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“dogmas are brittle structures” Arthur Koestler (1971)

Over a half-century ago, C. W. Hibbard proposed a climate theory based on imported living giant tortoises (“Geochelone”) as
proxies that suggested the climate adaptations of giant fossil tortoises of the Cenozoic Era (65.5 million years ago to present)
were subtropical or tropical across much of North America. This has been a prominent and enduring paleoclimate theory. We
show that incorrect assumptions and other problems invalidate this theory. Seven alternative concepts are presented that
suggest North American fossil giant tortoises could have evolved necessary adaptations including cold-adaptive morphology,
behavioural thermoregulation, burrowing, use of caves as shelters, tolerance of prolonged cessation of food consumption,
cryoprotection and supercooling (protection from freezing), and gigantothermy (metabolic and structural thermoregulation)
to survive northern winters and in montane areas. This study illustrates the potential danger of using an inappropriate proxy

to predict past climates.
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INTRODUCTION

Palaeontologists have long had a great interest
in past climates, as knowledge of climates often
enhances understanding the biology of fossil organisms.
However, numerous palaeoclimatic publications are
quite controversial (e.g., Ostrom, 1971; Sloan & Barron,
1990; Chambers, 2012). The eminent vertebrate
palaeontologist Claude W. Hibbard proposed a
palaeoclimatic theory over a half-century ago (Hibbard,
1960) based on imported giant living tortoises
(“Geochelone”) from the Galdpagos Islands as a proxy
(a particular feature that is chosen to act as a substitute
for another feature). He suggested that the climate
occupied by the giant fossil tortoises of the Cenozoic Era
(65.5 million years ago to the present) was subtropical or
tropical across North America based on survivability of
Galdpagos tortoises in the southern USA.
Hibbard(1960)examinedsurvivalrecords(compiled by
Townsend, 1931a) of imported living tortoises (“Testudo
vicina”). These tortoises were collected on Albemarle
Island in 1928 during an expedition funded by the New
York Zoological Society (Townsend, 1931a, 1931b). They
were distributed to zoological gardens at nine locations
in five states in the southern USA: San Diego, California;
Superior, Arizona; New Orleans, Louisiana; Houston and
San Antonio, Texas; and Brighton, Opa-Locka, Biscayne
Island, and Lignum Vitae Island, Florida. Some of the

tortoises soon died in winter before shelters were
provided. At San Diego, “post-mortem examinations”
were performed, but it is unclear if these were done by
a veterinarian. The tortoises were postulated to have
died from enteritis which was thought to be caused by
cold exposure. However, Townsend (1928) indicated
that the tortoises distributed to zoological gardens in
the southern USA were juveniles and mostly of small
size. Those tortoises would have been much more
susceptible to death from cold exposure (if that was
the cause) than larger adult animals whose deep core
temperature would have provided greater resistance to
change. Furthermore, the number and percent dead are
unavailable, and little information was provided on their
care and housing, which was often notoriously poor in
that time period.

The colony on Lignum Vitae Island in the Florida Keys
had no survival problems. After early losses at some
other localities, survivors were provided with shelter
and later moved to southern Florida (Townsend, 1931).
Hence, Hibbard (1960) concluded that the giant fossil
tortoises of North America during the Cenozoic must
have inhabited an equable subtropical or tropical climate
which was supposedly typical for the extant proxies of
the Galapagos Islands.

A year later (1961), Brattstrom proposed the same
palaeoclimatic theory as Hibbard (1960) for giant fossil
tortoises in North America. However, Brattstrom (1961)
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did not cite Hibbard (1960) and was presumably unaware
of the latter’s paper. By priority, Hibbard (1960) is
considered as the originator of the theory and Brattstrom
(1961) was not cited very often in that regard. In contrast,
Hibbard’s theory was widely cited in subsequent decades
including the present (e.g., Uyeno & Miller, 1962; Neill,
1964; Auffenberg & Milstead, 1965; Martin & Guilday,
1967; Feduccia, 1968; Harbour, 1969; Lundelius, 1972;
Auffenberg, 1974; Axelrod, 1975; Jackson & Kaye, 1975;
Voorhies, 1975; Morafka, 1977; Thomasson, 1980;
Graham, 1986; King & Saunders, 1986; Holman, 1987;
Parmley, 1988; Paul, 1988; Webb & Barnosky, 1989;
Karlstrom, 1991; Thompson, 1991; Curry & Follmer,
1992; Mack et al., 1994; Popov et al., 1994; Holman,
1995; Thompson & Fleming, 1996; Cassiliano, 1997,
Perez-Arlucea et al., 2000; Lundelius, 2003; Wyckoff et
al., 2003; Holman & Fritz, 2005; Morgan & Lucas, 2005;
Markwick, 2007; Curry et al., 2010; Morgan & Emslie,
2010; Francis et al., 2012; Rempel, 2012). Thus, Hibbard
(1960) presented what became perhaps the most
prominent, enduring palaeoclimatic theory involving
many groups of organisms. There have been some
criticisms of Hibbard’s theory (Morafka, 1977; Graham,
1986; Paul, 1988), but these have been of limited scope
and impact.

Our objective is to show that faulty assumptions,
failure to consider contrary evidence (some of which
was not readily available in 1960 when Hibbard’s
theory was published), and other problems invalidate
the theory. Moreover, seven alternative concepts are
presented which suggest the evolution of adaptations
for cold tolerance can provide a plausible explanation
for the presence of giant fossil tortoises in northerly and
montane areas in the Cenozoic of North America, which
could have been colder than Hibbard’s (1960) theory
suggested.

METHODS

A comprehensive literature survey following the
methodology of Brown et al. (2008) was carried out
that retrieved hundreds of references which (1.) cited
Hibbard’s (1960) theory or (2.) suggested alternatives to
his climatic theory. The former extended from 1960 to
the end of March 2016 whereas the latter extended from
1705 to the end of June 2016. Four search engines were
used: Google; Google Scholar (Advanced Scholar Search);
JSTOR Advanced Search; and Metacrawler Advanced.
Searches used numerous combinations of search words.
Traditional library-based searches of paper sources were
also carried out at Milner Library, lllinois State University
(including many from deep storage and on microfilm), as
well as LEB’s and DM’s extensive herpetological libraries.
Alan Resetar of the Field Museum of Natural History,
Chicago, kindly supplied some copies of additional
references, a photograph, and unpublished documents.
Janice Moll and Evan Brown also supplied important
references. Interlibrary loan and I-Share were used
extensively to acquire copies of references that could
not be obtained locally. Pertinent portions of references
written in French and German were translated by LEB.

Giant fossil tortoise theory refuted

277

Scientific and common names of extinct fossil and
subfossil tortoises follow Bramble (1971); Auffenberg
(1974); Turtle Taxonomy Working Group (2014); and
Turtle Extinctions Working Group (2015). Scientific and
common names of extant tortoises and other turtles
follow the Turtle Taxonomy Working Group (2014).

EVIDENCE AGAINST THE THEORY

We present five main lines of evidence against Hibbard'’s
palaeoclimatic theory: fundamental scientific error;
faulty assumptions about climate and environment on
the Galdpagos Islands; incorrect taxonomy; abbreviated
time frame, distribution, and number of species; and
failure to consider evolution below the generic level.

Fundamental scientific error

Hibbard (1960) assumed that absence of data concerning
a particular feature (“there is no evidence ...”) meant that
the particular feature did not exist. This is a fundamental
scientific error. It made the assumption that he had
comprehensive mastery of the vast literature on both
extant and extinct giant tortoises in 1960 (this was before
the existence of search engines), and that there would
be no future discoveries in this area. This goes against
basic human logic and we prove that he was wrong in the
following sections of this paper.

Faulty assumptions about climate and environment on
the Galapagos Islands

A number of in-depth studies have been completed on
the climate and environment of the Galapagos Islands
(e.g., Darwin, 1846; Lack, 1947 [1961]; Alpert, 1963;
Hamann, 1979, 1981; Grant & Boag, 1980; Colinvaux,
1984; Steadman, 1986; Trueman & d'Ozouville, 2010).
The predominant environment of all the islands is arid
scrub desert, reflecting the islands’ presence in the Pacific
dry zone. This environment consistently occurs on the
many low altitude small islands (which are the majority)
as well as the lowlands of the five largest islands. The
latter have greater elevation because of the presence of
active and inactive volcanos. Precipitation increases and
temperature decreases as altitude increases on the larger
islands, with the humid highlands being heavily forested.
While, nine physiognomic formation classes based on
vegetation have been described (Hamann, 1981), arid
scrub desert of the lowlands and humid forests of the
highlands are the major environments present. The
giant tortoises occupy and travel between both lowlands
and highlands (Pritchard, 1996; Blake et al., 2013; Blake
etal., 2015).

The climate is strongly seasonal with a hot rainy
season (January through April) and cooler dry season
(May through December). Thus, the climate is not
equable. For an equatorial region, it is often cool and
considered temperate. Hamann (1979:108) concluded:
“Hence, conditions for the development of tropical wet
or tropical rain forest are not present in the archipelago.”

Incorrect taxonomy
The most significant incorrect assumption made by
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Hibbard (1960) was that living Galapagos and giant North
American fossil tortoises were of the same genus and thus
closely related. However, marked changes have occurred
since 1950 in the taxonomy of giant fossil tortoises of
North America. In a major revision of the tortoises of the
Western Hemisphere, Williams (1950) established the
new subgenus Hesperotestudo (type species: Testudo
osborniana Hay [1904]) for most Nearctic species
(excluding Gopherus and a few others). Bramble (1971)
subsequently elevated Hesperotestudo to generic status
based on extensive morphological differences including
the expansive presence of dermal ossicles. The genus
Geochelone was restricted to the Old World, and it may
not even be avalid genus (Bramble, 1971). Subsequently,
Meylan & Sterrer (2000) concluded that Hesperotestudo
belongs in the distinct subfamily Xerobatinae along
with Gopherus and Xerobates. The authenticity of
the genus Hesperotestudo has now been accepted by
many chelonian researchers (Turtle Extinctions Working
Group, 2015). Its distant evolutionary relationship from
Geochelone indicates that species in each genus are
likely to have independently evolved different traits, thus
invalidating Hibbard’s (1960) model.

Abbreviated time frame, distribution, and number of
species

Hibbard (1960) emphasised the Late Cenozoic Era,
Pliocene Epoch through Pleistocene Epoch, 5.3 million to
11,700 years ago. However, Hesperotestudo is currently
known over a much greater time span, the Oligocene
Epoch to the Late Pleistocene Epoch, 33.9 million to
12,000 years ago (Meylan & Sterrer, 2000).

Hibbard (1960) mainly discussed “Geochelone” from
the Great Plains (“High Plains”) of the central USA, but
Hesperotestudo is known at many localities across the
continent from California (H. dehiscus) on the west coast,
to Pennsylvania (H. percrassa), and Delaware (H. ducatelli)
in the east, and from Saskatchewan (H. exornata) in the
north, to Texas (H. turgida) and Florida (H. incisa) in the
south (Lambe, 1906; Bramble, 1971; Auffenberg, 1974;
Parris & Daeschler, 1995; Holman, 1998). Many of the
numerous locality records were discovered long before
1960. Hibbard (1960) was also apparently unaware
that there was a number of pre-1960 records of fossil
giant tortoises from montane areas of western North
America. Hence, he provided no explanation for how
they responded to cold weather.

Hibbard (1960) only mentioned four species of
“Geochelone” (niobrarensis, orthopygia, rexroadensis,
and turgida) although he was aware (Hibbard 1944) of
at least two other species, riggsi and osborniana. The
number of species in Hesperotestudo is still unclear for a
number of reasons. However, Meylan & Sterrer (2000)
indicated there were 32 species in Auffenberg’s (1974)
checklist, not all being giants. Many of these species were
described long before 1960. Furthermore, a number of
new species have been described since 1974.

Failure to consider evolution below the generic level
Hibbard (1960) apparently did not realise that adaptive
evolution must have occurred in “Geochelone,” having
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been in North America over millions of years. The genus
was treated as if it was a single invariable species in an
“equable climate” with no major deviation (Hibbard,
1960). However, different species typically show
considerable inter- and intraspecies adaptive evolution.
For example, among living North American chelonians,
19 of 45 species (Conant & Collins, 1998; Stebbins,
2003) have distributions from the southern USA into the
northern USA and Canada, and have evolved adaptations
to live at both climatic extremes.

ALTERNATIVES

We present seven alternatives to Hibbard’s (1960)
theory: cold-adaptive morphology, behavioural
thermoregulation, burrowing, use of caves as shelters,
tolerance of prolonged cessation of food consumption,
cryoprotection and supercooling, and gigantothermy.
Since there is no direct biological evidence available
(except morphology) from the fossil giant tortoises, the
alternatives had to be made by measured extrapolation
from accepted scientific publications on adaptations
of extant tortoises and to a limited extent other extant
chelonians.

Cold-adaptive morphology

The thick shell of Hesperotestudo provided a good
thermal barrier against cooling (Paul, 1988). Leidy
(1889) indicated the thickness of the hyoplastron of the
holotype of H. crassiscutata as 46 mm, and Bentley &
Knight (1998) found shell fragments at 40 mm thick for
another individual of the same species. When the legs,
head, and tail were withdrawn under the carapace, no
elongated body parts were exposed to the cold. Surface
area was hence reduced and loss of heat was attenuated.
Thus, a dorsally domed and ventrally flattened shell
with retracted body parts was an ideal shape for heat
conservation. Cope (1878) indicated that the posterior
free border of the carapace of the H. orthopygia he
described is quite flared outward. This flaring (Figure.
1) is common in other species of Hesperotestudo and
many other extant and extinct turtles and tortoises (e.g.,
H. impensa, H. osborniana, Marginated Tortoise Testudo
marginata, Impressed Tortoise Manouria impressa [see
illustrations in Hay, 1908; Obst, 1986; and Orenstein,
2012]). It allows a wide surface area of the posterior
carapace to be closely applied to the ground and thus
reduces heat loss. The great size of the tortoises was also
a definite advantage for heat conservation as a warm
deep core body temperature would have been slow to
cool (Auffenberg & Iverson, 1989).

Much of the external non-shell portion of
Hesperotestudo was extensively covered by enlarged
dermal ossicles (Figures. 1-3), which were covered
with a tough layer of keratised horn (Hay, 1908). The
dermal ossicles of various species (H. bermudae, H.
crassiscutata, H. impensa, H. incisa, H. oelrichi, H.
orthopygia, H. osborniana, H. riggsi, and H. turgida) were
described by Cope (1878), Hay (1904, 1908), Oelrich
(1957), Auffenberg (1963), Holman (1972), and Meylan
& Sterrer (2000). The revisions of Williams (1950) and



Figure 1. Reconstructed image of giant fossil tortoise
(Hesperotestudo) showing dermal ossicles and posterior
flare on carapace. Drawing by Carleen Spahn.

Figure 2. Ventral view of right forelimb of giant fossil
tortoise H. osborniana showing dermal ossicles covering
foot, ulna, radius, and distal portion of humerus. Drawn
by Carleen Spahn after part of a photograph (Plate 74) in
Hay (1908).

Figure 3. Tail (buckler) of the giant fossil tortoise H.
orthopygia: a) dorsal view of caudal vertebrae showing
elongated lateral processes, with the last three being
truncated and fused, and b) external dorsal covering of
enlarged dermal ossicles. Drawn by Carleen Spahn after
figure 600 and parts of figures 601 and 603 in Hay (1908).

Giant fossil tortoise theory refuted

Bramble (1971) examined dermal ossicles of larger
numbers of species. The latter concluded that after the
tortoise had withdrawn into its shell, all of the exposed
parts of the limbs and other areas were covered with
dermal ossicles including the bottom of the feet. Even
the tail (“buckler”[Auffenberg, 1963]) is covered. In H.
osborniana, H. orthopygia, H. turgida, and H. incisa, the
tail (Fig. 3) is wide and paddle shaped from elongation of
the lateral processes of the caudal vertebrae, with the last
three being fused and truncated (Hay, 1908; Auffenberg,
1963). Presumably, it would have required strong selection
pressure to evolve this unusual caudal elaboration. (Both
Bramble [1971] and Meylan & Sterrer [2000] included
the caudal buckler as a diagnostic character for the genus
Hesperotestudo.) When the tail was lowered underneath
the carapace, all of the area exposed was covered with
dermal ossicles between and including the hind limbs
when they were retracted (Hay, 1908). Likewise, Holman
(1972) noted for H. oelrichi that when head and forelimbs
were retracted, the entire anterior area was protected
by dermal ossicles. Williams (1950) included dermal
ossicles as a character in his definition for the subgenus
Hesperotestudo, and Bramble (1971) did the same for the
generic definition, as did Meylan & Sterrer (2000) for their
revised diagnosis. All three publications emphasised the
excessive development of dermal ossicles.

Bramble (1971) also noted that Hesperotestudo had
a fibrous, markedly thickened integument which was
evident by a well-defined scar along the base of each
dermal ossicle. Hay (1908) found that the base of the
dermal ossicles of H. impensa was roughened and he
indicated this portion had been buried in the integument.

The bodies of Galdpagos Giant Tortoises contain
a considerable amount of fat (Townsend, 1925, 1928,
1931b). This fat was rendered into oil by the people of
the Galapagos Islands (primarily in the 1800s) and sold
for culinary purposes to whalers or sent to mainland
markets. Similarly, the extinct Cylindraspis tortoises of
the Mascarene Islands contained large amounts of fat.
The Réunion Giant tortoise, C. indica in particular, carried
considerable fat which was rendered by native people to
yield about “two pots of oil” (Lougnon, 1970). Both C.
indica and larger Galdpagos tortoises were/are known
to spend a considerable amount of time foraging in the
cooler, cloudier, wetter uplands of their island habitats
(Lougnon, 1970; Blake et al., 2013). It seems likely these
tortoises evolved their heavy fat layers for insulation to
facilitate their exploitation of resources available in these
cooler environments. In the lowlands the fat would
reduce heat loss in the cooler evenings. We suggest that
the giant fossil tortoises of northern North America also
had considerable internalfatforthe same purpose, to cope
with colder conditions at higher latitudes and altitudes
(see Behavioural thermoregulation and Gigantothermy).

It is clear that the dermal ossicles, thick fibrous
integument, presence of considerable underlying fat likely,
and the ability to retract the limbs, head, and tail under
the thick domed, flared carapace should have provided
good insulation against the cold. Thus, Hesperotestudo
was well equipped morphologically to have withstood
northern winters and montane areas.
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Fig. 4. Aldabra Giant Tortoises
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Behavioural thermoregulation

All of the extant giant tortoises (Galdpagos Giant
Tortoises Chelonoidis nigra species complex, Aldabra
Giant Tortoise Aldabrachelys gigantea, and African
Spurred Tortoise Centrochelys sulcata) are well known
as being capable of traveling at a steady pace (Coe et al.,
1979; Swingland & Lessells, 1979; Gibson & Hamilton,
1983; Swingland et al., 1989; Kaplan, 1996; Pritchard,
1996; Blake et al., 2013; Blake et al., 2015). This allows
them to behaviourally regulate their temperature by
moving in and out of shaded areas. During the day,
they absorb heat by basking in the sun (Auffenberg &
Iverson, 1989), but retreat under shade if heat becomes
excessive. In the cooler evenings, when the tortoise is
sleeping, heat loss is slow because of the great mass of
the tortoise. The deep core temperature remains high
enough to ensure the animal does not become chilled,
and the sun of the following day will renew heat loss
from the preceding night (Auffenberg & Iverson, 1989).
This cyclical process of behavioural thermoregulation
was proposed by Aufenberg & lverson (1989) as an
explanation for the survival of giant fossil tortoises in
continental high latitudes even during the glacial periods
of the Pleistocene.

Burrowing

Hibbard (1960) indicated there was no evidence of
burrowing by adults of giant fossil tortoises of North
America. However, adults of a great many extant species
of tortoises (Obst, 1986) are accomplished burrowers
(e.g., North American Gopher Tortoises, genus Gopherus
— [Woodbury & Hardy, 1948]). (Meylan & Sterrer [2000]
later placed Gopherus and Hesperotestudo in the same
subfamily Xerobatinae.) The most compelling example is
the largest living mainland tortoise, the African Spurred
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Tortoise (C. sulcata), which is an ardent burrower that
can dig tunnels that may be over 30 m in length and 15
m in depth (Branch, 2008). The species can reach the
size (D. M., personal observation at Ménagerie du Jardin
des Plantes, Paris, 1978) of the huge extant Aldabra
Giant Tortoise (A. gigantea) of Aldabra Atoll in the
western Indian Ocean. Thus, we propose it was possible
that North American giant fossil tortoises could burrow
for protection from cold weather during winter in the
northern parts of their ranges.

Use of caves as shelters

There is good evidence for the use of caves as shelter
by extant tortoises. Western North American Gopher
Tortoises (Agassiz’s Desert Tortoise G. agassizii and the
Sonoran Desert Tortoise G. morafkai) have frequently
been found to occupy caves (e.g., Burge, 1978; Bury et
al., 1994; Berry et al., 2000; Averill-Murray & Klug, 2001;
Berry et al., 2006; Gienger & Tracy, 2008; Riedle et al.,
2008; Zylstra & Steidl, 2009; Sullivan et al., 2014; Mack
et al., 2015). Recently, Warne (2016) published a photo
of adult Aldabra Giant Tortoises (A. gigantea) entering a
cave on Aldabra Atoll. Bittel (2016) noted that two caves
on the island are used by tortoises. This research was
carried out by Dr. Dennis Hansen of the University of
Zurich and his research team. He found (pers. comm.)
that the main cave is approximately 5 m wide, 5-6 m
deep, and 1-1.5 m tall inside (Fig. 4). Most of the cave
is probably 1-2 m below ground, and there was a great
difference in maximum/minimum temperatures in the
cave compared to those outside and in exposed sites. Coe
& Swingland (1984) found young A. gigantea occupied
crevices. Such crevices may not seem to be “caves” to a
human, but they serve quite adequately as shelters (e.g.,
caves) to small tortoises, not only providing protection



from predators but also mitigating the extent and rates
of temperature and humidity changes within the crevices
compared to the external environment (e.g., Honegger,
1968; Wilke, 1984; Wood & MacKay, 1997; Schmidt,
unpubl. report). In Tanzania, Africa, Moll & Klemens
(1996) researched the Pancake Tortoise (Malacochersus
tornieri) which commonly occurs in rock crevices, and
Branch (2008) found the same for Speke’s Hinge-back
Tortoise (Kinixys spekii) of southern Africa. Also, three
padlopers (Homopus signatus, H. femoralis, H. solus
[H. bergeri]) of southern Africa use crevices for shelter
(Boycott & Bourquin, 1988; Branch, 1988; Bayoff, 1995;
Loehr, 1999; Schleicher & Loehr, 2001).

There were two extinct species of tortoises on
Rodrigues Island in the Indian Ocean: the Rodrigues
Giant Saddleback Tortoise Cylindraspis vosmaeri, and
the smaller Rodrigues Domed Tortoise C. peltastes
(Turtle Extinctions Working Group, 2015). Thousands of
subfossils of these species have been found in Rodrigues
caves (Bour et al., 2014; Hume, 2014). These are often
exceptionally well preserved and articulated, with a
number of complete or nearly complete shells found
on the cave floors (Bour et al., 2014; Hume, 2014). The
carapaces of C. vosmaeri and C. peltastes are very thin
(2 mm thick, Cheke & Hume, 2008) and their internal
skeletons are quite light (Bour et al., 2014). Thus,
a fall into a cave would most likely have resulted in
considerable damage not observed in these specimens.
A number of intact crania have also been found on the
cave floors (Bour et al., 2014). Hence the Rodrigues
tortoises could have entered caves voluntarily for shelter.
Consequently, we suggest that it is quite possible that
the giant fossil tortoises in northern and montane areas
of North America could survive in the winter by obtaining
shelter through occupancy of caves.

Tolerance of prolonged cessation of food consumption

It would probably not have been necessary for giant
fossil tortoises to eat or drink during long periods of
winter dormancy because Galapagos Giant Tortoises
(C. nigra species complex), Aldabra Giant Tortoises
(A. gigantea), Réunion Giant Tortoises (C. indica), and
other species of Mascarene giant tortoises (Cylindraspis
sp.) have been found to live for an extended period of
time without eating or drinking. During the 18th and
19th centuries, whaling ships frequently stopped in the
Galapagos Islands (Townsend, 1925) to stock up on large
numbers of tortoises for food. The tortoises were turned
over on their carapaces and stored alive in the hull of
the ship. On almost all ships they were not given food
or water. Individually the live tortoises were brought up
to the deck for butchering as needed. The log books of
seven whaling ships were examined by Townsend (1925,
1928) to obtain the following records of endurance of the
tortoises: more than a year; 4 months; nearly 9 months;
2 years; 5-6 months; 14 months; and 18 months. Shortly
after one whaling ship left the Galapagos Islands, a pet
tortoise disappeared. Two years later when the ship
arrived at home port in New Bedford, Massachusetts,
the tortoise was discovered alive in the ship’s hull among
casks (Townsend, 1925).

Giant fossil tortoise theory refuted
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Furthermore, the extinct giant tortoises (Cylindraspis)
of the Mascarene Islands in the western Indian Ocean
were also heavily collected for consumption on many
visiting ships (Cheke & Hume, 2008; Cheke & Bour, 2014).
Like the Galapagos Giant Tortoises, the Cylindraspis
survived in the hull of the ships “for months” (Cheke &
Hume, 2008) and “three or four months” (Cheke & Bour,
2014) without food and water. Also, the Réunion Giant
Tortoise (C. indica) fasted for four months of the year as a
natural part of its ecology (Luillier, 1705). Moreover, the
extant Aldabra Giant Tortoise (A. gigantea) in its native
habitat on Aldabra Atoll ceases eating for weeks during
the dry season and droughts (Coe & Swingland, 1984).

Genetic and biogeographical research (e.g., Arnold,
1979; Palkovacs et al., 2002; Austin et al., 2003; Gerlach
& Paquette, 2014) strongly suggest that the Galdpagos
Islands, Aldabra Atoll, and the Mascarene Islands were
colonised by giant tortoises drifting for many months
at sea over long distances from the nearest continents
or other islands (e.g., Madagascar in the Indian Ocean)
without food. In the past there have been sightings of
extant giant tortoises drifting in the Pacific Ocean near
the Galdpagos Islands and in the western Indian Ocean
near Aldabra and Alphonse Islands (Gerlach et al., 2006).
Also, a female Aldabra Giant Tortoise was found walking
out of the western Indian Ocean on the coast of Tanzania,
Africa, 35 km south of Dar es Salaam at Kimbiji (Gerlach
et al., 2006). The lower carapace and legs of the tortoise
were covered with barnacles. This animal was emaciated,
but recovered in captivity. Morphological examination
indicated the tortoise came from Grand Terre, Aldabra,
some 740 km from Kimbiji, Tanzania (Gerlach et al.,
2006), a journey which must have taken several months.
This evidence also indicates extreme tolerance of food
and freshwater deprivation in these tortoises. Thus, we
propose that if a giant fossil tortoise in North America
took cold-weather shelter (e.g., in a burrow, cave, or den)
it is unlikely it would need to emerge for food or water
during winter.

Cryoprotection and supercooling

Physiological ecologists have clearly demonstrated
well-developed protection from freezing in a number
of extant chelonians and other reptiles. Six species
of northerly distributed North American turtles have
so far been found to have evolved cryoprotection in
hatchlings and/or adults (Storey et al., 1993; Costanzo et
al., 2006). As the turtle body approaches freezing, the
liver begins a substantial increase in the production of
glucose, and there is an accumulation of lactate (as well
as other possible cryoprotectants). These compounds
are distributed by the circulatory system to tissues
and organs throughout the body and prevent freezing.
After freezing temperatures have been reached, the
body becomes torpid and cardiac functioning cannot
be detected. However, ice crystals can form around
muscles and in body cavities. A return to above-freezing
temperatures results in reestablishment of normal
physiological functioning of the turtle. Large species
are considered more likely to evolve cryoprotection
(Costanzo et al., 2006). Also, a similar physiological
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process called supercooling (cooling a liquid below its
freezing point without crystalisation) occurs in two extant
species of North American Gopher Tortoises (G. agassizii,
G. berlandieri) as well as other extant species of turtles
and is widespread among other reptile species (Lowe
et al., 1971; Paukstis et al., 1989; Costanzo et al., 2008).
Thus, we propose it is possible that giant North American
fossil tortoises could have evolved cryoprotection or
supercooling allowing cold temperature survival in the
north and in montane areas.

Gigantothermy

A distinct type of thermoregulation (different from the
endothermy of mammals and birds) that occurs in large
reptiles has been termed gigantothermy (Paladino et
al., 1990; Spotila et al., 1991; Paladino & Spotila, 1994;
Wallace & Jones, 2015). Among extant species it has so far
been found in the Leatherback Sea Turtle (Dermochelys
coriacea), Green Sea Turtle (Chelonia mydas), American
Alligator (Alligator mississippiensis), and Komodo Dragon
(Varanus komodoensis). There is also convincing data
that gigantothermy allowed certain dinosaurs to live in
polar regions during the Cretaceous Period, 145.5-65.5
million years ago (Spotila et al., 1991; Paladino & Spotila,
1994). Metabolic and morphological studies have shown
that the signature characteristics of gigantothermy are
large size, insulation in peripheral tissues, low metabolic
production of heat, and active control of peripheral
circulation (Paladino et al., 1990; Paladino & Spotila,
1994). These features allow a constant high body
temperature enabling habitation of cold regions (and
prevent overheating in tropical areas) without requiring
consumption of large amounts of high-energy foods. Thus
we propose it is possible that the giant fossil tortoises of
North America could have evolved gigantothermy that
allowed longer annual activity periods and contributed
to winter survival in the northern and montane parts of
their ranges.

CONCLUSIONS

We have shown that incorrect assumptions and failure to
consider contrary evidence (fundamental scientific error;
faulty assumptions about climate and environment on
the Galapagos Islands; incorrect taxonomy; abbreviated
time frame, distribution, and number of species; and
failure to consider evolution below the generic level)
invalidate the prominent palaeoclimatic theory proposed
by Claude W. Hibbard over a half-century ago which
has since become dogma. Seven plausible alternatives
are presented (cold-adaptive morphology, behavioural
thermoregulation, burrowing, use of caves as shelters,
tolerance of prolonged cessation of food consumption,
cryoprotection and supercooling, and gigantothermy)
that suggest giant fossil tortoises of North America
could have evolved cold tolerance and occupied cold
climates in northern and montane areas. Furthermore,
this study demonstrates the potential danger of using
an inappropriate proxy for past climate prediction.
Although we feel the case for Hesperotestudo evolving
cold temperature tolerance is convincing, definitive
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proof for any Cenozoic climate can only come directly
from geological evidence which is usually quite difficult
to obtain.
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