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Five factors were interrogated for statistically significant

relationships with giant land turtle (GLT) occurrences throughout

the Late Cenozoic Era (Miocene to Holocene Epochs): temperature,

aridity, insularity, durophagous predation, and generalist terrestrial

herbivore competition.

Temperature, aridity, landmass size, the presence of

durophagous predators, and/or the presence of competing

herbivores were related to giant land turtle occurrences.

Hypothesis

Introduction

Methods
Hypotheses were tested by performing Fisher exact tests on the

distributions of turtle-bearing formations for each factor, epoch by

epoch. Alpha value for significance was set at α = 0.05.

Distributions were informed by the Paleobiology Database (PBDB;

Czaplewski) and epoch climate estimate/paleogeography sources.

Epoch distributions were input to a Paleontological Statistics

(PAST; Hammerer (2019)) spreadsheet as 2x2 boxes for each factor

(GLTs present vs absent for all factors against humid vs arid for

aridity, hot vs temperate for temperature, insular vs continental for

landmass size, durophagous predators present vs absent, and

herbivorous competition present vs absent).

Each 2x2 box was selected and run with the univariate statistics tool

to determine Fisher exact values.

Holocene temperature bins: > 20 °C hot, 5-20 °C temperate

Holocene aridity bins: AI > 0.5 humid, < 0.5 arid

Results
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Figure 2: Cases of Late Cenozoic Turtle Taxa, with Emphasis on Giantism
This map was modified from one found in Rhodin et al. (2015) to include several Miocene taxa and rough sketches of the

distribution of giant land turtles throughout the Late Cenozoic.

Figure 3: Summary of Statistical Analyses By

Epoch and in Larger Groupings
This table shows the results of the Fisher exact tests run

for each epoch, as well as various groupings of the

individual epochs (all epochs combined, all epochs

excluding the Holocene, Neogene Period, and Quaternary

Period).

Statistically significant factors by Time Slice are as

follows:

Holocene – Insularity and competing herbivores

Pleistocene – Temperature and competing herbivores

Pliocene – Temperature

Miocene – None

All Epochs – Temperature, aridity, competing herbivores

Pre-Holocene Epochs – Temperature and competing

herbivores

Neogene (Miocene plus Pliocene) – None

Quaternary (Pleistocene plus Holocene) – Temperature,

insularity, and competing herbivores

These results suggest an interesting trend from mostly

ubiquitous giant land turtle occurrences in the Neogene

Period, uncontrolled by any of the five factors

interrogated here, to highly controlled GLT occurrences

in the Pleistocene and especially Holocene Epochs, during

which giant land turtles were largely restricted to hotter

areas where competition from large-bodied mammalian

herbivores was scarce. In the Holocene competition drove

most GLTs to isolated oceanic islands.
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Figure 1: Size Distribution of Testudines
Based on the results of a size distribution analysis of the Rhodin et al. (2015) list of 

Cenozoic turtle taxa, the minimum carapace length (CL) for giant taxa was 80 cm.

Conclusions

The trend of increasing controls on GLT occurrences from these 

analyses suggests that as large-bodied mammal generalist herbivores 

became widespread in the Pleistocene, giant land turtles were rapidly 

outcompeted on the continents and thus either took refuge or evolved 

from smaller turtle forms on isolated oceanic islands.

The combined analyses reinforced the individual epoch results by 

showing a similar progression from largely uncontrolled GLT 

occurrences in the Neogene to greatly restricted distributions in the 

Quaternary.

It is interesting to note that aridity and durophagous predation were 

insignificant in all the analyses. The most likely explanation is that 

bone-crushing predators preyed equally on both large and small land 

turtles, so their presence would not be a differentiating factor between 

areas with and without giant land turtles.

Further research should focus on more specific analyses of a single 

factor to determine more exact relationships. These analyses could 

also be applied to other Cenozoic nanoid and giant organisms.

Holocene Factors Fisher p-value Significance

Temperature 0.245 Not significant

Aridity 0.603 Not significant

Insularity 0.002 Significant

Durophagous predators 1.00 Not significant

Competing herbivores 0.002 Significant

Pleistocene Factors Fisher p-value Significance

Temperature 0.001 Significant

Aridity 0.615 Not significant

Insularity 0.063 Not significant

Durophagous predators 0.060 Not significant

Competing herbivores 0.005 Significant

Pliocene Factors Fisher p-value Significance

Temperature 0.025 Significant

Aridity 0.183 Not significant

Insularity 1.00 Not significant

Durophagous predators 0.342 Not significant

Competing herbivores 0.444 Not significant

Miocene Factors Fisher p-value Significance

Temperature 0.491 Not significant

Aridity 1.00 Not significant

Insularity 1.00 Not significant

Durophagous predators 1.00 Not significant

Competing herbivores 0.491 Not significant

All Formations Factors Fisher p-value Significance

Temperature 0.002 Significant

Aridity 0.778 Not significant

Insularity 0.002 Significant

Durophagous predators 0.207 Not significant

Competing herbivores 1.58 x 10-5 Significant

Pre-Holocene Fms. Factors Fisher p-value Significance

Temperature 0.005 Significant

Aridity 1.00 Not significant

Insularity 0.199 Not significant

Durophagous predators 0.130 Not significant

Competing herbivores 0.004 Significant

Neogene Period Factors Fisher p-value Significance

Temperature 0.264 Not significant

Aridity 0.539 Not significant

Insularity 1.00 Not significant

Durophagous predators 0.466 Not significant

Competing herbivores 0.539 Not significant

Quaternary Period Factors Fisher p-value Significance

Temperature 0.001 Significant

Aridity 0.311 Not significant

Insularity 1.26 x 10-4 Significant

Durophagous predators 0.461 Not significant

Competing herbivores 5.45 x 10-6 Significant
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