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ABSTRACT 
 
 

Although known from every continent except Antarctica and having a fossil 
record ranging from the Middle Jurassic to the Pleistocene, fossil turtle eggs are relatively 
understudied. In this dissertation I describe four fossil specimens, interpret paleoecology 
and conduct cladistic analyses in order to investigate the evolution of turtle reproduction. 
Fossil eggshell descriptions primarily involve analysis by scanning electron and polarized 
light microscopy, as well as cathodoluminescence to determine the degree of diagenetic 
alteration. Carapace lengths and gas conductance are estimated in order to investigate the 
ecology of the adults that produced fossil turtle eggs and clutches, as well as their 
incubation environments, respectively. Cladistic analyses of turtle egg and reproductive 
characters permit assessment of the usefulness of these characters for determining 
phylogenetic relationships of fossil specimens and the evolution of reproduction in 
turtles. Specimens described here include 1) Testudoolithus oosp. from the Late 
Cretaceous of Madagascar, 2) a clutch of eggs (some containing late stage embryos and 
at least one exhibiting multilayer eggshell) from the Late Cretaceous Judith River 
Formation of Montana and named Testudoolithus zelenitskyae oosp. nov., 3) an egg 
contained within an adult Basilemys nobilis from the Late Cretaceous Kaiparowits 
Formation of Utah, and 4) a clutch of Meiolania platyceps eggs from the Pleistocene of 
Lord Howe Island, Australia. Meiolania platyceps eggs are named Testudoolithus 
lordhowensis oosp. nov. and provide valuable information on the origin of aragonite 
eggshell composition and nesting behaviors. 

Cladistic analyses utilizing egg and reproductive characters are rarely performed 
on taxa outside of Dinosauria. My analyses demonstrate that morphological data 
produces poorly resolved trees in which only the clades Adocia and Trionychia are 
resolved and all other turtles form a large polytomy. However, when combined with 
molecular data, egg and reproductive characters have more resolving potential towards 
the top of trees. This poor resolution is likely due to homoplasy in the form of character 
reversals, convergent evolution, and/or from the limited number of informative 
characters.
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CHAPTER ONE 
 
 

INTRODUCTION 
 
 

Testudinata is a monophyletic clade consisting of all taxa (stem and crown clade 

Testudines) containing a ‘true’ turtle shell that includes a carapace and plastron. Each is 

made up of multiple elements, with the vertebrae, ribs, cleithrum, and dermal bones 

forming the carapace, and the clavicles, interclavicles, and gastralia comprising the 

plastron. This, along with the fact that their limb girdles are concealed within the shell, 

gives turtles a unique bauplan amongst vertebrates. 

Extant turtles occur on all continents except Antarctica and in all of the world’s 

oceans. Turtles are diverse and include 13 extant families divided between two suborders, 

Pleurodira and Cryptodira, with approximately 317–323 living species (Nicholson et al., 

2015). Amongst extant taxa, carapace lengths range from 10 cm to 175 cm in Homopus 

signatus and Dermochelys coriacea, respectively, and possibly as large as 330 cm in the 

extinct taxon Stupendemys geographicus (Sánchez-Villagra and Scheyer, 2010).  

Turtles are relatively common in the fossil record because of their highly ossified 

shell, which enhances their preservation potential. Turtles first appear in the fossil record 

in the Late Triassic (middle Norian) period, whereas intermediate stem taxa (proto 

turtles) such as Eunotosaurus africanus, Pappochelys rosinae, and Odontochelys 

semitestacea are Late Permian to Late Triassic (Carnian) in age. These taxa lack the 

carapace and plastron, or in the latter, just the carapace (Li et al., 2008; Lyson et al., 

2013; Schoch and Sues, 2015).  
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The phylogenetic position of turtle families within Testudines is relatively well 

understood (Fig. 1; Crawford et al., 2014), whereas the position of Testudinata in the 

vertebrate tree of life is extensively debated (as reviewed by Joyce, 2015). Two 

hypotheses are currently at the forefront of this debate: Testudinata represent the sister 

taxon to Lepidosauria or, alternatively, Archosauria (Joyce, 2015). Although numerous 

molecular phylogenetic studies suggest that turtles are likely the sister taxon to 

Archosauria (Iwabe et al., 2005, Hugall et al., 2007; Shen et al., 2011; Chiari et al., 2012; 

Crawford et al., 2012; Fong et al., 2012; Shaffer et al., 2013; Wang et al., 2013; Field et 

al. 2014; Thomson et al. 2014), morphological analyses indicate that they may derive 

from the line leading to Lepidosauria (Reisz and Laurin, 1991; deBraga and Rieppel, 

1997; Lee 1997; Müller, 2004; Lyson et al., 2010; Lee, 2013). Despite their relationship 

to Testudinata, the intermediate stem taxa Eunotosaurus africanus, Pappochelys rosinae, 

and Odontochelys semitestacea provide little support in favor of one hypothesis over the 

other. While this debate remains very much alive, new fossil discoveries will likely help 

resolve this problem by providing intermediate morphologies. 

In addition to their unique bauplan, turtles are unusual in other respects, including 

their reproductive physiology. Among extant amniotes, only turtles lay eggs composed of 

aragonite, whereas calcite comprises the eggshell of all other egg-laying amniotes 

(Hirsch, 1983). For this reason, unaltered turtle eggs and eggshells are easily 

recognizable in the fossil record and are known from every continent except Antarctica 

and range in age from the Jurassic to the Pleistocene (Lawver and Jackson, 2014). Turtle 

eggs from the Middle Jurassic (Buckman, 1859) correspond roughly to the age of the 



 
 

 
 

3 

turtle crown group, as estimated from the fossil record (Danilov and Parham, 2006; 

Joyce, 2007; Anquetin et al., 2009) and molecular calibration studies (Joyce, Parham et 

al., 2013). Considering that the oldest known fully shelled turtle, Proterochersis robusta, 

is from the Late Triassic (Fraas, 1913; Joyce, Schoch et al., 2013), it is apparent that the 

evolution of aragonite eggshell occurred just before the split of the crown group, or that a 

substantial gap exists in the fossil record. For this reason, eggs and eggshells from stem 

turtles are critical for determining when this unique mineral composition evolved.  

My thesis includes three primary avenues of research: 1. study of extant turtle 

reproductive biology, 2. description and diagenetic assessment of fossil turtle eggs, and 3. 

incorporation of the resulting data into phylogenetic analyses in order to investigate 

whether turtle egg and eggshell characters are useful in cladistic analyses. Studying 

extant turtle eggs and clutches assists in interpreting the anatomy, behavior, and ecology 

of extinct turtles. This is because turtle reproductive physiology and behavior result in 

biologically significant patterns that are potentially recognizable in the fossil record. 

Additionally, diagenetic assessment and description of new specimens of turtle eggs, 

provide valuable information about their diversity and paucity in the fossil record when 

compared to dinosaur eggs. Finally, this information provides characters for phylogenetic 

analyses of extant and fossil turtle eggs, aiding in evaluation of previous interpretations 

and hypotheses about the evolution of turtle reproduction and paleoecology. 
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Figure 1. Phylogenetic relationships of extant Testudines. Modified from Crawford et al. 
(2014). 

 
 

Dissertation Outline 
 
 
 The research presented here follows the following format: Chapter 2 provides a 

review of previous work on the fossil record of turtle reproduction, including research on 

fossil turtle eggs, embryos, nests, and copulating pairs. In this chapter I analyze the global 

geographic distribution of fossil turtle eggs and eggshell occurrences and reevaluate their 
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ootaxonomy. Chapter 3 describes fossil turtle eggs from Madagascar, which enhances the 

sparse fossil record of turtle eggs from Gondwana. Chapter 4 describes a fossil turtle egg 

clutch with embryos (MOR 710) from the Judith River Formation of Montana. This study 

provides information about the taphonomy and diagenesis of the fossil eggs. Chapter 5 

describes the eggshell microstructure from one of eight eggs preserved inside an adult 

Basilemys nobilis specimen from the Kaiparowitz Formation of Utah. This specimen 

allows definitive egg assignment to a specific taxon and comparison to two previously 

described gravid Adocus turtles. I also provide information about the reproductive 

biology and paleoecology of extinct large-bodied turtles. Chapter 6 examines the eggshell 

microstructure from eggs assigned to the stem turtle Meiolania platyceps. This study 

investigates the origin and evolution of the aragonite eggshell composition present in 

turtle eggs. Chapter 7 focuses on a phylogenetic analysis of modern and fossil turtle eggs 

and eggshell described in this dissertation and assesses the usefulness of such characters 

in phylogenetic reconstructions. Finally, Chapter 8 summarizes the principal findings of 

my dissertation, with a brief section on future work.  

 
Methods and Materials 

 
 

All studies include microscopic analysis of eggshell microstructure, using the 

following techniques. Eggshell fragments were broken in half with one half prepared as 

radial and/or tangential thin sections (30 µm thick) at the Gabriel Laboratory for Cellular 

and Molecular Paleontology at the Museum of the Rockies, Montana State University or 

Spectrum Petrographic, Vancouver, Washington. Thin sections were studied by 
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transmitted and polarized light microscopy, using a Nikon Eclipse E600 equipped with a 

digital camera. The other half of each specimen was coated with gold (10 nm) and 

mounted on an aluminum stub. Specimens were imaged under a JEOL 6100 SEM located 

at the Image and Chemical Analysis Laboratory, Montana State University. Eggshell 

microstructural features (e.g., shell thickness, pore width, etc.) were measured with 

ImageJ image analysis software available from the National Institute of Health 

(http://imagej.nih.gov/ij/). The remaining methods are specific to individual chapters 

presented in this dissertation and descriptions of these techniques are provided in the 

appropriate chapters. 
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CHAPTER TWO 
 
 

A REVIEW OF THE FOSSIL RECORD OF TURTLE REPRODUTION: EGGS, 

EMBRYOS, NESTS, AND COPULATING PAIRS 

 
Contributions of Authors and Co-Author 

 
 

Manuscript in Chapter 2 
 
Author: Daniel R. Lawver 
 
Contribution: Conceived and implemented the study design. Collected and analyzed data. 
Wrote first draft of the manuscript. 

 
Co-Author: Frankie D. Jackson 
 
Contributions: Wrote one brief section on egg pathology (p. 24) and provided feedback 
on early drafts of the manuscript. 
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CHAPTER TWO 
 
 

A review of the fossil record of turtle reproduction: eggs, embryos, nests, and 

copulating pairs 

 
Daniel R. Lawver and Frankie D. Jackson 

Department of Earth Sciences, Montana State University, Bozeman MT 59717 USA 

—email: danlawver@gmail.com (corresponding author); frankiej@montana.edu  

 

ABSTRACT  

The fossil record of turtle reproduction (e.g., eggs, embryos, nests, and copulating pairs) 

is relatively poor compared to that of dinosaurs. This record extends from the Middle 

Jurassic to the Pleistocene and specimens are known from every continent except 

Antarctica. Fossil turtle eggs are recognized as body fossils and confident taxonomic 

identification at the genus or species level is dependent on embryos preserved within 

fossil eggs or by eggs found within a gravid female. Cladistic analyses of egg and 

eggshell characters demonstrate a high degree of homoplasy and only few characters 

provide a strong phylogenetic signal. Taphonomic studies of fossil turtle eggs are rare but 

can elucidate size and number of eggs produced by extinct taxa. Pathological fossil turtle 

eggs are known from a few localities and provide information about physiological or 

environmental stresses experienced by the gravid female. Fossil turtle eggs are relatively 

abundant in Asia, Europe, and North America but are poorly represented in Gondwana. 
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An ootaxonomic review of fossil turtle eggs shows that of 15 named ootaxa, eight are 

nomina valida, five are nomen nudum and two are junior synonyms of other ootaxa.  

 

KEYWORDS 

Testudines, paleoology, Testudoolithidae, Testudoflexoolithidae 

 

Introduction  

 

Turtles are some of the most distinct animals living today and possess unique anatomical 

and physiological characters, also in regards to their reproduction. For example, unlike all 

other living amniotes, turtles produce eggs composed of the mineral aragonite, rather than 

calcite (Hirsch 1983). When preserved in the rock record, this mineral composition 

allows definitive assignment of fossil eggs and eggshell to Testudines or their stem 

lineage. Indeed, based on this unique eggshell composition, some authors suggest that 

hard-shelled eggs evolved independently in turtles from all other amniotes (Carpenter 

1999; Sander 2012).  

Fossil turtle eggs are known from every continent except Antarctica and range in 

age from the Jurassic to the Pleistocene. The oldest described turtle eggs were collected 

from the Middle Jurassic of England (Carruthers 1871). This corresponds roughly to the 

age of the turtle crown, as estimated from the fossil record (Danilov and Parham 2006; 

Joyce 2007; Anquetin et al. 2009) or through molecular calibration studies (Joyce et al. 

2013). Considering that the oldest known fully shelled amniote (“turtle” in common 
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parlance), Proterochersis robusta, is known from the Late Triassic (Fraas, 1913; Joyce et 

al. 2013), it is apparent that the presence of aragonitic eggs is either a feature that was 

acquired just before the split of the crown group, or that a substantial gap exists in the 

fossil record. In contrast to non-avian dinosaurs, which receive the majority of attention 

in paleo-oological studies, modern analogs exists for extinct turtle eggs, embryos, nests, 

and copulating pairs. In addition, extant turtles provide information about growth and 

development, physiology, anatomy, and paleoecology that are necessary for more 

accurate interpretations of fossil specimens and localities.  

 

Methods Used in the Study of Fossilized Eggs 

 

Standard preparation techniques for the study of fossil eggshell include examination of 

thin sections with a polarized light microscope (Quinn 1994) and scanning electronic 

microscope (SEM), the latter typically being equipped with energy dispersive x-ray 

(EDX) and backscatter electron imaging (BEI; Tyler 1969; Erben et al. 1979; Carpenter 

1999; Schweitzer et al. 2002; Jackson et al. 2002). Depending on the purpose of the 

study, additional analyses may include cathodoluminescence (CL; England et al. 2006; 

Grellet-Tinner et al. 2010; Fernández and Matheos 2011), epifluorescence microscopy 

(Jackson et al. 2010) and x-ray diffraction (Jackson et al. 2002). Structural attributes of 

eggshell (shell thickness, pore width) are typically measured with image analysis 

software. Computed tomography (CT) and phase contrast synchrotron microtomography 

allow high resolution imaging of eggs, which is necessary for identification of in ovo 
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embryonic remains, while avoiding mechanical preparation and potential damage to the 

specimens (Fernandez et al. 2012). Finally, two recent studies of fossil eggs also include 

electron backscatter diffraction (EBSD) and/or orientation contrast imaging to “map” the 

orientation of crystal growth (Grellet-Tinner et al. 2012; Moreno-Azanza et al. 2013a). 

 

Physical Attributes of Turtle Eggs 

 

Turtle eggs range from spherical in large-bodied species to elongate in relatively small-

bodied species (Ewert 1979; Iverson and Ewert 1991). Intra- and interspecific variation in 

egg size, shape, and number of eggs per clutch characterizes modern turtle taxa. For 

example, younger, smaller females may lay fewer and smaller eggs per clutch than older, 

larger females (Kuchling 1999). Clutch size ranges from a single large egg in Platemys 

platycephala to over 100 eggs in the leatherback sea turtle (Dermochelys coriacea; Ernst 

and Barbour 1989). Interestingly, D. coriacea lays both large and small eggs in a single 

clutch. The small, yolkless eggs are thought to result from excess albumen (Spotila 2004) 

or, alternatively, to act as spacers between the larger, viable eggs thereby increasing gas 

exchange (Gulko and Eckert 2004). 

Turtle eggshell consists of a single layer of shell units comprised of needle-like 

aragonite crystals that originate from an organic core within the shell membrane. The 

degree of mineralization varies widely among turtle eggs and includes pliable 

(chelonioids, emydids, and some pleurodires), semi-pliable (chelydrids), and rigid-shelled 

eggs (carettochelyids, geoemydids, kinosternoids, testudinids, and trionychids). This 
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variation in eggshell mineralization corresponds to variation in the height:width ratios of 

the shell units and whether the shell units are loosely or tightly spaced and interlocking in 

structure (Figure 1). The tightly interlocking structure of rigid-shelled eggs enhances their 

potential for preservation in the fossil record (Hirsch 1983).  

 

Classification of Fossil Turtle Eggs 

 

Early studies often assigned fossil eggs to turtles based on their size, spherical shape, and 

eggshell texture (Buckman 1859; Meyer 1860; Carruthers 1871; Hay 1908; Straelen 

1928), but ‘Oolithes’ bathonicae Buckman, 1859 was the only named taxon well into the 

20th century. Hirsch (1983) was the first to compare the microstructure of fossil eggs to 

that of modern turtle eggs, emphasizing the importance of polarized light microscopy and 

scanning electron microscopy (SEM). Hirsch (1996) later extended the parataxonomy 

developed for classifying dinosaur eggs to include fossil turtle eggs and started naming 

fossil turtle oospecies using microstructure characteristics as the basis of his diagnoses. 

Based on the degree of eggshell mineralization, he established two morphotypes under 

the Testudoid basic type of eggshell structure: 1) Spheruflexibilis, for soft or pliable eggs, 

and 2) Spherurigidis, for rigid eggshell; spheru referring to the spherulitic ultrastructure 

of the shell units. These morphotypes are distinguished by the height:width ratio of their 

shell units and whether the shell units are tightly interlocking. A single oofamily 

corresponds to each morphotype, namely Testudoolithidae and Testudoflexoolithidae, 
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respectively. Currently, at least five valid oogenera and eight valid oospecies have been 

established for fossil turtle eggs (Table 1). 

 
 

 
Figure 1. Eggshell microstructure of fossil and modern turtle eggs. A, Pliable-shelled 
turtle eggs with shell units wider than tall. B, Semipliable turtle eggs with shell units as 
wide as tall. C, Rigid-shelled turtle eggs with shell units taller than wide. D, Turtle 
eggshell structure. Abbreviations: oc, organic core; p, pore; sm, shell membrane; su, shell 
unit. Modified from Hirsch (1983, fig. 2). 
 
 
 

It is important to note that Hirsch’s (1996) attempt to build an internally coherent 

nomenclatural system for turtle eggshells that is consistent with the ICZN failed from the 

beginning, because his scheme demands referral of the previously named oospecies 

Oolithes bathonicae Buckman, 1859 to the new oogenus Testudoflexoolithus. Following 

the rules of the ICZN (1999), Testudoflexoolithus is the objective junior synonym of 

Oolithes and should not be used. However, given that Hirsch’s (1996) nomenclatural 
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system has be utilized consistently over the course of the last two decades (e.g., Kohring 

1999a; Jackson et al. 2008; Barta et al. 2014), we herein maintain nomenclatural stability 

by maintaining this system, while formally acknowledging the apparent break with the 

ICZN.  

  

Taxonomic Assignment of Fossil Turtle Eggs 

 

Numerous authors have attempted to identify the species of turtle that potentially laid a 

given fossil egg (Gergens 1860; Meyer 1860; Hummel 1929; Kohring 1993; Gaffney 

1996; Azevedo et al. 2000). However, definitive identification requires embryonic 

remains or eggs that occur within a gravid female, because eggshells generally do not 

provide enough characters to allow diagnosing species (Hirsch 1989). Therefore, all 

identifications that lack these criteria should be treated with suspicion. In addition, 

embryos often lack the diagnostic features necessary to identify fossil eggs beyond the 

genus level. For example, McGee (2012) identified fossil turtle eggs with embryos from 

Canada as originated from Adocus based on eggshell microstructure and morphology of 

the embryonic bones, but she refrained from identifying the specimens to a particular 

Adocus species because diagnostic morphologies were not present in the embryos, likely 

due to their early ontogenetic stage. Fossil gravid turtles can potentially provide species-

level identification of eggs, depending on the presence of autapomorphic characters and 

quality of adult preservation. For example, eggs were discovered in an undescribed 
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Figure 28. Ancestral state reconstruction of characters 5 and 6. 
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Figure 29. Ancestral state reconstruction of characters 7 and 8. 
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Figure 30. Ancestral state reconstruction of characters 9 and 10. 
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Figure 31. Ancestral state reconstruction of characters 11 and 12. 
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Figure 32. Ancestral state reconstruction of characters 13 and 14. 
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Figure 33. Ancestral state reconstruction of characters 15 and 16. 
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Figure 34. Ancestral state reconstruction of characters 17 and 18. 
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Figure 35. Ancestral state reconstruction of characters 19 and 20. 
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Figure 36. Ancestral state reconstruction of characters 21 and 22. 
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Figure 37. Ancestral state reconstruction of characters 23 and 24. 
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CHAPTER EIGHT 
 
 

CONCLUSIONS 
 
 

1. The fossil record of turtle eggs extends from the Middle Jurassic to the 

Pleistocene, and specimens are known from every continent except Antarctica.  

 

2. Fossil turtle eggs are relatively abundant in Asia, Europe and North America but 

are poorly represented in Gondwana. Testudoolithus oosp. eggs described here 

come from the Late Cretaceous of Madagascar and represent the first occurrence 

of fossil turtle eggs from the island and only the fourth definitive evidence of 

turtle eggs from the Mesozoic of Gondwana. 

 

3. A weathered clutch of 16 eggs from the Late Cretaceous Judith River Formation 

of Montana contains embryos are assigned to Testudoolithus zelenitskyae oosp. 

nov. At least one egg exhibits multilayered eggshell, a condition in modern turtles 

resulting from prolonged egg retention. 

 

4. Eggs and their embryonic remains in MOR 710 are likely referable to Adocus sp. 

based on similarities with specimens from Alberta and Utah and demonstrate a 

late stage (23 or 25) of development when compared to extant turtle taxa. This 

suggests that termination of embryonic development likely occurred just prior to 

hatching. 
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5. An estimated adult carapace length 35.0–54.5 cm was calculated for the female 

turtle that laid the T. zelenitskyae clutch, using a modified data set and the 

equation of Elgar and Heaphy (1989). Modification was necessary to correct 

errors in the original equation. 

 

6. Carapace length estimations are based on egg mass. However, calculating egg 

mass uses a constant for the density of a birds egg. Since turtle eggs have a 

slightly higher density, carapace lengths must be treated as a minimum estimate. 

 

7. Testudoolithus lordhowensis oosp. nov. represents the first described eggs from 

the Pleistocene of Lord Howe Island, Australia. Egg mass and comparison to 

modern taxa suggest a female carapace length of approximately 75 cm.  

 

8. Testudoolithus lordhowensis are assigned to the stem turtle Meiolania platyceps 

based on the following evidence: similar estimated body size as adult specimens 

on Lord Howe Island, M. platyceps represents the only turtle reported from the 

island, and distance from the mainland suggests colonization by turtle species was 

likely a rare event.  
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9. The presence of aragonite mineral in M. platyceps eggs suggests that the 

evolution of the aragonite eggshell occurred no later than the Early or Middle 

Jurassic.  

 

10. The high gas conductance rate (170.27 mg H20 day-1 Torr-1) of Meiolania 

platyceps eggs, compares favorably with those of modern tortoises and indicates 

that the eggs were incubated in a humid nesting environment. The presence of at 

least two superimposed layers of eggs further suggests that M. platyceps deposited 

its clutch in an excavated hole nest. This nesting strategy likely evolved no later 

than the Early to Middle Jurassic. 

 

11. My study represents the first analysis to compare modern turtle eggshell to fossil 

specimens under cathodoluminescence. Modern eggshell exhibits dull blue and 

dark green luminescence. Similar blue and dark green luminescence is observed 

in the fossil taxa Meiolania platyceps, Adocus sp. and Basilemys nobilis 

indicating the presence and minimal alteration of the original aragonite. In 

contrast, bright orange to red luminescence observed in Testudoolithus eggs from 

Madagascar indicate that diagenetic calcite or dolomite replaced the original 

eggshell. Cathodoluminescence, therefore, provides an important tool for 

assessing diagenesis in fossil eggshell and distinguishing characters useful in 

cladistic analyses.  
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12. Cladistic analysis utilizing egg and reproductive characters are rarely performed 

on taxa outside of Dinosauria. My morphological analysis using 24 characters, 25 

turtle taxa only resolved the clades Trionychidae and Adocia, with the remaining 

turtle taxa comprising a large polytomy. This poor resolution indicates that 

homoplasy (e.g., convergent evolution and/or character reversals) is likely due to 

species’ habitats and incubation environments or the limited number of 

informative characters. 

 

13. Egg and reproductive characters, when combined with molecular data, have more 

resolving potential toward the top of trees. Therefore, combined analyses that 

includes osteologic and/or molectular date are more useful in cladistics analyses 

until new characters are discovered.  

 

14. Limitations of cladistic analyses of turtle egg and reproductive characters include 

the small number of informative characters, missing data, few positively 

identified fossil specimens, intraspecific variation and diagenesis of eggshell.  

 

15. Cladistic analyses of dinosaur eggs demonstrate a greater potential for more 

informative characters than analyses of turtle eggs. This is likely due to the long 

and complex history of theropod reproduction and the relatively conservative 

nature of turtle evolution. For this same reason, the five oospecies currently 

named within Testudoolithus, lack many distinguishing features and several are 
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diagnosed by unique combinations of characters. Thus, Testudoolithus is on the 

verge of becoming a “wastebasket” taxon. 

 

16. More taxonomically identified fossil turtle eggs are needed in order to 

hypothesize their phylogenetic relationships. Using data sets that combine 

osteology with egg and reproductive characters will further enhance resolution.  

 

17. The phylogenetic relationship of Crocodylia, as hypothesized in analyses based 

on egg and reproductive characters, is strongly dependent upon the number of 

structural eggshell layers. For example, coding crocodilian eggs as single layered 

pushes them into Testudines, but they are resolved as archosaurs when coded for 

multiple eggshell layers.  
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