluviatile deposits. The author attributed this to fluvial sorting 

and winnowing. This is certainly the pattern with Black Prairie Meleagris gallopavo remains, 70% of which is 

composed of tarsometatarsi, tibiotarsi, and humeri. Black Prairie turkey fossils are mostly distal extremities and 

diaphyseal fragments of long bones with no complete proximal ends represented on any of the bones recovered. 

The bias for distal ends may be related to thinner cortical bone in the proximal ends of most limb bones, which 

would be more vulnerable to both transport damage during reworking and even the destructive feeding activities 
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of carnivores prior to burial. Predator tooth marks are obvious and common on turkey bones in the assemblage. 

The dominance of turkey remains over those of other birds is perhaps largely due to the greater size and sturdier 

nature of one of the largest North American birds. Other Late Pleistocene fluvioriparian paleofaunas have 

yielded ducks and turkeys as common avian components. For example, Duck Point (Hearst 1990), Red River 

(Sanders 1994), and American Falls (Pinsof 1992, 1998) have been sources of duck and turkey remains. As 

Frazier’s (1985) fine-screening yielded no passerine species, which comprise the commonest and most diverse 

of all living bird orders, the attritional nature of the BPA must exclude the possible preservation of the tiny, 

delicate bones of this group. 

The nonmammalian component of the BPA is largely dominated by turtle shell elements (Fig. 35b). 

Taxonomic diversity and specimen abundance is much greater among turtles than it is among nonmammalian 

groups, thus turtles—as a group—hold more paleoenvironmental information than fishes, amphibians, snakes, 

and birds. Between 10 and 15% of all turtle shell specimens consist of entire elements; the majority of 

specimens are elements in various states of completeness; largely complete elements are mostly identifiable and 

fragmented elements mostly unidentifiable. Very few non-shell skeletal elements were recovered (App. A). 

Because of this, the taphonomic analysis in the next section applies very largely to the chelonian component of 

the BPA, specifically turtle shell elements. Unfortunately, experiment-based taphonomic studies of turtle shells 

and turtle assemblages do not exist outside of Blob’s (1997) work on the hydrodynamic properties of trionychid 

bones. Thus, there is little published information to draw on for anything beyond the basic taphonomic 

principles reviewed by Lyman (1994). In his very thorough review of quantitative taphonomic studies of bones, 

Lyman (1994) made no reference to taphonomic work specifically on turtles. Referring to all vertebrates outside 

of mammals, the author stated that the “most striking thing in nonmammalian vertebrate taphonomy is the fact 

we know so little about it” (Lyman 1994: 450). 

The BPA consists of turtle shell pieces (and other fossils) buried and preserved in fluvial contexts, thus 

the community represented is considered fluvioriparian in nature, containing remains of animals that spend 

some portion of their lives in and/or along streams. Due to the taphonomic and analytic biases operating, the 

fossil collection or assemblage provides only a distorted picture of the original community. Although fluviatile 

concentration of the turtle shell comprising the BPA is known to involve a suite of variably operating biases that 

act on the physical characteristics of the elements, the bias can be reduced by the use of an appropriate MLE. 

Arguments for the BPA as containing some semblance of community structure began in the earlier discussion of 

context and age, continue in the immediately preceding biotic discussion, and conclude with comments on the 

remaining seven factors. 

 

Time Translation 

There are probably an endless number of kinds of living communities, depending on how they are 

defined in space-time. However, only a fraction of the possible community types are preserved in the fossil 

record and faunal composition within those communities is assumed to be seldom if ever translated to the fossil 

record with absolute fidelity. A fossil assemblage may be referred to as a fossil ‘community,’ or fauna, only 
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when the spatiotemporal extent of the former is minimally diachronous, although the precise temporal definition 

may vary depending on the investigator and scale of the investigation. Spatial and temporal scales defined for a 

community (living or fossil) can vary based on the biogeographical and seasonal-successional context, 

respectively. However, decadal- to millenial-level error and much greater is common among fossil assemblages 

frequently referred to as ‘faunas.’ Thus, it becomes necessary to define time frames, bounded by maximum and 

minimum ages, for fossil communities. The BPA is considered a Wisconsinan paleofauna, or paleocommunity, 

for reasons discussed in Part I and above. It may be entirely a Late Wisconsinan assemblage. On the other hand, 

it may contain both Sangamonian (interglacial) and Wisconsinan (glacial) components. However, given the now 

generally accepted 10-15 thousand year time span for the former (Šibrava et al. 1986), it may as well be referred 

to as an interstadial rather than a protracted interglacial. Nevertheless, the suffix ‘paleo-’ is necessary to 

distinguish the BPA—a paleofauna—from more temporally restricted modern faunas/communities. Thus, 

‘paleofauna’ implies some type of temporal error, or time transgression. A true death assemblage (Fig. 39)—or 

thanatocoenosis—possesses minimal or no temporal error. If only true death assemblages were allowed to be 

interpreted, then little information would be gained about the past as few such assemblages are known. 

Thanatocoenoses have their own biases. For temporal regions, an instantaneous faunal ‘capture’ means seasonal 

variability—or total annual diversity—may be lost. Whereas in the BPA and other stream-concentrated Late 

Pleistocene fossil assemblages of temperate regions, the presence of two rainy seasons acting upon an attritional 

assemblage allows for subannual fluviatile mixing, thus diversity may be increased by virtue of the seasonal 

habits of many species. 

 

Geographic Translation 

A paleofauna must have also minimal spatial error, although this dimension can and does vary between 

paleofaunas. A paleofauna may represent one habitat or several—this would depend on both the defined scale 

and the spatial error inherent in the sample. 

The Black Prairie is a very narrow physiographic region—about 25-30 miles wide at its broadest. The 

absolute maximum distance Black Prairie fossils could have traveled and still have been preserved within the 

Black Prairie (for which there is little doubt), considering little or no change in relative topography within the 

district, is approximately 30 miles. This distance estimated from the maximum sinuous (or ‘river mile’) length 

of the longest Black Prairie streams that are tributaries of the Tombigbee River. However, BPA fossils are 

collected before they travel this maximum estimated distance—at about an absolute maximum distance of 20 

miles. The more likely estimated range of probable distance traveled by BPA fossils, including reworking 

distance, is 10 to 15 miles, over which skeletons were disarticulated, fragmented, buried, and, in some cases, 

reworked. Given the low relative abundance of Graptemys pulchra (a river turtle occasionally entering streams), 

large suckers (Catostomidae), and large catfish (Ictaluridae), and the absence of Graptemys nigrinoda (an 

obligate river turtle) and sturgeon, there is every reason to believe that the BPA, nor any part of it, represents a 

riverine environment. Therefore, the BPA represents fluvioriparian habitat(s) stretching 10 to 20 miles along 
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streams of low to perhaps intermediate order flowing into a larger river draining the Black Prairie and perhaps 

other adjoining regions. 

 

From Fossil Collection to Living Community 

Relative taxonomic abundance (RTA) is a useful faunistic measure for comparing communities, both 

living and fossil. Presence/absence data (P/A) alone provides a general idea of paleoenvironmental composition, 

whereas RTA offers greater insight into the complexity of ancient environments, particularly the relative 

proportion of microenvironments or environmental structures (= habitats) represented faunal (or floral) 

components. One major advantage of RTA is that it provides a relative measure of rarity, which is not detected 

in simple P/A. Once proportions of taxa are determined within a community, the taxa can then be grouped by 

ecomorphotype, which becomes a predictor of habitat. Stenotopic species are particularly useful in this regard. 

The oldest method of paleoenvironmental reconstruction uses the observed ecologies of modern taxa to 

derive paleoecological information about their forebears. Traditionally, this type of inference has been called 

‘nearest-living relative’ (NLR); however, this type of inference has potential independent of phylogenetic 

distance as it can also be a function of ecomorphological convergence. For example, the phylogenetic distance 

between the marsupial “sabercat” Thylacosmilus and the placental felid Smilodon is much greater than that 

between the former and kangaroos and the latter and the African lion (Panthera leo). However, the similarity of 

certain anatomical and (presumably) corresponding feeding specializations between these two extinct and 

unrelated sabertooths is greater than that between either and their aforementioned kin. As another example, 

Galapagos finches (a passerine bird) exhibit ecomorphological diversity comparable to that of passerine birds 

globally. In this case, species of Geospiza (sensu lato) are filling divergent niches with equally divergent bill 

morphologies and equally divergent behaviors. The relevance of each example to the fossil record lies in the 

ecomorphology of the organism, where form—not phylogeny—determines function. In such cases, the closest-

living ecomorphotype (CLE) is more desirable than the nearest-living relative. CLE modeling thus increases in 

importance with increasing distance from the present—our first and foremost source of knowledge about animal 

(and plant) ecology. 

On the other hand, all but one nonmammalian species in the Black Prairie Late Pleistocene assemblage is 

extant, meaning paleoenvironmental information derived from the majority of BPA animals is based on the 

ecologies of their living conspecifics. Only the giant tortoise (Hesperotestudo) requires an extant unrelated 

analog (Geochelone) in its contribution to the local paleoenvironmental picture. Thus, NLR modeling is the 

basis for all autecological inference (but one) in the current study. Due to the somewhat broad variety of 

environments occupied by the living giant tortoise, in addition to their ubiquitous occurrence in Pleistocene 

assemblages in the Americas, little paleoecological information can be derived from Hesperotestudo. However, 

the much greater abundance of Hesperotestudo than Gopherus in Pleistocene stream deposits would suggest 

that the natural history of the former is more closely tied to streams. 

Although much of the discussion below is devoted to the chelonian component of the BPA, other 

vertebrates contained therein provide a supplementary role. Although the focus of this study is on the 
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Figure 39. The Clark-Kietzke Sequence of Paleosynecological Inference. The gray arrows represent the 
direction of time and the relative chronologic occurrence of phenomenological factors affecting a living 
community in its passage into the fossil record, up to the time of recovery. The smaller, solid black arrows 
represent increasing, incremental loss of information regarding the composition, structure, and assembly of a 
once living community as it is reduced to a ‘fossil assemblage’ and eventually a collected ‘sample’ of this 
assemblage. Inference progresses in the direction indicate by the largest arrow. 
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nonmammalian vertebrates, differences in mammalian composition between the two subassemblages reflect the 

same paleoenvironmental differences suggested by the nonmammalian vertebrates. Understanding the 

nonchelonian vertebrate composition is also necessary because many turtle species in the chelofaunal 

comparisons below have range limits. For example, suitable Pseudemys habitat is abundant in the Great Lakes 

Region, but the range of Ps. concinna, the northernmost ranging Pseudemys in the Midwest, extends no further 

north than southern Illinois. One can only assume climate is the limiting factor in this case. Thus, the absence of 

a turtle species—or morphotype—may not necessarily be indicative of the absence of that species’ habitat, or 

the environmental structures comprising that habitat. Instead, regional climatic barriers (e.g. the frost line) may 

stand in the way. In this case, the turtle species in question is still useful paleoecologically but more so as a 

climate indicator. 

 The current study does not test the accuracy with which NLR-CLE models, P/A, and RTA data are able 

to predict paleoenvironmental structure. It simply accepts these tools as our only approximation of ancient 

landscapes. Interpretations of paleofaunistic data, like P/A and RTA, may change with a growing understanding 

of fossil contexts and taphonomic bias. For example, absence or low relative abundance in an assemblage may 

be the result of a poorly understood taphonomic bias or, on the other hand, it could instead mean that the taxon 

is being competitively excluded by other, similarly adapted species, related or unrelated. 

 

The Clark-Kietzke Sequence 

Holtzman (1979) developed the most comprehensive model to date for the first step in reconstructing life 

assemblages, i.e. communities and faunas, from fossil collections. The initial step in such a reconstruction is 

what the author calls fossil assemblage analysis (FAA). Holtzman (1997) distinguishes this necessary procedure 

from taphonomy because FAA has more to do with the inherent meristic and morphologic nature of the 

vertebrate skeleton. Assemblage analysis proceeds without any knowledge of the origins of the fossil collection 

at hand, other than that its components are all derived from the same source. These methods are necessary in 

order to arrive at assemblage composition, the ultimate goal being to approximate relative species abundance in 

once living but now extinct communities called paleocommunities. Paleocommunities is the preferred term for 

time-averaged fossil communities. One of the FAA methods, which Holtzman (1997) collectively refers to as 

“maximum likelihood estimations,” will be applied to the BPA. Holtzman (1979, modified from Clark & 

Kietzke 1967) gives a sequence of steps necessary in reconstructing a life assemblage from a fossil collection. 

The Clark-Kietzke sequence describes a fossil collection and the various stages of a gradually disassociating life 

assemblage as discrete entities (Fig. 39). In step one, collecting or sampling produces a collection, which is 

analyzed according to FAA. In step two, the resulting fossil assemblage is reconstructed taphonomically to 

produce step three, a death assemblage. The death assemblage is reconstructed paleoecologically in step four, 

approximating a life assemblage. In this sequence, a fossil collection is three interpretive steps removed from 

actually understanding the composition of a living community. 

The Clark-Kietzke sequence (Clark & Kietzke 1967) outlines the sequence of factors that generate 

representational biases as a life assemblage passes into the fossil record up to the times of its recovery (Fig. 39). 
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At each step of the sequence, bias may result in loss of information. Over the course of the sequence, this results 

in increasing, incremental loss of information. Each step of the sequence is reviewed in the paragraphs to follow 

by examining the individual bias factors involved. The specific types of bias and the methods used to control 

them are discussed. 

 

Factor #1: Biotic Factors  

A life assemblage passing into the fossil record is initially biased by biotic factors that are a product of an 

animal’s ecology as well as the physical nature of its skeleton. As these factors are somewhat involved and 

impact all other types of bias, they will constitute the lengthiest discussion. Bias resulting from the physical 

properties of a turtle’s shell will be discussed first, then shell fusion, followed by numerical skeletal bias. 

Finally, various methods of accounting for and correcting bias are offered in order to closer approximate living 

RTA within the turtle community represented in the BPA. 

Physical Bias. Skeletal elements within a given taxon may be differentially represented owing to various 

types of bias for or against an element based on its size, shape, and density. For stream-concentrated fossil 

assemblages, these physical properties affect the hydrodynamic and other preservational properties of bony 

elements (e.g. Blob 1997), effectively determining which, whose, how many, and in what proportion bones will 

enter the fossil record. In addition, skeletal variability within individuals and between species is such that many 

taxa and elements are suspected to be either under- or over-represented in a stream-concentrated assemblage, 

depending on (1) the relative number of elements, (2) their individual diagnostic potential, and (3) how 

conducive each is to incorporation into the fossil record. Simple RTA based on bulk NISP does not account for 

many of the biases listed in Table 10, illustrated in Figs. 34-36, and discussed in greater detail in the paragraphs 

to follow. Nevertheless, NISP-based RTA provides a convenient, conventional starting point and basic 

framework from which to operate until the nature and extent of bias is investigated, hopefully explained, and 

possibly corrected. 

Morphology is not only important to identification, but it plays a crucial role in the taphonomy of stream-

concentrated lag assemblages, much more so than it does in, for example, cave and lake deposits. An 

understanding of archetypal turtle shell morphology is crucial to predicting how bones might behave in fluvial 

environments. There are eleven different general morphologic categories among the shell elements of most 

turtles (Fig. 9b, Table 3). In the carapace, two categories—costals and peripherals—occur in left and right pairs; 

in the plastron, all morphologic categories are paired left-right except the entoplastron, which is a single unit. 

Within each species, there are eight unique shapes of costals and from ten to eleven unique shapes of 

peripherals (Fig. 9b). For the most part, all costals are similar in shape except the 1st and 5th, which possess 

connections to the bridge. Costals differ in size with medial costals being the longest and posterior costals the 

shortest, although the 2nd through 4th costals are very similar in both size and shape as are the 6th and 7th. 

Peripherals are all approximately the same size and shape; however, the five (3rd – 7th) involved in the carapace-

plastron bridge are either angular (4th – 6th) or subcotyloid (≈ ‘cup-shaped,’ 3rd and 7th). Peripherals not involved 

in the bridge are cuneiform and range from angular-curved (8th and 9th) to angular-flat (10th, 11th, and pygal). 
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Table 10.  Determinants and effectors of species representation in a stream-concentrated vertebrate fossil assemblage
Based in part on the discussions contained in Lyman's (1994) review of taphonomic literature.

BIAS CLASS TIME LINE

Skeletal representation (i.e. no. elements per skeleton)

Frequency E.g. seasonal vs. daily visits (to streams or riparian areas)

Permanency or  Duration E.g. perennial vs. intermittent occupancy (of streams or riparian areas)

Hazards (e.g. predation, environmental) Depends on causitive agent

Group Natality/Morbidity/Senility Composition Depends on ecology of victims and population structure

Surface residence time

Surface climate

Surface Variables Scavenging (carnivores, rodents)

Trampling

Microbial decomposition

Stream Energy (a function of climate and stream gradient)

Intermittent vs. perennial streams

Clast size (and other physical properties)

Volume

Traction Time E.g. lengthy vs. short preburial travel, reworking

Nature of Entombing Medium E.g. clay vs. sand

Oxidizing vs. reducing environments (i.e. organic content)

Apolithosis (e.g. secondary mineralization)

Compaction/distortion

Anataxic variables (e.g. root attack, weathering, reworking)

Size selection (e.g. screening one site and not another)

Sampling inequality (i.e. collecting one site more than another)

Species preferences (i.e. sampling certain species over others)

Competitive sampling (i.e. sampling a site previously sampled)

Degree of fossil fragmentation and erosion

Differences in inherent diagnostic potential of elements

Expertise of investigator and/or access to competent comparative collections

V  A  R  I  A  B  L  E  S
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Early Diagenesis

Properties of Entombing Medium and         
Groundwater Chemistry

pH

Water Chemistry

Predepositional   (Pre-
burial)
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Skeletal Properties Susceptibility to weathering, erosion, lag entrainment, and sorting--all functions of 
bone size, morphology and density.

Limits to Identification (Trephic Variables)
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Collecting Protocol (Sullegic Variables)
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Most shell elements are mostly flat and/or gently curved except the bridge peripherals of most non-trionychid 

turtles and the hyo-/hypoplastra of most emydids. The hyo-/hypoplastra of deirochelyines, Glyptemys insculpta, 

and to some extent Emydoidea blandingii, contain vertical struts that reach dorsally to the peripheral carapace. 

These dorsally directed processes are frequently broken from fossils making the bones rather flat and poorly 

responsive to hydrodynamic lift in flowing water. When the dorsal processes are missing, it is assumed that the 

hydrodynamic dispersal potential (sensu Blob 1997) of these elements decreases. Hyo-/hypoplastra are thus 

easily buried and presumably protected from further physical degradation in the stream traction carpet. In fact, 

borrowing any biases with respect to the disarticulation process, the great similarity in shape between hyo- and 

hypoplastra suggests that these two element categories may behave identically in the presence of any sort of 

bias, transport or otherwise. Thus, apparent bias against one or the other may be more a function of sample size. 

Physical skeletal bias is directly affected by postmortem events, primarily phenomena having to do with 

a skeleton’s disarticulation and dispersion and the differential ability of various element types to survive 

weathering, erosion, transport, and other physical (and even chemical) processes of degradation—right up to the 

time of recovery. Morphology exerts a strong influence on stream transport of fossil bones/teeth (review of 

Lyman 1994, Blob 1997). In his experiments with current flow regimes and how they affect the dispersion of 

softshell turtle (Trionychidae) elements, Blob (1997) noted that within this family certain elements possessed 

greater dispersal potentials than others. No similar studies have been reported for other turtle taxa; however, the 

same hydrodynamic laws that apply to lithic clasts, and as observed by Blob (1997) in his experiments, should 

apply to any body incorporated into a stream traction carpet. According to Blob (1997), light, fragile, 

structurally complex bones, like vertebrae and skulls, have densities and morphologies more conducive to 

hydrodynamic lift and hydraulic transport. Bones fitting this description will thus degrade faster because of the 

abuse incurred during transport. Rounded, flat, and cylindrical shapes that are also dense degrade slower due to 

their sturdier construction and their greater resistance to hydrodynamic lift and hydraulic transport. 

Figure 40 illustrates differences in RTA based on selected individual shell element types from the 

Catalpa-Tibbee locale. Most turtles have separate epiplastra (Fig. 40a) and hypoplastra (Fig. 40b); however, the 

epiplastra of kinosternids are fused to one another and to the entoplastron (yet another bias to be considered). 

With respect to the epiplastra and compared to bulk NISP, there appears to be a bias for Glyptemys insculpta 

and against Terrapene carolina. Much of the bias operating for the preservation of Gl. insculpta is likely due to 

the dense, flat, compact construction of this element. Much of the bias against T. carolina, which has dense, flat 

epiplastra, although not as compact, may be the result of the difficulty experienced in identifying fragments of 

this element, which are similar to Emydoidea and a few other deirochelyines. Flat, compact, dense turtle shell 

elements, like the epiplastra of Gl. insculpta (see Fig. 19), should behave like lithic clasts of similar shape and 

density, which are easily trapped in traction carpets with low-velocity benthic boundary layers (e.g. Blob 1997). 

The epiplastra of Gl. insculpta, the hypoplastra of Sternotherus, and the peripherals of Terrapene are among the 

densest, most compact, most streamlined, and perhaps the most readily identifiable elements of all the turtle 

fossils represented in the BPA. This would explain the greater representation of these elements in these species 

over the same elements in other species and other elements within the same species (compare Figs. 36 and 40). 
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Figure 40.  Relative abundance of major taxonomic groups based on epiplastra (a) and hypoplastra (b). Note the 
different proportions in both, compared to each other and to Figs. 36b, 43b-45b. Note also that several species 
are missed altogether in the epiplastral comparison. RTAs based on the same elements in the Town-Fuller Creek 
subassemblage (not illustrated) are dominated by Terrapene (86%) with the remainder Hesperotestudo. 
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Some elements are simply much more structurally sound than others and can resist weathering and 

erosion better. This is true of nearly all the plastral elements. Elements of the carapace, particularly the costals 

and bridge peripherals, are much more susceptible to destruction due to their lightweight construction. Although 

these elements, when articulated with one another, add considerable structural integrity to the shell, individually 

they are very weak. 

Shell Fusion. The shell of one species of turtle common in the North American Quaternary fossil record 

does not disarticulate at death. Because the shell of Terrapene carolina fuses some time in early adulthood 

(discussed under Systematics), mature shells of this species do not experience postmortem sutural 

disarticulation like the shells of all other turtle species. Fusion has also been observed in Terrapene coahuila 

(Minx 1996), but all other turtle species experience co-ossification of elements only rarely (e.g. in pathologic 

conditions), thus their shells will eventually disarticulate after death if exposed at the surface long enough. 

Complete and partial shells of turtles other than Terrapene recovered from Pleistocene sites like Ardis (Bentley 

& Knight 1998), in coastal South Carolina, and Leisy Shell Pit (Meylan 1995), in coastal Florida, are the result 

of sudden burial and rapid permineralization at suture points; they do not represent pre-mortem fusion of living 

elements. 

Terrapene carolina shell material recovered from modern and fossil Black Prairie stream deposits 

consists of either (1) individual shell elements (or fragments thereof) of unfused, subadult shells, (2) whole or 

partial fused, adult shell components, or (3) much more frequently encountered small shell shards. Much of the 

fossil box turtle shell material from the BPA appears to have been broken during reworking, where the fossils 

are re-entrained by streams after initial burial and preservation. This is suggested by the brittle break surfaces. 

Fused fossil and modern shell preferentially breaks not along the co-ossified suture points but instead along 

weaker points within the elements themselves. Therefore, typical fossil mature/senescent, i.e. fused, box turtle 

shell fragments are different from shell fragments of other fossil turtles in that individual pieces nearly always 

consist of parts of two, sometimes three, individual elements. It was estimated earlier that somewhere between 

65 and 75% of all box turtle specimens consist of fused material, which means as little as 25% are derived from 

unfused shells that disarticulated in a manner similar to other turtles. It seems likely that fusion is the principal 

reason that the total bias in this species is so low (see Figs. 41 and 42a, and discussion to follow). 

The fusion of the adult Terrapene carolina shell may contribute to a bias favoring the NISP 

representation of this species in the BPA as well as other stream-concentrated fossil assemblages. Inter-element 

co-ossification, which is evident in nearly half of all Terrapene specimens, may delay the fragmentation and 

decomposition of the shell allowing T. carolina shell remains to persist longer. Thus, the NISP proportion of 

Terrapene (Fig. 36) may overestimate the actual relative abundance of this species. 

Out of 33 published late Pliocene and Pleistocene assemblages across the Central and Eastern United 

States reviewed by the writer and containing detailed descriptions for three or more chelonian species, over half 

(18 of 33) contain turtle species other than Terrapene exhibiting varying degrees of shell fusion. As mentioned 

earlier, this type of shell fusion is not to be confused with sutural co-ossification, which occurs only abnormally 

in all North American chelonians except Terrapene carolina and T. coahuila. Whole or partial shells of species 
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other than Terrapene have been discovered from a variety of fossil contexts representing a variety of 

depositional environments, including cave, fissure, bog, swamp, pond, midden (anthropogenic), and stream 

deposits. In all cases, shell fusion results from rapid burial and subsequent pedogenic (secondary) 

mineralization of the sutures. Complete or partial turtle shells have been recovered that do not exhibit diagenetic 

fusion of elements. In such cases, the elements are loosely articulated but held together by concretionary matrix. 

Examples of this include the incredible preservation of shells at Ardis, South Carolina (Bentley & Knight 1998), 

and partially articulated turtles embedded in flowstone at Ladds Quarry, Georgia (Holman 1967, 1985). Of 

those turtle assemblages that do not exhibit shell fusion (15 of 33), most (9 of 15) occur in fluviatile contexts, 

i.e. they are stream-concentrated. Two of the remaining six assemblages—Sand Draw 277 (Holman 1972a) in 

north-central Nebraska and Mt. Scott (Preston 1979, Holman 1987) in southwestern Kansas—are preserved in 

alluvial fill representing both stream and pond deposits. Another—Bell Cave zones 1/2 and 3 (Holman et al. 

1990)—was excavated from fissure fill; however, based on the species association of three river turtles and 

muddy sedimentary composition of the fill, the deposit itself is ultimately of fluvial origin. The other three—

Brynjulfson Cave (Parmalee & Oesch 1972) in central Missouri, Sheriden Pit (Holman 1997) in northwestern 

Ohio, and Williston IIIA (Holman 1959, 1996) in north-central Florida—are described as representing 

concentrations resulting from predators/scavengers, entrapment, and/or stream action, the latter an additional 

hypothesis for Brynjulfson only (Parmalee & Oesch 1972). In instances of fusion absence, there must have been 

a protracted surface residency time prior to disturbance that allowed for decomposition of the sutural connective 

tissue holding the shells together. Thus, slow burial and disturbance preclude the preservation of whole shells in 

the fossil record. Among the many turtle shell specimens in the BPA, not a single instance of fusion of any kind 

was evident between elements of species other than Terrapene. This means that BPA turtles were completely 

disarticulated prior to burial, implying slow burial and significant disturbance. 

Numerical Bias. Not all inherent skeletal bias is physical in nature. Although turtles have the same basic 

bauplan, the number of shell elements is not consistent across all families, which can skew NISP proportions in 

an RTA analysis. The variable portions within all species of turtles are the neurals and suprapygals—the former 

varying in number by typically no more than two and the latter no more than one. Most turtles have between 

seven and nine neurals, but kinosternids have as few as six. Kinosternids also have two fewer peripherals than 

other turtle taxa. Kinosternid shells are also reduced in number of shell elements due to fusion in the anterior 

plastron. As discussed in the previous section, fusion of the carapace and plastral lobes in adult Terrapene 

carolina reduces the number of individual shell pieces considerably. However, this species fragments across 

sutures in stream-concentrated assemblages, like the BPA, producing approximately the same number of 

fragments as it would in the unfused, subadult state. 

Not all elements ossify in all turtles; some elements remain cartilaginous and therefore are not preserved 

in the fossil record. As a result of non-ossification of certain elements, softshell turtles (Trionychidae) have less 

than 60% of the total number of bony shell elements as most other turtles. This family is therefore significantly 

under-represented on a per-element basis when compared to other turtles. The numerical bias operating against 
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trionychid representation should be evident in disarticulated assemblages when element fragmentation is low 

and the interspecific diagnostic potential is equivalent (see Factor #8 further below). 

Observed vs. Expected. One simple way to measure skeletal bias is to compare observed vs. expected 

elemental proportions for element categories. Figure 41 does this by normalizing the expected values to a 

reference line equaling zero. The vertical axis represents the difference between the observed and expected 

elemental proportions, here called the element bias index (EBI).For example, Blanding’s turtle shells have one 

nuchal for every fifty-six total elements per shell (1/56, or 0.0179). If instead six nuchals of this species are 

identified out of a total thirteen Blanding’s shell elements in the sample (6/13, or 0.4615), then the difference 

between the two proportions (0.4437) represents, in this case, a considerable over-representation of  the 

element. Relative over-representation of an element is equivalent to a positive bias, or bias for that element, and 

under-representation is equivalent to a negative bias, or bias against that element. The sum of the absolute 

values of the elemental EBIs for each species is referred to here as the taxonomic bias index, or TBI, which is 

provided along the bottom of the histogram in Fig. 41. The calculation of EBI and TBI for each taxonomic 

group proceeds as follows: 

 

So/To – Se/Te = EBI 
 

nΣ (c: |EBI|) = TBI 

  

 Where… S = characteristic no. of elements of a specific element type  

  T = total no. of elements  

  o = observed 

  e = expected 

  n = no. of element types being considered (e.g. all or plastral only) 

  c = element type/category (e.g. nuchals, peripherals, xiphiplastra, etc.) 

 

Several important features of the BPA are noteworthy in Fig. 41. First, note that the observed 

proportional elemental representation deviates from the expected distribution for each taxonomic group, thus 

EBI is never equal to zero in the BPA. The EBI would be equal to zero in cases where either whole shells are 

preserved completely intact, which would happen in instances of rapid burial, or, in disassociated material, 

where any kind of bias—taphonomic, sampling, or analytical—is essentially absent from large samples (i.e. 

sample must be at least as large as the number of elements per shell). Terrapene possesses the closest pattern to 

that expected, hence the low TBI. Second, note that the calculation above can yield completely different values 

depending on which and how many element types are used (suprapygals and entoplastra were not utilized here). 

Therefore, the same set of elements must be used when comparing TBIs between taxa and assemblages. Note 

also in Fig. 41 that the sequence of element categories chosen (carapace then plastron, anterior to posterior) 

produces a sinusoidal pattern where the NISP is greater than 10-15. This pattern, a mere coincidence in an 
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Figure 41. Degree of skeletal bias within various Black Prairie taxa. The element bias index (EBI) is equal to the difference between the observed and expected 
elemental proportions within each taxon—bias FOR (or over-representation) is positive, bias AGAINST (or under-representation) is negative. The expected
value is defined as ‘0’. Total EBI for each element across all taxa is given in the legend. For example, hypoplastra are selectively preserved (or collected) 
over other elements; peripherals, on the other hand, are underrepresented due to poor preservation (or artificially low recovery rates). Below each taxon is the 
taxonomic NISP followed by the taxonomic bias index (TBI), the latter the sum of the absolute values of the individual NISP-based element biases, or EBIs. A 
whole turtle shell, or multiples thereof, will have a TBI of ‘0.’ Example observations: (1) box turtle peripherals experience a lesser degree of total bias than all 
other turtles, thus they have the lowest TBI; (2) xiphiplastra are represented in all groups very close to the expected proportion; and (3) as fragmentary 
peripherals, costals, and neurals comprise a large portion of the indeterminate material, and as these elements can be very nondiagnostic with respect to species 
identification, the negative bias operating here is, at least in part, an analytical one. “Chrysemys Gr[oup]” includes Trachemys, Pseudemys and Chrysemys. 
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otherwise logical analytical design, is present to one degree or another in most taxonomic groups. 

Nonconformity to this pattern as exhibited by Graptemys is likely due to very small sample size and/or 

identification problems. The values of TBI are highest in Emydoidea, Glyptemys insculpta, and Graptemys—

genera with which the writer is least familiar osteologically. It is anticipated that, with additional comparisons, 

these values should drop as more of these species are identified among the indeterminate material that may yet 

possess some potential for more specific identification as the writer’s skill increases. In other words, the high 

TBI values for these genera may be, in part, a product of a type of analytical bias, and not just a function of 

taphonomic bias resulting from hydrologic sorting. 

Returning to the sinusoidal bias pattern in Fig. 41, there appears to be a general bias against carapacial 

elements and for plastral elements. The nuchal is a general exception, again likely due to the greater ease at 

which relatively complete specimens of this element are identified. Another exception is the pygal, which 

appears to be slightly over-represented. In general, small, delicate elements, like carapace elements in 

kinosternids, are under-represented in this assemblage in comparison to the much thicker and flatter relatively 

abundant hyo-/hypoplastra of this group. Although constituting a group of large turtles, chelydrids have 

proportionally thin costals, particularly delicate in immature individuals, so a bias against this element in this 

species would be expected. The same is true of nearly all elements in the carapace of adult Gopherus 

polyphemus, which has an even thinner shell. Milstead (1969) had noted a taphonomic bias in favor of plastral 

elements, a pattern readily obvious in the EBI values of Fig. 41. For NISP > 15, hyo- and hypoplastra are 

identified with near equal frequency. This is probably because of the great similarity in shape between the two. 

The nuchal and epiplastron are considerably over-represented in Emydoidea and Glyptemys insculpta, 

respectively. 

Although it would seem that RTA should be applied only to those elements that are the most durable or 

that have equal chances of preservation/survival independent of taxonomic affiliation, a given element may not 

necessarily have the same degree of bias operating for or against it across all species (Fig. 41). The solid, flat, 

compact form of emydid epiplastra (Figs. 13, 16 & 19) and Terrapene hyo-/hypoplastra (Fig. 26) places these 

elements among those least susceptible to hydrologic dispersal, which means they spend less time exposed to 

the erosive effects of saltation and other physical abuse in the stream traction carpet. However, interspecific 

ratios of other elements suggest Glyptemys is over-represented with respect to epiplastra (Fig. 41). Xiphiplastra 

have the lowest EBIs across all groups (Fig. 41); it would seem, therefore, that RTAs using this element would 

be the most representative of actual taxonomic ratios in the local fossil record. This element, however, has been 

reported for only 5 out of 14 chelonian species; as a result, taxa that are otherwise represented by any other 

element would be effectively absent with respect to the xiphiplastron. Because unrelated species can have rather 

divergent interspecific intra-element sizes and morphologies (contrast Fig. 19 with 29), RTAs based on single 

element categories would still contain significant bias. Although similarly constructed, the fact that turtle shells 

and shell elements are different makes species identification easier. Thus, significant interspecific differences 

translate into differing hydrodynamic properties, potentially causing the selective preservation of certain species 

over others with respect to certain elements. 
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Relating to a previous discussion, element morphology varies with anatomical position (= intraspecific 

variation) and phylogenetic distance (= interspecific variation). Nonanalogous and/or nonhomologous elements 

belonging to unrelated taxa but having similar physical properties can also behave similarly when exposed to 

the same preservational biases, such as those experienced in hydrologic sorting. However, for different species 

entering the fossil record by identical means, elements of closer related species will generally have the most 

similar fossil representation. This means that fossil relative abundance between closely-related taxa should more 

closely approximate living relative abundance between these same taxa. Likewise, greater taxonomic distance, 

and thus morphologic distance, should translate to less equivalence with respect to taphonomic bias. For 

example, a specific element is more hydrodynamically equivalent among species of large Chrysemys Group 

turtles than it is among all turtles or even all emydids, simply by virtue of overall greater morphologic similarity 

between more closely related taxa. Similarly, parallelism and conservatism between chelonian taxa should also 

result in a decrease in interspecific intra-element bias. 

Figure 42 compares the intraspecific, per-element bias (EBIs) and total bias (TBI) of two species from 

Catalpa Creek with the same species from the latest Pleistocene Ardis locality in South Carolina (data from 

Bentley & Knight 1998). Both are stream-concentrated fossil assemblages, thus taphonomically comparable on 

at least this level. However, the fossil substrate at Ardis is riddled with solution cavities, which appear to have 

been filled suddenly with both shells (in various states of completeness) and live turtles (Bentley & Knight 

1998). Thus, the BPA is attritional and time-averaged whereas the Ardis situation represents (very likely) a 

single event. First, note the lower TBIs and generally lower EBIs for Ardis compared to the Black Prairie, 

particularly the extremely low value for Emydoidea from the former. The lower TBIs of Ardis turtles are due 

largely to the greater number of complete and partial shells (the individual elements of which were counted) 

recovered from this site. Whole and partial shells of Terrapene were also recovered from this site. The more 

rapid the burial, the less time available for disarticulation and dispersal, which results in more complete 

remains. Note the overall similarity in per-element bias between Terrapene carolina from Ardis and that from 

Catalpa Creek. Ardis possesses a similar although more subdued sinusoidal bias pattern like that described in 

Fig. 41, where there is a general bias against elements of the carapace and for those of the plastron. This means 

that the Black Prairie bias distribution pattern may in fact pre-date reworking suspected for at least portions (if 

not most) of the BPA. The pattern must appear very early on, as Ardis turtles had to have been buried rather 

quickly (Bentley & Knight 1998) given the relative completeness of carapaces of Emydoidea (as well as other 

non-Terrapene emydids), which do not fuse. Given the close relationship and thus similar morphology between 

Terrapene and Emydoidea, similar per-element biases would be expected as well. However, Emydoidea 

possesses essentially a reversal of the sinusoidal pattern with a slight bias for carapace and against plastron. 

This is due to the slightly greater number of whole and partial carapaces found over whole and partial plastra. 

The Ardis Emydoidea sample, left unexcavated, may have eventually assumed the typical pattern (Fig. 41, 42a) 

if further reduced by reworking. Alternatively, as carapacial elements of Terrapene and Emydoidea are more 

complexly shaped and thus less hydrodynamic than the plastral elements (recall that hyo-/hypoplastra of these 

emydines have very subdued dorsal processes), the Ardis association may be more distal relative to its 
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Figure 42.  Skeletal bias graphs for two emydine species from two latest Pleistocene chelofaunas. The Ardis and 
Black Prairie Terrapene samples have similar types of elemental bias occurring in similar directions (a); 
however, the former exhibits bias to a lesser degree. Ardis Emydoidea exhibits near negligible bias (b). This is 
because, in addition to isolated elements, Ardis is known for special circumstances, i.e. rapid burial, that allowed 
for the preservation of many complete and partial shells of several emydid species, whereas the Black Prairie is 
entirely fragmentary except for two partial Terrapene shells. Both Terrapene samples produce the sinusoidal 
curve illustrated in Fig. 40. Ardis data from Bentley & Knight (1998). 
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origination point even though it was buried much quicker and apparently very suddenly. In other words, long-

term lag involvement is likely responsible for the sinusoidal bias curves that seem to characterize essentially all 

BPA chelonian taxa (Fig. 41). Interestingly, fusion of the shell in adult Terrapene does not appear to affect the 

general bias pattern, i.e. the bias for plastral elements and against carapacial elements. 

Table 11 also offers a measure of physical bias inherent in each species and reflected in the differential 

representation of element categories between species. For each species, the number of specimens in the nuchal, 

pygal, entoplastral, and paired plastral element categories is compared by a coefficient of variation (CV). 

Species with low CVs possess relatively low interelement bias, i.e. the different types of elements are 

represented equally. Terrapene carolina has the lowest interelement bias, which is lowest in the Catalpa-Tibbee 

sample. Sternotherus and Glyptemys insculpta are also relatively low. The chelydrids and deirochelyines have 

the highest interelement bias in the BPA. The mean interelement bias across all species in each subassemblage 

of the BPA is 1.87. The interelement bias is very low among most turtles of the Ardis local fauna (Bentley & 

Knight 1998) in the Carolina Coastal Plain due to the relatively complete shells preserved—a product of rapid 

burial. The kinosternid fossils, however, must represent an attritional component as their interelement biases (as 

defined here) are comparable to the BPA. The Sternotherus and Kinosternon interelement CVs in the Ardis 

assemblage are 1.41 and 1.26, respectively. For Kanopolis (Holman 1972b)—an attritional fossil assemblage 

from the Southern Great Plains—the Sternotherus interelement CV is 0.60. The Catalpa-Tibbee sample is 

intermediate between the two assemblages at 1.00. 

 

Factor #2: Morbidity & Displacement 

The other seven (out of eight) factors to consider in the Clark-Kietzke inferential sequence (Fig. 39) are 

treated in much briefer detail. Immediately following the physical-anatomical considerations inherent in and 

varying between individual turtle species is the post-mortem sequence. Firstly, BPA turtles are essentially dying 

where they are living. Therefore, very little displacement from the living situation is expected before, during, or 

immediately following death. Even if predators are a factor, they are probably not moving turtle remains very 

far from the preserving medium—fluviatile deposits. BPA turtles were most likely living in and along, or 

frequenting (in the case of the testudinids and Terrapene), Black Prairie streams in the same proportions that 

they were dying there. 

 

Factor #3: Initial Post-mortem Events 

These are phenomena acting upon the decomposing carcass prior to movement from the general area of 

death, thus they occur immediately after death. This is primarily the phase of microbial decomposition, although 

disarticulation of a turtle shell begins at this point, too. Like Factor #2, post-mortem bias is likely of little 

consequence in distorting community composition in the BPA. 

Upon consideration of Factor #s 2 and 3, it is safe to say that, in this case, the death assemblage (if the 

BPA accurately represents one) would possess essentially the same hallmarks as the life assemblage, borrowing, 

for example, recurrent virulent disease affecting certain turtle species over others. 
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Table 11. Elements used for each species in the MNI estimation of RTA (Fig. 44).

Species NISP1 MNI CV2

Chelydra serpentina 2 pygal 1 3.16
Apalone cf. spinifera 2 plastron* 1 1.85
Sternotherus  spp. 2 hyoplastron (R) 1 2.11
Trachemys scripta 1 peripheral, 8th (L) 1 np
Terrapene carolina 156 hyoplastron (R) 16 0.76
Hesperotestudo crassiscutata 4 plastron* 1 np

Total = 167 21

Chelydra serpentina 4 nuchal 1 3.16
Macroclemys temmincki 3 hypoplastron (R) 1 3.16
Apalone cf. spinifera 37 hypoplastron (?)* 3 np
Sternotherus  spp. 43 hyoplastron (L) 8 0.98
Graptemys  cf. pulchra 3 epiplastron (R) 1 3.32
Chrysemys picta 2 nuchal 2 3.32
Pseudemys rubriventris Section 7 epiplastron (L) 4 2.67
Trachemys scripta 5 several elements 1 1.39
Emydoidea blandingii 13 nuchal 6 1.90
Glyptemys insculpta 31 epiplastron (L) 10 1.23
Terrapene carolina 103 hypoplastron (L) 8 0.59
Hesperotestudo crassiscutata 14 plastron* 1 np
Gopherus polyphemus 1 hypoplastron (?)* 1 3.16

Total = 266 47

1 NISP for the Catalpa-Tibbee sample presented in Fig. 36 includes 22 non-specific Pseudemys .
2

* Due to degree of fragmentation, left and right were not determinable. Thus, this figure is an estimate.
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Coefficient of variation (CV) provides a measure of proportional disagreement among the nuchal, pygal, 
entoplastral, and L & R plastral categories for each species, i.e. a measure of intraspecific, interelement 
bias. The lower the CV, the lower the interelement bias (expected: CV = 0). Represented element types 
numbered between 8 and 11, depending on the presence of an element type in a given taxon. The 
exclusion of peripherals, costals, neurals, and suprapygals results largely from their high fragmentation 
and generally poorer diagnostic potential. Compare species CV values to their taxonomic bias indices 
(TBIs) in Fig. 41.
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Although differences in fossil erosion between the two subassemblages and resulting from stream 

transport have not been explored, it is suspected that lower elevation sites, like those producing the Catalpa-

Tibbee sample, are contaminated with fossils from higher elevation sites, like those producing the Town-Fuller 

sample. 

 

Factor #4: Pre-burial Phenomena  

The first exposure to physical bias occurs post-mortem and pre-burial. For stream-concentrated 

assemblages, this bias operates primarily during transportation. Following shell disarticulation, elements that 

are naturally compact, flat, and relatively dense suffer the least amount of transport damage, whereas light, 

fragile, and angular elements are drug along the stream bottom with greater ease and fragment much quicker 

during their saltatory movement. Thus, for example, the epiplastra of Glyptemys insculpta and Pseudemys 

rubriventris Section, which fall in the former category, should be selectively preserved over costals and 

epiplastra of nearly all turtles, which are best described by the latter category. There are two types of pre-burial 

and re-exposure (Factor #6) bias resulting from the variable physical nature of skeletal elements and occurring 

during their transport: (1) interspecific, intra-element selectivity, which results in element types being better 

represented in one (or several) species over others (e.g. compare Fig. 40a and 40b), and (2) interelement 

selectivity, which results in certain elements being represented better than others (e.g. plastral over carapacial). 

For the BPA, and most stream-concentrated assemblages dominated by isolated elements, fossil shapes and 

densities that lag readily (i.e. are least likely to become entrained in water flow) are the most likely to be 

preserved. Although turtle shell elements were entering the fossil record at different rates depending on their 

physical properties (a function of phylogeny and element type/position), an MLE like MNI will correct for 

some of this disproportion transferred to species representation. 

 

Factor #5: Burial Phenomena 

Burial and preservation is assumed to have taken place near the base and point (upstream end) of 

intrachannel bars. As discussed earlier, there is evidence that turtle shells were largely disarticulated before 

burial as the only fragments that show any fusion of elements are those belonging to Terrapene, in which inter-

element co-ossification is a function of maturity. Fusion in the shells of all other turtles is a product of 

pathology or relatively rapid burial in low energy, mostly extra-channel deposits followed by secondary 

mineralization along sutures. No such fusion due to diagenetic mineralization has yet been observed in the BPA. 

In addition, no bias resulting from diagenetic phenomena has been detected or otherwise identified. 

 

Factor #6: Re-exposure Phenomena 

Re-exposure, disinterment, and subsequent reworking (i.e. re-entrainment in fluviatile lag) serve to 

further decompose fossils and bias their taxonomic representation. Factor #s 4 and 6 contribute the greatest 

majority of the bias occurring in the BPA. The bias resulting from these factors is best visualized in Fig. 41 and 

by comparing Figs. 36, 40, and 43-45. Re-exposure represents the ‘2nd round’ of this physical bias resulting 
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largely from  transportation in stream lag where turtle shell, behaving as clasts, are segregated with other lag 

components by shape and density. 

There exists the possibility that the Catalpa-Tibbee sample is contaminated by turtle fossils from upland 

fossiliferous deposits further upstream, like those from which the Town-Fuller sample is derived. 

Disarticulation-dispersal (Factor #4) and reworking (#6) are hypothesized as causes of this contamination of the 

downstream subassemblage, namely that represented by the Catalpa-Tibbee sample. Thus, the relative 

abundance of Terrapene carolina—a terrestrial woodland turtle—may be lower in the Catalpa-Tibbee sample 

than suggested by Fig. 45. 

In addition to hydrodynamic selectivity, Factor #s 4 and 6 also include weathering and erosion acting 

individually on fossils. Different elements, depending on the construction and the species, will breakdown at 

different rates. As was the case with pre-burial bias, MNI is chosen as the most suitable MLE to correct for the 

(primarily) hydrologic sorting processes acting on turtle shell elements and serving to bias their representation 

in an assemblage and thus in a fossil collection. 

The Black Prairie fossil collection has been repeatedly referred to here as an ‘assemblage’—the BPA—

according to more general definitions of the term, like that of Lyman (1994). However, it is also an assemblage 

in the sense of Clark & Kietzke (1967), who never proposed a quantifiable cut-off point beyond which a 

‘collection’ or ‘sample’ could not be justifiably considered an ‘assemblage.’ 

 

Factor #7: Collecting/Sampling Bias 

Inter-site sampling biases primarily involve inconsistencies in collecting intensity and sample size. 

Regarding the latter, the current collection of the BPA described above and in Part 1 is much more 

comprehensive than a mere ‘sample’ (sensu stricto). Collecting took place over many years and was rather 

thorough, thus inter-subassemblage collecting bias (that occurring between the Catalpa-Tibbee and Town-Fuller 

samples) is assumed to be minimal to non-existent, at least with respect to turtles and large mammals. 

As discussed in Part I, the most heavily collected area was the southern and central Mississippi Black 

Prairie (Figs. 3, 37). Fossiliferous localities appear to be more numerous in this region as well as more 

productive. This statement is based on the writer’s personal fieldwork and assessment of the work of others who 

have studied the Black Prairie Pleistocene (J. M. Kaye 1974, pers. com. 1988-1999; C. B. Curren et al. 1977, 

pers. com. 2003; J. P. Lamb, pers. com. 1994-2002). The writer concentrated collecting efforts in the 

Mississippi Black Prairie for these reasons, but also because they were closer to his base of collecting 

operations at Mississippi State University, Starkville. All identifiable material was collected on every excursion, 

and in some cases (e.g. controlled collections) all fossil bone was collected, even the highly fragmentary, 

unidentifiable fraction. Although the Catalpa Creek vertebrate fossil sample includes screened material, whereas 

the Town-Fuller Creek sample does not, very few turtle shell fragments were small enough to be solely 

dependent on this method for their recovery. In fact, screened shell was as large as (and sometimes larger than) 

hand-picked shell from macro-collections at either site. The Catalpa-Tibbee Creek chelonian sample is 

primarily handpicked from subaerial bars at low water within a shallow perennial stream and with equivalent 
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collecting vigor as the remains recovered from Town Creek—a mostly intermittent stream in the collecting area. 

Approximately 75% of rodent, insectivore, snake, and amphibian remains were recovered by screening, the 

remainder handpicked directly from active fluviatile channel lag.  

 

Factor #8: Curatorial Bias 

The first bias known to the researcher before even entering the field involves the ability to recognize 

certain taxa over others. Factors affecting identification lead to trephic bias, which is a function of the expertise 

or training of the investigator as well as the degree of distinctive morphologies within and fragmentation of a 

fossil sample. For example, trionychid shell fragments, seemingly regardless of size, are also more easily 

identified than shell fragments of most other turtle species. This is because of the distinctive topography of the 

dorsal surface of the carapace and the ventral surface of the plastron. The characteristic pitted pattern is 

recognizable in the smallest of fragments, such that this species may be over-presented in highly fragmented 

assemblages, particularly if elements of the peripheral carapace are excluded from NISP counts. This is in 

contrast to other turtle species, which generally require the entire element or at least a major portion of it for 

reasonably certain identification. The observed ratio of Apalone costals to any plastral element category is 

disproportionate to the same ratio in any other chelonian taxon. This ratio in Apalone, however, is much closer 

to the expected ratio of 16:1, i.e. sixteen total costals to one of any of the paired plastral elements. One 

explanation for this is the ease of which any Apalone element can be identified compared to the poorer ability 

(of this researcher) to identify individual pieces of costal carapace in other BPA chelonians. Because of their 

distinctive surface pattern, fusion, and size, elements of Apalone, Terrapene, and Hesperotestudo, respectively, 

are more readily recognizable than all other species, thus these taxa are suspected to be over-represented within 

the BPA, at least based on NISP (Fig. 36). 

Although all elements in the turtle shell are unique, the degree of their diagnostic potential for 

determining precise position and species is not the same, regardless of how complete they are. Approximately 

18% of the turtle shell in the BPA (NISP = 563) could not—at this writing—be identified to genus. This 

incompletely identified material consists of fossil shell that is both unidentifiable and potentially identifiable. 

The presently indeterminate fraction for which there is still hope of further identification will be re-examined 

when access to a more comprehensive comparative collection is possible and the skills of the investigator have 

improved. 

 

Interpretive Assumptions 

In order to use the BPA as a means for interpreting Late Pleistocene paleoenvironments in the Black 

Prairie, a series of assumptions must be made. These interpretive assumptions are drawn from Holtzman’s 

inferences and related to the Clark-Kietzke sequence (Clark & Kietzke 1967). If an accurate portrayal of once 

living chelonian RTAs within the BPA is represented in Figs. 35b and 36, the following foundational 

assumptions are critical: 

171



Assumption #1.  Turtle Mortality: Preservation rates among all chelonian species in the Black Prairie 

during the Late Pleistocene occurred in some unknown direct proportion to mortality rate in and 

along streams. Similarly, mortality rate among turtles occurred in proportion to their living relative 

abundance in the immediate area. That is, skeletal remains generated from (in this instance) 

fluvioriparian turtle mortalities have an equal likelihood of being buried and subsequently preserved 

in fluviatile contexts, independent of species and microhabitat in and along a stream. No turtle taxon 

was contributing more (or less) bones to the fossil record than its living relative abundance within 

the community. 

Assumption #2.  Bone Preservation: All turtle shell elements—costals, nuchals, peripherals, etc.—of all 

species have equal chances of being preserved. For example, costals of sliders are not preferentially 

preserved over nuchals of this taxon or of costals of cooters. As another example, painted turtles are 

not under-represented because of their smaller size, although this smaller size translates to smaller, 

more delicate shell elements than that of larger emydid turtles. 

Assumption #3.  Fossil Collecting/Sampling: Collecting is not biased with respect to certain elements or 

certain species. All elements, or some homogeneous subset thereof (i.e. a sample or aliquot), 

preserved in the local fossil record are recovered. For example, neither painted turtles nor 

kinosternids are being overlooked because of their small size relative to all other turtle species. 

Samples reflect relative taxonomic abundance in the fossil assemblage with perfect fidelity. 

Assumption #4.  Fossil Identity: All turtle shell elements are identifiable to species, or, if not, there is at 

least equal diagnostic potential across all species for certain or all elements. For example, although 

very similar in appearance, it is still possible to differentiate between adult painted turtles and 

subadult sliders with respect to all elements and at equivalent degrees of fragmentation.  

It is understood that the first two assumptions are beyond the investigators control, and because of 

uncontrolled bias, are almost certainly not met. The third and fourth inferences are at least partially dependent 

on the investigator’s sampling design; however, the smallest BPA fragments may be beyond any turtle expert’s 

abilities. In this study, all turtle shell was collected at all localities to meet assumption three, although not all 

fragments were identifiable to species, as required by assumption four. The greatest challenge to estimating 

living RTA from a collection lies in events prior to sampling. This study attempts to identify and correct for as 

much of this bias as possible. Four other interpretive assumptions (#5 through #8) are treated individually in the 

appropriate sections to follow. 

One final note, as the BPA chelonian assemblage passes through all the stages described above, affected 

by the various biasing factors acting upon it, there is one effect on living composition that is quite clear: There 

is a dearth of juvenile remains. All eight factors are responsible for this—from the weak physical nature of 

immature bones decreasing their chances of preservation (Factor #1) to the much greater interspecific similarity 

among juvenile elements than among adult elements of most species (Factor #8). Thus, the BPA is an adult 

assemblage. 
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Correcting for Bias 

Unfortunately, the number of identified specimens (NISP), a simple observational value, does not 

consider differential rates of skeletal element preservation (or collection), thus NISP-based RTAs (Figs. 34-36) 

possess biased element representation that may not necessarily reflect the actual frequency of element types in 

the skeleton. However, several derived, corrective calculations are available to account for the representational 

bias that may affect NISP-based RTA in its portrayal of original community composition. Each of these 

methods is a “maximum likelihood estimation” (Holtzman 1979), or MLE, designed to approximate RTA by 

producing the most probable values. Several different MLEs are applied to the BPA subassemblages (Figs. 43-

45). 

Figure 40 contains two RTA diagrams of the Catalpa-Tibbee sample employing an MLE based on a 

single element category in each case. If there were no interspecific differences in element preservation, then we 

would expect the two RTAs in Fig. 40 to be very nearly the same. Instead, they are quite different, suggesting, 

at least in this case, that epiplastra and hypoplastra behave quite differently during Pleistocene and subsequent 

transport and reconcentration of the BPA. It is unlikely that collecting and trephic biases played any role in 

influencing the incomparable proportions illustrated in Fig. 40. 

Minimum number of elements (MNE). The BPA is a highly fragmented collection. The minimum 

number of elements procedure accounts for fragmentation of skeletal elements by adding fractions of elements 

in order to obtain whole numbers (e.g. Lyman 1994). For example, according to one MNE scenario, 1.00 femur 

+ 0.25 femora + 0.75 femora = 2.00 femora. Whereas NISP is based on simply totaling the number of identified 

specimens, MNE is derived from the sum of the whole and fragmentary specimens therein. Alternatively, MNE 

may instead account for overlap of fragments, making the preceding sum equal to 3.00 femora if all are from 

the same part of the element, for example the proximal end. The specificity is also adjusted to suit the worker’s 

needs, which in this case may also require distinguishing between left vs. right or immature vs. mature femora. 

MNE may then be used to calculate minimum number of individuals (discussed below) with much precision. 

Because of the extent and manner of fragmentation in the BPA and the properties of turtle shell elements, the 

writer was not able to calculate MNE values. Preparation for using this method would have involved time-

consuming details regarding the orientation of each fragmentary specimen in the element from which it was 

derived, including the percentage of the element that it comprised. 

Weighted abundance of elements (WAE). A version of Holtzman’s (1979) “weighted abundance of 

elements” (WAE) was applied to the BPA (Fig. 43). In WAE, the observed number of specimens (App. A) 

totaled from a given set of element categories—e.g. epiplastra, nuchals, and peripherals—is divided by the total 

number of skeletal elements expected (Table 3) from the sum of the specified categories. The element 

categories are chosen based on their individual diagnostic potential as well as the skill of the writer in 

identifying different elements in different species. For the BPA samples, all costal and peripheral carapace 

elements of non-Terrapene emydids were eliminated from the expected number of elements primarily because 

of the writer’s inability to specifically identify many costals and peripherals, peripherally in a fragmentary state. 

It is very probable that, in spite of any physical bias (e.g. sorting) operating against their preservation, at least 
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Fig. 43. Relative taxonomic abundance based on the weighted abundance of elements (WAE). This MLE is 
based on the ratio of observed vs. expected element proportions for each species found in App. A (observed) 
and Table 3 (expected). For each taxon, the number of identified specimens is divided by the number of 
elements currently identifiable for that taxon. Costals and peripherals are not included in the expected counts 
for non-Terrapene emydids since these categories and this group constitute the larger portion of the 
unidentified specimens. Therefore, the proportions are a function of trephic bias and the researcher’s 
decision regarding which element categories to include and which to exclude for each species. 
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some Gl. insculpta peripherals exist among the unidentified emydid peripherals (App. A). Although six 

Glyptemys insculpta peripherals were identified, the disproportionately greater number of nuchals and epiplastra 

suggest more peripherals should be present. 

The most noticeable effect that WAE (Fig. 43) had on NISP (Fig. 36) was to double the relative 

contribution of Glyptemys and Emydoidea at the expense of Pseudemys and Trachemys in the Catalpa-Tibbee 

sample. In addition, excluding peripherals from non-Terrapene emydid counts has the unfortunate effect of not 

capturing the presence of Trachemys scripta in the Town-Fuller sample, for which a single peripheral element 

of this species was present. 

Holtzman (1979: 80) concluded that WAE is only applicable “when all species in an assemblage are 

equally affected by differential preservation of elements.” This is because WAE does not account for the 

individual idiosyncratic biases—both taphonomic and trephic—affecting each element category, as do the other 

two MLEs to follow. Although there are general similarities in skeletal morphology and preservation between 

BPA turtle species (Fig. 41), skeletal differences and species-specific biases affecting preservation and 

identification (e.g. Fig. 40-42 and Table 11) almost certainly preclude accurate WAE proportions. 

Minimum number of individuals (MNI). This MLE is a fundamental method of quantification used 

widely in zooarchaeology and paleontology that, like WEM below, accounts for the frequency with which 

specific elements occur in a skeleton. As in MNE, the defining parameters—age, sex, left/right, numerical 

position, element category, etc.—vary with the investigator’s degree of specificity (see Lyman 1994). The 

simplest MNI calculation is equal to the quantity of the most redundant element in an assemblage (White 1953). 

MNI can be calculated based on less specific groupings, like vertebrae and propodials, but counting 

cervical, thoracic, and lumbar vertebrae, humeri and femora, left and right, etc., should provide the most 

accurate use of this statistic. For example, according to MNI methodology, fifteen unspecified individual 

elements belonging to the costal carapace (NISP = 15) of a single species, when there is no regard for costal 

position, is equivalent to MNI = 1 (15 costals in sample / 16 costals per shell), whereas, increasing specificity, 

fifteen right 8th costals (NISP = 15) is equivalent to MNI = 15. Furthermore, five left 3rd costals, one left 4th 

costal, one right 5th costal, four left 5th costals, and two right 8th costals (NISP = 15) is equivalent to MNI = 5, 

which is the value of the most redundant element (White 1953)—the left 3rd costal. For even greater specificity, 

the specific costal types can then be broken down into stage-of-growth classes, male and female (in some 

species), and so on. The plastral-based RTAs (Fig. 40) are not affected by inclusion of a left-right consideration, 

and it is doubtful there is a significant taphonomic bias for/against either of a pair of bones that are mirror 

images of one another, at least in paleontological contexts (see review of Lyman 1994 for cultural effects). The 

RTA diagrams in Fig. 40 are also unaffected by ordinal specificity (i.e. 1st, 2nd, 3rd, etc.) as there is no more than 

one pair of each plastral element. This latter concern is, however, an important consideration for the peripheral, 

costal and neural carapace, each of which contains many elements. Levels of peripheral specificity include 

ordinal (the most specific), bridge vs. non-bridge (intermediate), flat vs. angular (intermediate), and all-

peripheral (the least specific) groupings. All levels can be applied to peripherals in very large samples, but the 
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     Figure 44. Relative taxonomic abundance based on the minimum number of individuals (MNI). Relative 
abundance is based on the single-most redundant element for each taxon (see Table 11). The peripheral, 
costal, and neural identifications are very incomplete due to low diagnostic potential and high 
fragmentation; thus, plastral element categories dominate this MLE (again Table 11). Holtzman’s (1979) 
study demonstrated consistent overestimation of rare taxa using MNI, which explains the proportional 
increase in these groups within the Town-Fuller sample when compared to their NISP proportions (Fig. 36).
Note extreme reduction in Terrapene from simple NISP-based RTA (Fig. 36). 
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less specific groupings may be the only option in smaller samples. Costal specificity may be similarly 

organized. 

Figure 44 is based on the elements used in Table 11. Except for Trachemys scripta in the Town-Fuller 

sample, it is based entirely on non-ordinal elements (i.e. pygal, nuchal, and plastral bones). Contrasting first the 

Town-Fuller NISP (Fig. 36) and MNI (Fig. 44), both suggest the assemblage is dominated by Terrapene. A bias 

possibly favoring the persistence of Terrapene shell elements in the fossil record and having to do with shell 

construction was discussed previously. This positive bias would lead to over-representation by this taxon when 

using NISP and MNI. Holtzman (1979: 88) found MNI “overestimates species with many elements per 

individual in assemblages of highly fragmented fossils.” Trachemys scripta is based on a single 8th peripheral in 

the Town-Fuller subassemblage. Holtzman (1979: 88) also concluded that MNI “overestimates rare species 

under all circumstances.” Such is the case in Fig. 44. The MNI contribution of Hesperotestudo may be under-

represented by a point; it may actually be twice as common as the other four rarer species. This is because giant 

tortoise elements, although large and easily recognizable, were difficult to identify to precise position due to 

their fragmented condition. 

The positive Terrapene bias would also apply to the NISP proportioned Catalpa-Tibbee sample. The 

contribution of Apalone to MNI is decreased from NISP in this subassemblage. Again, the positive bias for 

softshell turtles (alluded to earlier) has to do with the ease of recognition of even the smallest of fragments of 

this taxon. However, Apalone MNI may actually be a point (or two) higher due to the decreased ability to 

confidently identify the exact plastral position of several specimens. As in the Town-Fuller sample, 

Hesperotestudo may be under-represented for the same reason. According to the MNI interpretation, the 

‘boreal’ emydines constitute a third of the Catalpa-Tibbee subassemblage. 

Weighted elemental mean (WEM). Another corrective method of estimating relative fossil abundance 

involves calculating for each species the average abundance of specimens among all element categories (Fig. 

45). Only those elements shared by all taxa in the sample can be used in the comparison. This excludes 

peripherals, pygals, suprapygals, and entoplastra. No distinction is made between specific neural and costal 

position because incomplete specimens of these elements could not always be assigned to position. Instead, the 

observed number of neurals for a taxon was divided by the expected number for that taxon (Table 3). This 

yields the minimum number of individuals represented for each of these two element categories. In addition, left 

and right plastral elements are individually distinguished. Therefore, for each species, the number of specimens 

observed in each element category—the nuchal total, the nonspecific costal quotient, the nonspecific neural 

quotient, and left and right plastral totals—has an observed value equal to the number of individuals represented 

by that element. The mean of all element totals for each species is taken as an estimate of living proportion in 

each Black Prairie subassemblage. This writer believes WEM is possibly more accurate than WAE and MNI 

because it accounts for the greatest amount of bias by considering more element categories (MNI considers only 

one; WAE considers none individually) and is calculated as a mean across those categories. 

As in the WAE method, and compared to NISP, the WEM estimate increases the relative contribution of 

Glyptemys and Emydoidea while decreasing that of Pseudemys and Trachemys, although not by the same 
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Fig. 45. Relative taxonomic abundance based on the weighted elemental mean (WEM) for each species. The 
relative contribution of each taxon is equal to the mean of the individual NISPs of each element category 
representing that taxon. Peripherals, pygals, suprapygals, and entoplastra were excluded because of the 
difficulty in identifying these elements to species. Left and right plastral elements were subdivided into 
separate categories. Given a single complete shell, the expected value for each plastral element category was 
one (1). Element categories not thrown out but nonetheless unrepresented in a taxon were assigned a value 
of zero and included in the mean. The downside to this MLE is that it does not capture Chelydra and 
Trachemys in the Town-Fuller sample because these two taxa are only represented by elements from the 
excluded categories. 
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magnitude as in WAE. Sternotherus accounts for a greater relative proportion of the Catalpa-Tibbee sample 

using WEM than it does using any other MLE. 

 

 

PALEOAUTECOLOGY 

 

The paleoecological analysis begins with a discussion of habitat preferences of both modern conspecifics 

and, in the case of Hesperotestudo crassiscutata, ecomorphological equivalents of the taxa present in the BPA. 

A major assumption of this interpretive portion is that, if a taxon is represented at all in the BPA, regardless of 

the completeness and relative abundance of the represented elements, it is assumed to have either swam in or 

walked along the banks of Black Prairie streams during the Late Pleistocene. For this assumption to have merit, 

it is necessary to state that, in spite of its attritional, stream-transported nature, the fossils comprising the BPA 

were not transported from outside the Black Prairie. The fact that the pH neutral burial environments provided 

by the underlying and regionally defining alkaline Cretaceous carbonates are exceedingly rare to nonexistent in 

adjoining regions precludes the possibility of fossil origination outside the Black Prairie. Most importantly, 

Pleistocene fossils occur in only very low abundance in the regions surrounding this geomorphic district (Kaye 

1974, Curren et al. 1977). 

Paleoecological interpretations are predicated in large part on the fundamental Huttonian principle that 

‘the present is the key to the past.’ It is common practice in paleoenvironmental reconstruction to use the 

autecologies (and synecologies) of modern species in order to make generalizations about related and unrelated 

fossil taxa (and communities). Nearest living relative (NLR) and closest living ecomorphotype (CLE) models 

serve this purpose, the latter drawing ecological and behavioral parallels based on functional morphology rather 

than phylogeny. Evolution and time unfortunately complicate paleoecological analyses based on CLE- and 

NLR-modeling. That is to say, we are generally more certain about the diets of Quaternary organisms than we 

are about Tertiary or older taxa, simply by virtue of the greater temporal and phylogenetic distance of organisms 

belonging to the latter. Having said that, time and biological change are becoming increasingly less of a 

hindrance in paleontological investigations with the development of new techniques for testing hypotheses 

about diet, behavior, and habitat preferences of extinct taxa. 

Thus, a fifth major assumption in this interpretive endeavor deals with the ecology of species in the BPA 

and the use of their modern conspecifics as ecological models: 

Assumption #5.  Paleoautecology: Extant chelonians in the BPA are both systematically and ecologically 

equivalent to species living today. For example, the mollusk-eating habit and preference for riverine 

habitats of map turtles is at least as old as the Late Pleistocene. 

This is a fairly reasonable assumption, although we have no way of independently testing the notion. Although 

species extinctions and emigrations occurred during the Late Pleistocene, there is no evidence that new 

chelonian species have arisen subsequent to this time (e.g. review of Holman 1995). Thus, end-Pleistocene 

turnover did not include the evolution of new species, only the extinction or geographic reconfiguration (i.e. 
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extralimitation) of pre-existing species. The composition of the BPA is consistent with what is already known 

of the whole chelonian content of North American Late Pleistocene faunas, except for the addition of two extant 

species with no known fossil record—Sternotherus carinatus and Graptemys cf. pulchra. Those taxa not 

currently identified conclusively to species are not expected to offer any species surprises with the accumulation 

of more diagnostic material. In addition, the ecology of the extant BPA taxa is assumed consistent with modern 

conspecifics. The extinct giant tortoise (Hesperotestudo) in the BPA is assumed to have had similar ecological 

requirements, or behaved similarly, to that of modern giant tortoises (Geochelone). 

In the following paleoecological discussion, it will become clear that the separate compositions of the 

two BPA subassemblages (Fig. 36) may be interpreted as two different fluvial subenvironments in a river 

tributary system successively distal to the main river channel. High elevation F1/F3 fossil localities are different 

compositionally from low elevation F2/F3 localities (Fig. 36), the difference consistent with modern turtle 

habitat preferences and upland vs. lowland turtle communities as correlated with stream flow regime. The 

chelonian composition (in terms of both presence/absence and relative abundance) of Pleistocene creek sites in 

the upstream or upland portions of Black Prairie creeks—as exemplified by the Town-Fuller sample (Fig. 

36a)—is consistent with that of seasonally dry creeks, modern upland streams, or the upstream portions of low-

order streams. Likewise, the Pleistocene composition of lower-elevation sites in the shallow, flooded sections of 

low-order streams—as exemplified by the Catalpa-Tibbee sample (Fig. 36b)—suggests similar more perennial 

fluvial habitat(s). This compositional difference between topographic subsets of the assemblage is true not just 

of the turtles but also of the fishes, mammals, and birds, and represents the different paleoenvironments 

detectable within the BPA and thus the landscape of the Late Pleistocene Black Prairie. 

The following ecological accounts—below and summarily organized in Table 12—apply to modern 

turtles recorded from the Quaternary of the Mississippi-Alabama Black Prairie. The ecological information was 

taken largely from the review of Ernst et al. (1994), although it was supplemented by direct information from 

Carr (1952), Cagle (1942), Mount (1975), Ernst & Barbour (1989: Geochelone, used as a modern analog of the 

extinct Hesperotestudo), Conant & Collins (1991), Mitchell (1994), Oldfield & Moriarty (1994), Palmer & 

Braswell (1995), Wilson (1995), Harding (1997: Glyptemys insculpta), MMNS (2001), Dodd (2001: 

Terrapene), Hulse et al. (2001), Moll & Moll (2004), conversations with Bob Jones (MMNS: Graptemys) and 

Tom Mann (MMNS: Terrapene, Gopherus), and the writer’s personal observations—except where otherwise 

noted. The dietary categories in Table 12 pertain strictly to adult turtles, the young of many aquatic turtle 

species being largely carnivorous. All taxa discussed below in boldface are confirmed from Late Pleistocene 

deposits in the Mississippi-Alabama Black Prairie. The remaining taxa are considered to be long-established 

(i.e. prehistoric Holocene) residents of the Black Prairie district but are not known as Pleistocene fossils in the 

region. An asterisk (*) indicates that the taxon is considered a nonnative of the Black Prairie today, in which 

case it is either extinct or extralimital. All the other turtles inhabit at least some part of the district today. 

Generalized hydrologic position relative to mean resting depth, basking preference, and terrestriality are 

illustrated in Fig. 46. Paleoenvironmental implications based on P/A in the BPA are addressed in this segment, 

but relative abundance is dealt with a bit further on. 
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Table 12.  Ecologic matrix for selected Quaternary turtles of the Mississippi-Alabama Black Prairie*

Reasons for Pleistocene

Stream Position Stream Basking Riparian Soil Overland Dominant Presence(P)/Absence(A)

Taxon Habitat Type Depth in Water Velocity Bottom Sites Preference Preference Travel Adult Diet Food Items in the Miss. Black Prairie

Spiny softshell (Apalone  spinifera )
Riverine & 
fluentine

Variable Nektonic Variable Soft Abundant None None No Carnivorous
Insects, other 

inverts.
P: Suitable habitat

Loggerhead snapping turtle (Chelydra serpentina ) Eurytopic
Shallow to 
Moderate

Benthic Slow Soft Few Broad margins None Yes Omnivorous
Indiscriminate 

feeder
P: Suitable habitat

Common musk turtle (Sternotherus  odoratus ) Fluentine & lentic Shallow Benthic
None to 

Slow
Soft Some None None Occ. Omnivorous Invertebrates P: Suitable habitat

Slider (Trachemys scripta )
Lentic, paludal & 
sluggish fluentine

Variable Nektonic Slow Soft Abundant Broad margins None Yes Omnivorous Inverts., plants P: Suitable habitat

Eastern box turtle (Terrapene carolina )
Terrestrial, riparian 

& intermittent 
fluentine

Shallow Terrestrial Low
Firm to 
Hard

NP
Broad margins; thick 
ground cover of open 
woodlands; meadows

Moist Yes Omnivorous
Animals and 

plants
P: Suitable habitat

Alligator snapping turtle  (Macroclemys temmincki )
Riverine, sluggish 

fluentine & paludal
Deep Benthic Slow

Mostly 
Soft

Rare None None No Omnivorous
Indiscriminate 

feeder
P: Suitable habitat

Painted turtle (Chrysemys picta )
Lentic, paludal & 
sluggish fluentine

Moderate 
to Deep

Nektonic Slow Soft Abundant None None No Omnivorous Inverts., plants P: Suitable habitat

River cooter (Pseudemys concinnna )1 Lentic, paludal & 
sluggish fluentine

Moderate 
to Deep

Nektonic
Slow to 

Moderate
Hard Abundant None None No Herbivorous Aquatic plants P: Suitable habitat

Alabama map turtle (Graptemys pulchra )
Riverine & lower 

fluentine
Deep Nektonic

Moderate 
to Swift

Hard Abundant None None No Carnivorous Molluscs P: Suitable habitat

Drainages to 
the WEST Mississippi musk turtle (Sternotherus carinatus) Lower fluentine

Shallow to 
Moderate

Benthic Slow Soft Abundant None None No Omnivorous
Insects, other 

inverts.
P: Suitable habitat

Drainages to 
the EAST Redbelly turtle (Pseudemys rubriventris Section)

Sluggish riverine & 
lower fluentine

Variable Nektonic Slow
Mostly 

Soft
Abundant None None No Herbivorous Aquatic plants

P: Suitable habitat; wider 
Pleistocene range

Blanding's turtle (Emydoidea blandingii ) Lentic & fluentine Shallow Shallows Slow
Soft, but 

Firm
Abundant Broad margins

Moist sandy 
loam or sand

Yes Carnivorous
Crayfish, 

insects

P: Suitable habitat structure; 
requires cooler summers than 

currently  exist in Black Prairie

Wood turtle (Glyptemys insculpta )
Terrestrial & 

fluentine
Shallow Shallows

Slow to 
Moderate

Hard Abundant
Broad margins; 

hardwood forests; 
nearby open ground

None 
specified

Yes Omnivorous
Plants and 

animals

P: Suitable habitat structure; 
requires cooler summers than 

currently  exist in Black Prairie

Outer Gulf 
Coastal Plain Gopher tortoise (Gopherus polyphemus ) Terrestrial Shallow NA Low NA NP

Open woodlands; sand 
ridges and sandhills

Well-drained, 
deep, sandy

Yes Herbivorous Grasses, forbs
P: Deep sandy levees; requires 

frost-free winters

E
X

T
IN

C
T

Tropical to 
Subtropical 

Climes
Giant caudochelyine (Hesperotestudo crassiscutata)2 Terrestrial & 

fluentine(?)
Shallow NA Low NA NP

Forest, open 
woodlands, meadows

Loose, sandy Yes Herbivorous
Grasses, forbs 

(suspected)
P: Suitable habitat; requires 

frost-free winters

Smooth softshell (Apalone mutica ) Riverine Variable Nektonic
Moderate 
to Swift

Soft Some None None No Insectivorous
Insects, other 

inverts.
A: Prefers rivers, esp. those 

with swift current

Loggerhead musk turtle (Sternotherus minor peltifer)
Sluggish riverine & 

lower fluentine
Shallow Benthic Slow Soft Some None None No Omnivorous

Insects, 
Goniobasis A: Riverine wetlands

Eastern mud turtle (Kinosternon subrubrum ) Lentic Shallow Benthic None Soft Some
Somewhat broad 

margins
None Some Omnivorous

Insects, other 
inverts.

A: Unsuitable habitat; shuns 
free-flowing water

Black-knobbed map turtle (Graptemys nigrinoda ) Riverine Deep Nektonic Swift Soft Abundant None None No Carnivorous
Insects, other 

inverts.
A: Sensitive, narrow-niche 

species of rivers

Alabama Chicken turtle (Deirochelys reticularia) Lentic NA NA None Soft Abundant NA Wet Yes Omnivorous
Mostly animals, 

some plants
A: Unsuitable wetland habitat

* Based on habitat and ecologic data from Carr (1952), Mount (1975), review of Ernst et al. (1994), Mitchell (1994), Oldfield & Moriarty (1994), Palmer & Braswell (1995), Wilson (1995), Harding (1997), MMNS (2001), and Hulse et al. (2001).
NA Not applicable (does not apply)
NP No documented preference

1 Presence is possible, although yet to be confirmed.
2 The information provided is inferred from several sources. It is primarily based on fossil occurrence and the ecology of the modern, although unrelated large tortoises of the genus             Geochelone --a presumed ecological equivalent (i.e. CLE).
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Eb

Eb

Figure 46. Generalized diagrammatic illustration of niche separation in freshwater turtle communities of the 
Eastern & Central U.S. Note the increasing complexity of turtle communities southward. Borrowed and 
modified from Bury (1989: Fig. 2) with permission of the author. Emydoidea (shaded ellipse) was added. 
 

Cg  = Clemmys guttata Gk = Graptemys kohni Pf = Pseudemys floridana 
Ci  = Glyptemys insculpta Gn = Graptemys nigrinoda Pn = Pseudemys nelsoni 
Cm = Glyptemys muhlenbergii Gps = Graptemys pseudogeographica Ps = Trachemys scripta 
Cp  = Chrysemys picta Gpu = Graptemys pulchra Sc = Sternotherus carinatus 
Cs = Chelydra serpentina Kb = Kinosternon bauri Sm = Sternotherus minor 
Dr = Deirochelys reticularia Kf = Kinosternon flavescens So = Sternotherus odoratus 
Eb = Emydoidea blandingii Ks = Kinosternon subrubrum Tf = Apalone ferox 
Gb = Graptemys barbouri Mt = Macroclemys temmincki Tm = Apalone mutica 
Gg = Graptemys geographica Pc = Pseudemys concinna Ts = Apalone spinifera 
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Apalone spinifera. Of all the turtle taxa present in the BPA, Apalone is the most dependent on water. A 

fully aquatic turtle, this species generally avoids streams with abundant aquatic vegetation and rocky bottoms, 

preferring soft but firm bottoms with sand or gravel bars and fallen trees. It is found in rivers, marshy creeks, 

and even oxbow lakes. A. spinifera requires more deadwood structure for basking and basks more frequently 

than A. mutica (e.g. Lindeman 2000). 

Apalone spinifera is commonly sighted in upland portions of the Black Prairie, at considerable distances 

from the main river, where streams are seasonally intermittent or intermittently pooled. Egg-laying females are 

occasionally trapped in pools in such streams until the next rain. Nests have been found by the writer high on 

steep, clayey banks in extremely shallow, low flow, narrow channel intermittent streams. In such places, 

hatchlings and nidal females are dependent on brief rises in water level resulting from heavy summer 

thunderstorms in order to be transported back downstream to more permanent water. 

Apalone fossils are found in both the upland (F1/F3) and lowland (F2/F3) subassemblages of the BPA 

(Fig. 38). Based on the distribution and habitat preferences of modern Apalone spp. in the Southeast, the fossil 

remains from the Black Prairie most likely belong to A. spinifera. 
Apalone mutica. The smooth softshell is sympatric with the spiny softshell (A. spinifera) over the entire 

range of the former. Apalone mutica seems to be restricted to deep, flowing portions of large rivers and does not 

venture up narrow, shallow streams like A. spinifera. Although they may have generally similar diets and 

habitat preferences where the two occur together, the two have different feeding strategies: A. spinifera is a 

bottom-feeder and A. mutica feeds higher in the water column (Williams & Christiansen 1981). A. mutica also 

prefers shoreline basking to deadwood basking (Lindeman 2000). 

If the Apalone material from the BPA eventually proves to be entirely A. spinifera, the absence of A. 

mutica would then be consistent with the non-riverine chelonian species that dominate the assemblage. 

Chelydridae. Chelydrids constitute the largest of the BPA turtles. The common snapping turtle (Chelydra 

serpentina) is a large eurytopic chelonian preferring slow current, soft bottom, and abundant aquatic vegetation 

and/or submerged woody debris. It is a generalist feeder. In the Black Prairie, Chelydra is found in manmade 

ponds, although rarely and only in relatively large ones. The even larger alligator snapper (Macrochelys 

temmincki) prefers the deeper, generally slower waters of rivers and the large, proximal portions of their 

tributaries. Chelydra has been observed basking and will occasionally migrate overland for short distances, 

although these are behaviors largely restricted to northern populations. For the most part, Macrochelys only 

leaves the water to nest. 

The presence of Chelydra in upland and lowland fossil situations in the BPA is expected given the degree 

of terrestriality observed in this turtle. The absence of Macrochelys, the largest freshwater turtle in North 

America, from the upland BPA subassemblage is also consistent with this turtle’s preference for deeper waters. 

Sternotherus carinatus*. Kinosternids are indicative of productive aquatic substrata with abundant 

invertebrate prey and ample vegetated refugia. The Mississippi, or razorback, musk turtle is found in rivers, 

sluggish streams, and swamps. In Mississippi, S. carinatus is invariably found associated with current (R. L. 

Jones, pers. com.). It also prefers soft bottoms with sandbars and abundant aquatic vegetation. Sternotherus 
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carinatus appears to be more dependent on basking than its congeners (e.g. Lindeman 1996). Kinosternids in 

general have rather catholic palates. This is true of S. carinatus, the largest of North American kinosternids, but 

when given a choice it seems to prefer mollusks. This species is found today in similar environments in the 

Blackland Prairies of Texas and Arkansas, although it is absent from the modern Mississippi-Alabama Black 

Prairie and its drainages. 

The discussion of the peripheral carapace elements identified as belonging to this species in Part I 

included a description of what is interpreted here as pre-mortem biogenic erosional features caused by a parasite 

(or parasites). How useful this information might be in possibly contributing to a better understanding of the 

paleoecology of this species in the Late Pleistocene Black Prairie has not been explored. A different type of 

biogenic erosional feature appearing on hypoplastral fragments of fossil Blanding’s turtle is discussed below. 

Sternotherus odoratus. A eurytopic species occupying essentially any watercourse with a slow current 

and soft bottom, throughout most of the eastern U.S. S. odoratus has less specialized feeding habits than its 

congeners (Tinkle 1958a, Berry 1975). It prefers shallow areas with abundant aquatic vegetation, mollusks, and 

crayfish (Cagle 1942). Both S. carinatus and S. odoratus consume snails, which constitute the most significant 

portion of their diets; however, laboratory experiments found carinatus to prefer snails almost exclusively 

whereas odoratus ate a substantial proportion of flies and other microinvertebrates (Mahmoud 1968). 

Sternotherus minor peltifer. An inhabitant of slow-moving streams with attached standing water, S. 

minor peltifer prefers water bodies associated with major rivers (Tinkle 1958a). In Mississippi, Sternotherus 

minor peltifer prefers the sluggish areas of rivers and the broader, deeper, downstream portions of river 

tributaries (R. L. Jones, pers. com.). In the Mississippi Black Prairie, S. minor has only been reported from in 

and along the Tombigbee River where it is considered an “infrequent” species (Altig 1973). 

Sternotherus minor competes with S. odoratus for food resources wherever the two are sympatric, with 

no observable spatiotemporal niche partitioning evident (Berry 1975). Where S. odoratus is absent, S. minor 

possesses specializations similar to that of certain map turtles for feeding on mollusks, namely Goniobasis 

(Berry 1975). The basking habit of this species is poorly developed. 

Given the presence of both S. carinatus and S. odoratus in Late Pleistocene Black Prairie shallow 

perennial stream deposits, competitive exclusion of S. minor peltifer from these habitats is certainly possible. 

However, its absence from the BPA is also consistent with the absence of other vertebrate species associated 

with riverine subenvironments, such as river channel, sloughs, major tributaries, or lentic backwater. 

Kinosternon subrubrum. Mud turtles tend to shun flowing water but will inhabit the vegetated mud flats 

of shallow, sluggish streams and backwaters. Kinosternon is found in shallow, slow-moving or impounded 

water with soft bottoms, whereas Sternotherus odoratus is found in a much wider variety of aquatic habitats. 

Although kinosternids have rather catholic tastes in general, Kinosternon appears to prefer fast moving over 

slow moving prey, whereas Sternotherus exhibits the reverse (Mahmoud 1968). Along the Tombigbee River, 

which forms the eastern margin of the Mississippi Black Prairie, subrubrum is found in baldcypress (Taxodium 

distichum) environments, including strands, ponds, and drains (Altig 1973, Wilson 1995). Within the Black 

Prairie proper, subrubrum is found in manmade ponds, although in low numbers (Parker 1990). 
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Graptemys (in general). Turtles of the genus Graptemys are generally open-river channel dwellers, 

although Gr. geographica and Gr. pseudogeographica may increase in RTA from open channel to slough 

environments. Graptemys pulchra, Gr. geographica, Gr. pseudo. pseudogeographica are molluscivores, 

particularly the females, which are considerably larger than males. Graptemys nigrinoda and Gr. pseudo. kohnii 

are generalist carnivores. Graptemys pulchra has been known to ascend tributary streams of major rivers, and 

Gr. geographica seems to exhibit a preference for fluentine over riverine environments. 

Graptemys pulchra. The Alabama map turtle favors relatively large, swift creeks and rivers, although it 

does frequent small streams with gravel and/or sand bottoms (Mount 1986). Logs and/or brush are requirements 

for basking, and streams and rivers with abundant mollusks are preferred. Unlike G. nigrinoda, which stays 

within the confines of larger river channels, the larger Gr. pulchra (both male and female) does enter secondary 

streams of the modern Tombigbee River, including those in the Mississippi Black Prairie (Jones et al. 1996, 

Thomas & Bradford 1997). However, Gr. pulchra does not prefer fluentine over riverine habitat, as is the case 

with G. geographica (Fusilier & Edds 1994), which appears to be the only Graptemys that cannot be considered 

a riverine inhabitant. The diet of older juveniles and adult females consists almost entirely of mollusks whereas 

arthropods dominate the diet of younger juveniles and males (Shealy 1976). Gr. pulchra is endemic to the 

Mobile River drainage and constitutes a minor part of the fossil material from Catalpa Creek. 

Graptemys nigrinoda. This nektonic molluscivore is consistently observed only in large, deep rivers with 

sand bars for nesting. This turtle constituted 66% of the turtles collected by Tinkle (1959) in the Tombigbee 

River, which today drains the western portions of the Black Prairie (i.e. Mississippi and western Alabama). Gr. 

nigrinoda does not appear to enter tributaries of the Tombigbee (Cliburn 1971). There is a positive correlation 

between the order of a stream and the relative abundance of turtles of the genus Graptemys. Thus, the order of 

the stream increases with the relative abundance of turtles of this genus. 

Chrysemys picta. The painted turtle is an inhabitant of still to very slow-moving, shallow water with soft 

bottoms and abundant aquatic vegetation. It is especially fond of small, shallow pools (e.g. Cagle 1942) but can 

be found in a variety of lentic structures—natural or manmade—in river floodplains. In spite of its preference 

for impounded water, it has not been recovered from manmade ponds in the upland Black Prairie. 

Chrysemys picta marginata is a large painted turtle found in all manner of lentic bodies in the Ohio River 

Valley. Chrysemys p. dorsalis is a smaller turtle of lentic water connected to streams in the Mid-South. 

Chrysemys p. dorsalis—C. dorsalis of Starkey et al. (2003)—is almost never found in manmade ponds in the 

South (R. L. Jones, pers. com.). Whereas C. picta is the numerically dominant ‘pond turtle’ of northern 

latitudes, Trachemys scripta fills this role in the Southeast. 

Trachemys scripta. The slider is a eurytopic species found in a variety of habitats; however, it prefers 

quiet water with soft bottoms and abundant aquatic vegetation. It commonly migrates short distances overland 

from one water body to another. Although preferring plants over much of its range, T. scripta can be an 

opportunistic feeder and has been known to eat all forms of animal matter. However, the species is not 

considered an active predator. It appears to be the only turtle encountered on a regular basis in manmade ponds 

within the Black Prairie and in the Mississippi River floodplain. 
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The construction of artificial impoundments—both commercial and recreational—along intermittent or 

otherwise shallow stretches of streams appears to have led to an increase in the relative abundance of 

Trachemys in streams that flow below such structures. Spring and early summer observations by the writer of 

Trachemys in such streams consisted of instances of turtles courting in small aggregations or otherwise on the 

move. In addition, Trachemys tends to dominate turtle remains in streams communicating with artificial 

impoundments, particularly catfish ponds. Trachemys is suspected to have been present albeit much less 

abundant in intermittent streams prior to the presence of manmade ponds along such streams. 

Pseudemys rubriventris Section*. These are largely herbivorous turtles of generally deeper water 

bodies—flowing or impounded. In general, the Carolina red-belly (Ps. rubriventris) prefers relatively deep 

water, the Alabama red-belly (Ps. alabamensis) shallow to moderately deep water, and the Florida red-belly 

(Ps. nelsoni) all of the above. In the Pascagoula and Biloxi River drainages, where a new population of red-

bellies was recently described (Leary et al. 2003), red-bellies (Ps. alabamensis) prefer the forested, slower 

moving tributaries, bays, and pockets off the main river channel, and cooters (Ps. concinna) prefer the swifter 

main channel (T. Mann, pers. com.). Pseudemys alabamensis also ascends tributaries to great distances in order 

to nest in upland regions (T. Mann, pers. com.). Like most emydids they are obligate heliotherms, although they 

appear to tolerate direct sunlight for longer periods than cooters (i.e. Ps. floridana Section). The mean critical 

thermal maxima (CTM), a general separator of modern cool temperate and warm temperate turtles, observed for 

Ps. rubriventris and Ps. nelsoni are among the lowest of North American emydids (Hutchison et al. 1966), yet 

Ps. nelsoni inhabits warm temperate to subtropical regions of Florida. 

Pseudemys concinna. Ps. concinna prefers slow to moderate currents of larger, deeper water bodies 

(review of Ernst et al. 1994). Predominantly riverine, Ps. concinna is also found in more substantial 

impoundments of large streams. In the Pascagoula and Biloxi Rivers, this species prefers the flowing water of 

the main channel (T. Mann, pers. com.). This species may occasionally travel overland to standing water 

adjacent to streams, but generally only females are found outside of the main stream channel and then only to 

nest. Modern Ps. concinna is an algivore (e.g. Lindeman 2000). 

So far, this species has not been recovered from the BPA; however, it is the only Pseudemys species 

currently residing in and known to have historically occupied the region. 

Deirochelys reticularia. This semi-aquatic turtle moves back-and-forth between terrestrial and wetland 

habitats and seems to have a higher survivorship in the former (Buhlmann & Gibbons 2001). Deirochelys is 

characteristically associated with shallow, weedy impoundments, such as the marshy areas of ponds and lakes, 

from which it does not appear to wander very far. Within marshes, this turtle spends as much time out of the 

water as in it. Deirochelys has not been recorded from fluvial environments (Schwartz 1956); it prefers 

temporary or ephemeral aquatic habitats provided in naturally or artificially impounded wetlands (Buhlmann 

1995). Separating it from most other turtles with which it is sympatric, Deirochelys exhibits a specialized 

pharyngeal feeding when catching and consuming prey. It is also one of the few emydids that readily consumes 

carrion. Although neither a modern nor, apparently, Late Pleistocene inhabitant of the Mississippi Black Prairie, 

the chicken turtle is today found in the Alabama Black Prairie in large, marshy river valleys containing 
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exogenous sandy, alluvium (see Schwartz 1956, Mount 1975). Although a characteristic inhabitant of many 

suitable regions throughout the Coastal Plain, it is seldom considered abundant anywhere (Jackson 1996). 

Emydoidea blandingii*. Blanding’s turtle is an aquatic turtle preferring ponds and marshes, although it is 

also known to inhabit small streams and is somewhat terrestrial. Blanding’s turtle is not generally found in 

large, deep streams unless extensive shallow margins, marshes, swamps, or smaller, shallower creeks adjoin. 

Possessing a fairly catholic diet, it is the only aquatic turtle that does not require submergence to swallow food 

items, which it does so quite readily on land. When feeding aquatically, however, Emydoidea exhibits a 

pharyngeal “sucking” method similar to Deirochelys. Although highly aquatic and the most aquatic of the 

emydine turtles (i.e. Glyptemys, Terrapene, Emydoidea, Actinemys, and Clemmys), this turtle will travel from 

150 to 1,300 m for adequate nesting sites and exhibits some degree of terrestriality. In fact, Blanding’s turtle in 

Michigan was observed to spend approximately 15% of its time on land (Sexton 1995). Emydoidea blandingii is 

today found in the cool temperate regions of the U.S., its range including the Northeast, Great Lakes, and much 

of the Midwest. In Wisconsin, Blanding’s turtle seems to prefer ponds over marshes (Ross 1989). Both modern 

and fossil occurrences of this species in the Central Plains indicate prairie marsh as the preferred habitat in 

regions where such habitat is an option (Preston & McCoy 1971). This species is frequently found in 

association with Chrysemys picta and Chelydra serpentina. Holman (1976) suggested cooler summers than the 

present for the Late Pleistocene Black Prairie due to the presence of this species, which at the time was known 

in the BPA by only a single specimen from Catalpa Creek (Jackson & Kaye 1974b). The mean CTM of this 

species is among the lowest of North American turtles, lower than Gl. insculpta (see below), and is the second 

lowest among North American emydids (Hutchison et al. 1966). 

Several of the hypoplastral fragments of this taxon possess pits in the inguinal region, which is located at 

the ascending contribution to the shell bridge. As with the eroded margins of peripheral carapace identified in 

fossil Sternotherus specimens, these erosional pits are not consistent with abrasion/degradation due to stream 

transport. As is suspected in the case of the Sternotherus fossils, these peculiar pits in Emydoidea blandingii 
turtle shell may be of biological origin, most likely parasitic. Hutchison & Frye (2001) reported similar pits in 

Eocene freshwater turtle shell from Wyoming, and Siddall & Gaffney (2004) suggested the Eocene pitting 

might be hirudinean in nature. North American turtles are host to a variety of ectoparasites. The glossiphoniid 

leech Placobdella is known to parasitize many North American aquatic chelonian species (Koffler et al. 1978). 

Placobdella tends to congregate in and around the inguinal region of the shell, at least as has been well-

documented for Glyptemys insculpta (Hulse & Routman 1982, Brewster & Brewster 1986, Saumure & Bider 

1996) and Chelydra serpentina (Brooks et al. 1990). Placobdella is also known to parasitize E. blandingii 

(Saumure 1990), and at least one species of this leech has been observed to take its blood meal directly from the 

bone. The distinctive pitting peculiar to the inguinal region of fossil Blanding’s turtle shell fragments may be 

the result of deep, osseous blood feeding by hirudinean parasites. Although well-recorded in the wood turtle G. 

insculpta, the few inguinal fossil fragments recovered showed no signs of the pitting observed in fossil 

Blanding’s turtle shell from the BPA. 
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Glyptemys insculpta*. As terrestrial as this turtle acts much of the time, it is still considered by most 

researchers as an aquatic species. Among North American chelonians in general, it is found in the widest 

variety of habitats and appears to be the most inquisitive about its surroundings (implying some degree of 

intelligence). Glyptemys insculpta may roam some distance afield from permanent water, over meadows and 

other grassy woodland avenues, but always returns to the nearest stream within a few days. In spite of its high 

degree of terrestriality for an aquatic turtle, the wood turtle’s life cycle is very intimately tied to water, 

particularly flowing water. The presence of this species is an indicator of relatively clear, relatively shallow, 

free-flowing water. Like Blanding’s turtle, Gl. insculpta is not generally found in large, deep creeks and rivers 

unless ample shallow margins, marshes, swamps, or smaller, shallower creeks adjoin. Also like Blanding’s 

turtle, it easily swallows food on land, where this opportunist does nearly all of its feeding. The wood turtle 

exhibits a specialized mode of feeding when hunting earthworms. This emydine drives worms to the soil 

surface by stomping on the ground with its forelimbs. Yet again, like Blanding’s turtle, Gl. insculpta is today 

limited to the cool temperate climes of the Northeast, Great Lakes, and upper Midwest, although having a 

broader Northeastern distribution than Blanding’s. Modern wood turtles of the Great Lakes Region remain 

closely associated with “water throughout the year, and those found on land are usually within 150 m…of 

moving water” (Harding 1997: 186), although they have been found up to twice this distance (300 m) from 

streamside in Quebec and Pennsylvania (Arvisais et al. 2002). The annual behavior and occurrence of the wood 

turtle is divided between aquatic and terrestrial phases, the latter lasting from late spring through early fall 

during which they move extensively, although never far from water during the drier summer months. Mating is 

performed in shallow water, and hot weather will drive wood turtles into the water or into shallow forms within 

soil or plant debris. Males spend more time in the water; females more time in grassy areas (Kaufmann 1992). 

Gl. insculpta has among the lowest CTMs of North American emydids (Hutchison et al. 1966), hence the 

preference for cooler temperate latitudes. 

Terrapene carolina. The Eastern box turtle prefers moist, forested areas, particularly open woodlands, 

and sticks close to floodplains and stream banks in hot, dry weather. Least aquatic of the emydines, it is 

commonly found in open, grassy areas in the late spring and early fall when the temperature is moderate and 

ground moisture high (Reagan 1974). Summer heat and dryness will send box turtles to the edge of any water 

body, occasionally in large numbers (Dodd 2001). Coastal subspecies may be more aquatic than inland ones, 

but aquatic activity has been observed in other subspecies as well. Outside of the dry season, T. carolina can 

spend considerable lengths of out of floodplains and in the uplands. Only tortoises (e.g. Gopherus) are more 

terrestrial than Terrapene. 

The majority (80%, n = 30) of Terrapene posterior plastral lobes determinable to sex in the BPA are 

female (Table 8). Modern population studies of the box turtle suggest a somewhat variable sex ratio, although 

most studies report near 50/50 (review of Ernst et al. 1994). Presumably unbiased turtle samples range from 

25% to 77% female for populations sampled in forest, woodland, and variegated habitat (review Ernst et al. 

1994). Brian Metts of the Savannah River Ecology Lab has observed high female proportions in T. carolina 

populations sampled within streams in the Upper Piedmont of South Carolina. T. carolina populations were 
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69% female in stream impoundments (n = 22) and 63% in free-flowing streams (n = 28) (B. Metts, pers. com., 

August 2004). In the BPA, the Catalpa-Tibbee subassemblage, which is interpreted as representing a low 

elevation, perennial and perhaps even partially or occasionally impounded stream community, contains 83% 

female posterior plastral lobes (n = 6). The Town-Fuller subassemblage, which is interpreted as a relatively 

higher elevation, intermittent, free-flowing stream community, is slightly lower at 79% female (n = 24) 

composition. In both the modern population and the fossil assemblage, females dominate and the higher 

volume/discharge aquatic system has a slightly higher proportion of females. However, the Catalpa-Tibbee 

sample can hardly be considered a sample of statistically reliable size. Therefore, until more gender surveys can 

be performed on modern stream samples and the sample size from Catalpa-Tibbee is increased, nothing 

meaningful should be inferred from the agreement between the modern and fossil systems. 

If not a taphonomic artifact and actually a characteristic of a living population, the higher proportion of 

females in the BPA may reflect a similar proportion in and around Pleistocene streams. Dodd (2001) proposed 

that such proportions may reflect the openness of canopy which otherwise shades turtle nesting sites. The author 

indicates that more open, sunny areas provide more heat for box turtle nests, which in turn increases the 

female/male ratio of developing embryos. If the BPA has preserved, with fidelity, the living sex ratio, Black 

Prairie riparian woodlands may have been more open in the upper reaches of river tributaries, which is certainly 

reasonable based on the evidence for prairies in these regions (Myers 1948, Rankin 1974, Wilson 1981). This is 

only one of perhaps several possible explanations, most others being taphonomic. Alternatively, Stickel (1978) 

has suggested that higher proportions of males among box turtle populations may be symptomatic of a declining 

population. Thus, the BPA subassemblages may also represent ‘healthy’ Late Pleistocene box turtle populations 

in the area. 

Other Emydinae. The other two eastern North American emydines—Glyptemys muhlenbergii (Schoepff) 

and Clemmys guttata (Schneider)—are non-stream taxa currently ranging well outside the Black Prairie. 

Glyptemys muhlenbergii inhabits bogs, swamps, and marshy meadows, and C. guttata is found in a variety of 

lentic habitats (review of Ernst et al. 1994). Neither is suspected to have ranged into Mississippi during the 

Pleistocene, but if they did, the dominant faunal composition of the two BPA subassemblages as well as the 

dominantly fluvial nature of fossiliferous Pleistocene deposits in the Black Prairie suggests both would have 

been found in extremely low numbers, if at all. 

Gopherus polyphemus*. Gopherus is a highly terrestrial turtle that can function and thrive completely 

independent of standing or flowing water of any sort. The gopher tortoise dwells in dry, sandy locales, with 

sunny nesting sites, where it constructs burrows up to 9 m in length in relatively loose, well-drained soil. Soils 

must also support its highly graminivorous and herbaceous diet. High pine-turkey oak and sandhills are favored 

habitat for this turtle in the western portions of its modern range, which lies in the outer Central Gulf Coastal 

Plain. The burrowing habits of this terrestrial turtle would have required loose, friable, and somewhat sandy 

levees along the lower portions of Catalpa Creek (R. L. Franz, pers. com.). 

Giant Testudinidae. The largest tortoises in the world today belong to the genus Geochelone. The genus 

contains more than twenty species of pantropical distribution, none of which currently reside in North America 
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(Ernst & Barbour 1989). The Late Pleistocene common giant caudochelyine tortoise Hesperotestudo, which has 

been found from Florida to Illinois to the Northern Plains, belongs to an extinct lineage more closely related to 

the gopher tortoises than to the modern giant tortoises (Gaffney & Meylan 1988). Species of modern 

Geochelone, used frequently as models for Hesperotestudo, vary with respect to their association with water, 

although most appear to operate rather independently of permanent water bodies. Given that H. crassiscutata is 

a rather common constituent of stream-concentrated assemblages, it would make sense that this particular 

tortoise spends at least some of its time near water, although the amount of time spent and frequency of visits to 

flowing water is a matter of conjecture. Modern tortoises are unable to stand severe freezing temperatures 

(Hibbard 1960), thus the presence of Hesperotestudo suggests milder winters for the Black Prairie (Holman 

1976). 

 

 

PALEOSYNECOLOGY 

PT. I:  Modern Communities as Models 

 

As discussed earlier, paleoautecological studies are based on CLE models that use comparative 

functional morphology of living forms/taxa to derive behavior and ecology from extinct or ancient forms/taxa. 

One of many published examples of this uses modern camelid skull morphology to hypothesize about diet and 

feeding strategies in extinct camelids (Dompierre & Churcher 1996)—the morphological later validated by 

isotopic analysis (Feranec 2003). Likewise, in order to interpret meaningfully the structure of ancient 

communities, it is necessary to know how modern communities are assembled. Paleosynecological studies then 

depend on the accurate interpretation of (1) functional morphology as an indicator of diet, behavior, and other 

autecological characteristics of a species, and (2) modern species aggregations (i.e. communities). Regarding 

the study at hand, before meaningful community comparison can take place between fossil assemblage and 

living chelofaunas, among modern living chelofaunas, or within the same living chelofauna sampled on 

different occasions, a look at sampling methodology for living populations is necessary. 

Live Sampling. There are two basic methods of counting individual turtles when assessing abundance in 

modern aquatic habitats. These are sighting and collecting/trapping. Most sighting-based surveys are performed 

from watercraft on turbid water and thus target basking turtles. Because of this, such surveys only accurately 

enumerate the most religious of baskers—like Graptemys, Pseudemys, Trachemys, and the aquatic emydines. 

However, in the clear spring-fed rivers of Florida, sighting surveys can be performed by swimmers and 

snorkelers and are generally assumed quite accurate. As basking turtles are very shy and readily disappear into 

the water upon approach, basking surveys, whether performed from dry land or boat, are best performed with a 

remote visual aid, like a spotting scope or binoculars. Collecting methods are of two types: hand collecting and 

trapping. “Hand collecting takes about as many forms as there are collectors” (Plummer 1989: 45). Ponds and 

small streams are perhaps best hand-collected on foot. Rivers and lakes are best hand-collected from a boat. 

Boat collecting can be done from the bow without leaving the boat or can involve the use of a diver/snorkeler 
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working from the bow. Trapping comes in two forms—baited and unbaited. When targeting all turtles and 

attempting to avoid species-specific bias, baited traps must employ food lures that appeal to all chelonian 

palates, preferably several varieties of animal and vegetable. Unfortunately, Pseudemys responds poorly to fish 

bait (review of Ernst et al. 1994), and Graptemys usually does not respond to any type of food lure (e.g. 

Plummer 1989). Similarly, an unbiased, unbaited trapping regimen must also recognize the differing behaviors 

of different species. Although not necessarily chasing food lures, Graptemys does enter traps—for whatever 

reason (Plummer 1989). In fact, when attempting to assess the entire chelonian diversity for a particular locale, 

it is best to use a combination of sampling methods to increase the likelihood of obtaining a heterogeneous 

sample that most likely represents natural relative abundance. 

As is the case in measuring any living population, relative species abundance data from chelonian 

communities is “obfuscated by collecting biases, species’ habitat differences or [species’] preferences, seasonal 

changes, geographic variability, and local conditions” (Bury 1989: 571). Collecting biases may be minimized 

by using either a broad variety of sampling methodologies, as suggested by Ream & Ream (1966), or a single 

methodology with minimal or no bias, as proposed by Bider & Hoek (1971). If only one trapping method is 

used, it should target the habits of all chelonian species in the community equally. Collecting efforts using 

terrestrial drift fences yielded similar numbers of sliders (Trachemys scripta) and mud turtles (Kinosternon 

subrubrum) in a Carolina Bay in the South Carolina coastal plain; however, baited aquatic traps set at the same 

locality yielded twice as many sliders as mud turtles (Gibbons 1990). If heavily biased individually, several 

methods used in conjunction with one another could be applied in order to produce a sample more 

representative of species proportions in the sample area. 

In addition to potential physical and spatial bias in population sampling of modern turtle communities, 

there are also temporal biases. Bias can occur at several different time scales: annual, seasonal, and diel. In 

addition, these three scales may contain variable amounts of environmentally and biorhythmically determined 

turtle activity. The least biased samples are made during times when turtle species are equally active or from 

continuously collecting traps. Depending on the species, peak activity—the optimal time for being trapped—

occurs at different times of the day. Furthermore, if attempting to sample across all species evenly, the collector 

must be aware of the preferred microhabitats of those species (e.g. Plummer 1989). 

Examples of the commonest turtle population sampling methods—singly or in various combinations—

were used in the comparative surveys discussed below and summarized in Table 14. Individual counts within a 

sample were usually unique. That is to say, recounting an individual due to recapture or resighting is either 

suspected or known to have occurred in 8 out of 22 studies used here, but no species is suspected as being 

significantly over- or under-represented based on repeated or otherwise redundant counting. 

The possibility of sampling bias in the modern relative abundance counts, which will be compared to the 

fossil data, begs another major assumption: 

Assumption #6.  Community Sampling: The cited turtle samples used in the living RTA comparisons to 

follow were sampled with relative numerical fidelity and thus accurately represent the proportions 

within the environments sampled. In other words, a sampling regimen using a variety of trapping 
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methods, in turn employing a broad spectrum of bait, should enumerate each turtle species in the 

same proportion as it occurs in the entire local turtle population. This is almost certainly not the case. 

For example, Graptemys and Pseudemys concinna respond poorly to fish and other baits (e.g. Vogt 

1980). Nevertheless, the living communities chosen and described below were the best candidates at 

hand for the comparison. 

Obviously, an investigator that sets out to sample a modern turtle community and attempting to do so with as 

little bias as possible in order to enumerate all species equally will be sorely disappointed. The possibility of 

bias probably always exists, in spite of claims to the contrary (Bider 1971). Yet, sampling methodologies that 

asses relative abundance with as little bias as possible continue to be sought but with the realization that bias 

can only be minimized and not completely eliminated. 

Habitat & RTA. A chelonian community study in a large impoundment of the Tennessee River 

demonstrated phylogeny to be “of greater importance in structuring resource use…than interspecific 

competition” (Lindeman 2000: 992). Morphologic, phylogenetic, and historical determinants of resource use 

(see Lindeman 2000) are long-term and stable and form the basis for which chelonian RTAs can be used to 

reconstruct paleoenvironment. If interspecific competition—an ephemeral, dynamic but nevertheless important 

determinant of resource use—was more important than niche-defined, evolutionary determinants, then RTAs 

would be of little or no value in reconstructing fossil communities. Thus, within a community, the relative 

abundance of species or ecomorphotypes that are individually associated with certain habitats, feeding 

strategies, and behaviors, is therefore necessarily suggestive of an environment with similarly varied ecological 

dimensions. However, broad resource overlap does occur between congeneric species (review of DonnerWright 

et al. 1999). In addition, habitat use by a turtle species may not necessarily reflect a direct environmental 

preference, per se. For example, Vogt (1981) observed that, although the three map turtle species inhabiting the 

Upper Mississippi River appear to be partitioning habitat, they are actually following their individually 

preferred food items, which in turn inhabit different habitat types. On the other hand, the reason for differences 

in habitat preferences (i.e. partitioning) among species is immaterial. Direct or indirect, the effect is the same, as 

long as a species is historically consistent in its habitat use or niche preference. Thus, if habitat partitioning can 

be identified at all, in the modern or fossil record, then species occurrence can be predictive of preferred 

habitats—or the preferred resources those habitats contain. 

The previous two considerations—numerical integrity of live sampling and predictability of species 

behavior—are combined for yet another major assumption in setting the stage for a comparison of fossil 

assemblages to modern communities: 

Assumption #7.  Relative Taxonomic Abundance (RTA) = Relative Habitat Abundance: In a living turtle 

community, the relative abundance of turtle taxa translates to relative abundance of habitat 

preferred by those taxa, although the ratio of individual turtles per unit habitat area may be different 

from one species to another. In other words, very few turtle species occur in similar numerical 

abundance within a given area or volume of water and some always occur in low abundance at 

normal population levels. For example, the largest turtle in the BPA—the alligator snapping turtle—
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is never as numerically abundant nor constitutes quite the proportion that map turtles do in riverine 

situations or kinosternids in swamps. Thus, there are some turtle species that are more r-selected and 

others more k-selected. 

Because many turtle species have limited ranges, RTA data derived from modern turtle surveys and the 

BPA subassemblages is transformed into relative abundance of habitat as defined by the classification of turtles 

into three generalized habitat guilds (Table 14). This distribution of taxa among guilds is deemed to be the most 

appropriate manner in which to compare the composition of those turtle fossil assemblages with faunal qualities 

to extant chelofaunas. Not all modern studies sampled the same amount of geographic space, thus sampling 

scale is variable. Also, the BPA subassemblages represent aquatic-riparian communities, but not all comparative 

studies below included the riparian environment in their sampling. In addition, it is unknown whether 

Terrapene—a riparian turtle comprising a large portion of the BPA—was mostly dying within Black Prairie 

Pleistocene streams or on the floodplains adjoining them. Drift fences and pitfalls traps are used to sample 

riparian zones around lotic and lentic bodies. Sites where this method was applied include all marshes, all ponds 

but one, a few lakes, and the upland stream habitats. None of the lowland river sites and many of the lakes were 

not sampled in this manner. This means that Terrapene and errant/migrant turtles were missed in river 

floodplains and around most lakes. This does not necessarily affect the legitimacy of the comparison to the 

BPA, although this point will be discussed soon. 

Background for each living turtle community used in the modern-fossil comparison is discussed in some 

detail in the following section. Most of the communities in Table 14 are covered. 

Pearl River (Mississippi). Different sampling methods or regimens have been used to obtain relative 

species abundance for the same community at different times and by different investigators. In such cases, when 

there are significant changes or discrepancies in RTA from one sample to another, it may be difficult to 

demonstrate actual change in relative species abundance due to variations in sampling methodologies. Figure 47 

provides an example of a turtle community sampled by using various methods over a 45-year period, with 

sampling performed on four separate occasions, by four different people, for varying durations, and at irregular 

intervals. Sampling in 1978 yielded very different results from previous and subsequent sampling periods. This 

is surprising given the sampling regimen employed specifically targets the genus Graptemys. Methods 3 and 4 

(Fig. 47), which involved the use of fyke nets, trammel nets, and carp horns, are tailored for maximizing map 

turtle capture and have proved to do so elsewhere (Vogt 1980). Note that although the most recent sample, the 

fourth, is an order of magnitude greater in size than the first two samples, these three samples are much closer to 

one another proportionally than either is to the third, which like the fourth is quantitatively larger than samples 

one and two. Also note that the coefficient of variation is much lower when the deviant third sample is 

excluded. Either the sampling regimen used in the third sample is not as efficient as suggested by Vogt (1980), 

or Graptemys experienced a population decline in the 1970s relative to the other turtle species occupying the 

same stretch of river channel. A possible reason for the decline in the relative numbers of Graptemys was not 

offered by the collectors of the third and fourth samples—Vogt (1980) and Lindeman (1996), respectively. 

Nevertheless, by the time the fourth sample (Lindeman 1996) was collected, the population seems to have 
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  Figure 47.  Turtle population stability in the Pearl River drainage, Mississippi, over a 45-year period. Numbers on graph refer to sampling methods: (1) hand-
collecting from bow of boat (Chaney & Smith 1950), (2) seine traps, (3) unbaited fyke nets, (4) trammel nets & carp-horns, and (5) sighting by spotting 
scope. Neither Lindeman (1996) nor Vogt (1980) comment on possible reasons for the decrease in RA of Graptemys (G. gibbonsi and G. oculifera). The first 
thought is trapping bias; however, Vogt (1980) states that methods (3) and (4) are well-tested in the Southern U.S. and specifically target Graptemys. Note: 
Although not included here, two Sternotherus odoratus specimens were part of Tinkle’s (1958) sample.  
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recovered. The consensus proportion—the mean of samples one, two, and four—is considered the equilibrium 

proportion here and reflects the greater relative abundance of Graptemys as detected by similar studies in other 

rivers across the Central and Southeastern United States. 

Upper Mobile Basin (Alabama & Mississippi). Similar fluctuations may occur when sampling 

methodology is held constant. Turtle surveys by Tinkle (1959) in the Tombigbee Basin of western Alabama 

tracked RTA annually over a 4-year period along different segments of the same drainage using the same 

methodology year-to-year (Fig. 48). The method used was that of Chaney & Smith (1950) and involved night-

time hand-capture of turtles from the bow of a boat, which is apparently quite effective. The river channel above 

the Fall Line (Fig. 48a) exhibited considerable fluctuations in the relative abundance of the two most common 

taxa—Sternotherus depressus and Pseudemys concinna. Below the Fall Line (Fig. 48b), populations were 

relatively stable with Graptemys pulchra considerably more abundant than other chelonian species. Small 

sample size may be the principle culprit in the fluctuations above the Fall Line. Low stage in 1955 and muddy 

water in 1956 may have also affected either sampling effort or the turtle population itself. Although it prefers 

shallower rivers above the Fall Line, S. depressus also prefers relatively clear water (review of Ernst et al. 

1994). Pseudemys concinna consistently decreased in absolute numbers and had the higher CV over the entire 

sampling period. As this species prefers deep water, most cooters may have moved further downstream in 

response to the low summer water level of 1955-56. 

Somewhat lentic riverine habitat dominates the major rivers of the Tombigbee Basin above the Fall Line, 

while lotic habitat dominates below. The relative abundance of the chelonian taxa reflects this fundamental 

difference. Graptemys nigrinoda, like most map turtles, prefers the relatively deep, flowing water of rivers, and 

this is reflected in Fig. 47b. Although a large stream, the Black Warrior has very low flow in places to the point 

of being lentic and possesses very few sandbars (Tinkle 1959)—an environment less appealing to species of 

Graptemys. 

Altig (1973) provided no absolute quantitative measure of turtle abundance in his survey of the 

Tombigbee River and its floodplain, but the author did record animal abundance subjectively, classifying 

chelonian species as either rare, infrequent, common, or abundant (Table 13). Walking and boating three 

different areas of the Upper Tombigbee River along the eastern margin of the Mississippi Black Prairie, Altig 

(1973) presented a relative quantitative measure of turtle species abundance. Altig’s (1973) observations 

suggest that Graptemys nigrinoda and Gr. pulchra occur with relatively equal frequency; however, Tinkle’s 

(1959) earlier study suggests G. nigrinoda is considerably more abundant than Gr. pulchra. As mentioned 

earlier in the systematic portion of the current study, Altig’s (1973) identification of Sternotherus carinatus 

from the Tombigbee River is likely misidentified S. minor (no specimens retained), which means that S. minor 

may be more common than indicated by the author’s subjective classification. In Altig’s (1973: 107) study, 

“one man spent from five to six days in each area each season plus several extra trips of one day were 

interspersed through the year.” Collecting methods were not discussed, and only referred to as “standard.” What 

became of the voucher specimens, if any specimens were retained at all, is not known. 
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A B O V E  the Paleozoic-Mesozoic Fall Line (MS-AL)
Upper Black Warrior River (above Tuscaloosa, AL)
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B E L O W  the Paleozoic-Mesozoic Fall Line (MS-AL)
Lower Black Warrior (below Tuscaloosa, AL) & Tombigbee Rivers
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 Figure 48. Population stability in modern riverine chelofaunas over short time periods. RTA of turtle 
populations in the Tombigbee River Basin (= Tombigbee & Black Warrior Rivers) above (a) and below (b) 
the Fall Line (data from Tinkle 1959: Table 3). The sampling regimen, consistent throughout the study, 
included various types of traps and the hand collecting method (from a boat) developed by Chaney & Smith 
(1950). See Fig. 3 for location of the Fall Line along the Black Warrior River. There is a general positive 
correlation between stream order (or size) and the relative abundance of Graptemys—evident here and in other 
turtle surveys. In this case, the sampled section of the upper Black Warrior (a) is a lower order (smaller) 
section with more lentic subenvironments than the lower Black Warrior and Tombigbee Rivers (b). 
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Table 13.  Relative abundance of turtle species observed in and along
the Tombigbee River and its major tributaries in the late 1960s and early 1970s,

prior to construction of the Tenn-Tom Waterway1

Family Species R
ar

e

In
fr

eq
ue

nt

C
om

m
on

A
bu

nd
an

t

Section
Macroclemys temmincki C, S
Chelydra serpentina C, S
Apalone spinifera C, S
Apalone mutica C, S
Sternotherus odoratus C, S
Sternotherus minor ? C, S
Sternotherus carinatus 2 ? ? S
Kinosternon subrubrum C, S
Graptemys nigrinoda C, S
Graptemys pulchra C, S
Chrysemys picta C, S
Pseudemys concinna 3 C, S
Trachemys scripta C, S
Deirochelys reticularia S
Terrapene carolina C, S

C

S

1

2

3

Chelydridae

Trionychidae

Kinosternidae

According to the review of Ernst et al. (1994), Pseudemys floridana  is limited to the eastern and coastal-most 
portions of the Gulf Coastal Plain, Florida, and the lower Atlantic seaboard. In the western reaches of its 
range, this species is found no further west and north than the Mobile Bay area. Turtles identified by Altig 
(1973) as Ps. floridana would be referred to Ps. concinna  by most other workers.

Emydidae

Central section of the Tombigbee River in Mississippi, including associated major tributaries; 
forms the eastern border of the Central Missisippi Black Prairie (Fig. 37 a: Monroe, Chickasaw, 
and Itawamba Cos.).

Southern section of the Tombigbee River in Mississippi, including associated major tributaries; 
forms the eastern border of the Southern Mississippi Black Prairie (Fig. 37 b: Kemper, Noxubee, 
Oktibbeha, and Lowndes Cos.).

The possibility of S. carinatus in the modern Tombigbee River has not been substantiated. The author 
collected no voucher specimens (that can be located), and all other resources and researchers consulted over 
the course of the current study indicate the species is entirely absent from the Mobile Basin. For example, the 
reviews of Iverson (1979) and Ernst et al. (1994) do not include the Mobile Basin in the range of this species. 
It is possible, although not conclusive, that turtles identified by Altig (1973) as S. carinatus are actually 
misidentified S. minor . Further investigation is needed.

Based on the environmental impact study of Altig (1973), conducted to assess the potential ecological impact 
of the Tennessee-Tombigbee Waterway on herpetologic communities. Observations were made within the 
river channel, backwaters, and floodplain forest. No absolute data was published, and voucher specimens 
were either not taken or cannot be located. Light gray boxes indicate an intermediate rank between abundance 
classes.
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A commercial turtle collecting trip along the Alabama River on the south side of the Fall Line (Fig. 3) in 

the spring of 1984, which occurred prior to the passage of laws restricting such practices, yielded chelonian 

proportions similar to those found by Tinkle (1959) in the same region 25 years earlier. Muir (1984) reported 

that the methodology used by the commercial collector was essentially the same as that used by Tinkle 

(1959)—night-time grabbing from the bow of a boat (see Chaney & Smith 1950). Three hours of intensive 

collecting yielded 157 specimens, 88% of which was Graptemys nigrinoda (Muir 1984). None of the five 

remaining species—Gr. pulchra, Macrochelys temmincki, Sternotherus minor, Pseudemys concinna, and 

Trachemys scripta—individually constituted more than ~5% of the total turtles collected. An essentially 

identical collecting trip using the same methodology along the Cahaba River (Fig. 3), a major tributary river of 

the Alabama on the north side of the Fall Line, produced more Gr. pulchra than any other species, including G. 

nigrinoda. 

A second major tributary of the Alabama River—the Coosa (Fig. 3)—produced nine or fewer turtles in 

each of two hand-collecting and two basking count surveys (Tinkle 1958b). Essentially equal numbers of all 

species—including Graptemys pulchra—were hand-collected at these low counts and more Trachemys than any 

other species were observed basking. Baited trapping with fish produced much greater numbers of turtles (75 

specimens) with Trachemys being the most commonly turtle trapped (56% averaged over four days) and 

Sternotherus odoratus (25%) and S. minor peltifer (19%) trapped with less frequency. However, most if not all 

Graptemys species do not respond to fish bait (Vogt 1980, Plummer 1989), and this is certainly true of Gr. 

pulchra—the only map turtle confirmed from the Coosa (e.g. Lahanas 1986). Thus, Graptemys is likely to be 

significantly under-represented in this instance, too. 
Based on all the sampling techniques employed in the region to date, rivers and their major tributaries in 

the Mobile Basin, including those draining the Black Prairie, appear to be dominated by the map turtles G. 

nigrinoda and Gr. pulchra in their flowing portions and Pseudemys and Trachemys in their sluggish portions 

(e.g. Tinkle 1959, Vogt 1980, Lahanas 1982, and Muir 1984). Notably absent from the Mobile Basin riverine 

samples above are Apalone spinifera and Apalone mutica—the former known to be otherwise abundant along 

rivers in the basin, the latter less frequent in occurrence, and both otherwise predictably co-occurring with G. 

nigrinoda (Cagle 1954, Altig 1973, Webb 1973a, b). Thus, the collecting and sighting methods employed above 

must be considerably biased against softshell turtles (Apalone). In fact, all larger, free-flowing river channels 

draining directly or indirectly into the Gulf of Mexico appear to be principally composed of the lotic taxa 

Graptemys and Apalone (e.g. Tinkle 1959, Vogt 1980, Lahanas 1982, Muir 1984, DonnerWright et al. 1999, 

Lindeman 2001, and Anderson et al. 2002). In spite of the biases inherent in their relative abundance data, 

Tinkle (1959), Altig (1973), and Muir (1984) provide the only insights into the relative abundance of modern 

chelonian species in major streams of the Upper Mobile Basin. 

Also notably absent from the Upper Mobile Basin riverine samples is Chelydra. This generalist feeder 

almost certainly occurs in the rivers mentioned above both in the main channel and backwater, but sample sizes 

may be too low to detect it. Alternatively, as in the case of Apalone, the collecting methods employed may be 

biased against Chelydra. 
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E. S. George Wetland (Michigan). Colleting methods in marshy lentic wetland in southeastern Michigan 

employed “baited hoopnet traps, basking traps, fyke nets (funnel traps), dip nets, and seines” and involved 

“collecting from a boat, on land, and at drift fences” (Congdon & Gibbons 1996: 140). The RTA is presented in 

Fig. 49 as a sum of mark-release counts over a forty-year period, samples representing the sum of five-year 

blocks (Fig. 49a), and annual population estimates over a 20-year period where the counts have been 

statistically adjusted to reflect actual population size (Fig. 49b). Fluctuations in relative numbers of Chrysemys 

picta may be in response to the introduction or reestablishment of Chelydra serpentina. All four turtle species 

are characteristic of lentic habitats, although Chelydra and Sternotherus odoratus are facultative lentic species 

that are more eurytopic in their occurrence, whereas Chrysemys and Emydoidea are considered obligate lentics 

of impoundments. Where Emydoidea and C. picta co-occur in their preferred habitats of marsh or pond, the 

latter is always the dominant turtle. This may be the result of a variety of population pressures, all directly or 

indirectly related to man (Congdon & Gibbons 1996). 

Rainbow Run (Florida). Rainbow Run, a warm water, high flow, low turbidity spring fed stream in warm 

temperate central Florida, supports hardwood swamp on one bank and a drier oak-pine (Quercus-Pinus) forest 

on the other (Giovanetto 1992, Meylan et al. 1992). It also supports a diversity of aquatic vertebrates (Meylan et 

al. 1992). Rainbow Run was collected by three different parties—one in the early 1940s and the other two back-

to-back exactly fifty years later (Fig. 50). The collecting method employed by Marchand (1942), who 

performed the first sampling of Rainbow Run, involved one man goggling and diving from the bow of a 

johnboat 14 feet long. Marchand (1942: 47) noted that the proportion of the smaller, more reclusive, bottom-

crawling Sternotherus compared to other Rainbow Run taxa is “probably the least accurate” given this turtle’s 

penchant for hiding in the abundant vegetation along the shallower stream bank. In fact, the author went so far 

as to state that this species “may be the most abundant turtle in the area” (Marchand 1942: 47). The spring run is 

relatively deep (12 ft on average), thus the relative abundance of Pseudemys—if accurate—is not surprising. 

Fifty years later, Meylan et al. (1992) reported a drastic change in the aquatic chelonian composition of 

the run (Fig. 50a). The authors implemented a similar sampling methodology (snorkeling) although over a much 

shorter period of four nonconsecutive days in January 1990 and with twelve collectors. The relative contribution 

of Pseudemys spp. was reduced from nearly 73% (Marchand 1942) to less than 9% (Meylan et al. 1992); 

however, the relative proportions of the three species of Pseudemys present (Ps. concinna, Ps. floridana, and 

Ps. nelsoni) did not change (Meylan et al. 1992). Mirroring the significant drop in total Pseudemys numbers was 

an equally significant increase in the relative contribution of both species of Sternotherus, which jumped from 

just over 11% to over 90%. Nearly three quarters of the sternotherines in the Meylan et al. (1992) survey of 

Rainbow Run were Sternotherus minor. Marchand (1942) did not record S. minor from Rainbow Run, but he 

did record this species in great abundance at another spring run (Ichetucknee River, northern Florida) where a 

monotonous growth of the aquatic macroalga Chara provides little, if any, sustenance for the herbivorous 

Pseudemys. As there appeared to be no significant change in aquatic vegetation and habitat, Meylan et al. 

(1992) suggested that the drop in the relative contribution of Pseudemys since L. J. Marchand’s study may be 

due to human predation of turtles for food. Alternatively, recalling Marchand’s (1942) comments regarding the 
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Relative Species Abundance at E. S. George Reserve, MI
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Fig. 49. The chelofauna of the E. S. George Reserve (ESGR), Livingston Co., SE Michigan. Habitat consists of 
app. 14 ha of marsh, swamp, and ponds formed in kettles and intermoraine basins. The climate is humid and cool 
temperate. Graptemys geographica and Apalone spinifera are present, but are extremely rare and considered 
transients in the ESGR ecosystem. These two riverine species colonize the marshes and ponds during the wet 
periods but leave as water levels drop. The same is true of the benthic Sternotherus odoratus, although it appears 
to tolerate lower water levels than the deeper water species. Turtle collections were made with baited hoop traps, 
basking traps, fyke nets, dip nets, and seines—from boats, on land, and at drift fences. (a) Population size based 
on total number of turtles marked, samples representing five-year sums over a forty-year period. (b) Population 
estimates based on “the total number of individuals captured each year adjusted by catchability indices 
calculated over roving 3-year periods encompassing all years of the study” (Congdon & Gibbons 1996). Data
and Fig. 49b borrowed from Congdon & Gibbons (1996). 
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Does not include recaptures. *Includes one specimen of Trachemys scripta .
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  Figure 50. Decadal (a) and seasonal (b) changes in relative abundance among chelonian taxa at Rainbow 
Run, a spring-fed stream in central Florida. Both recent studies were strictly mark-recapture-release with no
permanent retention of specimens, thus the winter 1990 survey could not have affected the winter 1991 
survey. CV = coefficient of variation. Only two collectors were used in Giovanetto’s (1992) study, whereas 
twelve were employed by Meylan et al. (1992). Marchand (1942) and Meylan et al. (1992) sampled the 
same area, whereas Giovanetto (1992) sampled further upstream. 
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hidden abundance and possible dominance of Sternotherus, the small size and cryptic nature of this genus may 

have contributed to its under-representation in the earlier study. That said, it is unlikely that the apparent 

absence of S. minor was due to being sequestered in the vegetation along the stream margin as this is the 

preferred habitat of S. odoratus—S. minor preferring more open areas (Berry 1975, Giovanetto 1992). 

Complicating the picture even further, late that following autumn, Giovanetto (1992) began collecting 

turtles in Rainbow Run, which he did every season for a year—from November 1990 to November 1991 (Fig. 

50a,b). Again, employing basically the same capture-and-release methodology (snorkel-and-fin pursuit and 

capture and muddling) but further upstream and using only two collectors, Giovanetto (1992) produced results 

more in agreement with the earlier RTA documented by Marchand (1942). As with the survey of Rainbow Run 

the year previous, only the relative contribution of Sternotherus experienced a significant increase. However, 

like the study of Meylan et al. (1992), S. minor was at least twice as abundant as S. odoratus in each temporal 

sample. Giovanetto (1992) mentions the slightly older (by one year) study of Meylan et al. (1992), but he offers 

little useful explanation for the considerable discrepancy between the two studies. Although Giovanetto (1992) 

does point out the change in Rainbow RTA since Marchand (1942), he does not comment on the significant 

difference in RTA between his study and the independent and essentially simultaneous study of Meylan et al. 

(1992). Giovanetto’s (1992) results may be thought of as ‘intermediate’ in RTA between that of Marchand 

(1942) and Meylan et al. (1992). Exactly why the results of Meylan et al. (1992) differ so from the other 

surveys is a matter of speculation. Meylan et al. (1992: 226) point out that their “sample was made by 12 free-

swimming snorkelers, whereas Marchand’s samples were taken largely by a single snorkeler moved along by a 

boat.” Although he does not explicitly state how many snorkelers were involved at any one time in his survey, 

Giovanetto (1992) acknowledged only one person for assistance in the field; one might assume a single 

snorkeler-collector, as in the case of Marchand (1942), for a total of two people in the most recent of the three 

studies. Thus, the only real difference between the most recent surveys, if we assume all other factors to be 

either equal or neutral, are the number of collectors, length of sampling period, and absence of shared sampling 

periods (i.e. temporal overlap). The greater number of collectors employed by Meylan et al. (1992) could quite 

possibly account for the greater relative contribution of Sternotherus, a generally more cryptic genus. As 

suggested by Marchand (1942), muddling in the vegetated shallows should produce greater relative numbers of 

Sternotherus. Sternotherus is a smaller turtle than Pseudemys and Apalone that may also be more difficult to 

locate. A greater number of collectors may mean fewer possible directions from which Sternotherus can evade 

capture. 

Upper Mississippi River (Illinois). Three different types of identically sampled riverine habitat along the 

Upper Mississippi River are readily distinguished by the structure of their individual turtle populations (Fig. 51, 

Table 3). In this study, aquatic traps were baited with a variety of foodstuffs in order to attract the total diversity 

of turtle species known to inhabit the study area. Differences in P/A, RTA, and Simpson diversity reflect 

differences in several hydrologic parameters, including depth, velocity, benthic grain size, susceptibility to 

drought, basking structure, and relationship to the main channel. The open river immediately adjacent to the 

main channel is dominated by Apalone mutica—a fully aquatic turtle preferring rivers over smaller streams. 
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 Figure 51.  Relative taxonomic abundance (RTA) in three different habitat types along a major river course—the Upper Mississippi. Turtles were collected 
over the summer of 1997 using “aquatic turtle traps baited with dead fish, liver, or watermelon rind or a combination of these” (Anderson et al. 2002: 172).
The open river, or channel border, habitat was dominated by female softshell turtles (Apalone). Apalone mutica prefers the swifter, deeper open-water of the 
main channel; it also prefers shoreline basking over deadwood basking (Lindeman 2000). Graptemys pseudogeographica is always found in association with 
abundant basking sites (Fusilier & Edds 1994). Map turtles, in general, are absent from the backwater habitat, an old slough meander, due to lack of access to 
the main channel. By late summer, all turtles evacuate the backwater habitat as the water supply disappears. Although not terrestrial turtles, Chelydra 
serpentina and Trachemys scripta exhibit the greatest amount of overland migration of the aquatic species present (review of Ernst et al. 1994). Thus, it 
comes as no surprise that these two species are able to move in and out of the seasonally fluctuating habitat of the backwater environment with relative ease. 
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Graptemys is predictably absent from the shallow, marshy backwater, preferring the main channel and slough. 

This genus increases in relative abundance from river channel to slough (Fig. 51), i.e. from flowing to still 

water. Chrysemys is predictably abundant in the still water of the slough away from the main channel but is less 

so in the ephemeral habitat of the backwater which disappears during drought. The turtles that do best in the 

backwater are Chelydra and Trachemys. These are large turtles and without a doubt the most capable of 

overland travel when connections to the river are severed by low water. 

As with D. W. Tinkle’s studies in the Upper Mobile Basin discussed above, baited trapping is biased 

against Graptemys (e.g. Vogt 1980), which may actually exist in greater numbers relative to all other turtles 

trapped. Therefore, the relative abundance of Graptemys in Anderson et al.’s (2002) study should probably be 

considered a minimum, at least in the case of the open river and slough environments. 

Mississippi River Floodplain (Illinois). One of the earliest, if not the very first, RTA surveys of 

freshwater turtle communities is that of Marchand (1942), who sampled six different lentic sites along the 

Mississippi River in southern Illinois. With the exception of Grimsby Lake, most of these ponds and lakes are 

manmade or modified (Fig. 52), but they nevertheless reflect compositions found in similar natural aquatic 

habitats in the Mississippi River floodplain. Sampling was very thorough and the methodology was consistent 

among all sites. The ponds and drainage ditch are intermittent although they contain some water most of the 

time; the lakes and reservoir are permanent. The shallowness and marshy character of the ponds explains the 

abundance of Chrysemys picta—a small turtle preferring such lentic habitat. The abundance of Trachemys 

scripta in Carbondale Reservoir and Grimsby Lake is consistent with this large turtle’s preference for relatively 

deep slow-moving or, in this case, standing water. The low relative abundance of this species in Elkville Lake 

is, in part, an artifact of sampling which took place after a significant drop in water level. In addition, this same 

lake has a dearth of suitable habitat, instead being dominated by extensive shallow, weedy areas that are less 

than ideal situations for T. scripta. The abundance of T. scripta in the drainage ditch, which is seasonally dry, is 

due to its being used as an avenue of migration between the Mississippi River and Grimsby Lake. 

Lower Mississippi River (Louisiana). The pond slider (Trachemys scripta) dominates turtle communities 

in bayous, cypress swamps, and oxbow lakes along the Mississippi River in Louisiana (Cagle & Chaney 1950); 

however, the false map turtle (Graptemys pseudogeographica) far outnumbers all other turtles in the larger, 

free-flowing tributaries of the Mississippi River like the Ouachita and Sabine Rivers (Chaney & Smith 1950). 

Out of 371 turtles, only one map turtle was captured in floodplain impoundments, and the slider comprised less 

than 10% of all turtle captures along major Mississippi tributaries. Trapping was the primary collecting method 

in impoundments and night-time hand-grabbing from a boat (see Chaney & Smith 1950) was used in the rivers. 

Although a bias against map turtles is inherent in turtle trapping, it is well-established that Graptemys is seldom 

found in isolated impoundments (review of Ernst et al. 1994). 

Piedmont Streams (South Carolina). Metts et al. (2001) examined differences in RTA between free-

flowing and naturally impounded streams in the Carolina Piedmont. Counting and collecting methods consisted 

of baited aquatic hoop traps and drift fences with pitfall traps placed five meters above the local high-water 

mark. The authors found amphibians to possess greater diversity at unimpounded streams and reptiles to have 
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Figure 52a. Turtle community composition in southern Illinois lakes and ponds of the Mississippi River 
floodplain. Note the absence of Graptemys and scarcity of Apalone, both of which prefer the flowing water of 
the river itself. The composition of all habitats is as expected, except for Elkville Lake. The anomalous 
composition of this site is explained in the text. Key: Chelydra = Chelydra serpentina, Sternotherus = S.
odoratus, Chrysemys = Chrysemys picta, Pseudemys = Trachemys scripta, and Amyda = Apalone spinifera.
Arrows indicate migration. Habitat of aquatic sites discussed in Fig. 52b. Borrowed from Cagle (1942). 
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Marion Pond (artificial) 
< 0.1 acres, water 1’ deep 

n=63 turtles, fall 1940 
 

• Only two years old at sampling. 

• Seasonally dry. 

• Sampling followed drastic fall in water level. 

• Habitat similar to Elkville Pond. 

Carbondale Reservoir (modified natural) 
145 acres, depth unknown 

n=493 turtles, summer 1939 
 

• Chemically treated resulting in little aquatic 
vegetation. 

 
• Permanent removals of widely varying nos. of 

all spp. 2 yrs. prior to sampling. 
 
• Chrysemys picta population is concentrated 

along a shallow inlet extending towards a 
nearby satellite pond, which contains a 
greater RTA of this species. 

 
 

 
Elkville Pond (artificial) 

< 0.4 acres, depth unknown 
n=138 turtles, summer 1941 

 
• Satellite pond of Elkville Lake. 

• Seasonally dry. 

• Habitat similar to Marion Pond. 

 
 

Elkville Lake (artificial) 
> 150 acres, depth unknown 
n=214 turtles, summer 1941 

 
• Extensive shallow areas with a lush growth of 

aquatic vegetation. 
 
• Rich invertebrate fauna. 
 
• Sampling followed drastic fall in water level. 

 
 
 

Grimsby Lake (natural) 
acreage unknown, water 5’ deep 

n=190 turtles, summer 1941 
 
• Shallow floodplain lake. 
 
• Turtles move between this lake and drainage 

ditch system. 

 
Drainage Ditch (artificial) 

20-50’ wide, 15 mi long, water 2-4’ deep 
n=1311 turtles, spring 1941 

 
• Drains floodplain swamps and Grimsby Lake . 
 
• Seasonally dry channels are 15-30’ deep. 
 
• Presence of Apalone (Amyda) due to 

connection to the Miss. River. 
 
• No migration of Graptemys from the Miss. R. 

into shallow tributaries or drainage ditches. 

Figure 52b. Habitat descriptions for turtle communities in southern Illinois lakes and ponds occupying the 
Mississippi River floodplain (accompanies RTA pie charts in Fig. 52a). Site sampling consisted of a variety of 
trapping methods and a variety of bait types in order to minimize taxonomic collecting bias. It also included 
muddling, a rather efficient method of hand collecting in shallow areas during low water-level, particularly 
effective at capturing Sternotherus. Physical characters of aquatic sites provided where known. Arrows indicate 
connectedness and turtle migration. Based on descriptions from Cagle (1942). 
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greater diversity at beaver impoundments. Overall, the study pointed to increased diversity and abundance in 

herpetofaunas in beaver-impounded streams. 

Turtle diversity and relative abundance is very different between the two habitats (Fig. 53). The box 

turtle (Terrapene) dominates the shallow, free-flowing stream habitat, which is also home to modest proportions 

of mud turtle (Kinosternon) and the relatively ubiquitous snapping turtle (Chelydra). The domination of 

Piedmont impoundments by Chrysemys picta over other turtles and its absence from free-flowing streams is 

consistent with the predilection of this taxon for lentic habitat. Although likely present in free-flowing streams 

but not in detectable numbers, Sternotherus odoratus seeks out the abundant aquatic vegetation, calmer 

margins, and softer substrate offered by stream impoundments. The greater average depth of the beaver ponds 

explains the increased relative abundance of Chelydra. 

Coastal Plain Carolina Bays (South Carolina). Drift fences and pitfall traps have been used successfully 

for many decades at the Savannah River Site (SRS) (see review of Gibbons & Semlitsch 1991). Drift fence 

collecting at Dry Bay, for example, took place daily, usually in the afternoon, and fences were patrolled several 

times a day “during nesting seasons and after major rains” (Buhlmann & Gibbons 2001: 116). Pitfalls traps at 

drift fences collecting continuously, thus there are no diel effects resulting from variations in turtle activity. 

Early in the Dry Bay study, drift fence sampling was supplemented with aquatic fyke nets and hoop nets. 

There appears to be a gradient in turtle proportions roughly reflecting physical gradients in the Savannah 

River wetland area (Fig. 54). The proportion of Trachemys, a fully aquatic turtle requiring relatively deep (or 

open) water, decreases while the proportion of Kinosternon, a somewhat terrestrial aquatic turtle preferring 

shallow (or shore) water, increases with increasing distance from the main river (i.e. uphill). Deirochelys is 

adapted to the stiller, more fluctuating seasonally aquatic environments away from the river, as is Kinosternon 

subrubrum. Pseudemys, Trachemys, and Sternotherus, on the other hand, prefer more permanent aquatic 

habitat. If the Carolina bays in Fig. 54 were rearranged in order of increasing susceptibility to drought (left to 

right), Kinosternon would consistently increase and Sternotherus decrease. Terrapene occurs in much greater 

abundance in the upper hardwoods surrounding the SRS. Although Chrysemys picta is present within the SRS, 

it occurs in very low abundance as this area is on the very edge of its range (Gibbons & Semlitsch 1991). 

Manmade Ponds of the Southern Piedmont (Alabama). Stone et al. (1993) sampled turtle communities in 

manmade ponds in the Southern Piedmont Upland (~700 ft elevation). There were presumably no manmade 

ponds during the Late Pleistocene, but few natural turtle pond communities have been studied in this part of the 

South and in this particular type of upland habitat. Thus, this provided the only available comparative sample of 

its kind (Fig. 55).  

Drift fences and pitfall traps were employed here, too, as were aquatic funnel traps. Temporal sampling 

effects, including seasonal, were negligible (Stone et al. 1993). Pitfall traps were monitored daily from 

September 1972 to March 1974 and continuously from August 1988 to May 1990, although they were checked 

every third day during the winter months of 1988-90. Pond #1 was funnel trapped continuously for 2,318 trap 

days from September 1972 to March 1974 and for 319 days in the summer of 1988 and fall of 1989. Pond #2 

was funnel trapped continuously for 844 days in April 1972 and from March 1973 to March 1974 and then 
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FREE-FLOWING Secondary Streams
in the Upland Piedmont

Depth = 0.5 m
Savannah River Basin, South Carolina

(Metts et al. 2001)

Chelydra serpentina
3.3%

Kinosternon 
subrubrum

3.3%

Terrapene carolina
93.3%

No. Live Individuals=30
Sampling methods: Drift fences, unbaited pitfall 
traps, and aquatic traps baited with sardines.

Jan 1998 - May 1999

a 

BEAVER IMPOUNDMENTS
of Secondary Streams

in the Upland Carolina Piedmont
Depth = 0.5 to 1.0 m

Savannah River Basin, South Carolina
(Metts et al. 2001)

Sternotherus 
odoratus

23.2%

Chrysemys picta
45.3%

Chelydra
serpentina

13.2%

Trachemys
scripta
1.6% Terrapene

carolina
11.6%

Kinosternon 
subrubrum

4.7%

Pseudemys concinna

No. Live Individuals=190
Sampling methods: Drift fences, unbaited pitfall 
traps, and aquatic traps baited with sardines.

Jan 1998 - May 1999

0.5% 

b 

   
Figure 53. Comparison of chelonian composition between different stream subenvironments in the South 
Carolina piedmont. This comparison includes a terrestrial-riparian chelonian component represented by 
Terrapene, which was collected in drift fences along streams. Note the complete absence of Apalone, which 
is not surprising considering the coarse gravelly substrate of these small, narrow upland streams. Note the 
similarity between the free-flowing Piedmont stream and the Town-Fuller subassemblage (Figs. 36, 43-45). 
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Limnetic Habitat in the South Carolina Coastal Plain

0.0%

10.0%

20.0%
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40.0%

50.0%

60.0%

70.0%

80.0%

----ELLENTON BAY----
n=3,843, 1967-85; 24.7 ac

heavily vegetated,
periodically dry lake-
marsh, 0.5-2.0 deep

(Gibbons et al. 1990)

-----RISHER POND-----
n=100, 1984; 2.7 ac

manmade impoundment of
a perennial stream, 2.5 max

depth (Congdon et al.
1986)

-------DRY BAY-------
n=982, 1993-97; 11.9 ac

rarely dry lake, 0.8-2.1 max
depth (Buhlmann &

Gibbons 2001)

---RAINBOW BAY---
n=59, Apr 1979 - Mar

1980; 2.5 ac seasonally
dry pond, 1.0 m max depth

(Gibbons & Semlitsch
1982)

--------SUN BAY--------
n=144, Apr 1979 - Mar
1980; 2.5 ac seasonally

dry pond, 0.35-1.00 m max
depth (Gibbons &

Semlitsch 1982)

Chelydra serpentina

 Figure 54. Limnetic habitat in the South Carolina Coastal Plain, including four Carolina Bays of various sizes and one artificial 
pond. All counts are based on raw data from mark-capture studies (recaptures excluded), except Risher Pond, for which raw data 
was not available. Risher Pond numbers are statistical population estimates based on raw data transformed by Congdon et al. 
(1986). Ellenton Bay RTA based on raw counts provided in Gibbons et al. (1990) matches very closely RTA using population 
estimates provided in Congdon et al. (1986). Sampling was accomplished largely by the use of drift fences and pitfall traps.
*Included in Kinosternon subrubrum counts from Dry Bay are seven K. bauri. 

Kinosternon subrubrum*

Sternotherus odoratus

Clemmys guttata

Trachemys scripta

Pseudemys floridana

Deirochelys reticularia

Terrapene carolina

Increasing  distance from Savannah River.
Generally decreasing  size, average depth.
Generally increasing  susceptibility to drought.

Clemmys 
guttata 

0.2%
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Manmade Ponds in the Alabama Piedmont

0.0%

10.0%

20.0%
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80.0%

1972-74: n=1,959 1988-90: n=642 1972-74: n=556 1988-90: n=311

 Figure 55. Turtle populations in manmade ‘farm ponds’ in the Southern Piedmont Upland of eastern Alabama (data from Stone et 
al. 1993). Ponds were sampled with aquatic funnel traps and drift fences lined with pitfalls traps. Pond #1 was treated with fish 
fertilizer from 1955-70 and Pond #2 treated similarly in 1960. Aquatic vegetation is comparable among Pond #1 1988-90, Pond #2 
1972-74, and Pond #2 1988-90. Pond #1 essentially lacked vegetation from 1972-74, hence Sternotherus in very low abundance. 

Pond #1: 4.0 ac, 4.0 m max depth Pond #2: 3.5 ac, 3.6 m max depth

Chelydra serpentina

Apalone spinifera

Kinosternon subrubrum

Sternotherus odoratus

Chrysemys picta

Trachemys scripta

Pseudemys floridana

A. spinifera
0.3%

Ps. floridana
0.2%
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again in the spring, summer, and fall of 1989 for 282 days. Pond #1 was unvegetated during the first sample 

period. 

Vegetated and unvegetated ponds in the Southern Appalachian Piedmont appear to be dominated by 

Kinosternon subrubrum, with lesser and sometimes nearly equal relative abundance of Trachemys scripta (Fig. 

55). This is in contrast to ponds at lower elevations throughout the Mid-South where Trachemys is by and large 

the numerically dominant species over minority proportions of Chelydra and Kinosternon (e.g. Parker 1990; 

also R. L. Jones, pers. com.). Chrysemys picta is relatively abundant in natural and manmade ponds and lakes of 

the Southern Piedmont (Figs. 52 & 54), but this is not the case at lower elevations in the South (e.g. Fig. 53 and 

Parker 1990), where it is replaced by Trachemys scripta as the most abundant ‘pond turtle.’ 

Glacial Lakes of the Midwest (Indiana). Smith & Iverson (2004) demonstrated that Chrysemys picta 

dominates glacial lakes in Indiana, but the researchers also showed that time of day and trapping methodology 

can affect relative species abundance (Fig. 56). Aquatic sampling with fyke nets and hoop traps preferentially 

samples active turtles, thus relative abundance will vary with diel variations in species activity. Over both 

sample periods—May & June 1995-97 and July & August 1993-2002—C. picta is clearly the more abundant 

chelonian species in Station Bay of Dewart Lake (Fig. 56). However, for samples made during evening hours, 

Sternotherus odoratus accounted for a much greater percentage of total turtle numbers. Very similar proportions 

were observed forty years earlier by Wade & Gifford (1964), who collected (using nets and baited traps) the 

same species with C. picta and S. odoratus constituting 59.3% and 34.3% of the total number, n = 575. As 

stated earlier, Chrysemys dominates ponds and lakes of northern latitudes and appears to be gradually replaced 

by Trachemys with decreasing latitude and perhaps even altitude (e.g. Figs. 52-55). 

Turtle-Habitat Summary: Terrestrial turtles. Box turtles (Terrapene) were recovered only from the 

Carolina Piedmont (93.3% for free-flowing and 11.6% for impounded streams) and Goose Pond (0.4%). The 

second-most terrestrial turtle recovered among all samples in Table 14 was Glyptemys insculpta, which was 

recovered from the St. Croix River (0.5%). These three sites were the only sites that included terrestrial turtles 

in their samples. All localities provided for comparative purposes were aquatic in nature, i.e. sampling took 

place in or near streams. Although the range of the fully terrestrial Gopherus includes a couple of the 

comparative study areas, floodplains of high-order stream habitats are not appealing to this turtle. 

Lotic Turtles. All species of Graptemys are very closely associated with some type of primary riverine 

habitat, whether lotic or lentic, although most are associated with the flowing water of the main channel. 

However, Gr. pulchra of the Alabama River drainage is known to ascend larger tributary streams where it does 

not leave the main channel. Thus, Graptemys is not a natural inhabitant of upland or otherwise isolated ponds 

and lakes—only those connected to the main river. All species of Pseudemys are river turtles, but they also 

inhabit ponds and lakes closely associated with main river channels as long as they are of adequate depth. All 

Pseudemys species are large turtles, thus they require aquatic habitat of substantial dimensions. 

Lentic Turtles. Ponds and lakes isolated from rivers are clearly Trachemys-Kinosternon dominated 

systems in the Southeast (Figs. 53 & 54). Where lentic environments are connected to streams, the relative 

abundance of Sternotherus odoratus increases and may surpass that of Kinosternon (e.g. Fig. 53, Fig. 54: Risher 
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DEWART LAKE, IN: May & June 1995-97

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%

90.0%

n=286 n=81 n=18 n=77 n=139 n=15 n=616

6AM - 9AM 9AM - 12PM 12PM - 3PM 3PM - 6PM 6PM - 9PM 9PM - 12AM 6AM - 12AM

Dawn Mid-Morning Noon Mid-
Afternoon

Early Evening Late Evening TOTAL

Chelydra serpentina

Apalone spinifera

Sternotherus odoratus

Graptemys
geographica

Chrysemys picta

Trachemys scripta

Emydoidea blandingii

DEWART LAKE, IN: July & August 1993-2002
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Figure 56. Turtle community sampling in Dewart Lake, northern Indiana (data from Smith & Iverson 2004). 
Turtles were collected using fyke nets and hoop traps at the mouth of a lake bay called Station Bay. The 
marsh environment of the bay is relished by Chrysemys picta. Only one Blanding’s turtle was collected in 
1995-97 spring sampling, but eight were recovered during 1993-2002 summer sampling. The odd 
proportions for Noon and Late Evening, May-June 1995-97, may be due, at least in part, to sample size 
effects. However, based on absolute numbers, Chrysemys picta and Chelydra exhibited greater crepuscular 
activity than all other turtles (Smith & Iverson 2004). The most substantial relative fluctuations (min-max) 
in turtle captures occur in the most abundant turtles—Sternotherus, Chrysemys, and Graptemys; however, 
the day totals are in generally close agreement for both sample periods. Counts include recaptures. 

212



Pond). The dominant turtles of Piedmont stream impoundments in the Southeast are Chrysemys picta and S. 

odoratus (e.g. Fig. 53). Trachemys scripta is considerably more abundant than C. picta in isolated ponds and 

lakes throughout the Southern Coastal Plain Province (Fig. 55 this paper, review of Ernst et al. 1994, and R. L. 

Jones, pers. com.). This observation coupled with the fact that C. picta at cooler latitudes is on average larger 

than its southern counterpart add to the previously recognized differences between warm-temperate and cool-

temperate populations of this species. However, the pond habitats where Trachemys numerically dominates 

Chrysemys are upland manmade farm ponds and not a natural, indigenous aquatic system (e.g. Fig. 55 this 

paper, R. L. Jones, pers, com., and pers. obs.). Natural slow-moving and impounded streams appear to be 

strongholds for Chrysemys picta populations, although Altig (1973) still found Trachemys to be more abundant 

than C. picta in a cursory turtle-spotting study within the major river draining the Black Prairie District. In the 

northern tier of eastern and central states, C. picta is the dominant turtle of isolated lentic environments, 

including ponds (Fig. 49, 51), the shallower, marshier portions of lakes (Fig. 56), and marshes (Fig. 49). 

However, larger, more open lakes connected to streams are generally dominated by T. scripta (e.g. Fig. 51 & 

51). Smaller, more isolated ephemeral lentic environments of the Southern Coastal Plain, like Carolina Bays, 

are dominated by Deirochelys reticularia, at least within the range of this species (e.g. Fig. 54). 

 

 

PALEOSYNECOLOGY 

PT. II:  BPA Compared to Extant Communities 

 

If the fossil collection presented herewith approximates a once-living community, and if chelonian 

autecology and synecology are reasonable predictors of environmental structure, then the BPA may hold clues 

to the paleoenvironment as suggested by its composition, in terms of both P/A and RTA. Table 14 compares the 

MNI composition of the BPA subassemblages to sample counts from modern turtle communities. Most of these 

communities were described in the previous section. Twenty-two modern chelonian communities from all over 

eastern and central North America and representing a variety of aquatic and some riparian environments are 

used in the comparison. Comparative community samples were chosen from a variety of habitat types. 

Unfortunately, the available lotic samples are dominated by intermediate to high order streams with only two 

low order stream habitat samples available, both from the Carolina Piedmont (900-1000 ft, see Fig. 53). 

Although concentrated by mostly low order streams, the BPA samples are from much lower elevations (165-

235 ft) in the Gulf Coastal Plain. Equally unfortunate is the dearth of comparative data from modern 

communities in the immediate area of the BPA. Where possible, an attempt was made to include data from 

studies containing as little collecting bias as possible, using either a broad sampling regimen consisting of a 

comprehensive diversity of sampling methods or a single method that captured as many species as possible in 

proportions reflecting study area habitation. 
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Assumption #8.  Fossil Sample ≈ Live Samples: The relative abundance of fossil species as determined 

from relative abundance of fossil shell elements is comparable to the relative abundance of living 

turtles sampled by using conventional trapping and sighting methods. This statement is a conclusion 

based on assumptions #1-#4 and #6, discussed above. If fossil proportions are equivalent (or at least 

comparable) to living proportions, then the relative abundance of habitat types can be determined. 

This assumption allows relative habitat abundance to be determined from the chelonian fossil record 

(see Ass. #7). 

 

A proportional similarity analysis (Table 14) was used to assess the relative similarity of RTA in the 

living communities to that in the BPA subassemblages. The communities were compared based on their 

composition of lotic, lentic, terrestrial, and eurytopic taxa. Species were grouped according to these four 

categories. The subassemblages were considered comparable where the proportional similarity (PS) was greater 

than fifty (50%). Extinct taxa in the two fossil subassemblages were eliminated from consideration. 

The BPA is dominated by chelonian and other vertebrate species associated with low-order streams of 

river tributaries. Fluentine taxa, which characterize low-order (1-4) streams, dominate the BPA—“fluentine” 

referring to creeks and smaller, river tributary streams. These are contrasted with riverine taxa, which prefer 

high-order (≥5) streams like rivers. The most riverine turtle confirmed from the BPA—Graptemys pulchra—

had very low relative abundance and was found only in the Catalpa-Tibbee subassemblage. The low incidence 

of Gr. pulchra is consistent with occasional modern sightings in the lower portions of primary tributaries of the 

Tombigbee River (Jones et al. 1996, Thomas & Bradford 1997). The truly riverine species of modern rivers like 

Graptemys nigrinoda and the sturgeons (Acipenseridae) are absent, suggesting that the streams that 

concentrated the BPA were not riverine. As mentioned earlier, the available modern comparative samples 

contain only two chelofaunas representing low order streams, both from the same area of the Carolina 

Piedmont. Low order tributary streams are very much understudied with respect to vertebrate communities, let 

alone turtles. This is but one of the reasons that the turtle communities available for comparison are so 

dissimilar to the Catalpa-Tibbee sample. 

Of those living communities available and suitable for comparison, the one most comparable to the 

Town-Fuller subassemblage in RTA is the sample from the free-flowing, low-order stream in the upland South 

Carolina Piedmont (Table 14; Figs. 44a, 52). At 83.3% PS, this sample is by far more similar than any of the 

other samples to the Town-Fuller fossil sample. The next most similar community to the Town-Fuller sample is 

the beaver-impounded stream in the Carolina Piedmont at 26.6% PS—hardly similar at all. Terrapene is by far 

the most abundant species in both the free-flowing Piedmont stream and Town-Fuller sample, which is not 

surprising given the upland occurrence of both. Both samples also contain minor amounts of Chelydra and 

kinosternids, but the Town-Fuller sample also contains equally small amounts of two other species that frequent 

the upland reaches of Coastal Plain streams—Apalone cf. spinifera and Trachemys scripta—plus the extinct 

giant tortoise (Hesperotestudo). Interestingly, A. spinifera was in fact sighted in larger, soft-bottomed Piedmont 

streams (B. Metts, pers. com.) but never trapped (and thus not counted) in the tributaries of these streams where 
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Locality Physiographic 
Region

Aquatic Habitat Description (depth, 
average, in meters) [stream order] State N Lat. Sampling1: Method(s) / Time 

Frame / Count Type
References No. 

Spp.
n 2 

(MNI)
Lotic* 
spp. n

Lentic* 
spp. n

Terr.* 
spp. n

Eury.* 
spp. n

BPA: Catalpa-
Tibbee Sample

Today: Shallow, intermittently pooled , 
perennial stream (0.5 - 2.5) [low to 

intermediate]
33.5 13 (46) 8.9% 17.8% 40.0% 33.3% 60.0 100.0

BPA: Town-
Fuller Sample

Today: Free-flowing, intermittent 
upland stream (<0.5) [low] 33.7 5 (20) 5.0% 0.0% 80.0% 15.0% 100.0 60.0

Upland Stream 
Beaver Ponds 

(Clemson)
Piedmont fluvial beaver impoundment in 

headwater stream (0.5 - 1.0) [low] SC 34.7
drift fences, pitfall traps & 

aquatic traps / Jan 1998 - May 
1999 / captured®

Metts et al. 2001 7 190 0.0% 50.0% 11.6% 38.4% 26.6 62.7

Upper 
Mississippi 

River

Mississippi 
River Valley slough (1.0 - 1.5) [high] IL 40.4

baited funnel traps / Jun-Sep 
1997, biweekly intervals / 

marked

Anderson et al. 
2002 7 177 5.1% 26.6% 0.0% 68.4% 20.0 56.2

St. Croix River Mississippi 
River Valley

river channel, with paludal and riparian 
component (0.9 - 12.0)

MN & 
WI

45.1-
45.7

baited hoop nets / Jun - Aug 1994
95 / captured®

DonnerWright et al. 
1999 7 994 52.1% 13.0% 0.5% 34.4% 20.5 55.7

Grimsby Lake Mississippi 
River Valley shallow floodplain lake (0.0 - 2.0) IL 37.7 varied trapping methods, 

muddling / Jun 1941 / captured Cagle 1942 4 190 0.0% 23.2% 0.0% 76.8% 15.0 51.1

Ellenton Bay 
(Savannah R. 

Plant)

Inner Coastal 
Plain Sand Hills Carolina bay (swamp/pond, 0.1 - 2.0) SC 33.3 drift fences & pitfall traps / 1967-

85 / marked

Gibbons et al. 1990, 
Gibbons & 

Semlitsch 1991
6 3,843 0.0% 40.4% 0.0% 59.6% 15.0 51.1

Upper 
Mississippi River

Mississippi 
River Valley backwater (0.5 - 1.0) [high] IL 40.4

baited funnel traps / Jun - Sep 
1997, biweekly intervals / 

marked

Anderson et al. 
2002 3 44 0.0% 15.9% 0.0% 84.1% 15.0 49.2

Free-flowing 
Upland Stream 

(Clemson)
Piedmont free-flowing headwater stream (0.5) 

[low] SC 34.7
drift fences, pitfall traps & 

aquatic traps / Jan 1998 - May 
1999 / captured

Metts et al. 2001, 
B. Metts (pers. 

com. 2004)
3 30 0.0% 3.3% 93.3% 3.3% 83.3 46.7

Tensaw River Coastal Plain river channel, sloughs & bayou lakes 
(>5) [high] AL 30.8

 unbaited hoop nets / Aug-Nov, 
Dec 1979 & Feb, Apr-Sep 1980 / 

marked
Lahanas 1982 10 192 41.1% 0.5% 0.0% 58.3% 20.0 42.7

Rainbow Run Gulf Coastal 
Plain

spring run with paludal margins (1.7 - 
3.7) [high] FL 29.1

diving-snorkeling from boat, 
muddling in shallows, sighting / 

1940-41, Jan 1990 & Nov 1990 - 
Nov 1991 / sighted® & marked

Marchand 1942, 
Meylan et al. 1992, 

Giovanetto 1992
9 2,176 10.3% 0.5% 0.0% 89.2% 20.0 42.7

Pearl River Gulf Coastal 
Plain Pine Hills river channel (unknown) [high] MS 31.8

carp-horns & trammel nets, 
unbaited fyke nets / Aug 1978 / 

captured®
Vogt 1980 9 530 44.7% 0.0% 0.0% 55.3% 20.0 42.2

Table 14. Comparison of Black Prairie fossil subassemblages to composition of modern chelonian communities
Communities of lentic habitats are shaded light gray. Only extant turtles are considered.

General Ecological Classification

PS(%)3

Black Prairie MS Fossil Collection This Study

215



Locality Physiographic 
Region

Aquatic Habitat Description (depth, 
average, in meters) [stream order] State N Lat. Sampling Regimen References No. 

Spp.
n 1 

(MNI)
Lotic* 
spp. n

Lentic* 
spp. n

Terr.* 
spp. n

Eury.* 
spp. n

False River
Coastal Plain: 
Miss. River 

Alluvial Valley
oxbow lake (unknown) [high] LA 30.7 hoop nets, sighting / Jun 1947 / 

captured
Cagle & Chaney 

1950 6 247 8.9% 0.0% 0.0% 91.1% 20.0 42.2

Black Warrior, 
above Fall Line

Cumberland 
Plateau river channel (unknown) [intermediate] AL 33.8 - 

34.1

seine traps, night-time hand-
collecting from boat / 1953-56 / 

captured®
Tinkle 1959 8 113 7.1% 0.0% 0.0% 92.9% 20.0 40.4

Tensas Bayou
Coastal Plain: 
Miss. River 

Alluvial Valley
bayou (unknown) LA 32.8 hoop nets, sighting / Summer 

1947 / captured
Cagle & Chaney 

1950 4 99 6.1% 0.0% 0.0% 93.9% 20.0 39.4

Tradewater 
River

Interior Low 
Plateau sluggish, turbid river (2.0 - 3.0) [high] KY 37.2

fyke nets, floating basking traps, 
sighting / Mar-Oct 1994-95 / 

sighted® & marked 
Lindeman 2001 8 370 5.4% 0.3% 0.0% 94.3% 20.0 39.0

E. S. George 
Reserve Hilly Moraine marsh & bog swamp (0.5 - 2.0) MI 42.5

baited hoopnet traps, basking 
traps, fyke nets, dip nets, seines / 

1953-57, 1968-94 / marked

Congdon & 
Gibbons 1996 4 8,151 0.0% 78.8% 0.0% 21.2% 15.0 38.9

Goose Pond Mississippi 
River Floodplain marsh (unknown) MO 40.4 baited hoop nets / Sep-Dec 1980, 

Mar-Nov 1980 / marked
Kofron & Schreiber 

1985 7 490 0.2% 79.0% 0.4% 20.4% 15.6 38.8

Iatt Lake
Coastal Plain: 

Red River 
Alluvial Valley

cypress swamp (unknown) LA 31.6 hoop nets, sighting / Summer 
1947 / captured

Cagle & Chaney 
1950 6 25 4.0% 0.0% 0.0% 96.0% 19.0 37.3

Tombigbee River Black Prairie river channel (unknown) [high] AL 32.8
seine traps, night-time hand-

collecting from boat / 1953-56 / 
captured®

Tinkle 1959 5 26 73.1% 0.0% 0.0% 26.9% 20.0 35.2

Black Warrior, 
below Fall Line Fall Line Hills river channel (unknown) [high] AL 33.0 - 

33.6

seine traps, night-time hand-
collecting from boat / 1953-56 / 

captured®
Tinkle 1959 5 258 74.4% 0.0% 0.0% 25.6% 20.0 34.5

Valentine NWR Sand Hills lakes (1.5 - 2.0) NE 42.1
baited hoop nets, baited box traps 

/ Jun-Jul 1991, Apr 1992 / 
captured

Bury & Germano 
2003, B. Bury 

(pers. com. 2004) 
3 60 0.0% 93.3% 0.0% 6.7% 6.7 24.4

Upper 
Mississippi River

Mississippi 
River Valley

open river, adjacent to main channel 
(0.5 - 1.5) [high] IL 40.4

baited funnel traps / Jun - Sep 
1997, biweekly intervals / 

marked

Anderson et al. 
2002, R. Anderson 
(pers. com. 2004)

6 62 87.1% 3.2% 0.0% 9.7% 14.7 21.8

Valentine NWR Sand Hills small ponds (1.0 - 1.5) NE 42.1
baited hoop nets, baited box traps 

/ Jun-Jul 1991, Apr 1992 / 
captured

Bury & Germano 
2003, B. Bury 

(pers. com. 2004) 
3 54 0.0% 98.1% 0.0% 1.9% 1.9 19.6

Table 14 continued.

PS(%)3
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1

2 n = number of individuals collected and/or sighted; MNI does not include the extinct Hesperotestudo .
3 Proportional Similarity (Brower et al. 1997; calculated using EcoStat for Windows, vers. 1.0.2), expressed as a percentage:

PS = 1 - (Σ\pi - qi\)/2
p = proportion of sp. 'i' in 1st community
q = proportion of sp. 'i' in 2nd community

*
Preferred Habitat Taxa

Lotic Apalone spp.
Graptemys  spp. (excluding Gr. geographica )

Lentic Deirochelys reticularia
Clemmys guttata
Glyptemys muhlenbergii
Kinosternon spp.
Chrysemys picta
Emydoidea blandingii

Terrestrial Terrapene spp.
Glyptemys insculpta
Gopherus polyphemus

Eurytopic Chelydra serpentina
Macroclemys temmincki
Sternotherus spp.
Graptemys geographica
Trachemys scripta
Pseudemys spp. - Predominantly a turtle of rivers (Ernst et al. 1994).

Table 14 continued.

Sampling method(s), collecting period(s), and specimen enumeration method(s): Counts are based on four different types of turtle accounting: (1) 'captured' - the result of a single effort, recaptur
not occurring; (2) 'captured®' - captures that may or may not include recaptures; (3) 'marked' - all turtles marked, recaptures not counted; and (4) 'sighting' - does not necessarily exclude the 
possibility of counting the same specimen twice. As most species of Graptemys  do not readily take fish bait, baited trapping where this genus was present involved the use of a variety of 
vertebrate, invertebrate, and vegetable foodstuffs in order to catch all turtle species present.
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sampling was taking place. As long as ankle-deep water connects occasional knee-deep pools in intermittent 

upland Black Prairie streams during breeding season, Trachemys scripta will be present (pers. obs.). The 

paleoecology of Hesperotestudo has yet to be completely worked out, but it must have been dependent on 

stream environments given the relative abundance of its remains in stream deposits. 

The Catalpa-Tibbee sample compared best to certain lentic habitats, particularly sluggish or impounded 

streams (Table 14), at least based on the comparative studies available, which certainly do not represent a 

comprehensive cross-section of hydrologic environments. The most similar—the Carolina Piedmont stream 

impoundment—had a PS of 62.7%, which, although comparable, is still rather low on the scale of 

comparability. Nevertheless, based on the living community RTAs at hand, the Catalpa-Tibbee subassemblage 

compares best to the beaver-impounded stream. Given the abundance of beaver (Castor canadensis) remains 

from both Tibbee and Catalpa Creeks (Kaye 1974 and work in progress by the writer), the Late Pleistocene 

stream(s) that initially preserved the Tibbee-Catalpa fossils were probably regularly impounded by beaver 

activity. However, the presence of Apalone spinifera and Graptemys pulchra, plus the redhorse sucker 

(Moxostoma), suggests that the Tibbee-Catalpa sample is also derived from fluviatile sediments deposited by 

free-flowing paleo-creeks. The presence of Graptemys alabamensis and abundance of Glyptemys insculpta also 

suggests flowing water. G. alabamensis alone suggests a higher order stream than that represented by the Town-

Fuller sample. However, Emydoidea and Chrysemys are pond and lake emydids, thus suggesting impoundments 

along ‘paleo-Catalpa.’ The Catalpa-Tibbee Late Pleistocene subassemblage reflects a combination of 

impounded and free-flowing stream habitat. One major difference between the Catalpa-Tibbee subassemblage 

and the beaver-impounded Piedmont stream is the much greater species diversity of the former (14 vs. 6). 

Again, the Catalpa-Tibbee subassemblage represents a sample from a greater diversity of habitats than any 

individual modern study sample presented here for comparison. Furthermore, this assemblage is undoubtedly 

time transgressive, and thus represents different lowland hydrologic subenvironments from different times in 

the local Late Pleistocene. 

Given the condition of the BPA fossils, which consist of very fragmentary turtle shells, perhaps a more 

legitimate comparison exists with samples of modern fragmentary turtle shell from modern Black Prairie 

streams. One such quantitative sample was collected simultaneous with the collection of a fossil sample along 

Catalpa Creek. A simple study was performed in the upper reaches of this stream comparing a single day’s 

worth of fossil sample to the modern chelonian composition in the same section of the stream sampled for 

fossils. The small study sample site was located upstream from where most of the collecting in Catalpa Creek 

was concentrated (Fig. 37b, 57). Table 15 compares the intrachannel composition of shell elements derived 

from recently and, presumably, naturally deceased turtles and those liberated from fossiliferous F1 or 

intermediate F1-F2 intrachannel deposits and re-distributed in the active channel lag, or F3 contexts. The table 

contains the MNI-based relative proportions of fossil species recovered, plus the relative proportions of modern 

turtle shells collected and live species observed. Equal MNI proportions of fossil Trachemys and Terrapene 

were recovered, which is rather different from the overall (combined) Catalpa-Tibbee sample (Fig. 45). This is 

possibly explained by the more upstream position of the small 8 June 2003 Catalpa Creek sample, which is 
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Quaternary alluvial clay, 
sparingly fossiliferous at its base

Cretaceous chalk

Bedload 
mostly 
sand

3.5 m

8 m 

Point bar 
Summer 

water level

Figure 57. Catalpa Creek 23 June 2003 – shallow, perennial, partially channelized (early 1970s) section of an 
exogenous Black Prairie stream. Cross-section is of an arbitrarily chosen point 0.2 mi downstream from photo 
point. Point bars are composed primarily of sand, silt, chalk shingles, and light gravel of pedologic 
concretions/aggregates. This section is located by the green dot in Fig. 37b. Chelydra serpentina, Apalone 
spinifera, Trachemys scripta, and Terrapene carolina have been observed within this channel, Terrapene 
particularly during the summer. The photographed segment is several inches deeper with a more regular bottom 
than the X-section point, which was further downstream. 
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Table 15.  Late Pleistocene and Recent chelonian remains recovered in a single collecting effort
from Catalpa Creek, June 8, 2003

Taxon Element

Trachemys scripta plastron, fragment

cf. Trachemys scripta pygal

peripherals

nuchal, fragment

costals, fragments

plastron, fragment

Total = 2

costals, sundry 3 3

pygal 1 1

costals, sundry 5 8.5

hyoplastron, right 1 1.7

hypoplastron, right 1 1.7

xiphiplastra, right 3 3

hypoplastron, right 1 1

hypoplastron, left 1 1

hyoplastra, right 6 6

hyoplastra, left 6 6

1st costals, right 3 3

1st costal, left 1 1

costals, sundry 11 11

peripheral, partial 1 1

carapaces, complete 2 70

carapaces, partial1 2 20

anterior plastral lobe, partial 1 3

posterior plastral lobe, complete 2 4

Total = 51 146 12

n3

Chelydra serpentina no snapping turtles observed 0

Apalone spinifera small, young individuals 3

Trachemys scripta medium-size individuals, incl. 1 male 3

Terrapene carolina no box turtles observed in channel4 0

Total No. Individual Turtles = 6

*

1 Obviously derived from different individuals.
2 A wetter than normal June. Water was clear and swiftly flowing.
3 Number of live individuals observed.
4 Very little riparian environment was examined. Observations were made largely from within channel walls.

1

50.0%

MNIFossil NISP

NISP
Adjusted 
NISP* MNI

25%

75%

1

1

1

Apalone NISP multiplied by a factor of 1.7 to correct for fewer elements compared to other turtles, and Terrapene 
adjusted for shell fragmentation. A Terrapene  carapace produces from 20 to 40 fragments and the plastron approximately 
9, the carapace generally breaking into fewer fragments than the numer of individual elements composing it.
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from a portion of Catalpa Creek that is more equivalent in elevation (187 ft) to the lower elevation collecting 

points of the Town-Fuller sample (185-235 ft). However, the relative abundance of highly aquatic Trachemys in 

the small ‘lower upland’ Catalpa Creek sample, which is even greater than that in the larger Catalpa-Tibbee 

sample, may be simply an artifact of sample size. Sample size effects may also explain the absence of Apalone 

and Chelydra, which should be represented in slightly greater and equal proportions, respectively, to that of 

Trachemys. The delicate nature of Chelydra shell bones and the fewer number of shell elements per individual 

in Apalone serve to under-represent these turtles. This comparison also assumes that the modern turtles are 

natural inhabitants of the stream and not a function of anthropogenic modification of the stream and its 

floodplain in recent years. In other areas of the modern Black Prairie, such a comparative study must also 

consider the construction of ponds for the farming of catfish (Ictalurus), which appears to have resulted in an 

increase in the relative abundance of sliders (Trachemys scripta) moving from pond to pond using shallow and 

intermittent streams as avenues. 

Although a close modern analog for the BPA subassemblage could not be found, a published Late 

Pleistocene turtle assemblage from the southern Indiana site at Prairie Creek (38.7 N Lat) compared reasonably 

well to a modern turtle community to the north—E. S. George Reserve in southeastern Michigan (42.5 N Lat; 

Fig. 49). All three sites have essentially identical species composition. Late Pleistocene deposits at Prairie Creek 

(Zone D) are dominated by Chrysemys picta (43.7%), Chelydra serpentina (30.6%), and Emydoidea blandingii 

(10.1%) based on NISP (= 487). The marsh-swamp-pond community at E. S. George Reserve is also dominated 

by C. picta (67.7%), C. serpentina (20.6%), and E. blandingii (11.2%) based on number of trapped turtles. 

There is lesser species agreement with glacially derived Dewart Lake in northern Indiana (41.4 N Lat; Fig. 56), 

which is dominated by C. picta (66.7%) and Sternotherus odoratus (21.8%). Interestingly, prehistoric Holocene 

levels at the Prairie Creek site are dominated by S. odoratus (86.2%).  

 

 

PALEOSYNECOLOGY 

PT. III:  BPA Compared to Fossil Assemblages 

 

It is believed that the chelonian component of the BPA is substantially intact from its living composition 

to warrant its identification here on out as a “paleochelofauna,” at least in the sense of looser definitions of the 

term fauna. Enough NISP data is extractable from the literature to compare several Pleistocene turtle 

assemblages, or paleochelofaunas, to the two subassemblages of the BPA. As not all NISP data is accompanied 

by individual element inventories, MNI could not be performed for all 14 samples presented in Table 16. In 

addition, not enough of the published site data used for comparison below were conducive to the MLE 

transformations discussed earlier (i.e. WAE, MNI, and WEM), so basic NISP numbers for each assemblage 

were used instead. However, akin to WAE methodology, a numerical correction factor of 1.7 was applied to 

Apalone NISP values to normalize whole-shell elemental proportions for this taxon, which has considerably 

fewer elements per shell (33), compared to other turtle taxa (~56). For those fossil assemblages with exceptional 
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preservation where whole or partial shells were preserved, the individual elements comprising those shells were 

counted instead. Chelonian species were first classified according to their degree of terrestriality and then as 

mostly lentic, mostly lotic, or eurytopic. Fossil assemblages were classified according to their terrestrial 

composition—or Chelonian Terrestriality Index (CTI). They were ranked with the most terrestrial having the 

greatest value (Table 16). Proportions of lentic, lotic, and eurytopic forms at each locale are provided as well. 

Note in Table 16 that, taken individually or collectively, fossil species suggestive of nonfluviatile (e.g. limnic 

and terrestrial) habitat are commonly concentrated by streams and are thus frequently recovered from fluviatile 

deposits. Exceptions to this statement are peat bog (e.g. Graham et al. 1983), sinkhole (e.g. Holman 1997), and 

fissure (e.g. Holman 1967, 1985) assemblages where the component species actually lived and died in bogs, 

became trapped in sinkholes, or regularly utilized fissures, which functioned either as shelters or hibernacula. 

Of the fossil chelonian assemblages that were suitable for analysis, most are derived from fluviatile deposits. 

Most assemblages also represent some combination of both aquatic and riparian habitat in their chelonian 

composition. The CTI of each assemblage appears to consistently reflect the overall “Hydrologic Habitat Type” 

(Table 16), which is based on the sum of all published paleontological and sedimentological information for 

each locality. 

As interesting as discrete RTA-based species diversity comparisons (namely Shannon-Wiener) would 

have been among fossil sites, they were not possible due to the inability to identify a substantial number of 

elements to individual species for most assemblages. Nevertheless, simple comparisons in addition to that 

presented in Table 14 were possible. With respect to species richness, the Catalpa Creek (Mississippi) and Ardis 

(South Carolina) fossil assemblages contain within them the most diverse Pleistocene chelofaunas in the North 

American fossil record, each containing 14 distinct species of freshwater turtle. Jaccard coefficients (based on 

simple P/A similarity) were used to compare the two BPA subassemblages to 38 other reasonably well-

described Pleistocene turtle assemblages across North America. Species were compared for some taxa, but only 

generic-level comparisons were possible for others. The Jaccard coefficient (J) ranges from 0 to 1, 0 

representing no taxa in common and 1 where all species are shared. Among Late Pleistocene assemblages 

where J > 0.60 (a mostly arbitrary cutoff point), Ardis was the most compositionally similar to Catalpa Creek, 

and Kanopolis (Kansas) the most similar to the Town-Fuller subassemblage. If Irvingtonian sites are included in 

the comparison, then Mt. Scott (Kansas) is nearly as similar to Catalpa Creek as Ardis, and Inglis IA (Florida) is 

equally similar to the Town-Fuller sample as Kanopolis is. The remaining 34 chelofaunas fall below 0.60 

Jaccard similarity (the vast majority below 0.50), except the Late Pleistocene Lubbock Lake, Texas, assemblage 

(0.62: Town-Fuller), which was concentrated by humans and thus disqualified as an unnatural accumulation. 

Only 14 of the original 38 fossil chelonian assemblages were suited to comparison to the two BPA 

subassemblages. The discussion to follow is based on Table 16. 

Sheriden Pit, Christensen Bog, and Brynjulfson Cave are all within the Pleistocene range of the two most 

important cool-temperate limnetic species—Emydoidea and Chrysemys—and all three contain one or both 

species (Table 16). However, the vast majority of chelonian remains comprising Brynjulfson belong to the 

terrestrial Terrapene. There are limnetic herpetological components in all three assemblages, but the pond 
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Locality1 Location
Geomorphic 

Region
North 
Latit.

Fossil 
Context/Deposit

General Aquatic 

Habitat Type2 Reference(s)
No. 
Spp. NISP3 CTI4

Strict 

Lentic5

Strict 

Lotic7
Eury-
topic

Devil's Den NC Florida Coastal Plain 29.4 Sinkhole fill Limnoriparian Holman 1978 8 192 4.30 10.9 0.0 89.1

Town-Fuller 
(F1/F3), Miss. 
Black Prairie

NE Miss. Black Prairie 33.7 Fluviatile Fluvioriparian This study 6 168 3.90 0.0 2.0 98.0

Brynjulfson #1 3 34 3.85 2.9 0.0 97.1

Brynjulfson #2 
[E. Holocene]

6 94 3.85 2.1 0.0 97.9

Edisto Island S. Carolina Coastal Plain 32.5 Fluviatile
Fluvioriparian & 

Estuarine

Dobie & Jackson 
1979, Roth & 
Laerm 1980

10 63 3.81 1.6 0.0 98.4

Sand Draw: UM 
Nebr. 1-68 [Lt. 
Pliocene]

NC 
Nebraska

Great Plains 42.6 Alluvial
Limno- & 

Fluvioriparian
Holman 1972a 5 140 3.39 75.0 0.0 25.0

Isle of Hope Georgia Coastal Plain 32.0 Fluviatile Limnoparalic
Hulbert & Pratt 

1998
9 140 3.23 52.1 0.0 47.9

Clear Creek
Dallas, 
Texas

Blackland 
Prairie

32.7 Fluviatile Fluvioriparian Holman 1963 6 16 2.85 0.0 10.8 89.2

Ardis S. Carolina Coastal Plain 33.2
Fluviatile fill in 
dissolution pits

Limno- & 
Fluvioriparian

Bentley & Knight 
1998

14 2,249 2.84 70.0 0.2 29.7

Catalpa-Tibbee 
(F2/F3), Miss. 
Black Prairie

NE Miss. Black Prairie 33.5 Fluviatile Fluvioriparian This study 14 312 2.82 4.8 21.0 74.2

Mayfair
Coastal 
Georgia

Coastal Plain 32.0 Fluviatile
Limno- & 

Fluvioparalic
Hulbert & Pratt 

1998
8 58 2.70 24.2 11.8 64.0

Table 16. Paleochelofaunas as paleoenvironmental indicators

Assemblages in light gray are derived from nonfluviatile deposits and thus least comparable  to all the rest due to different 
sources of taphonomic bias.

Ecological Classification 

of Taxa6

38.9
Central 

Missouri
Dissected 
Till Plains

Cave Deposit
Limno- or 

Fluvioriparian
Parmalee & Oesch 

1972
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Locality1 Location
Geomorphic 

Region
North 
Latit.

Fossil 
Context/Deposit Habitat Type2 Reference(s)

No. 
Spp. NISP3 CTI4

Strict 

Lentic5

Strict 

Lotic6
Eury-
topic

Big Springs    [Lt. 
Pliocene]

NE 
Nebraska

Great Plains 42.4 Fluviatile Limnoriparian Rogers 1984 5 13 2.23 69.2 0.0 30.8

Sheriden Pit NW Ohio
Great Lakes 

Basin
41.0 Sinkhole fill Paludoriparian Holman 1997 3 20 2.10 65.0 0.0 35.0

Christensen Bog
Central 
Indiana

Central Till 
Plain

39.9
Kettle Lake/Bog 

Deposit
Paludal

Graham et al. 
1983

3 58 1.97 86.7 2.9 10.4

Kanopolis
Central 
Kansas

Southern 
Great Plains

38.7 Fluviatile Fluvioriparian
Holman 1972b, 
Preston 1979

7 171 1.63 9.9 36.8 53.2

Clear Lake
Central 
Illinois

Drift Plains 39.8 Fluviatile Fluvioriparian Holman 1966 3 13 1.61 0.0 38.9 61.1

1 All assemblages are late Pleistocene in age unless otherwise indicated.
2

Habitat Type Examples

Limnic Lakes, ponds, marshes, or other bodies of standing water.

Fluvial Rivers, creeks, and other types of streams.

Riparian Banks and terrestrial zones bordering water bodies.

Estuarine Estuaries.

Paludal Swamps and freshwater marshes.

Paralic Coastal environments.

3

4 Assemblages are ordered in the table according to the chelonian terrestriality index (CTI). CTI is calculated for each site as the sum of the proportions of all sequentially ranked 
groups (below, next page), each group proportion first multiplied by its corresponding terrestriality factor. Ranking is by relative degree of terrestriality predominantly based on 
species habitat summaries in Ernst et al. (1994) and conversations with Bob Jones (MMNS) and Tom Mann (MMNS). Thus, the Testudinidae (5) are the most terrestrial, and 
Graptemys , Apalone , and Macroclemys  are the least terrestrial--the latter genera equivalent to one another in their dependence on water. Given the large difference between the 5th 
and 6th highest ranked assemblages, CTI=3.5 was chosen as a convenient means to differentiate between terrestrial (CTI ≥ 3.5) from mostly nonterrestrial (CTI < 3.5) 
paleochelofaunas. For sites like Sand Draw that possess a significant testudinid component, it is believed that tortoises were primarily transients in the area, perishing in and along 
streams.

Table 16 continued.

For sites yielding articulated material (i.e. whole or partial shells), NISP is a count of the individual elements. As Apalone contains 40% fewer skeletal elements, a factor of 1.7x is 
used to adjust its species NISP in order to make it more comparable to the numerical representation of all other species. However, the highly fragmented assemblages will have over-
representation of Apalone resulting from the ease with which even the smallest of fragments of this genus are identifiable.

Based on the sum of paleoenvironmental information provided in the cited reference(s), explicit (i.e. authors' comments) and implicit (i.e. not stated outright). This includes both 
sedimentoligical and paleontological evidence.
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4 cont.

Factor Ranked Groups
5 Testudinidae (Hesperotestudo & Gopherus )
4 Terrapene & Glyptemys insculpta
3 Glyptemys muhlenbergii, Clemmys guttata, Deirochelys, Kinosternon & Emydoidea
2 Chelydra, Trachemys, Pseudemys, Sternotherus & Chrysemys picta
1 Macroclemys, Apalone & Graptemys

5 Assemblages with ≥ 50.0% lentic composition in bold.
6 Terrestrial turtles are divided among the Lentic and Eurytopic categories, depending upon whether a terrestrial turtle has greater lentic or eurytopic tendencies.
7 Assemblages with ≥ 20.0% lotic composition in bold.

* General Habitat Groupings

Deirochelys reticularia
Clemmys guttata
Glyptemys muhlenbergii
Kinosternon  spp.
Chrysemys picta
Emydoidea blandingii

Apalone spinifera
Apalone mutica
Pseudemys  spp.
Graptemys pseudogeographica
Graptemys pulchra

Chelydra serpentina
Macroclemys temmincki
Sternotherus  spp.
Graptemys geographica
Trachemys scripta
Glyptemys insculpta
Malaclemys terrapin
Terrapene carolina
Gopherus spp.
Hesperotestudo spp.

Lentic: Swamp, 
marsh, lake, pond & 
other 
impoundments

Lotic: Rivers & 
creeks

Table 16 continued.

Eurytopic: Found 
in or moving 
between both lentic 
and lotic habitats; 
includes terrestrial 
species
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turtles (i.e. Chelydra) comprising the Terrapene-dominated Brynjulfson assemblage are primarily eurytopic. 

Parmalee & Oesch (1972) present one hypothesis for the origins of the Brynjulfson Cave fossils that involves 

nearby stream impoundment intruding upon it and other caves in the area. The Sheriden Pit fauna was buried in 

and recovered from sinkhole fill and is interpreted as a marsh-woodland assemblage (Holman 1997). The 

Christensen Bog fauna was extracted from four meters of bog deposits (Graham et al. 1983). The Christensen 

site would have been ripe habitat for Chrysemys so long as ample water ponded on the surface, but as the 

location became boggier and gradually filled in, it became less suitable for this taxon. 

The Town-Fuller subassemblage (CTI = 3.90), although derived from fluviatile deposits, is clearly a 

dominantly terrestrial paleochelofauna with an NISP terrestrial composition of 98% (Table 16). Terrestrially-

dominated paleochelofaunas (CTI ≥ 3.5, Table 16), regardless of their depositional origins, are characterized by 

the substantial relative abundance of Terrapene and/or Testudinidae. However, due to its dependence on aquatic 

habitat within woodland and woodland ecotone, Terrapene is considered a eurytopic aquatic turtle under 

“Ecological Classification” in Table 16. Two assemblages, Devil’s Den and Sheriden Pit, represent sinkhole 

pond communities; Devil’s Den has a high CTI due to the abundance of Terrapene and Hesperotestudo. 

Brynjulfson Cave and Christensen Bog represent kettle lake paleocommunities; Brynjulfson Cave also has a 

high CTI due to the abundance of Terrapene. 

A fifth assemblage with a CTI ≥ 3.5 has proportionally low Terrapene composition. Although 

weathering out from deposits in a barrier island setting, the Edisto Island assemblage is dominated by terrestrial 

and freshwater aquatic vertebrate species. The recovery of one Malaclemys terrapin nuchal bone and the known 

brackish-water habits of a few other nonchelonian vertebrates in the Edisto Island sample indicate at least a 

minor estuarine component. Edisto Island would have been a major stream divide during the low sea level 

periods of the Wisconsinan and, thus, would have been high and dry. Roth & Laerm (1980) hypothesize that the 

species composition of the entire assemblage suggests a “savannah-like terrain,” as in the threatened pine 

savannahs of the modern Gulf and Atlantic Coastal Plains. This is certainly consistent with the dominance of 

the chelonian component by the extinct giant tortoise (Hesperotestudo, 59%), the presence of gopher tortoise 

(Gopherus polyphemus, 1.6%), and the relatively low abundance of the woodland-loving box turtle (Terrapene 

carolina, 3.3%). The relative intermediate abundance of cooter (Pseudemys, 18%) and snapping turtle 

(Chelydra, 14.8%) suggests the presence of sluggish streams the size of large creeks. 

The Catalpa-Tibbee (CTI = 2.82), Kanopolis (CTI = 1.63), and Clear Lake (CTI = 1.61) samples have the 

highest lotic composition, ranging from 21% to 39%. Of the three, Kanopolis (36.8%) and Clear Lake (38.9%) 

possess the highest lotic composition of the three and the lowest CTIs overall. Turtle shell from terminal 

Pleistocene levels in Bell Cave zones 1/2 & 3, Alabama (Holman et al. 1990—not included in Table 16), has a 

95% lotic species composition based on the relative NISP contribution of Apalone shell. Turtle and other fossils 

from this cave site appear to have been heavily modified if not largely concentrated by predators (Holman et al. 

1990); therefore this site was not includable in the comparison. Very few fossil chelonian assemblages appear to 

be dominated by strictly lotic species. Lotic-dominated turtle communities exist today and are defined as such 

in their numerical domination by species of Apalone and Graptemys (e.g. Table 14). Based on the total 
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herpetofaunal composition of eighteen species, Holman (1972b) suggested a perennial stream environment with 

relatively deep, slow-moving channel water bordered by marsh for the Kanopolis local fauna. A somewhat 

shallower stream bordered by or incorporating some swamp is suggested by the Catalpa-Tibbee sample (= F2 & 

F2/F3 fossils), although, as discussed earlier, this sample may actually be composed of fossils from a 

combination of upland, headwater streams (= F1 fossils) and more perennial, lower order streams (= F2 fossils). 

Whether or not an aquatic chelonian community—living or fossil—is dominated by lotic, lentic, or 

terrestrial species will depend on how, or what part of, the community is being sampled. For example, the 

degree to which each fluvial component—channel, impoundment, and riparian zone—is sampled in a modern 

community and the types of turtle traps used will affect relative abundance determinations within groups. 

Modern turtle faunas dominated by strictly lotic taxa occupy larger streams, like rivers. Truly riverine fossil 

assemblages (or river faunas) have not been described in the literature. This may be due, at least in part, to the 

extremely destructive process of river transport, which one might assume would work against the preservation 

of riverine animals and assemblages. In addition, few modern fluentine turtle communities have been sampled 

and published with relative abundance data. The Carolina Piedmont chelofaunas (Metts et al. 2001) discussed 

above and included in Table 14 are noteworthy exceptions. Thus, the paucity of modern freshwater chelofaunal 

samples from low order streams makes comparative studies such as the current one difficult if fossil freshwater 

turtle assemblages are dominated  by fluentine taxa. 

Fossil assemblages dominated by largely lentic taxa (> 50%) run the gamut of CTIs less than 3.5. 

Included among them is Ardis, South Carolina—the best documented Late Pleistocene chelonian assemblage on 

the East Coast (see Bentley & Knight 1998). Ardis turtle remains are relatively complete and appear to have 

been buried probably in one major burial event in which live turtles were washed from lentic environments by 

entrainment in a flash flood. Thus, Ardis is nearer a true death assemblage (Fig. 39) than any Pleistocene 

chelonian assemblage reported thus far. Both BPA subassemblages, on the other hand, are fragmentary and 

attritional. However, Ardis demonstrates that high chelonian diversity need not be a product of extreme 

spatiotemporal mixing, or attrition. Although an unknown degree of such mixing is known to have occurred in 

the BPA, this temporal error should not affect the ability of this assemblage to reflect paleoenvironment in low 

order watersheds in the western half of the Tombigbee River Valley time-averaged for the last several myriads. 

Ardis poses an interesting compositional contrast with the Catalpa-Tibbee Creek subassemblage (Figs. 

36, 58). Both were preserved in lowland, perennial freshwater stream environments, the former by means of 

rather rapid burial (Bentley & Knight 1998). Catalpa Creek is located inland, in the inner coastal plain, whereas 

Ardis is located at lower elevations in the outer coastal plain, closer to the shoreline. The Late Pleistocene 

chelofauna at Ardis (14 spp.) contains the same number of taxa as the Catalpa Creek locality (14 spp.), although 

both contain species not present in the other with 64% of species shared. Many of the Sternotherus and 

Pseudemys-Trachemys remains could not be or simply have not been separated out to species within the 

Catalpa-Tibbee Creek sample; therefore, diversity (Shannon 1948) and evenness (Pielou 1969) indices could 

not be satisfactorily calculated. The significantly greater relative abundance of shallow-water, wetland species, 

like Chrysemys picta, Glyptemys muhlenbergii, Clemmys guttata, and, to some extent, Emydoidea blandingii 
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Figure 58.  Taxonomic and guild composition of turtles in the Ardis local fauna. Ardis proportions based on 
fossil identifications in Bentley & Knight (1998) and account for elements within whole and partial shells as 
well as individual shell elements and fragments. The Terrestrial component has been pulled from the 
Eurytopic and Lentic categories as defined in Table 16. Terrestrial turtles, as defined here, consist of taxa 
with the ability to live long period independent of permanent water. Although both assemblages were 
entombed in fluviatile deposits, lentic environments were much more abundant along the paleo-stream that 
concentrated Ardis fossils than the paleo-streams that deposited Catalpa Creek fossils. 
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indicate substantial marsh, or grassy wetland, environment bordering the main channels of the Late Pleistocene 

streams at Ardis (see also Bentley & Knight 1998). By contrast, the greater proportion of Sternotherus and the 

large, herbivorous Chrysemys Group turtles in the Catalpa-Tibbee Creek assemblage indicate adjoining swamp, 

or woody wetland, environment. 

The very low relative abundance of softshell turtles from Ardis, which prefer soft-bottoms with sand/silt 

bars, is best explained by the structure of the Ardis paleo-channels, which were hard- or coarse-bottomed in 

many places and riddled with dissolution cavities. Ardis turtles apparently used the cavities as refugia or 

hibernacula (Bentley & Knight 1998), which would have permitted easy entombment during the waning, 

depositional phase of a hurricane-induced flood surge. Rapid entombment is responsible for the great numbers 

of articulated Ardis turtles, including Emydoidea and Chrysemys. 

The nearly all-terrain box turtle (Terrapene) is represented in comparable proportions between the two 

assemblages; therefore, shallow stream margins and/or fluvial pools in riparian forest with adjoining meadows 

must have been regularly available in both situations. The presence of mud turtles (Kinosternon) at Ardis is 

suggestive of low, muddy, vegetated shallows of standing water, although this turtle is minimally represented. 

The karst bottom has little appeal to the mud turtles and spiny softshells (A. spinifera). The absence of mud 

turtles and low relative abundance of C. picta in the BPA suggests steep-sided channels with little, if any, 

adjoining marsh. 

The only North American Late Pleistocene vertebrate locality to yield both Blanding’s turtle 

(Emydoidea) and chicken turtle (Deirochelys) in demonstrable association with on another is Ardis. This is 

ecologically interesting as these two species, specifically E. blandingii and D. reticularia, have been 

characterized as morphologically convergent (e.g. Stephens & Wiens 2003) and close ecological equivalents 

(Moll & Moll 2004). In addition, their current ranges are quite disjunct as they occupy very different latitudes. 

Prior to the discovery of the Ardis assemblage, the probability that these two allopatric species once shared the 

same habitat might be easily assumed low. Although their current allopatry is likely more of a climatically 

determined effect resulting from different thermal ecologies (e.g. Hutchison et al. 1966, review of Ernst et al. 

1994), their similarity on other levels almost necessitates a great degree of interspecific competition. However, 

as subtle as they may seem, ecological and behavioral differences are, nevertheless, present between modern 

representatives of Emydoidea and Deirochelys. For example, Deirochelys exhibits greater carnivory, is absent 

from flowing streams, and is tolerant of fluctuating lentic environments (e.g. Schwartz 1956, Gibbons 1969, 

Rowe 1992, Ernst et al. 1994, Jackson 1996). Deirochelys is known historically from the Black Prairie of 

Alabama and Mississippi, although its occurrence is sporadic. Therefore, the absence of the chicken turtle from 

the BPA is presumed to result from the lack of its preferred habitat from streams that concentrated the BPA, as 

opposed to its being out-competed by Blanding’s turtle. 
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PALEOSYNECOLOGY 

PT. IV:  Compositional Review 

 

One of many advantages of studying Pleistocene communities is that their composition is most similar to 

that of communities today. In effect, modern communities are in fact Pleistocene communities minus the 

species (primarily mammalian) lost at the end Pleistocene mass extinction, although structural reorganization of 

specific ecosystems has occurred, including the creation of new ones. In general, niche requirements have 

probably changed very little for most species, at least compared to the greater changes expected over greater 

time periods. In fact, changes observed in species distribution since the end of the Late Pleistocene, if not 

influenced by man, have been traditionally attributed to species occurrence tracking required resources in turn 

responding to Quaternary climate change. 

The bones of large fish in the Late Pleistocene Catalpa-Tibbee subassemblage combined with the greater 

relative abundance of aquatic mammals (e.g. Kaye 1974), the greater taxonomic and element-wise proportion of 

fully aquatic chelonians, and the lower elevation and greater proximity to the Tombigbee River, suggest the 

presence of permanent, year-round water as exists in lower Catalpa and Tibbee Creek today. The lack of fish in 

the Town-Fuller Creek subassemblage, combined with considerably fewer aquatic mammals, intermittent 

stream chelonian composition, and the higher elevation and greater distance from the primary drainage in this 

portion of the Black Prairie, strongly suggest intermittent streams at these locales during the Late Pleistocene.  

The composition of the nonmammalian groups also suggests specific characteristics of and differences 

between paleoenvironments in the two BPA subassemblages. 

Fish. The presence of large fish—e.g. drum (Aplodinotus grunniens), gar (Lepisosteus), and grinnel 

(Amia calva)—in the Catalpa-Tibbee subassemblage suggests the presence of permanent water bodies at this 

locale during the Late Pleistocene. A. grunniens has a specialized diet of mussels (Parmalee & Bogan 1998), 

therefore there must have been a substantial population of this shelled invertebrate group in the low-order, 

perennial Pleistocene streams that preceded Catalpa and Tibbee. The presence of A. grunniens—an obligate 

molluscivore—is consistent with the presence of mollusk-eating turtles, like the relatively common 

Sternotherus carinatus and infrequent adult female Graptemys pulchra. Although Town Creek and Fuller Creek 

deposits have not been fine-screened for fish and microvertebrates, most of the fish remains recovered from the 

lower elevations of Catalpa Creek and Tibbee Creek were hand-collected by walking and scuba diving active 

lag deposits. The large bony fish composition of Catalpa and Tibbee Creeks is identical to that recovered from 

Holocene archaeological sites in the area. Gar (Lepisosteus), bowfin (Amia calva), sucker (Catostomidae), 

bullhead catfish (Ameiurus), drum (A. grunniens), and bass/sunfish (Centrarchidae)—all present in the Tibbee-

Catalpa Creek subassemblage—are also the only large fish recovered from a prehistoric human occupation 

(3,000-900 BP) along the lower reaches of Tibbee Creek (O’Hear et al. 1981).  

Gulf sturgeon (Acipenser oxyrinchus), which attains lengths up to 4.3 m and weights of up to 250 kg 

(Mettee et al. 1996, Ross 2001), and alligator gar (Atractosteus spatula), up to 3.0 m and 64 kg, are historical 

residents of the Upper Tombigbee River and its larger tributaries. Remains of Atractosteus are readily preserved 

230



in the fossil record (e.g. Hulbert et al. 2001) and even locally abundant (e.g. Voorhies 1982: Nebraska). 

Sturgeon (Acipenseridae) fossils may be locally abundant (e.g. Purdy et al. 2001: North Carolina) although they 

are not very common in general (e.g. Hulbert et al. 2001: Florida). The absence of these, the largest fish of the 

modern Upper Tombigbee (and greater Mobile Basin), from the BPA—specifically the Catalpa-Tibbee 

subassemblage—suggests small, relatively shallow paleo-streams no larger than the middle reaches of modern 

Tombigbee tributaries. Although a smaller fish, another sturgeon, Alabama sturgeon (Scaphirhynchus suttkusi), 

attaining a maximum length of up to 0.55 m, prefers the deep, rapid currents of rivers and is generally a rarer 

fish (Ross 2001). The reason that any of these fish should be detected, if present, lies in their dermal skeletons, 

which are composed largely of numerous, hard, readily preservable and easily identified bony scales. 

The largest ictalurid pectoral fin spines in the Catalpa-Tibbee subassemblage suggests catfish of modest 

size—between 25 and 30 cm, which is the low end of the adult size for most species of Ameiurus. 

In short, the fish species present in the Catalpa-Tibbee subassemblage indicate perennial streams, and the 

size and species composition suggest relatively shallow, low-order streams. Minnows (Cyprinidae), sunfish 

(Centrarchidae), and very small catfish (Ictaluridae), namely the madtom (Noturus), occur in intermittent Black 

Prairie streams today, but the bones of these small fishes may not be readily preserved in intermittent stream 

contexts. 

Amphibians. As with small birds, the very low number of amphibian remains, including the complete 

absence of salamanders (Caudata), is very likely the result of a taphonomic bias against this group owing to the 

delicate nature of amphibian bones. The anurans present in the Catalpa Creek sample are represented by the 

largest and commonest of species found in the area today. Rana catesbeiana is most characteristic of 

impounded water with substantial edge habitat; however, the bullfrog is occasionally found in small streams 

when the preferred habitat is scarce (e.g. Conant & Collins 1991). The remaining anuran fossils reveal little 

about paleoenvironment other than contributing to the larger picture of perennial aquatic habitat for the Catalpa 

Creek locale during the Pleistocene, although such habitat is suggested by many other aquatic species in the 

Catalpa Creek subassemblage. The absence of caudate amphibians is not interpretable ecologically—simply 

regrettable. 

Snakes. The species composition of the snake component of the BPA suggests very little about 

paleoenvironment. That the snake remains occur in the Catalpa-Tibbee sample and not the Town-Fuller sample 

may be related to all snake remains having been recovered by fine-screening, which occurred only in the case if 

the former. Only a fraction of serpent remains could be identified to species or genus. The lack of remains 

identifiable as water snake (Nerodia) is peculiar. As is the case with most streams throughout the Coastal Plain, 

Nerodia is the most commonly sighted snake in modern Black Prairie streams; however, it is very likely that 

this genus heavily, if not solely, makes up the unidentifiable fraction of Black Prairie snake fossils, all of which 

are vertebrae. Still, many other snake species do spend a certain amount of their life histories associated, to 

varying degrees, with water.  

In its present range outside of Florida, Drymarchon corais, recovered from the Alabama portion of the 

BPA, utilizes dry, sandy pine and pine-oak uplands most of the year and moves to bottomland sites during the 
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summer (MMNS 2001). The presence of this snake in the Alabama Black Prairie (Dobie et al. 1996) suggests 

the proximity of well-drained, sandy soils associated with the riparian zone. Its presence also strongly suggests 

the presence of Gopherus polyphemus (or some other burrower), whose subterranean excavations provide 

wintering locations for inquiline serpents like Drymarchon (MMNS 2001). Perhaps deep, sandy levees along 

exogenous Black Prairie streams provided adequate substratum for Gopherus and its dependent cohabitant. 

Aves. The turkey (Meleagris gallopavo) dominates the avian portion of the BPA at all localities. With 

only one identified exception, all avian remains belong to this species. This species is described in wildlife 

management circles as being “tolerant and adaptable, not being restricted by climatic, edaphic or topographic 

factors and prospers in a wide array of forest types” (Hurst 1981: 2). Thus, it would seem that this bird is a poor 

paleoenvironmental indicator. However, mixed hardwood forest with 10-30% grassy openings is the preferred 

habitat type of M. gallopavo in the Southeast (review of Hurst 1981), and this certainly describes much of the 

Black Prairie prior to European settlement (e.g. Jones & Patton 1966, Rankin & Davis 1971, Barone 2005). 

With regard to their dominance over all other avian species in BPA, a fossil sample biased against the more 

fragile bones of smaller avian species is evident. No remains even suggestive of small avian (e.g. passerine) 

species have been recovered to date, not even among the microvertebrate samples made by Frazier (1985) at 

Catalpa Creek. Both the absence of avian remains other than turkey and duck from Catalpa Creek and the 

scarcity of the more delicate bones of amphibians and snakes in Frazier’s (1985) fine-screened samples from 

this site are likely due to a taphonomic bias for larger, sturdier bones with thicker cortices, like those of the 

turkey. 

It is not surprising that the only duck bone recovered was found in Catalpa Creek, where the assemblage 

as a whole is heavily populated by aquatic and semiaquatic vertebrates. Among the larger, aquatic, big-boned 

avian species that are not represented is the great blue heron (Ardea herodias). Sightings of this bird are not 

uncommon in the modern Black Prairie where the great blue is found hunting in the shallows of perennial 

streams and the pooled portions of intermittent streams where the canopy is sufficiently open. Because of its 

larger size, the great blue heron would require more open canopy than most duck species to fly in and out of 

stream channels. Today, this bird is spotted much more frequently than the turkey, although increased sightings 

in more recent years is very likely due to the construction of commercial catfish ponds in the Black Prairie—

ponds in general being frequent haunts of this largest of the wading piscivorous birds. The taphonomic bias 

operating against the preservation of small, delicate bird bones in the BPA should not apply to A. herodias—

probably the second-largest non-raptor in the Southeast for much of the Quaternary. Furthermore, the 

abundance of turtle remains suggests a fairly open canopy along Black Prairie streams as most chelonian 

species depend on regular basking for thermoregulation. The absence from the BPA of a large wading bird like 

the great blue heron is thus not easily explainable at the moment. 

Alligator. The Black Prairie paleostreams that led to the initial burial of Late Pleistocene animal remains 

may not have been deep enough or otherwise accommodating for the largest of turtle predators—the alligator. 

Alligators prefer swamps, marshes, and pools associated with large streams and rivers (Conant & Collins 1991). 

They are currently found along the larger and deeper downstream sections of Catalpa and Tibbee Creeks where 
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they prefer ponded water bodies—natural or manmade (pers. obs.). Although alligator fossils have not been 

identified in the BPA, they have been recovered from other Late Pleistocene locales at similar and even more 

northerly latitudes in the Mid-Continent (review of Holman 1995). In addition, evidence of alligator predation 

on turtles has not been identified on turtle fossils from the BPA. If present in Pleistocene stream deposits in the 

Black Prairie, the alligator should be represented either directly by at least one or two of the numerous and 

fairly durable osteoderms that reinforce the dorsal surface of its tough skin or indirectly as bite marks on turtle 

shell fragments. Remains of Alligator mississippiensis are “extremely abundant in Florida Pleistocene deposits” 

(Meylan et al. 2001b: 150). 

Alligator remains have been found in Pleistocene contexts as far north as southwestern Kansas (review of 

Holman 1995); however, historical records place natural alligator distribution no further north than southeastern 

Oklahoma, central Mississippi, and Albemarle Sound, North Carolina (Ross & Ernst 1994). Winter duration 

more than severity is thought to limit alligator ranges into northern latitudes (Hagan et al. 1983). Alligator 

introductions north of the natural range have been successful, although growth rates and other aspects of 

alligator ecophysiology are attenuated. The Ardis local fauna contains alligator fossils well within the current 

range, and Bentley & Knight (1998) reasonably suggested that the presence of this large reptile strongly 

indicates a large body of permanent water nearby. Alligators prefer densely forested marshes and swamps 

(Hagan 1982), although marshy habitats, particularly those associated with standing water, are favored (e.g. 

Wilson 1995). The absence of Kinosternon subrubrum and Deirochelys reticularia and scarcity of Chrysemys 

picta in the BPA suggests that little if any marshy habitat was present; the absence of alligator remains 

reinforces this interpretation. Alligators do exist in spotty marsh-and-pool habitat in the lower reaches of 

modern Tibbee and Catalpa Creeks; however, this habitat is artificial and was created by damming of the 

Tombigbee River just below the mouth of Tibbee in the early 1980s. Nevertheless, Tibbee Creek is given as the 

northern-most occurrence for this species in the Tombigbee drainage by Cook (1942). The absence of alligator 

fossils from the Black Prairie Pleistocene assemblage suggests the animal either (1) did not range this far inland 

(i.e. up the Tombigbee) during the Pleistocene, (2) did not enter Black Prairie streams of the order (i.e. size) 

indicated by the fossils, or (3) the animal was present but too rare to be detected. 

Turtles. Most of the turtles living in the modern Black Prairie are present in the BPA. The Black Prairie 

chelofauna consists of both terrestrial and aquatic forms. The majority of the turtles in this assemblage require 

the close proximity of ample lotic or lentic water during the year, except the gopher tortoise (Gopherus) and 

perhaps the North American giant tortoise. Although what is known of the ecology of the giant tortoise 

(Hesperotestudo) is mostly speculative, its abundance in fluviatile deposits suggests it was, unlike species of 

modern Gopherus, somewhat water dependent. In general, all turtles in this assemblage prefer low to moderate 

stream turbidity levels. The aquatic turtles prefer streams with moderate to abundant vegetation, except the 

softshell turtle which does equally well in the presence of only small amounts of aquatic plants. Species of 

Graptemys, populous within the channels of major rivers, generally avoid shallow tributaries of these rivers and 

most, including Gr. pulchra, prefer not to dwell in the ponded or still portions of rivers. In general, kinosternids 

are bottom-walkers, whereas aquatic emydids are accomplished swimmers. All turtles except the chelydrids and 
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kinosternids require at least intermittently open canopy. The box turtle, wood turtle, and two tortoises require 

the close proximity of more open, grassy, ground. Except for the extinct giant tortoise, for which the ecology is 

largely unknown, all of these terrestrial turtles spend at least portions of the year foraging in relatively elevated, 

dry meadows away from streamside. All BPA turtles require somewhat loose, friable bar deposits, stream 

banks, riparian soils, or otherwise loose, somewhat sandy earth for nesting. 

Kinosternon subrubrum and Deirochelys reticularia are characteristic of marsh and pond habitat and 

generally shun free-flowing water, thus their absence is consistent with the presence of Glyptemys insculpta, 

which prefers lotic conditions. Preston (1979) reported the consistent absence of Kinosternon remains at those 

Pleistocene sites in Kansas and Oklahoma where Sternotherus was found in abundance. This situation is in 

agreement with the fluentine nature of fossil-bearing sediments at these locations. In Mississippi, Sternotherus 

minor peltifer prefers rivers and the broader, deeper, downstream portions of large creeks (R. L. Jones, pers. 

com.). The absence of this species from the BPA is consistent with the composition and relative abundance of 

the taxa present, which suggests shallower, lower order, upstream portions of tributary streams of the 

Tombigbee. Of all the above species, only K. subrubrum is confirmed in the Pre-Columbian archaeological 

record in the region; however, it is inferred that those species currently living in the region and absent in the 

BPA have long histories there, too. In other words, chelonian introductions are not suspected for the Black 

Prairie. 

Unfortunately, diet and habitat preference is revealing for only some of the extant residents. Chelydrids 

are known to consume a wide variety of foods; however, Macrochelys has narrower habitat requirements than 

Chelydra and also prefers deeper water. Graptemys and Pseudemys are also deep-water turtles. Pseudemys is 

known to penetrate deep creeks to points further upstream than either Macrochelys or Graptemys will travel, so 

long as there is an occasional deep pool. Macrochelys and Graptemys prefer more extensive, continuous deep 

water; however, less than 10% of the Catalpa-Tibbee turtle remains belong to deep-water species (Figs. 36, 43-

45). Large-headed female Graptemys species and both sexes in Macrochelys are bottom feeders. The 

sternotherines are also mostly carnivorous bottom feeders. All sternotherines in the Mid-South—Sternotherus 

carinatus, S. odoratus, and S. minor peltifer—prefer lotic water, as does Graptemys and the now extralimital 

Glyptemys insculpta. The presence of rare, large (i.e. female) Graptemys pulchra indicates healthy mollusk 

populations in the shallow paleo-creeks that flowed into the ancient Tombigbee from the Black Prairie. 

The relative abundance of Sternotherus odoratus and S. carinatus in the Late Pleistocene streams 

represented by the current assemblage suggests the presence of at least a modest supply of macroinvertebrate 

benthos. The co-occurrence of S. odoratus and S. carinatus in the Catalpa-Tibbee subassemblage suggests some 

feeding accommodations, or niche partitioning, between these two closely related bottom-feeders with very 

similar diets. The more catholic diet of modern S. odoratus and stricter molluscivorous diet of modern S. 

carinatus may have permitted the close coexistence of these two sternotherines in small, shallow perennial 

Black Prairie streams. Given the strong competition for resources observed between Sternotherus odoratus and 

S. minor (Berry 1975), the former may have simply been the better competitor in the paleo-streams responsible 

for the Catalpa-Tibbee Creek subassemblage. Lindeman (1996) conducted late spring/early summer basking 
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surveys of kinosternid communities up and down the Pascagoula and Pearl River drainages, including localities 

where S. minor was known to be present. Only 1 out of a total 1,370 turtles observed was identified as S. minor. 

Conant & Collins (1991) and Ernst et al. (1994) reported a poorly developed basking behavior in this species; 

therefore, basking surveys may not be the ideal manner in which to evaluate the abundance of this species. Of 

the turtles trapped and hand-collected by Tinkle (1959: sampling methods of Chaney & Smith 1950) in the main 

river channels of the Mobile Basin, 10-25% were S. minor (see Fig. 48). Thus, the species may be more 

numerous where it occurs than basking surveys might suggest. Altig (1973) also indicated that this species was 

infrequently encountered along the Tombigbee River (Table 13), but the author did not explain how his 

censuses were conducted. As the current literature review produced no formal relative abundance studies of 

chelonians in secondary streams of the Mobile Basin, the presence of S. minor in such environments is 

unknown but expected to be low based on what is currently known about this turtle. There are reports of S. 

minor from the Pleistocene of northern Florida (Meylan et al. 2001a) and central Florida (Iverson 1977b), but 

fossil Sternotherus material from Georgia has not been identified to species (e.g. Hulbert & Pratt 1998). 

The modern gopher tortoise (Gopherus polyphemus) prefers dry, sandy, upland oak-pine scrub habitat of 

the modern outer coastal plain. Although not recorded from inside the Black Prairie in historical times, there is 

historical record north and south of the district in Alabama (Mount 1975). Although predominantly a very 

clayey region, the Catalpa and Tibbee Creek valleys are rather sandy in places due to exogenous components in 

their alluvium. Friable, sandy soil would be required for the construction of gopher tortoise burrows and 

relatively deep sandy levees along exogenous Black Prairie streams would explain the presence of this turtle. 

All six of the modern Black Prairie chelonians absent from Catalpa Creek Pleistocene deposits, and the 

BPA in general, are found in water bodies within Cypress-Tupelo (Taxodium-Nyssa) swamp forest (Wilson 

1995), which has historically characterized the floodplain immediately adjacent to the Tombigbee River 

channel, its backwaters, and the lower ends of its major tributaries. Eight of the thirteen extant chelonians from 

the Catalpa Creek Pleistocene are found in this same type of habitat; however, except for the musk turtles, 

which are primarily benthic stream-dwellers, these constitute the less common species in the BPA. The more 

common turtles in the Catalpa-Tibbee subassemblage would be considered uncharacteristic of Cypress-Tupelo 

habitat (see Wilson 1995). In particular, the absence from the BPA of the Eastern mud turtle (Kinosternon 

subrubrum), which is a hallmark species for Cypress-Tupelo swamp, is suggestive of the lack of representation 

of this habitat in the Black Prairie Pleistocene fossil record as it is currently known from the two fossil 

subassemblages discussed herein. The consensus habitat type for the represented chelonian species in the 

Catalpa Creek subassemblage, based on modern species occurrence, is either bottomland hardwood or mesic 

mixed hardwood-pine (see Wilson 1995). Based on the BPA composition represented by the Catalpa-Tibbee 

and Town-Fuller subassemblages, little or no Cypress-Tupelo swamp-backwater forest was present along the 

streams that entombed the Late Pleistocene turtles. 

The habitat preferences of the turtles absent from the BPA reveal as much about the paleoenvironment 

represented by the assemblage as do those species present within it. By “absent” the writer means historically 

present within the immediate area of the Upper Tombigbee River Basin. Apalone mutica and Graptemys 
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nigrinoda are two absentees that prefer rivers (i.e. large to very large streams) with swift current. Graptemys 

pulchra does, too, but this species, rare in the BPA, will enter tributary streams of the Tombigbee—the major 

river in the area. This, coupled with the fact that all other BPA species prefer stream sizes and currents no 

greater than what might be found along the middle and upper reaches of modern Catalpa Creek, suggests that 

the BPA was not concentrated from riverine, or very high-order, streams but instead the result of fluentine, or 

low-order, stream hydrology. 

The Catalpa-Tibbee Subassemblage. The chelonian sample representing this subassemblage is dominated 

by aquatics (Figs. 37, 38). Catalpa Creek (e.g. K-30, L-01) has the greatest diversity of aquatic, facultative 

aquatic, and terrestrial species among all locales sampled and is also one of the two richest locales with respect 

to absolute number of fossils. Among all Black Prairie vertebrate fossil locales, this creek has yielded the 

greatest absolute and relative numbers of fossil specimens belonging to aquatic vertebrate species. Although the 

majority of the fossil turtle species recovered from this locale are found in or associated with modern riparian 

and lotic habitat, lentic structures in the form of beaver ponds, marshes, and swamps are also frequented by 

these turtles (Table 12). Fourteen chelonian species have been discovered to date in Catalpa Creek: Chelydra 

serpentina, Macrochelys temmincki, Apalone sp., Sternotherus cf. odoratus, Sternotherus carinatus, Graptemys 

pulchra, Chrysemys picta, Trachemys scripta, Pseudemys rubriventris Section, Glyptemys insculpta, 

Emydoidea blandingii, Terrapene carolina (extinct subspecies), Hesperotestudo crassiscutata, and Gopherus 

polyphemus. One of these (Hesperotestudo) is extinct and five (S. carinatus, Ps. rubriventris Section, 

Glyptemys, Emydoidea, and Gopherus) are today extralimital to the Black Prairie. The most abundant of all 

these species in the Catalpa-Tibbee sample is Terrapene carolina, which comprises nearly 36% of all remains. 

Based on the modern habitat requirements summarized in the data matrices of Wilson (1995) and 

information gathered from various other sources, particularly the reviews of Ernst & Barbour (1989) and Ernst 

et al. (1994), the consensus habitat for the Catalpa Creek paleochelofauna (see Figs. 37, 38) consists of 

occasionally impounded, shallow, low-order, perennial streams dominated by open canopy bottomland 

hardwood and mesic mixed hardwood-pine forest. With respect to specific structures, the Late Pleistocene 

Catalpa Creek turtles, as a group, prefer streams of shallow to intermediate depth with abundant aquatic 

vegetation, ample deadwood snag for basking, and broad wooded riparian zones with loose, organic, somewhat 

sandy soil for nesting and other life history activities. At the time of European settlement, Catalpa Creek was a 

perennial stream dominated by bottomland hardwoods with adjoining upland mixed hardwood, post oak 

woodland, and insular prairies along stream divides (Myers 1948, Murphree & Miller 1976, Brent 1979). 

The highest chelonian densities are almost invariably associated with various types of stream 

impoundments—natural or anthropogenic. Natural stream impoundments over most of North America are 

created by the Canada beaver (Castor canadensis). Metts et al. (2001) documented a significantly 

overwhelming preference for beaver ponds over unimpounded streams for the following aquatic chelonians: 

Chelydra serpentina, Kinosternon subrubrum, Sternotherus odoratus, Chrysemys picta, Pseudemys concinna, 

and Trachemys scripta. All of these turtles are found at various places in the modern Mississippi Black Prairie. 

Although Chelydra and S. odoratus are reasonably well-represented in the BPA, the rest of the aforementioned 
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taxa occur in either relatively low numbers (Ps. concinna, C. picta, and T. scripta) or not at all (Kinosternon). 

Although much wetland acreage has been drained or otherwise destroyed since the arrival of Europeans, the 

U.S. acreage of anthropogenic impoundments has increased as the result of man’s need for arable land and 

recreational waterways and to otherwise control floodplains. Throughout most of the Southeast, beaver activity 

contributes to the formation of most natural impoundments of streams and small rivers and has been said to 

contribute significantly to the aggradation of flood plains on a geologic time scale (review of Johnson 1967). In 

the past, beaver ponds likely constituted the second most prevalent type of lentic water body next to the natural 

drainage lakes of larger rivers. Beaver impoundments are known to increase plant and animal biomass and 

diversity wherever they occur (reviews of Hill 1982, Metts et al. 2001). Beaver impoundments are 

commonplace in Black Prairie streams today, raising water levels in arable floodplain tracts and thus causing 

problems for farmers. Beaver impoundments in shallow, lowland Black Prairie streams with broad, flat 

floodplains, like Catalpa Creek, produce larger ponds with deeper water than beaver ponds in the upland 

portions of the Black Prairie, although such ponds occur in both places. 

The Town-Fuller Subassemblage. The chelonian sample representing this subassemblage, which is 

derived from a topographically higher position than the Catalpa-Tibbee subassemblage, contains only six 

chelonian species—Terrapene carolina, Hesperotestudo crassiscutata, Apalone sp., Chelydra serpentina, 

Sternotherus cf. odoratus, and cf. Trachemys scripta. The first two of these are terrestrial turtles. On a per 

element basis, Terrapene carolina is, by far, the most abundant turtle in this subassemblage (Figs. 36b, 37, 38). 

Although the remaining four species are considered fully aquatic forms, Trachemys scripta will move from one 

water body to another by overland migration and can be found in the shallowest of streams in the modern 

Mississippi Black Prairie (pers. obs.). None of the aquatic turtles in this subassemblage are very common (Figs. 

37, 38), comprising no more than 5% of fragments. 

Based on sedimentology and elevation as well as fossil composition, the consensus habitat represented in 

the composition of the Town-Fuller assemblage is upland, endogenous, low order intermittent streams, 

essentially the headwaters of paleo-Catalpa-like streams, with little or no active floodplain. Historically, upland 

environments in the Black Prairie were comprised of a mosaic of post oak woodland interspersed with 

prairies—the latter particularly prominent on large, calcareous stream divides (e.g. Fig. 37a). The chelonian 

composition of the Town-Fuller subassemblage is consistent with its modern occurrence, particularly with 

respect to elevation. Modern upland, intermittent Black Prairie streams support greater relative numbers of 

Terrapene carolina—a terrestrial turtle—than other aquatics. In addition, the aquatic chelonians in the Town-

Fuller subassemblage consist of only those species known to ascend modern stream headwaters to considerable 

distances. 

Mammals. Kaye (1974) previously pointed out the correlation between subassemblage elevation and the 

relative abundance of aquatic mammals within the BPA. Based on the most recent enumeration of Pleistocene 

vertebrate specimens in the BPA, Canada beaver comprises approximately 5.0% of the total vertebrate NISP for 

the Catalpa-Tibbee sample, which is also dominated by aquatic chelonians, and less than less than 0.1% for the 

Town-Fuller sample, which is dominated by terrestrial chelonians. Muskrats, which are most frequently 
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encountered in lentic to slightly lotic vegetated waters (Perry 1982) and particularly fond of beaver 

impoundments (e.g. Boyce 2001), comprise nearly 10% of the Catalpa-Tibbee subassemblage (and again, less 

than 0.1% of the Town-Fuller sample). The paleoenvironmental evidence so far, rodent fossils included, 

indicates swampy subenvironments in the lower portions of the ancient Catalpa-Tibbee drainage, similar to 

what early settlers may have seen in the region before extensive habitat alteration/destruction occurred. This is 

contrasted with more intermittent streams as suggested by the modern fauna, fossils, and sediments occurring in 

the upper portions of the Town Creek drainage. 

The most notorious predator of turtles, particularly young turtles, turtle nests, and even turtle appendages, 

is the raccoon. This carnivore is in fact the most abundant predator in the BPA, which is understandable given 

the penchant of the modern raccoon for running water (Kaufmann 1982) and the demonstrably fluviatile nature 

of this fossil assemblage. Blanding’s turtles and box turtles have the advantage of being able to close their 

hinged shells when threatened by predators. Although able to draw its head and limbs into the shell, the wood 

turtle is not able to completely close it, nor will it actively engage in defensive biting. Thus, it is not surprising 

for modern wood turtles to be missing whole extremities or portions thereof (Harding 1997). The raccoon is 

approximately equally represented in the two subassemblages, but it had the option of feeding on defenseless 

wood turtles in the lower portions of Black Prairie streams, as represented by composition of the Catalpa Creek 

sample. 

 

 

INTERPRETIVE SYNTHESIS 

 

Kaye (1974) stated that of the Rancholabrean local faunas so far described, the Mississippi portion of the 

BPA was compositionally most like those in Florida than in any other region of the continent, thus implying a 

similar climate between the Mississippi Black Prairie and northern Florida. With the subsequent report of 

similarly composed Late Pleistocene macrovertebrate assemblages from southwestern and western Mississippi 

(Leggett 1992, Ruddell 1999) and the Alabama Black Prairie (Curren et al. 1976, 1977, Copeland & Curren 

1977), the Late Pleistocene vertebrate composition of northern Florida becomes less similar to the BPA, which 

is now definable in more local terms. In addition, Arkansas (e.g. Sanders 1994), Louisiana (e.g. Rice 1981), 

Tennessee (e.g. Corgan & Breitburg 1996), the remainder of Alabama lying outside the Black Prairie (e.g. 

Curren et al. 1977), and even Texas (e.g. Lundelius 1972a) and Georgia (e.g. Ray 1967, Holman 1967, Hulbert 

& Pratt 1998) contain Late Pleistocene vertebrate assemblages that are equally if not more compositionally 

similar to the BPA than the mostly coastal Florida faunas. However, the vertebrate composition of Late 

Pleistocene southern local faunas is much better known today than it was 30 years ago. With now over 80 

vertebrate species coupled with preliminary relative abundance data, the Mississippi-Alabama Black Prairie 

Late Pleistocene vertebrate fossil assemblage can be considered compositionally related to adjoining faunal 

districts on various levels but with a distinctive character all its own. 
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Although several authors have described Pleistocene vertebrate collections from various locales within 

the Black Prairie, only Kaye (1974) and Frazier (1985) comment to any degree on local paleoenvironment 

during the Late Pleistocene. Kaye (1974: 68) indicated that the mixture of macroherbivores, both grazers and 

browsers, suggested a “savanna type environment for wide areas of the Black Belt during much of 

Rancholabrean time.” Although he may have intended to use the term “savanna” in a general sense in order to 

equate the Black Prairie to grassland, or a relatively treeless region, both savanna and grassland imply rather 

extensive grass-/forb-dominated vegetation. This interpretation is not supported by the underlying geology (e.g. 

Stephenson & Monroe 1940), the composition of the smaller vertebrates (e.g. Frazier 1985), and historical 

accounts (Rostlund 1957, Barone 2005), among other lines of evidence. A prairie-forest mosaic is perhaps a 

better description, as this is how the region is generally perceived for the Holocene, based on geology (e.g. 

Wilson 1981), pedology (e.g. Harper 1913), climate (e.g. Thornwaite 1948), and early historical accounts (e.g. 

reviews of Myers 1948, Rostlund 1957, Stauffer 1961, Rankin 1974, Barone 2005). Depending on the source 

and exact location examined within the Mississippi-Alabama Black Prairie, the region was composed of 

anywhere from approximately 5% (Myers 1948: northeast Mississippi) to 33% (Rankin & Davis 1971: 

Montgomery County, Alabama) sparsely wooded grassland, or parkland, traditionally referred to as ‘prairie’ 

(e.g. Harper 1857, Sapp & Emplaincourt 1975, Rosser & Moore 1982). Unfortunately, the archaeological record 

has not been very revealing about the prehistoric vegetation of the region (e.g. Peacock 1992) and palynological 

studies have only been performed peripheral to the Black Prairie (Delcourt 1980, Whitehead & Sheehan 1985), 

but there is strong inference for at least small, insular prairies prior to European settlement (e.g. Rostlund 1957). 

Neither the paleontological (= Late Pleistocene), archaeological (= Holocene), and historical (= latest Holocene) 

records for the region have revealed any truly psilicolous plant, microvertebrate, or avian species, which would 

be suggestive of more extensive prairie like that found in the Western Interior. On the other hand, insect species 

considered peculiar to prairie environments can be found in the region today (Brown 2003). In addition, the 

proportion of graminivorous megaherbivores (e.g. Mammuthus, Equus, and Bison) in the Late Pleistocene fossil 

record (Kaye 1974) is suggestive of at least discontinous grassland in the Black Prairie during this time. This 

would be consistent with the generally drier conditions hypothesized for North America (except the Southwest) 

for periods of maximum glaciations (COHMAP 1988, Benson et al. 1997, Williams et al. 2000). 

There is a seemingly unbridgeable taphonomic rift separating a fossil assemblage and the community, or 

communities, from which it is derived. Outside of very rare instances of sudden, catastrophic sedimentary 

entombment of an entire community, the vast majority of fossil assemblages are both transported and time-

averaged to one degree or another. Thus, it is understood that the turtle “community” inferred from the BPA is 

actually composed of turtles spanning decades, centuries, or possibly even millennia. However, if relative 

topography has not changed since the Late Pleistocene, as evidenced by our current physiographic and 

paleontologic understanding of the region, then the differences in P/A pre- and post-End Pleistocene 

extinction/extralimitation are perhaps of greater paleoecological interest than RTA among extant taxa before 

and following the terminal Pleistocene. Taxonomic presence/absence and relative abundance within the BPA, in 

spite of the taphonomic biases outlined earlier, are offered herein as a best approximation for P/A and RTA 
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within two turtle communities that inhabited the Black Prairie over the Late Pleistocene, specifically during the 

Wisconsinan. A review of the eight assumptions used in perceiving the BPA as representing actual species 

proportions in a community are as listed: 

• Turtles entered the fossil record in proportion to their living relative abundance (Assumptions 

1 & 2 above). 

• Turtle shell fossil samples are collected in proportion to their preservation rates (Ass. 3). 

• Turtle shell fossils are equally identifiable among all taxa (Ass. 4). 

• Extant turtles in the BPA are ecologically equivalent to their modern conspecifics (Ass. 5). 

• Sampling methods applied to assess living relative abundance within modern communities are 

accurate (Ass. 6). 

• Relative taxonomic abundance in modern turtle communities approximates relative habitat 

abundance (Ass. 7). 

• Relative abundance from modern samples is comparable to that of fossil samples, which 

together with Ass. 7 may be used as an approximation of paleoenvironment (Ass. 8). 

Again, none of the assumptions above are perceived here as wholly accurate statements. Beginning with 

Ass. 1 and 2, some turtles may have shorter life expectancies and are more r-selected, whereas others may live

longer and are thus more k-selected. Such a difference might lead to fossil proportions inaccurately reflecting 

living proportions in a time-averaged assemblage. Although this part of the individual species’ natural history 

was not investigated thoroughly, differences in life expectancies and life strategies that might influence 

preservation rate are assumed to be minimal in most cases. One exception is the box turtle, which is not 

expected to be preserved as frequently in fluviatile settings as other aquatic species. This is because box turtles 

are also perishing outside of streams in situations much less conducive to their preservation in the fossil record, 

like a wooded hillside. The fluvioriparian communities, as defined here, are limited in time as well as space. 

In other words, the relative abundance of Terrapene includes only the portion of time this turtle spends in and 

along Black Prairie streams and excludes the turtle as it exists distal to streams and riparian zones. Assumption 

2, on the other hand, has to do with physical properties of the shell. For example, because of the relative 

thinness of Chelydra shells and fusion in Terrapene elements, the former is likely under-represented and the 

latter over-represented. 

With respect to the collecting of fossil turtle shell (Ass. 3), all material observed, whether loose or in situ, 

was collected. In addition, of the small proportion of turtle shell obtained via screen-washing, none of it was 

smaller or less obvious than that which was macro-collected from stream deposits. Bias was obvious in the 

identification of turtle shell (Ass. 4). Apalone shell fragments, although difficult to identify to species, have a 

very distinctive pattern, present on the smallest of fragments. Most unidentified fragments are emydid (App. 1), 

perhaps even many of those identified as simply “Chelonia.” This means that emydid species are under-

represented in the RTA diagrams (Figs. 36, 43-45). 

Whether or not the individual ecologies of BPA species have changed since the Late Pleistocene would 

depend on the degree of habitat alteration or displacement (Ass. 5). Without a doubt there was a considerable 
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degree of environmental change during the glacial retreat of the Late Wisconsinan and earliest Holocene. 

Numerous paleobotanical studies alone demonstrate this now well-established fact. The climatic and subsequent 

floral changes involved the whole continent as far south as central Mexico. To what degree environmental 

changes at the end of the Pleistocene affected the habits of Late Pleistocene turtles is unknown, although an 

entire genus (Hesperotestudo) became extinct presumably as a result of these changes. Exploring the effect of 

the Pleistocene-Holocene environmental changes on chelonian ecology is beyond the scope of this study, so the 

writer has chosen to adopt the convenient and widely applied Quaternary paleoautecological model in assuming 

habit preferences of extant taxa have changed very little if at all. 

A community ecologist listening in on a discussion of paleoecology might wonder how one would even 

hope to devise an accurate means of measuring fossil communities (e.g. assessing relative abundance) when 

ecologists can hardly agree upon the most appropriate methods for measuring modern communities (Ass. 6). 

This is a nagging problem of which paleoecologists are woefully aware, yet comparative data must come from 

somewhere. Thus, the writer, short of sampling modern turtle communities himself, has chosen what he 

believes to be the most unbiased relative abundance data for modern North American turtle communities 

available in the published literature. The comparative samples chosen represent a variety of aquatic 

environments from different locations across the eastern half of the U.S. 

 Relative species abundance should, in some way, reflect relative abundance of habitat utilized by species 

within a community (Ass. 7); however, the ratio of individuals of a species to the unit habitat they depend on 

will vary among species. Large turtles will logically utilize or consume a greater quantity of resources and thus 

occur in fewer absolute numbers than smaller species in the same environment. Chelydra and Macrochelys are 

the largest turtles in the assemblage and occur in relatively low abundance in both the living and fossil samples. 

Chelydrids require greater habitat volume (or area) per individual (or unit biomass) than all other turtle species 

in the BPA. 
The greatest taphonomic hurdle is demonstrating the equivalence of relative abundance in living 

chelonian communities to that in Late Pleistocene communities (Ass. 8) in order to estimate the relative 

abundance of species habitat and thus paleoenvironment (Ass. 7). Simple presence/absence data, although 

preserved with greater fidelity than relative abundance data (see Staff et al. 1986), does nothing more than 

suggest the presence/absence of a given habitat. If interspecific preservational biases can be identified and 

accommodated for, then relative abundance data deserves a second look. Still, such an assumptive leap might be 

perceived as equivalent to “comparing apples and oranges,” but comparative RTA analysis is merely an 

extension of the fundamental Huttonian principle, no different from CLE (or NLR) modeling. RTA based on 

MNI was deemed the best manner in which to minimize the effects of the collective bias described above in 

order to present the best approximation of relative chelonian species abundance as a proxy for 

paleoenvironment within the Late Pleistocene of the Black Prairie. 

The BPA represents a fluvioriparian fauna in that it is composed of animals that lived in and along 

streams. In addition, the activities of BPA taxa revolve around the availability of mostly flowing water, with 

perhaps occasional standing water, as is also suggested by the vertebrate composition. The BPA is composed of 
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two fluvioriparian subassemblages, each composed of both small and large vertebrates that are to varying 

degrees dependent upon water, which is not surprising considering that the entire assemblage is derived from 

stream deposits. Kaye (1974) found mammalian compositional (species) differences between upland (F1) and 

lowland (F2) subassemblages. Paleoenvironments suggested by the vertebrate composition—both 

presence/absence and relative abundance—of the two subassemblages reflect their current relative topographic 

positions. Kaye’s (1974) mammalian environmental indicators were aquatic taxa, which, although present in 

both upland and lowland subassemblages, occurred in much greater relative abundance in the latter. The current 

study also found the nonmammalian component to exhibit differences between the two major topographic 

divisions within the region, not only in P/A but also in RTA. The faunal composition of Late Pleistocene F1 

(and F1-derived F3) fossils, like the samples from Town and Fuller Creeks, is consistent with their presence in 

upland stream deposits (185-235 ft). Likewise, the composition of F2 (and F2-derived F3) fossils reflects the 

composition of the more perennial yet shallow character of the downstream portions of (for example) Catalpa 

Creek (165-180 ft), although it is highly probable that F1 fossils have contaminated the Catalpa-Tibbee sample. 

Thus, the Catalpa-Tibbee subassemblage is suspected to be partly composed of F1 fossils, but to what degree 

such contamination has occurred is unknown. On the other hand, as water flows very predictably downhill, the 

Town-Fuller subassemblage, which resides at a lower average elevation, should contain no F2 contamination. In 

sum, the evidence suggests that the relative topography has changed little since the Ice Age, an interpretation 

previously suggested by geomorphological inference derived from Muto & Gunn (1985). 

The majority of the turtle species described from the BPA prefer free-flowing streams to impoundments. 

This would include both the fully aquatic turtles as well as the water-dependent species exhibiting varying 

degrees of terrestriality. Although primarily pond-marsh turtles throughout much of their modern ranges, 

Emydoidea and Chrysemys also inhabit small, sluggish streams. The presence of the chelydrids, particularly 

Macrochelys, and Pseudemys suggests water deep enough to accommodate large, deeper-water species, which 

cumulatively comprise less than 15% of the Catalpa-Tibbee subassemblage, as known by NISP or MNI. If all 

the species represented in the Catalpa-Tibbee subassemblage are derived from basically the same general type 

of hydrologic environment, then their collective habitat preferences are viewed here as representing a combined 

habitat type. Alternatively, each subassemblage may represent more than one discrete hydrologic environment, 

or rather multiple subenvironments, particularly given the attritional nature of the entire assemblage. This is 

certainly a possibility for the Catalpa-Tibbee subassemblage for which fossil contamination from upland 

environments has already been presented as a likelihood. Given the greater relative fossil abundance of species 

favoring stream impoundments, like the Canada beaver, common muskrat, Blanding’s turtle, and species of 

Chrysemys, the Catalpa-Tibbee sample also suggests regular or intermittent impoundment of shallow, low-order 

perennial streams in the region of the Black Prairie represented by that sample. Therefore, although there is 

little doubt that the two compositionally discrete subassemblages of the BPA represent different hydrologic 

regimes, each subassemblage, particularly that exemplified by the Catalpa-Tibbee sample, may represent more 

than one subenvironment within the more perennial, middle elevation stream system. Whether these 

subenvironments were simultaneous or diachronous is irrelevant to the current study. 
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Although invertebrate remains are absent from the BPA, dietary observations of many of the extant 

semiaquatic vertebrates, including the smaller mammals, in the Catalpa-Tibbee sample suggest an ample 

invertebrate macrobenthos. Freshwater drum (Aplodinotus) is an obligate mussel-eater. Adult female Graptemys 

pulchra specialize on mussels (Unionacea), aquatic snails (Prosobranchia), and crayfish (Cambaridae). The 

relative abundance of raccoon (Procyon) and Blanding’s turtle suggests a hearty crayfish fauna, as does the 

number of omnivores, like the sternotherines and spiny softshell turtle—both of which regularly take crayfish. 

The relative abundance of herbivores, namely muskrat (Ondatra) and cooter (Pseudemys), in the Catalpa-

Tibbee sample suggests that shallow, perennial streams were adequately vegetated, as does the relative 

abundance of sternotherine turtles that also use vegetation as refuge. 

With respect to using modern communities as models for interpreting ancient climate and environment, it 

is difficult to know if we are really looking at a natural population structure untouched by the hand of man. The 

example illustrated earlier of studies at the spring run in Florida (Marchand 1942 vs. Meylan et al. 1992) is just 

one of endless instances where man is suspected to have played a role in modifying the structure of the 

population between sampling times. However, the two Rainbow Run samples taken a year apart are an example 

of how sample composition may differ markedly between data collectors (Giovanetto 1992 vs. Meylan et al. 

1992). Anthropogenic effects on relative abundance, if real, may be due to either habitat alteration or turtle 

predation, the latter suspected to be the case at Rainbow Run. Therefore, human factors must be taken into 

account when using modern populations as models for interpreting ancient environments. 

 

 

CONCLUSION 

 

The Mississippi-Alabama Black Prairie contains a taxonomically diverse vertebrate fossil assemblage 

dating to the Late Pleistocene, perhaps entirely the Wisconsinan portion. With now over 80 vertebrate species 

resulting from 30 years of collecting the BPA at many different localities, a better picture of Late Pleistocene 

paleoenvironment in the Black Prairie is coming about. 

There is little doubt that preservational and other biases have influenced the taxonomic composition of 

the BPA. Across taxonomic groups, and typical of most stream-concentrated fossil assemblages, both 

presence/absence (P/A) has been altered as has relative taxonomic abundance (RTA). One of several examples 

of P/A bias is the lack of small birds (Passeriformes). Biases affecting RTA exist at the inter-ordinal level, or 

between vertebrate orders, but are appear to be less pronounced intra-ordinally, or with increasing 

morphological similarity of the included species—in this case Order Chelonia. A quantitative evaluation of 

inter-ordinal and intra-ordinal biases is not attempted here but the differences are, for obvious morphological 

reasons, assumed to be great. It is reasonable to assume that, contrasted with inter-ordinal comparisons, P/A and 

RTA are much reduced within the Order Chelonia given the greater relative similarity in the basic anatomical 

Bauplan of the turtle shell. Still, intra-ordinal morphological differences within Chelonia do exist—on the 

family, genus, and species levels—that are undoubtedly leading to differential representation within the BPA. 
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For example, within a stream-concentrated assemblage, thin-shelled turtles, like Chelydra and Gopherus will 

experience environmental degradation quicker than thick-shelled turtles, like Hesperotestudo, thus resulting in 

an under-representation of the former and an over-representation of the latter. In addition, intra-skeletal biases 

also exist in the BPA. For example, turtle epiplastra disproportionately outnumber turtle costals, and small 

rodent teeth disproportionately outnumber small rodent bones. A similar pattern of intra-skeletal bias was 

observed to exist across chelonian taxa with high NISPs. None of these biases are peculiar to the BPA, but are 

presumed to exist in most stream-concentrated assemblages. This common thread allows the taxonomic 

composition of the BPA to be compared to similarly derived assemblages. 

The Late Pleistocene fossil assemblage associated with the Mississippi-Alabama Black Prairie province 

is compositionally fluvioriparian in nature. It can be divided into two subassemblages based on faunal 

composition, which changes with modern elevation and sedimentology. The high-elevation subassemblage is 

derived from endogenous fluviatile clays and silty clays resting on Cretaceous bedrock and frequently filling 

dissolutional cavities thereon. The vertebrate composition (P/A and RTA) of high-elevation sites is consistent 

with that of modern upland sites in having a greater terrestrial composition. Among the nonmammals, the 

absence of large fish, low relative abundance of fully aquatic chelonians, and low overall diversity indicate that 

the high-elevation subassemblage was concentrated by intermittent upland streams. The composition of lower 

elevation fossil sites within the Black Prairie reflects what one would expect to find at low intermediate to upper 

low elevations along the primary and secondary tributaries of a major river. Fish fossils, including those of large 

species, occur at these lower elevations, and aquatic and semiaquatic vertebrates occur in much greater relative 

abundance and diversity, too. Silty clay and sandy clay alluvium, partly exogenous, dominates the fossil-bearing 

sediment found at low-elevation sites. The sandier alluvium at lower elevations would have favored those 

turtles, like Pseudemys and Graptemys, that require unconsolidated riparian sediment for nesting, as well as 

Gopherus, which requires friable, sandy soil for burrowing. Although both subassemblages occur in relatively 

shallow, low-order fluentine streams out of the main Tombigbee River floodplain, the Town-Fuller 

subassemblage occupies slightly higher elevations. Contamination of low-elevation fossiliferous deposits (F2) 

with fossils derived from high-elevation (i.e. more terrestrial, F1) locales is strongly suspected due to the extent 

of reworking (e.g. F3 fossils). This could only increase the terrestrial composition of the low-elevation 

subassemblage, which is characterized by both a greater relative abundance of aquatic taxa as well as aquatic 

species absent from higher elevations. Therefore, the subassemblage characteristic of more perennial stream 

environments had perhaps an even greater relative abundance of aquatic taxa prior to the slow migration (i.e. 

reworking) of fossils in an inevitable downstream direction. 

Kaye (1974) attributed differences in observed mammalian composition between the relatively high-

elevation subassemblage and the lower elevation subassemblage to different subenvironments within the 

Mississippi Black Prairie. Kaye (1974: 69) suggested a “savanna type environment” for the topographically 

high subassemblage and a “swampy environment” for the topographically low. Both interpretations are 

consistent with the findings resulting from a closer inspection of the nonmammalian vertebrate component, 

although the terms “woodland savanna” or “prairie-forest mosaic” for characterizing the paleoenvironment of 
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the high-elevation subassemblage are perhaps more appropriate. Frazier (1985) recovered a fairly rich 

microvertebrate assemblage from Catalpa Creek by screening deposits containing reworked, although 

collectively and diagnostically low-elevation fossils. The majority of the fish, amphibian, and snake remains 

were found in this manner, although gar (Lepisosteus) scales and freshwater drum (Aplodinotus grunniens) 

dentaries and teeth were found in Catalpa and Tibbee Creeks using the same and much more commonly 

employed macrosampling techniques as those applied to Town and Fuller Creeks, where fish fossils of any sort 

have yet to be found. Avian fossils in the BPA consist almost entirely of turkey (Meleagris gallopavo), save a

single duck (Anas sp.) humerus from Catalpa Creek suggesting deeper, more perennial paleostreams deposited 

the low-elevation subassemblage. Macrosampling also yielded a much greater number of large aquatic rodent 

remains in the low-elevation contexts than in the high-elevation contexts (Kaye 1974). A comprehensive 

systematic and taphonomic study is currently being performed on the mammalian component of the BPA, but 

the essential compositional differences are now clear with respect to environmental differences between the 

subassemblages originating upstream, as exemplified by the Town-Fuller sample, and downstream, as 

exemplified by the Catalpa-Tibbee sample. Compositional differences possibly indicating an older age for the 

higher elevation fossils are, however, inconclusive and may be considered nonexistent for the moment. In fact, 

contrary to Kaye (1974), a very detailed systematic work-up of the mammalian component (in progress) 

suggests no temporal differences between the two subassemblages, although this is not to suggest that the high-

elevation component is not in fact older than the low-elevation component, which is very likely considering the 

relative topographic position to one another. 

It is possible that the differences between the upland and lowland subassemblages result from a mixture 

of fossils derived from more than two discernible paleocommunities, as outlined in this study. The 

hydrodynamic sorting bias operating on the entire assemblage is obvious. However, faunal composition within 

each major taxonomic group—fishes, turtles, birds, and mammals—documents differences in Late Pleistocene 

hydrology from relatively high- to relatively low-elevation fossil sites in the western half of the 

Tombigbee Valley. It is doubtful that the absence of big fish (or any fish at all), upland character of the turtle 

composition, low relative abundance of aquatic mammals, and the absence of aquatic birds in the Town-Fuller 

(i.e. upland) sample are coincidence. Similarly, the presence of fish, greater relative abundance of aquatic 

mammals, high turtle diversity, greater relative abundance of aquatic turtles, the presence of duck, and overall 

greater vertebrate diversity strongly suggests a lower elevation, more perennial character for the Late 

Pleistocene paleo-stream(s) represented by the Catalpa-Tibbee sample. This interpretation is supported by 

sedimentary textural differences between upper and lower elevation fossiliferous deposits. Fossils and 

sediments together document minimal change in hydrology and relative topography within the Black Prairie 

since the Late Pleistocene. 
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Appendix.  Specimen List

Catalog No. Site No. Element (quantity) Family Genus Species
MMNS VP-0998 L-01 dentary, left, partial Lepisosteidae Lepisosteus
MMNS VP-1278 K-30 ganoid scale Lepisosteidae Lepisosteus
MMNS VP-1381 K-30 ganoid scale Lepisosteidae Lepisosteus
MMNS VP-1916 K-30 ectopterygoid Lepisosteidae Lepisosteus
MMNS VP-1143 L-01 ganoid scale Lepisosteidae Lepisosteus
MMNS VP-0801 L-01 ganoid scales (4) Lepisosteidae Lepisosteus
MMNS VP-0693a T-01 ganoid scale Lepisosteidae Lepisosteus
MMNS VP-0693b T-01 ganoid scale Lepisosteidae Lepisosteus
MMNS VP-1380 K-30 dermocranial ossification Lepisosteidae Lepisosteus

MMNS VP-1479 K-30 dentary, left, edentulous Amiidae Amia calva
MMNS VP-1475 K-30 parietal, right, caudal fragment Amiidae Amia calva

MMNS VP-3971 K-30 right opercular Catostomidae Moxostoma

MMNS VP-0950 L-01 dorsal fin spine Centrarchidae
MMNS VP-0952 L-01 dorsal fin spine Centrarchidae
MMNS VP-0980 L-01 dorsal fin spine Centrarchidae
MMNS VP-0979 L-01 dorsal fin spine Centrarchidae

MMNS VP-1279 K-30 pharyngeal, lower, right, small Sciaenidae Aplodinotus grunniens
MMNS VP-1467 K-30 pharyngeal, lower, left, large Sciaenidae Aplodinotus grunniens
MMNS VP-0891 L-01 teeth, pharyngeal, molariform (3) Sciaenidae Aplodinotus grunniens
MMNS VP-0797 L-01 teeth, pharyngeal, molariform (9) Sciaenidae Aplodinotus grunniens
MMNS VP-0802 L-01 teeth, pharyngeal, molariform (3) Sciaenidae Aplodinotus grunniens
MMNS VP-0783 L-01 tooth, pharyngeal, molariform Sciaenidae Aplodinotus grunniens
MMNS VP-0695 T-01 tooth, pharyngeal, molariform Sciaenidae Aplodinotus grunniens
MMNS VP-0951 L-01 dorsal fin spine Sciaenidae Aplodinotus grunniens

MMNS VP-0953 L-01 dorsal fin spine Perciformes

MMNS VP-0890 L-01 pectoral fin spine, right Ictaluridae Noturus gyrinus
MMNS VP-0805 L-01 cleithrum, right, posterior process Ictaluridae Ictalurus punctatus
MMNS VP-0834 L-01 pectoral fin spine, left Ictaluridae Ameiurus
MMNS VP-0949 L-01 pectoral fin spine, right Ictaluridae Ameiurus , cf.
MMNS VP-0981 L-01 pectoral fin spine, right Ictaluridae Ameiurus , cf.
MMNS VP-0982 L-01 pectoral fin spine, right Ictaluridae Ameiurus , cf.
MMNS VP-0983 L-01 pectoral fin spine, right Ictaluridae Ameiurus , cf.
MMNS VP-0894 L-01 pectoral fin spine, left Ictaluridae Ameiurus , cf.
MMNS VP-0948 L-01 pectoral fin spine, left Ictaluridae

MMNS VP-0901 L-01 rib Bony fish, indet.
MMNS VP-0838 L-01 pectoral fin spine Bony fish, indet.

MMNS VP-1159 K-30 ilium Ranidae Rana catesbeiana , cf.
MMNS VP-1815 K-30 ilium Ranidae Rana catesbeiana , cf.
MMNS VP-1389 K-30 tibia, right Ranidae Rana catesbeiana , cf.
MMNS VP-0789 L-01 urostyle, proximal portion Ranidae Rana catesbeiana , cf.
MMNS VP-1030 L-01 maxilla, left, proximal Ranidae Rana catesbeiana , cf.
MMNS VP-1039 L-01 humerus, left, distal end Ranidae Rana pipiens Complex
MMNS VP-1040 L-01 humerus, left, distal end Ranidae Rana pipiens Complex
MMNS VP-0790 L-01 vertebra Bufonidae Bufo sp.

MMNS VP-2411 K-21 carapace, peripheral, 11th, right Chelydridae Chelydra serpentina
MMNS VP-1749 K-30 costal, right 1st Chelydridae Chelydra serpentina
MMNS VP-1109 L-01 quadrate Chelydridae Chelydra serpentina
MMNS VP-1414 K-30 humerus, right Chelydridae Chelydra serpentina
MMNS VP-2356 K-21 pygal carapace Chelydridae Chelydra serpentina
UF 19245 OK-1805 nuchal, partial Chelydridae Chelydra serpentina
UF 19244 OK-1804 carapace, peripheral, 11th, right Chelydridae Macrochelys temmincki
UF 19291 OK-1810 costal, 3rd, left Chelydridae Macrochelys temmincki
UF 19292 OK-1810 costal, 8th, right Chelydridae Macrochelys temmincki
MMNS VP-1953 K-30 right hypoplastron Chelydridae Macrochelys , cf. temmincki
MMNS VP-1798 K-30 peripheral? Chelydridae, cf.

MMNS VP-1513 K-30 carapace, costal (4) Trionychidae Apalone
MMNS VP-1515 K-30 carapace, costal (3) Trionychidae Apalone
MMNS VP-1516 K-30 assorted shell fragments (3) Trionychidae Apalone
MMNS VP-1920 K-30 carapace, neural Trionychidae Apalone
MMNS VP-1835 K-30 ilium, left Trionychidae Apalone
MMNS VP-1514 K-30 carapace, neural Trionychidae Apalone
MMNS VP-1555 K-30 hypoplastron, fragments (3) Trionychidae Apalone
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Appendix continued.

MMNS VP-1556 K-30 plastron, fragments (3) Trionychidae Apalone
MMNS VP-1557 K-30 carapace, costal Trionychidae Apalone
MMNS VP-1558 K-30 carapace, costal (4) Trionychidae Apalone
MMNS VP-2552 K-21 shell fragment Trionychidae Apalone
MMNS VP-2347 K-21 shell fragment Trionychidae Apalone
MMNS VP-1559 K-30 shell fragments (3) Trionychidae Apalone
MMNS VP-1560 K-30 carapace, costal, 8th Trionychidae Apalone
MMNS VP-1561 K-30 shell fragment Trionychidae Apalone
MMNS VP-1562 K-30 plastron, fragment Trionychidae Apalone
MMNS VP-2050 K-20 plastron, fragment Trionychidae Apalone
MMNS VP-1687 K-30 plastron, fragment Trionychidae Apalone
MMNS VP-1477 K-30 carapace, costal Trionychidae Apalone
MMNS VP-1476 K-30 carapace, costal Trionychidae Apalone
MMNS VP-1113 L-01 carapace, fragment Trionychidae Apalone
MMNS VP-1124 L-01 carapace, costal, partial Trionychidae Apalone
MMNS VP-1128 L-01 shell fragment Trionychidae Apalone
ALMNH PV 985.0013.0065 F-23 carapace, fragment Trionychidae Apalone

MMNS VP-1075 L-01 hyoplastron, right Kinosternidae Sternotherus carinatus
MMNS VP-1683 K-30 hyoplastron, left Kinosternidae Sternotherus carinatus
MMNS VP-1921 K-30 pygal Kinosternidae Sternotherus carinatus
MMNS VP-1762 K-30 pygal Kinosternidae Sternotherus carinatus
MMNS VP-0997 L-01 hypoplastron, left Kinosternidae Sternotherus carinatus
MMNS VP-1099 L-01 neural, 1st Kinosternidae Sternotherus carinatus
MMNS VP-1564 K-30 hypoplastron, right Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1710 K-30 peripheral, right 3rd Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1922 K-30 hyoplastron, left Kinosternidae Sternotherus carinatus , cf.
MMNS VP-0972 L-01 hyoplastron, left Kinosternidae Sternotherus carinatus , cf.
MMNS VP-0977 L-01 hypoplastron, right Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1076 L-01 peripheral, 4th, left Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1087 L-01 hyoplastron, left, partial Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1093 L-01 hypoplastron, right Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1103 L-01 hyoplastron, left, partial Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1105 L-01 hyoplastron, left, fragment Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1114 L-01 hypoplastron, left Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1145 L-01 hyoplastron, right, partial Kinosternidae Sternotherus carinatus , cf.
MMNS VP-1563 K-30 hypoplastron, left Kinosternidae Sternotherus odoratus , cf.
MMNS VP-1750 K-30 peripheral, left 3rd Kinosternidae Sternotherus odoratus , cf.
MMNS VP-0996 L-01 hypoplastron, left Kinosternidae Sternotherus odoratus , cf.
MMNS VP-1097 L-01 peripheral carapace, 1st, right Kinosternidae Sternotherus odoratus , cf.
MMNS VP-1098 L-01 peripheral carapace, 1st, left Kinosternidae Sternotherus odoratus , cf.
MMNS VP-1106 L-01 hypoplastron, right Kinosternidae Sternotherus odoratus , cf.
MMNS VP-2406 K-21 hyoplastron, left Kinosternidae Sternotherus odoratus , cf.
MMNS VP-2541 K-21 xiphiplastron, left, partial Kinosternidae Sternotherus odoratus , cf.
MMNS VP-1002 L-01 hypoplastron, right Kinosternidae Sternotherus
ALMNH PV 985.0013.0194 F-01 peripheral carapace, 6th, left Kinosternidae Sternotherus
MMNS VP-1499 K-30 epi/entoplastron, right, partial Kinosternidae Sternotherus
MMNS VP-1761 K-30 hypoplastron, left Kinosternidae Sternotherus
MMNS VP-1044 L-01 hypoplastron, left Kinosternidae Sternotherus
MMNS VP-1086 L-01 hyoplastron, right, fragment Kinosternidae Sternotherus
MMNS VP-1090 L-01 epi/entroplastron, right Kinosternidae Sternotherus
MMNS VP-1091 L-01 peripheral carapace, 9th, right, partial Kinosternidae Sternotherus
MMNS VP-1095 L-01 peripheral carapace, 10th, right Kinosternidae Sternotherus
MMNS VP-1096 L-01 xiphiplastron, right, partial Kinosternidae Sternotherus
MMNS VP-1107 L-01 hyoplastron, left, fragment Kinosternidae Sternotherus
MMNS VP-1108 L-01 hyoplastron, right, fragment Kinosternidae Sternotherus
MMNS VP-1118 L-01 epi/entoplastron, right, fragment Kinosternidae Sternotherus
MMNS VP-1119a L-01 costal carapace, fragment Kinosternidae Sternotherus
MMNS VP-1119b L-01 costal carapace, fragment Kinosternidae Sternotherus
MMNS VP-1119c L-01 costal carapace, fragment Kinosternidae Sternotherus
MMNS VP-1120 L-01 peripheral carapace, 10th, left, partial Kinosternidae Sternotherus
MMNS VP-1121 L-01 hyoplastron, left, fragment Kinosternidae Sternotherus
MMNS VP-1125 L-01 costal carapace, 6th, proximal Kinosternidae Sternotherus
UF 19290 OK-1810 hypoplastron, left Kinosternidae Sternotherus
MMNS VP-0804 L-01 costal, right Kinosternidae Sternotherus , cf.

MMNS VP-1788 K-30 epiplastron, right Emydidae Graptemys pulchra , cf.
MMNS VP-1686 K-30 2nd neural carapace Emydidae Graptemys pulchra , cf.
MMNS VP-1572 K-30 costal carapace, distal left 1st Emydidae Graptemys , cf.
MMNS VP-1743 K-30 6th costal carapace, left Emydidae Graptemys , cf.

MMNS VP-1770 K-30 nuchal, partial Emydidae Chrysemys picta
UF 19289 OK-1810 nuchal Emydidae Chrysemys picta
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MMNS VP-1845 K-30 pygal carapace Emydidae Trachemys scripta
MMNS VP-1738 K-30 nuchal, partial Emydidae Trachemys scripta
MMNS VP-1745 K-30 epiplastron, right Emydidae Trachemys scripta
MMNS VP-1080 L-01 xiphiplastron, left, fragment Emydidae Trachemys scripta
MMNS VP-1565 K-30 left 5th costal carapace Emydidae Trachemys , cf. scripta
MMNS TC-0466 K-21 carapace, peripheral, 8th, left Emydidae Trachemys , cf. scripta

MMNS VP-0698 T-01 epiplastron, left Emydidae Pseudemys rubriventris Section
MMNS VP-1517 K-30 epiplastron, right Emydidae Pseudemys rubriventris Section
MMNS VP-1818 K-30 epiplastron, left Emydidae Pseudemys rubriventris Section
MMNS VP-1816 K-30 epiplastron, left Emydidae Pseudemys rubriventris Section
MMNS VP-1073 L-01 epiplastron, left, partial Emydidae Pseudemys rubriventris Section
UF 19287 OK-1810 peripheral Emydidae Pseudemys rubriventris Section
MMNS VP-1392 K-30 right 11th peripheral carapace Emydidae Pseudemys cf. rubriventris Section
MMNS TmC-8 K-01 right 11th peripheral carapace Emydidae Pseudemys cf. rubriventris Section

MMNS VP-1570 K-30 peripheral carapace, left 8th Emydidae Pseudemys
MMNS VP-1787 K-30 hyoplastron, partial left Emydidae Pseudemys
MMNS VP-1740 K-30 pygal carapace Emydidae Pseudemys
MMNS VP-1742 K-30 first peripheral carapace, left Emydidae Pseudemys
MMNS VP-1721 K-30 3rd peripheral carapace, right Emydidae Pseudemys
MMNS VP-1857 K-30 nuchal, partial Emydidae Pseudemys
MMNS VP-1865 K-30 peripheral, right 10th Emydidae Pseudemys
MMNS VP-0976 L-01 costal carapace, left 2nd Emydidae Pseudemys
MMNS VP-1613 K-30 hypoplastron, left, partial Emydidae Pseudemys

MMNS VP-1714 K-30 hypoplastron, left Emydidae Pseudemys-Trachemys
MMNS VP-1705 K-30 nuchal, anterior portion Emydidae Pseudemys-Trachemys
MMNS VP-1669 K-30 hypoplastron, right Emydidae Pseudemys-Trachemys
MMNS VP-1741 K-30 costal carapace, rugose Emydidae Pseudemys-Trachemys
MMNS VP-1811 K-30 costal carapace, rugose Emydidae Pseudemys-Trachemys
MMNS VP-1796 K-30 hyoplastron, fragmentary right Emydidae Pseudemys-Trachemys
MMNS VP-1765 K-30 hyoplastron, fragmentary right Emydidae Pseudemys-Trachemys
MMNS VP-1391 K-30 costal carapace Emydidae Pseudemys-Trachemys
MMNS VP-1769 K-30 peripheral, right 2nd Emydidae Pseudemys-Trachemys
MMNS VP-1855 K-30 peripheral, left 11th Emydidae Pseudemys-Trachemys
MMNS VP-1862 K-30 costal, right, proximal fragment Emydidae Pseudemys-Trachemys
MMNS VP-1767 K-30 hyoplastron, left Emydidae Pseudemys-Trachemys
ALMNH PV 985.0013.0040 F-20 plastron, fragment Emydidae Pseudemys-Trachemys
MMNS VP-0336 K-30 costal Emydidae Pseudemys-Trachemys

MMNS VP-1701 K-30 epiplastron, right Emydidae Chrysemys Group

MMNS VP-1685 K-30 hypoplastron, left, partial Emydidae Emydoidea blandingii
MMNS VP-1688 K-30 hypoplastron, left, partial Emydidae Emydoidea blandingii
MMNS VP-1689 K-30 nuchal Emydidae Emydoidea blandingii
MMNS VP-1690 K-30 nuchal Emydidae Emydoidea blandingii
MMNS VP-1691 K-30 nuchal Emydidae Emydoidea blandingii
MMNS VP-1692 K-30 nuchal Emydidae Emydoidea blandingii
MMNS VP-1693 K-30 nuchal Emydidae Emydoidea blandingii
MMNS VP-1709 K-30 xiphiplastron, right, partial Emydidae Emydoidea blandingii
MMNS VP-1768 K-30 peripheral, right 7th Emydidae Emydoidea blandingii
MMNS VP-1774 K-30 hypoplastron, left, inguinal fragment Emydidae Emydoidea blandingii
MMNS VP-1882 K-30 peripheral, right 11th Emydidae Emydoidea , cf. blandingii
MMNS VP-1625 K-30 hypoplastron, right, partial Emydidae Emydoidea blandingii
UF 19311 OK-1818 nuchal Emydidae Emydoidea blandingii

MMNS VP-1573 K-30 xiphiplastron, posterior angle Emydidae Glyptemys , cf. insculpta
MMNS VP-1585 K-30 peripheral, right 10th Emydidae Glyptemys , cf. insculpta
MMNS VP-1626 K-30 epiplastron, left Emydidae Glyptemys insculpta
MMNS VP-1668 K-30 hyoplastron, left Emydidae Glyptemys insculpta
MMNS VP-1684 K-30 epiplastron, left Emydidae Glyptemys insculpta
MMNS VP-1695 K-30 epiplastron, left Emydidae Glyptemys insculpta
MMNS VP-1696 K-30 epiplastron, left Emydidae Glyptemys insculpta
MMNS VP-1697 K-30 epiplastron, left Emydidae Glyptemys insculpta
MMNS VP-1698 K-30 epiplastron, right Emydidae Glyptemys insculpta
MMNS VP-1699 K-30 epiplastron, right Emydidae Glyptemys insculpta
MMNS VP-1700 K-30 epiplastron, left Emydidae Glyptemys insculpta
MMNS VP-1702 K-30 nuchal Emydidae Glyptemys insculpta
MMNS VP-1703 K-30 nuchal, partial Emydidae Glyptemys , cf. insculpta
MMNS VP-1706 K-30 hypoplastron, partial right Emydidae Glyptemys insculpta
MMNS VP-1707 K-30 peripheral, left 3rd Emydidae Glyptemys insculpta
MMNS VP-1708 K-30 pygal Emydidae Glyptemys insculpta
MMNS VP-1752 K-30 hyoplastron, right, anterior portion Emydidae Glyptemys insculpta
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MMNS VP-1753 K-30 hypoplastron, left, partial Emydidae Glyptemys insculpta
MMNS VP-1771 K-30 peripheral, left 1st Emydidae Glyptemys , cf. insculpta
MMNS VP-1786 K-30 peripheral, right 2nd Emydidae Glyptemys insculpta
MMNS VP-1794 K-30 epiplastron, partial left Emydidae Glyptemys insculpta
MMNS VP-1795 K-30 hypoplastron, partial left Emydidae Glyptemys insculpta
MMNS VP-1799 K-30 epiplastron, right Emydidae Glyptemys insculpta
MMNS VP-1800 K-30 epiplastron, right Emydidae Glyptemys insculpta
MMNS VP-1801 K-30 epiplastron, partial left Emydidae Glyptemys insculpta
MMNS VP-1802 K-30 epiplastron, partial left Emydidae Glyptemys insculpta
MMNS VP-1851 K-30 hyoplastron, left Emydidae Glyptemys insculpta
MMNS VP-1872 K-30 hyoplastron, right, partial Emydidae Glyptemys , cf. insculpta
MMNS VP-1881 K-30 peripheral, right 2nd Emydidae Glyptemys insculpta
MMNS VP-1883 K-30 peripheral, right posterior Emydidae Glyptemys , cf. insculpta
MMNS VP-1089 L-01 epiplastron, left, partial Emydidae Glyptemys insculpta

MMNS VP-0975 L-01 carapace, peripheral, 2nd, right Emydidae Terrapene carolina
MMNS VP-1220 K-58 hypoplastron, partial , female, fused Emydidae Terrapene carolina
MMNS VP-1221 K-58 hypoplastron, partial , female Emydidae Terrapene carolina
MMNS VP-1224 K-48 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1393 K-30 nuchal & right1st peripheral Emydidae Terrapene carolina
MMNS VP-1394 K-30 carapace, peripherals 1-3, partial fusion Emydidae Terrapene carolina
MMNS VP-1566 K-30 entoplastron Emydidae Terrapene carolina
MMNS VP-1567 K-30 xiphi-hypoplastron, left, partial, fused Emydidae Terrapene carolina
MMNS VP-1568 K-30 peripheral carapace, right 9th, unfused Emydidae Terrapene carolina
MMNS VP-1569 K-30 peripheral carapace, left 9th Emydidae Terrapene carolina
MMNS VP-1576a K-30 hyoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-1576b K-30 hyoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-1577 K-30 hyoplastron, fragment Emydidae Terrapene carolina
MMNS VP-1578a K-30 hypoplastron, left, fragment , female Emydidae Terrapene carolina
MMNS VP-1578b K-30 hypoplastron, left, fragment , female Emydidae Terrapene carolina
MMNS VP-1578c K-30 hypoplastron, left, fragment , female Emydidae Terrapene carolina
MMNS VP-1579 K-30 hypoplastron, left, partial , female Emydidae Terrapene carolina
MMNS VP-1580 K-30 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-1581a K-30 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-1581b K-30 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-1581c K-30 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-1581d K-30 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-1582a K-30 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1582b K-30 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1582c K-30 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1582d K-30 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1582e K-30 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1583 K-30 peripheral, right posterior, unfused Emydidae Terrapene carolina
MMNS VP-1584 K-30 peripheral, fragment Emydidae Terrapene carolina
MMNS VP-1586 K-30 peripheral, left 11th, unfused Emydidae Terrapene carolina
MMNS VP-1588a K-30 peripheral, fragmentary Emydidae Terrapene carolina
MMNS VP-1588b K-30 peripheral, fragmentary Emydidae Terrapene carolina
MMNS VP-1588c K-30 peripheral, fragmentary Emydidae Terrapene carolina
MMNS VP-1694 K-30 hypoplastron, partial left Emydidae Terrapene carolina
MMNS VP-1711 K-30 peripheral, left 7th, partially fused Emydidae Terrapene carolina
MMNS VP-1712 K-30 peripheral, right 5th , unfused Emydidae Terrapene carolina
MMNS VP-1713 K-30 peripheral, right 5th Emydidae Terrapene carolina
MMNS VP-1720 K-30 peripheral carapace, unfused Emydidae Terrapene carolina
MMNS VP-1737 K-30 xiphi-hypoplastron, left, partially fused , male Emydidae Terrapene carolina
MMNS VP-1739 K-30 nuchal Emydidae Terrapene carolina
MMNS VP-1744 K-30 series of fused anterior left peripherals Emydidae Terrapene carolina
MMNS VP-1746 K-30 peripheral, left 6th, partial, unfused Emydidae Terrapene carolina
MMNS VP-1747 K-30 peripheral, right 4th, fused Emydidae Terrapene carolina
MMNS VP-1748 K-30 costals, left 3rd & 4th, partial, fused Emydidae Terrapene carolina
MMNS VP-1754 K-30 xiphiplastron, right, partial Emydidae Terrapene carolina
MMNS VP-1755 K-30 peripheral, left 7th, unfused Emydidae Terrapene carolina
MMNS VP-1756 K-30 peripheral series, fused Emydidae Terrapene carolina
MMNS VP-1757 K-30 epiplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-1764 K-30 nuchal, partial Emydidae Terrapene carolina
MMNS VP-1766 K-30 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-1775a K-30 peripheral carapace, fragment Emydidae Terrapene carolina
MMNS VP-1775b K-30 peripheral carapace, fragment Emydidae Terrapene carolina
MMNS VP-1775c K-30 peripheral carapace, fragment Emydidae Terrapene carolina
MMNS VP-1789 K-30 hyoplastron, partial left Emydidae Terrapene carolina
MMNS VP-1790 K-30 peripheral carapace, right 6th, unfused Emydidae Terrapene carolina
MMNS VP-1791a K-30 costal carapace, fragment, unfused Emydidae Terrapene carolina
MMNS VP-1791b K-30 costal carapace, fragment, unfused Emydidae Terrapene carolina
MMNS VP-1791c K-30 costal carapace, fragment, unfused Emydidae Terrapene carolina
MMNS VP-1791d K-30 costal carapace, fragment, unfused Emydidae Terrapene carolina
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MMNS VP-1792 K-30 peripheral, right 5th, ventral portion Emydidae Terrapene carolina
MMNS VP-1793 K-30 peripheral, left 9th Emydidae Terrapene carolina
MMNS VP-1797 K-30 xiphiplastron, partial left Emydidae Terrapene carolina
MMNS VP-1843 K-30 peripheral carapace (4) Emydidae Terrapene carolina
MMNS VP-1846 K-30 peripheral, right 10th, unfused Emydidae Terrapene carolina
MMNS VP-1847 K-30 peripheral, left 9th Emydidae Terrapene carolina
MMNS VP-1848 K-30 xiphiplastron, partial left Emydidae Terrapene carolina
MMNS VP-1852 K-30 costal-peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1856 K-30 peripheral, left 3rd, unfused Emydidae Terrapene carolina
MMNS VP-1863 K-30 peripheral, right 3rd, unfused Emydidae Terrapene carolina
MMNS VP-1879a K-30 hypoplastron, right, fragment Emydidae Terrapene carolina
MMNS VP-1879b K-30 hypoplastron, right, fragment Emydidae Terrapene carolina
MMNS VP-1890 K-30 hyoplastron, right Emydidae Terrapene carolina
MMNS VP-1923 K-30 pygal-peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-1924 K-30 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-1925 K-30 hypoplastron, fragment Emydidae Terrapene carolina
MMNS VP-1926 K-30 hyoplastron, right, fragment Emydidae Terrapene carolina
MMNS VP-1927 K-30 hyoplastorn, fragment Emydidae Terrapene carolina
MMNS VP-1928 K-30 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-1932 K-30 hyoplastron, right, partial , juvenile Emydidae Terrapene carolina
MMNS VP-2013 K-42 right hypoplastron , male Emydidae Terrapene carolina
MMNS VP-2017 K-42 carapace, neural-costal, fused Emydidae Terrapene carolina
MMNS VP-2043 K-20 costal carapace, unfused Emydidae Terrapene carolina
MMNS VP-2054 K-20 nuchal, partial Emydidae Terrapene carolina
MMNS VP-2055 K-20 peripheral carapace, left posterior, fused Emydidae Terrapene carolina
UF 19242 OK-1803 posterior plastral lobe, female Emydidae Terrapene carolina
UF 19243 OK-1803 posterior plastral lobe, male Emydidae Terrapene carolina
MMNS VP-2069 K-55 partial subadult skeleton, app. 15% Emydidae Terrapene carolina
MMNS VP-2079 K-55 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-0806 L-01 costal carapace Emydidae Terrapene carolina
MMNS VP-2141 K-39 peripheral carapace, left anterior, fused Emydidae Terrapene carolina
MMNS VP-2234 K-21 nuchal Emydidae Terrapene carolina
MMNS VP-2236 K-21 peripheral carapace, right posterior, fused Emydidae Terrapene carolina
MMNS VP-2298 K-21 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2301 K-21 xiphiplastron, partial right Emydidae Terrapene carolina
MMNS VP-2302 K-21 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2319 K-21 hypoplastron, right , female Emydidae Terrapene carolina
MMNS VP-2320a K-21 costal carapace, fragment, unfused Emydidae Terrapene carolina
MMNS VP-2320b K-21 costal carapace, fragment, unfused Emydidae Terrapene carolina
MMNS VP-2320c K-21 costal carapace, fragment, unfused Emydidae Terrapene carolina
MMNS VP-2320d K-21 costal carapace, fragment, unfused Emydidae Terrapene carolina
MMNS VP-2320e K-21 costal carapace, fragment, fused Emydidae Terrapene carolina
MMNS VP-2321 K-21 xiphiplastron, partial right, fused Emydidae Terrapene carolina
MMNS VP-2322 K-21 peripheral carapace (3) Emydidae Terrapene carolina
MMNS VP-2323 K-21 hyoplastron, partial right Emydidae Terrapene carolina
MMNS VP-2324 K-21 costal, right 6th Emydidae Terrapene carolina
MMNS VP-2338 K-21 neural & costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2343 K-21 peripheral carapace Emydidae Terrapene carolina
MMNS VP-2344 K-21 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2345 K-21 carapace, partial left posterior peripheral, fused Emydidae Terrapene carolina
MMNS VP-2349 K-21 hyoplastron, right, fused Emydidae Terrapene carolina
MMNS VP-2351 K-21 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2352 K-21 plastron, posterior , female Emydidae Terrapene carolina
MMNS VP-2354 K-21 hyoplastron, right Emydidae Terrapene carolina
MMNS VP-2355 K-21 costal, right 3rd, unfused Emydidae Terrapene carolina
MMNS VP-2357 K-21 plastron, hinge fragment Emydidae Terrapene carolina
MMNS VP-2397 K-21 hypoplastron, left , male Emydidae Terrapene carolina
MMNS VP-2398 K-21 hypoplastron, right Emydidae Terrapene carolina
MMNS VP-2399 K-21 posterior carapace, neurals-costals, fused Emydidae Terrapene carolina
MMNS VP-2400 K-21 carapace, neural-costals, fused Emydidae Terrapene carolina
MMNS VP-2401 K-21 hypoplastron , female, fused Emydidae Terrapene carolina
MMNS VP-2402 K-21 nuchal Emydidae Terrapene carolina
MMNS VP-2403 K-21 hyoplastron, partial left Emydidae Terrapene carolina
MMNS VP-2404 K-21 carapace, partial (5) Emydidae Terrapene carolina
MMNS VP-2405 K-21 hypoplastron, partial right , male Emydidae Terrapene carolina
MMNS VP-2407 K-21 hyoplastron, partial right Emydidae Terrapene carolina
MMNS VP-2408 K-21 entoplastron, partial Emydidae Terrapene carolina
MMNS VP-2409 K-21 suprapygal, 2nd Emydidae Terrapene carolina
MMNS VP-2412 K-21 hyoplastron, right Emydidae Terrapene carolina
MMNS VP-2413 K-21 hyoplastron, right Emydidae Terrapene carolina
MMNS VP-2414 K-21 hypoplastron, left , male Emydidae Terrapene carolina
MMNS VP-2415 K-21 hypoplastron, left , female Emydidae Terrapene carolina
MMNS VP-2416 K-21 hypoplastron, left , female Emydidae Terrapene carolina
MMNS VP-2417 K-21 hypoplastron, left , female Emydidae Terrapene carolina
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MMNS VP-2418 K-21 hypoplastron, left , female Emydidae Terrapene carolina
MMNS VP-2419 K-21 hypoplastron, left , female, unfused Emydidae Terrapene carolina
MMNS VP-2420 K-21 hypoplastron, partial , female, fused Emydidae Terrapene carolina
MMNS VP-2421 K-21 hypoplastron, partial , female Emydidae Terrapene carolina
MMNS VP-2422 K-21 hypoplastron, partial , female, fused Emydidae Terrapene carolina
MMNS VP-2423 K-21 nucal, partial Emydidae Terrapene carolina
MMNS VP-2424 K-21 pygal-peripherals, fused Emydidae Terrapene carolina
MMNS VP-2425 K-21 carapace, partial right anterior, fused Emydidae Terrapene carolina
MMNS VP-2426 K-21 peripheral carapace, left posterior, fused Emydidae Terrapene carolina
MMNS VP-2427 K-21 neural-costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2428 K-21 epiplastron, left, partial Emydidae Terrapene carolina
MMNS VP-2429 K-21 peripheral series, right posterior, fused Emydidae Terrapene carolina
MMNS VP-2430 K-21 epiplastron, left, partial Emydidae Terrapene carolina
MMNS VP-2431 K-21 epiplastron, left, partial Emydidae Terrapene carolina
MMNS VP-2432 K-21 peripheral, left 4th, unfused Emydidae Terrapene carolina
MMNS VP-2433 K-21 hypoplastron, fragment Emydidae Terrapene carolina
MMNS VP-2434 K-21 epiplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-2435 K-21 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-2436 K-21 nuchal, partial Emydidae Terrapene carolina
MMNS VP-2437 K-21 epiplastron, right Emydidae Terrapene carolina
MMNS VP-2438 K-21 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2439 K-21 costal carapace, partial Emydidae Terrapene carolina
MMNS VP-2440a K-21 peripheral-nuchal, fused Emydidae Terrapene carolina
MMNS VP-2440b K-21 peripheral carapace, right posterior, fused Emydidae Terrapene carolina
MMNS VP-2440c K-21 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-2440d K-21 peripheral-pygal carapace, fused Emydidae Terrapene carolina
MMNS VP-2440e K-21 peripheral carapace, partially fused Emydidae Terrapene carolina
MMNS VP-2440f K-21 peripheral carapace, right anterior, fused Emydidae Terrapene carolina
MMNS VP-2440g K-21 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-2441 K-21 costal carapace, fused Emydidae Terrapene carolina
MMNS VP-2442a K-21 costal carapace, partial, unfused Emydidae Terrapene carolina
MMNS VP-2442b K-21 costal carapace, partial, fused Emydidae Terrapene carolina
MMNS VP-2442c K-21 costal carapace, partial, fused Emydidae Terrapene carolina
MMNS VP-2443 K-21 neural carapace, fused Emydidae Terrapene carolina
MMNS VP-2447 K-21 xiphiplastron, right, fragment Emydidae Terrapene carolina
MMNS VP-2505 K-21 hypoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-2506 K-21 hyoplastron, fragment Emydidae Terrapene carolina
MMNS VP-2520 K-21 hyoplastron, right , female Emydidae Terrapene carolina
MMNS VP-2521 K-21 hyoplastron, right , female Emydidae Terrapene carolina
MMNS VP-2522 K-21 hyoplastron, right , male Emydidae Terrapene carolina
MMNS VP-2523 K-21 hyoplastron, right , male Emydidae Terrapene carolina
MMNS VP-2543 K-21 hypoplastron, fused, partial , female Emydidae Terrapene carolina
MMNS VP-2553 K-21 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-2635 K-21 peripheral carapace, unfused Emydidae Terrapene carolina
MMNS VP-2636 K-21 6th peripheral carapace, unfused Emydidae Terrapene carolina
MMNS VP-2637 K-21 peripheral carapace Emydidae Terrapene carolina
MMNS VP-2638 K-21 hyoplastron, fragment Emydidae Terrapene carolina
MMNS VP-2639 K-21 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-2640 K-21 hyoplastron, fragment Emydidae Terrapene carolina
MMNS VP-2641 K-21 hypoplastron, fragment Emydidae Terrapene carolina
MMNS VP-2642 K-21 hypoplastron, right, fragment Emydidae Terrapene carolina
MMNS VP-2643 K-21 peripheral, fragment Emydidae Terrapene carolina
MMNS VP-2645 K-21 carapace, anterior, partial, fused Emydidae Terrapene carolina
MMNS VP-2648 K-21 hypoplastron, fragment Emydidae Terrapene carolina
MMNS VP-2661 K-21 peripheral carapace, right posterior, fused Emydidae Terrapene carolina
MMNS VP-2695 K-21 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-2760 K-21 pygal & neural carapace, fused Emydidae Terrapene carolina
MMNS VP-2778 K-21 peripheral carapace, fragment, fused Emydidae Terrapene carolina
MMNS VP-2779 K-21 xiphiplastron, right, fragment Emydidae Terrapene carolina
MMNS VP-2781 K-21 peripheral carapace, fragment, fused Emydidae Terrapene carolina
MMNS VP-2782 K-21 peripheral carapace Emydidae Terrapene carolina
MMNS VP-2799 K-21 hyoplastron, right , female, fused Emydidae Terrapene carolina
MMNS VP-2801 K-21 peripherals, fused 8-10 Emydidae Terrapene carolina
MMNS VP-2802 K-21 carapace, costal-neural, partial, fused Emydidae Terrapene carolina
MMNS VP-2803 K-21 peripheral carapace, left posterior, fused Emydidae Terrapene carolina
MMNS VP-2804 K-21 hyoplastron, left, unfused Emydidae Terrapene carolina
MMNS VP-2809 K-21 peripheral, right posterior, partial, unfused Emydidae Terrapene carolina
MMNS VP-2811 K-21 hypoplastron, right , female, fused Emydidae Terrapene carolina
MMNS VP-2824 K-21 peripheral carapace, fragmentary, fused Emydidae Terrapene carolina
MMNS VP-2829 K-21 right anterior carapace, partial, fused Emydidae Terrapene carolina
MMNS VP-2832 K-21 peripheral carapace, fused Emydidae Terrapene carolina
MMNS VP-2844 K-21 peripheral series, right posterior, fused Emydidae Terrapene carolina
MMNS VP-2845 K-21 peripheral carapace, fragmentary, partially fused Emydidae Terrapene carolina
MMNS VP-2846 K-21 hyoplastron, left, unfused Emydidae Terrapene carolina
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MMNS VP-2858 K-21 posterior plastron, fragment , female, fused Emydidae Terrapene carolina
MMNS VP-2905 K-21 femur, left Emydidae Terrapene carolina
MMNS VP-2906 K-21 hyoplastron, left, fused Emydidae Terrapene carolina
MMNS VP-2917 K-21 hyoplastron, right, fused Emydidae Terrapene carolina
MMNS VP-2930 K-21 hyoplastron, right Emydidae Terrapene carolina
MMNS VP-1780 K-30 plastron, posterior, fused, fragment , female Emydidae Terrapene carolina
MMNS VP-1083 L-01 peripheral carapace, 3rd & 4th, right, fused Emydidae Terrapene carolina
MMNS VP-2532 K-21 hypoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-2531 K-21 carapace, costal, fragment Emydidae Terrapene carolina
MMNS VP-1782 K-30 hyoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-2530 K-21 hypoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-2529 K-21 epiplastron, right Emydidae Terrapene carolina
MMNS VP-2806 K-21 hyoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-1618 K-30 hypoplastron, right, fragment Emydidae Terrapene carolina
MMNS VP-1619 K-30 hypoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-2504 K-21 hypoplastron, fragment, fused Emydidae Terrapene carolina
MMNS VP-2533a K-21 carapace, costal, fragment Emydidae Terrapene carolina
MMNS VP-2533b K-21 carapace, costal, fragment Emydidae Terrapene carolina
MMNS VP-2551 K-21 hypoplastron, right, partial Emydidae Terrapene carolina
MMNS VP-0333 K-30 nuchal Emydidae Terrapene carolina
MMNS VP-0335 K-30 carapace, fused pygal & L/R peripherals Emydidae Terrapene carolina
MMNS VP-2524 K-21 neural carapace, 3rd Emydidae Terrapene carolina
MMNS VP-1616 K-30 neural carapace, 3rd Emydidae Terrapene carolina
MMNS VP-2825 K-21 peripheral carapace Emydidae Terrapene carolina
MMNS VP-2890 K-21 plastron, posterior , female, fragment Emydidae Terrapene carolina
MMNS VP-1007 L-01 carapace, peripheral, 11th, right Emydidae Terrapene carolina
MMNS VP-1008 L-01 carapace, peripheral, 11th, left Emydidae Terrapene carolina
MMNS VP-1009 L-01 carapace, neural, 7th Emydidae Terrapene carolina
MMNS VP-1074 L-01 carapace, peripheral, 4th, right Emydidae Terrapene carolina
MMNS VP-1077 L-01 epiplastron, right, partial Emydidae Terrapene carolina
MMNS VP-1078 L-01 nuchal, partial Emydidae Terrapene carolina
MMNS VP-1092 L-01 hyoplastron, left, fragment Emydidae Terrapene carolina
MMNS VP-1101 L-01 carapace, peripheral, 4th, right Emydidae Terrapene carolina
MMNS VP-1102 L-01 carapace, peripheral, 3rd & 4th, right, fused Emydidae Terrapene carolina
MMNS VP-1104 L-01 hyoplastron, right Emydidae Terrapene carolina
MMNS VP-1122 L-01 carapace, peripheral, 4th, left, partial Emydidae Terrapene carolina
MMNS VP-1772 K-30 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-1773 K-30 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS VP-1849 K-30 carapace, peripheral, 11th, left Emydidae Terrapene carolina
MMNS VP-2325 K-21 carapace, nuchal, partial Emydidae Terrapene carolina
MMNS VP-2339 K-21 carapace, nuchal Emydidae Terrapene carolina
MMNS VP-2353 K-21 carapace, fragment Emydidae Terrapene carolina
MMNS TC-0462 K-21 hypoplastron, fused, fragment , female Emydidae Terrapene carolina
MMNS CC-0401 K-30 pygal & neural, 11th, right, fused Emydidae Terrapene carolina
MMNS VP-3808 K-21 plastral lobe, anterior, complete Emydidae Terrapene carolina
ALMNH PV 985.0013.0169 F-01 carapace, costal fragment Emydidae Terrapene carolina
MMNS VP-3810 K-21 carapace, peripheral, 3rd & 4th, left, fused Emydidae Terrapene carolina
MMNS TC-0467 K-21 carapace, peripheral, 2nd & 3rd, right, fused Emydidae Terrapene carolina
MMNS TC-0484 K-21 carapace, peripheral, 10th(?), right, unfused(?) Emydidae Terrapene carolina
MMNS TC-0468 K-21 carapace, peripherals, fused R/L 11th & pygal Emydidae Terrapene carolina
MMNS TC-0469 K-21 carapace, costals, fused Emydidae Terrapene carolina
MMNS TC-0470 K-21 xiphiplastron, fragment Emydidae Terrapene carolina
MMNS TC-0471 K-21 hyoplastron, right, partial, partially fused Emydidae Terrapene carolina
MMNS TC-0472 K-21 carapace, peripheral, 1st & 2nd, left, fused Emydidae Terrapene carolina
MMNS TC-0473 K-21 carapace, neural-costal, fused Emydidae Terrapene carolina

MMNS VP-2350 K-21 shell fragment Emydidae
MMNS VP-2348 K-21 carapace, peripheral, fused Emydidae
MMNS VP-2340 K-21 carapace, peripheral, fused Emydidae
MMNS VP-1861 K-30 carapace, nuchal, partial Emydidae
MMNS VP-1860 K-30 peripheral, posterior, left Emydidae
MMNS VP-1859 K-30 carapace, peripheral, 1st, right Emydidae
MMNS VP-1858 K-30 carapace, peripheral, 1st, left, partial Emydidae
MMNS VP-1854 K-30 carapace, neural Emydidae
MMNS VP-1853 K-30 carapace, neural Emydidae indet. large emydid
MMNS VP-1850 K-30 carapace, peripheral Emydidae
MMNS VP-1763 K-30 epiplastron, right Emydidae
MMNS VP-1614 K-30 carapace, neural Emydidae
MMNS VP-1615 K-30 carapace, suprapygal Emydidae
MMNS VP-1616 K-30 carapace, neural Emydidae
MMNS VP-1082 L-01 carapace, pygal Emydidae
MMNS VP-1081 L-01 carapace, costal, partial Emydidae
MMNS VP-1079 L-01 carapace, peripheral Emydidae
MMNS VP-1005 K-15 carapace, peripheral Emydidae
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MMNS VP-1571 K-30 costal, left 1st Emydidae
MMNS VP-1668 K-30 hyoplastron, left Emydidae
MMNS VP-1685 K-30 hypoplastron, partial left Emydidae
MMNS VP-1921 K-30 pygal carapace Emydidae
MMNS VP-2051 K-20 entoplastron, partial Emydidae
MMNS VP-1930 K-30 xiphiplastron, fragment Emydidae
MMNS VP-1988 K-30 carapace, peripheral Emydidae
MMNS VP-1989 K-30 carapace, peripheral Emydidae
ALMNH PV 985.0013.0049 F-23 carapace, neural Emydidae
ALMNH PV 985.0013.0055 F-23 carapace, costal, fragment Emydidae
MMNS VP-1110 L-01 hypoplastron, left Emydidae
MMNS VP-1111 L-01 hypoplastron, right Emydidae
MMNS VP-1116 L-01 hyoplastron, left, partial Emydidae
MMNS VP-1574 K-30 carapace, peripheral Emydidae
MMNS VP-1575 K-30 carapace, peripheral Emydidae
MMNS VP-1587 K-30 carapace, peripherals, fragmentary (6) Emydidae
MMNS VP-1589 K-30 carapace, peripheral Emydidae
MMNS VP-1590 K-30 carapace, peripheral Emydidae
MMNS VP-1704 K-30 carapace, peripheral Emydidae
MMNS VP-1722 K-30 carapace, peripheral Emydidae
MMNS VP-1723 K-30 carapace, costal Emydidae
MMNS VP-1776 K-30 hyoplastron, right, fragment Emydidae
MMNS VP-1777 K-30 hypoplastron, right, fragment Emydidae
MMNS VP-1781 K-30 hypoplastron, left, inguinal fragment Emydidae
MMNS VP-1785 K-30 plastron, fragment Emydidae
MMNS VP-1864 K-30 carapace, peripheral, 10th, right Emydidae indet. large emydid
MMNS VP-1866 K-30 carapace, peripheral, partial Emydidae
MMNS VP-1867 K-30 carapace, peripheral Emydidae
MMNS VP-1868 K-30 carapace, peripheral Emydidae
MMNS VP-1869 K-30 carapace, peripheral Emydidae
MMNS VP-1870 K-30 hypoplastron, left Emydidae indet. large emydid
MMNS VP-1871 K-30 hyoplastron, left Emydidae indet. large emydid
MMNS VP-2052 K-20 carapace, peripheral Emydidae
MMNS VP-2056 K-20 hyoplastron, fragment Emydidae
MMNS VP-2053 K-20 carapace, peripheral Emydidae
MMNS VP-2410 K-21 carapace, peripheral, fused Emydidae
MMNS VP-2448 K-21 carapace, peripheral Emydidae
MMNS VP-2519 K-21 carapace, peripheral Emydidae
MMNS VP-2524 K-21 carapace, neural Emydidae
MMNS VP-2528 K-21 xiphiplastron(?), partial Emydidae
MMNS VP-2544 K-21 hypoplastron, right, partial Emydidae
MMNS VP-2545 K-21 xiphiplastron, left, partial Emydidae
MMNS VP-2644 K-21 carapace, peripheral, fragment Emydidae
ALMNH PV 985.0013.0195 F-01 carapace, fragment Emydidae
ALMNH PV 985.0013.0197 F-01 plastron, fragment Emydidae

MMNS VP-0331 K-30 plastron, fragment Testudinidae Hesperotestudo crassiscutata
MMNS VP-0776 L-01 osteoderm Testudinidae Hesperotestudo crassiscutata
MMNS VP-2766 K-21 appendicular osteoderm Testudinidae Hesperotestudo crassiscutata
MMNS VP-0648 T-01 epiplastron, right Testudinidae Hesperotestudo crassiscutata
MMNS VP-1718 K-30 costal carapace Testudinidae Hesperotestudo crassiscutata
MMNS VP-1878 K-30 costal carapace Testudinidae Hesperotestudo crassiscutata
MMNS VP-1289 K-30 appendicular osteoderm Testudinidae Hesperotestudo crassiscutata
MMNS VP-4293 K-21 epiplastron, right, nearly complete Testudinidae Hesperotestudo crassiscutata
MMNS VP-1736 K-30 costal carapace Testudinidae Hesperotestudo crassiscutata
MMNS VP-1778 K-30 peripheral carapace, partial Testudinidae Hesperotestudo crassiscutata
MMNS VP-1595 K-30 shell fragment Testudinidae Hesperotestudo crassiscutata
MMNS VP-2942 K-21 epiplastron, right, partial Testudinidae Hesperotestudo crassiscutata
MMNS VP-2018 K-42 epiplastron, left Testudinidae Hesperotestudo crassiscutata
MMNS VP-2527 K-21 shell fragment Testudinidae Hesperotestudo , cf. crassiscutata
MMNS VP-0647 T-01 plastron, fragment Testudinidae Hesperotestudo crassiscutata
MMNS VP-2800 K-21 plastron, fragment Testudinidae Hesperotestudo crassiscutata
MMNS VP-1157 T-01 plastron, fragment Testudinidae Hesperotestudo crassiscutata
MMNS VP-1817 K-30 plastron, fragment Testudinidae Hesperotestudo crassiscutata
ALMNH PV 985.0013.0269 K-30 carapace, peripheral Testudinidae Hesperotestudo crassiscutata
UF 19286 OK-1810 shell fragment Testudinidae Hesperotestudo crassiscutata

UF 19288 OK-1810 plastron fragment Testudinidae Gopherus polyphemus

MMNS VP-0330 K-30 costal Chelonia
MMNS VP-0332 K-30 shell fragment Chelonia
MMNS VP-0334 K-30 neural Chelonia
MMNS VP-0337 K-30 entoplastron Chelonia
MMNS VP-0649 T-01 shell fragment Chelonia
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MMNS VP-0791 L-01 vertebra Chelonia
MMNS VP-0803 L-01 propodial Chelonia
MMNS VP-0993 L-01 carapace, costal Chelonia
MMNS VP-0994 L-01 carapace, costal Chelonia
MMNS VP-0995 L-01 carapace, peripheral Chelonia
MMNS VP-1088 L-01 carapace, costal Chelonia
MMNS VP-1094 L-01 neural Chelonia
MMNS VP-1115 L-01 carapace, costal, distal fragment Chelonia
MMNS VP-1117 L-01 neural Chelonia
MMNS VP-1127 L-01 peripheral Chelonia
MMNS VP-1617 K-30 entoplastron Chelonia
MMNS VP-1751 K-30 carapace, costal, right, proximal portion Chelonia
MMNS VP-1873 K-30 carapace, peripheral Chelonia
MMNS TC-0438 K-21 propodial Chelonia, large

MMNS VP-0819 L-01 vertebra, trunk Viperidae Agkistrodon piscivorus
AUMP 1108 F-35 vertebra, trunk (Dobie et al. 1996) Colubridae Drymarchon corais
MMNS VP-0820 L-01 vertebra, trunk Colubridae Coluber , cf. constrictor
MMNS VP-0971 L-01 vertebra, trunk Colubridae Lampropeltis
MMNS VP-0824 L-01 vertebra, trunk Colubridae Colubrinae
MMNS VP-1031 L-01 vertebra Colubridae Colubrinae
MMNS VP-1042 L-01 vertebra Colubridae Colubrinae
MMNS VP-1041 L-01 vertebra Colubridae Colubrinae, cf.
MMNS VP-0822 L-01 vertebra, cervical Colubridae
MMNS VP-0821 L-01 vertebra Colubridae
MMNS VP-0823 L-01 vertebra Colubridae
MMNS VP-1032 L-01 vertebra Colubridae
MMNS VP-1033 L-01 vertebra Colubridae
ALMNH PV 985.0013.0235-1 F-01 vertebra Colubridae

MMNS VP-2190 K-21 tibiotarsus, right, distal, male Meleagrididae Meleagris gallopavo
MMNS VP-2191 K-21 humerus, right, distal half, male Meleagrididae Meleagris gallopavo
MMNS VP-2207 K-21 humerus, left, distal half, male Meleagrididae Meleagris gallopavo
MMNS VP-2330 K-21 femur, right, diaphyseal portion Meleagrididae Meleagris gallopavo
MMNS VP-2331 K-21 femur, right, diaphyseal portion Meleagrididae Meleagris gallopavo
MMNS VP-2879 K-21 humerus, left, distal half, male(?) Meleagrididae Meleagris gallopavo
MMNS VP-2880 K-21 tibiotarsus, left, distal half, male Meleagrididae Meleagris gallopavo
MMNS VP-2150 K-57 tibiotarsus, right, distal, juvenile/female(?) Meleagrididae Meleagris gallopavo
MMNS VP-2303 K-21 radius, left, diaphyseal portion Meleagrididae Meleagris gallopavo
MMNS VP-2329 K-21 tibiotarsus, diaphyseal fragment Meleagrididae Meleagris gallopavo
MMNS VP-1820 K-30 tibiotarsus, left, distal, juvenile/female(?) Meleagrididae Meleagris gallopavo
MMNS VP-1442 K-30 humerus, right, distal, juvenile/female(?) Meleagrididae Meleagris gallopavo
MMNS VP-1831 K-30 ulna, right, diaphyseal fragment Meleagrididae Meleagris gallopavo
MMNS VP-2132 K-39 tarsometatarsus, left, distal, male Meleagrididae Meleagris gallopavo
MMNS VP-2229 K-21 tarsometatarsus, right, distal half, female Meleagrididae Meleagris gallopavo
MMNS VP-2849 K-21 tarsometatarsus, left, distal, male Meleagrididae Meleagris gallopavo
MMNS VP-2852 K-21 tarsometatarsus, left, distal, male Meleagrididae Meleagris gallopavo
MMNS VP-1251 K-57 humerus, left, juvenile/female(?) Meleagrididae Meleagris gallopavo
MMNS VP-1235 K-58 ulna, right, distal Meleagrididae Meleagris gallopavo
MMNS VP-1913 K-30 tarsometatarsus, right, juvenile Meleagrididae Meleagris gallopavo
MMNS VP-1600 K-30 ulna, right, diaphyseal portion Meleagrididae Meleagris gallopavo
MMNS VP-2503 K-21 ulna, left Meleagrididae Meleagris gallopavo
MMNS VP-2895 K-21 tarsometatarsus Meleagrididae Meleagris , cf. gallopavo

MMNS VP-1628 K-30 humerus, left Anatidae Anas

MMNS VP-2501 K-21 distal humerus, juvenile Aves
MMNS VP-2502 K-21 bone, indet. Aves(?)
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