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Introduction

Reptiles, traditionally considered one of the major
classes of the phylum Vertebrata, include three
major groups: turtles (Order Testudines), crocodi-
lians (Order Crocodylia), and snakes and lizards
(Order Squamata). With the advent of molecular
genetics and reinterpretations of phylogenetic rela-
tionships, different schemes have been proposed for
both the higher and lower levels of vertebrate classifi-
cation. Some modern classifications place crocodi-
lians as more closely related to birds than to other
reptiles, and have turtles in a distinctive group with a
different evolutionary past from all other reptiles.
Nonetheless, the traditional categories of turtles,
snakes, lizards, and crocodilians are identifiable and
are practical groups for considering the connection of
‘reptiles’ to inland waters.
The actual number of reptile species living on earth

will never be known for certain, and the proposed
numbers for most of the groups change at a rapid
pace as new discoveries are made or earlier findings
are reinterpreted. The total number of known living
species of reptiles hovers between 7500 and 8000, of
which the vast majority (more than 7000) are lizards
and snakes (Table 1). Of the groups of reptiles men-
tioned, two can be dismissed from present discussion
in their entirety: amphisbaenians and tuataras have
no living relatives that occur in association with
inland waters. More than 99% of lizards are wholly
terrestrial, many being primarily arboreal, and only a
few species have aquatic tendencies. Most turtles are
partially or totally aquatic, living in fresh waters or
brackish waters, while all crocodilians can be found
in inland waters although some venture into marine
habitats. Most snakes are terrestrial, including many
species that are arboreal or fossorial; nevertheless,
many species have affiliations with freshwater habi-
tats (Figure 1). An exact calculation of the proportion
of snakes associated with inland waters is more diffi-
cult to make than for other groups of reptiles because
of the variability in ecological relationships and
whether the species of snake is actually dependent
on the aquatic habitat. Also, overall knowledge of
the life history and ecology of snakes lags behind
that of many other groups of vertebrates.
Reptiles are found on all major land masses

situated in tropical and Temperate Zones of the
world and on many smaller islands as well as in
some marine waters (Table 2). Likewise, permanently
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aquatic or semiaquatic reptiles are found on all of the
continents, except Antarctica and on many smaller
land areas where permanent fresh water is present.
Inland waters can be apportioned into habitats that
are categorized as fresh, brackish, and even saline
(e.g., the Great Salt Lake of North America and the
Dead Sea of the Middle East), but reptiles are absent
from saline lakes and only a few specialized species
are permanent residents of brackish waters. Inland
fresh waters can be classified as lentic or lotic, with
some habitats such as oxbow lakes and dammed
rivers being intermediate by comprising lentic sys-
tems contiguous with lotic ones. Brackish water
systems can also be estuaries or coastal marshes that
have both lentic and lotic components (Figure 2).
Adaptations to Life in Aquatic Habitats

Species restricted to a particular habitat typically
have specialized morphological and physiological
traits that allow them to survive and thrive under
those particular environmental conditions. Likewise,
reptiles living in inland waters often have adaptations
that increase their ability to survive and thrive in an
aqueous medium.

Among the universally common traits of reptiles
that spend most of their time in water are mechanisms
to enhance swimming ability. The presence of webbed
hind feet in freshwater turtles is a commonly observed
trait that aids in locomotion. The extent of webbing
reflects the proportion of time spent on land or in the
water. For example, the globally widespread and
highly aquatic softshell turtles (family Trionychidae)
have strongly webbed feet, both front and back, that
allow them to travel rapidly through the water to
escape predators. In addition, the smooth, stream-
lined shell allows them to move with less resistance
in the aquatic medium. One extreme example of mor-
phological development to persist in inland waters is
evidenced in the pig-nosed turtle (Carettochelys
insculpta) of northern Australia and Papua New
Guinea, which has front and hind limbs with such
extensive webbing that they are functionally flippers
(Figure 3). In contrast, foot webbing in many species
of the semiaquatic mud turtles (family Kinosternidae)
is greatly reduced, their feet being designed to accom-
modate frequent excursions into the terrestrial habi-
tat. A feature of North American map turtles (genus
Graptemys) that inhabit large, fast-flowing rivers is
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Table 1 Estimated numbers of species of major living groups

of reptiles of the world

Species number Reptile group

4300þ Lizards

150 Amphisbaenians

2900þ Snakes
2 Tuatara

314 Turtles

23 Crocodilians

Total of all reptile species 7690þ

Source

Zug GR, Vitt LJ, and Caldwell JP (2001) Herpetology: An Introductory

Biology of Amphibians and Reptiles, 2nd edn. San Diego: Academic

Press.

Pough HF, Cadle JE, Crump ML, Andrews RM, Savitzky AH, and

Wells KD (eds.) (2003) Herpetology, 3rd edn. Upper Saddle River,

NJ: Prentice Hall.

Bonin F, Devaux B, and Dupre A (2006) Turtles of the World. Baltimore:

Johns Hopkins University Press.

Figure 1 Cottonmouths (Agkistrodon piscivorus) are an
example of snakes that are associated with freshwater habitats.

Photograph by Thomas M. Luhring.

Table 2 Estimated proportion of species of major reptile

groups that are associated with inland waters (fresh water or

brackish water) or marine waters

Proportion inland
waters (%)

Proportion
marine (%)

Reptile group

0 0 Tuatara
0 0 Amphisbaenians

<1 <1a Lizards

�15b <2c Snakes

78 3 Turtles
100 4d Crocodilians

aThe marine iguana (Amblyrhynchus cristatus) of the Galapagos Islands

enters the sea to eat algae from rocks underwater.
bThe worldwide proportion of snakes associated with inland waters is an

estimate based on thoroughly documented large regions such as the USA,

Australia, and Europe, and smaller representative regions, including Costa

Rica, Borneo, Iran, and South Africa.
cThe estimate includes the 50þ species of sea snakes in the cobra family

(Elapidae).
dThe Australian saltwater crocodile or estuarine crocodile (Crocodylus

porosus) lives primarily in fresh or brackish waters but will travel long

distances in the open ocean.

When all species of reptiles are considered, the proportion associated

with inland waters is estimated to be �9%.

Figure 2 Coastal marshes are a type of brackish water system.
This lotic tidal creek (foreground) is contiguous at high tide with

the lentic marsh upland (background). Photograph by Thomas

M. Luhring.
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the presence of a vertical keel down the center of the
back, which has been suggested as an adaptation for
stabilization in moving waters (Figure 4).
A vertically flattened tail that can be used both as a

paddle and a rudder is a universal feature of crocodi-
lians, which primarily use the tail to propel them-
selves through the water while their limbs dangle
alongside the body. Sea snakes (family Elapidae;
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subfamilies Hydrophiinae and Laticaudinae), many
of which are permanent residents of the ocean and
never go onto land, have distinctly flattened tails.
However, the Lake Taal sea snake (Hydrophis
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semperi) of the Philippines and the Rennell Island sea
krait (Laticauda crockeri) of the Solomon Islands
are land-locked freshwater and brackish water spe-
cies, respectively. The rare Sibau River sea snake
(Hydrophis sibauensis) of Borneo has been captured
more than 600 miles upstream from the ocean and
may be the only ‘sea snake’ that lives in inland rivers.
All of the nonmarine sea snakes have retained the
typical flattened tail for swimming, but most snakes
of inland waters have minimal or no evidence of a
flattened tail.
In addition to limb, body, and tail modifications,

which enhance speed and agility in water, many
highly aquatic species have other morphological fea-
tures. For example, the nostrils and eyes of crocodi-
lians protrude above the flat snout so that they can
breathe and see without exposing themselves as they
float just below the water’s surface (Figure 5). More
than three dozen species of aquatic snakes of the sub-
family Homalopsinae, which range from India across

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 The pig-nosed turtle (Carrettochelys insculpta) has

front limbs that are functionally flippers. Photograph by Cris

Hagen.

Figure 4 This Barbour’s map turtle (Graptemys barbouri) has a

well-defined keel that runs down the center of its back.
Photograph by Thomas M. Luhring.
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southern Asia to Australia, are noted for having
tubular-shaped nostrils. The nostrils are on the dorsal
side of the snout rather than in the front like most
snakes, which permits them to breathe more efficiently
while remaining mostly submerged. The pig-nosed and
softshell turtles have snorkel-like noses that can be
pointed upward for breathing above the water’s sur-
face without the animal being exposed (Figure 6).
Figure 5 American alligators (Alligator mississippiensis) have

nostrils and eyes that are located on the top of their snout.

Photograph by Thomas M. Luhring.

Figure 6 Softshell turtles like this spiny softshell (Apalone

spinifera) have snorkel-like noses that allow them to breath above

the water’s surface without exposing themselves. Photograph by
Thomas M. Luhring.
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A variety of physiological adaptations are charac-
teristic of reptiles leading an aquatic existence, the
most prevalent being the ability of many turtles to
absorb oxygen through membranes in the mouth or
cloaca while the animal is under water. This adapta-
tion allows some species to stay beneath the surface
for weeks at a time when conditions are cold and
dissolved oxygen levels are high. In some species of
permanently aquatic turtles, in which only the
females go onto land for egg laying, the eggs are
tolerant of short-term flooding, which could be an
adaptation for species that lay their eggs close to the
aquatic habitat.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Diet

Some aquatic reptiles are specialized for consuming
particular aquatic prey, whereas most have no mor-
phological or behavioral capabilities beyond those
found among terrestrial reptiles. Among the distinc-
tive species are some of the North American river
turtles in the genus Graptemys in which the females
have enormous heads and jaws with flat surfaces ideal
for crushing the mollusks that are a major item of
their diet. The South American matamata (Chelus
fimbriatus) captures fish and other swimming ani-
mals by expanding its lower neck region and creating
a rapid intake of water. The turtle then closes its
mouth to dispel debris while keeping the prey inside.
The alligator snapping turtle (Macrochelys tem-
minckii) of North America is omnivorous, but
among its prey are live fish that are lured into its
open mouth when it wiggles its pink tongue that
resembles a worm (Figure 7). Tongue-luring of fish
has also been described in the saltmarsh snake
(Nerodia clarkii) of the southeastern United States.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 Alligator snapping turtles (Macrochelys temminckii)

have fleshy worm-like projections in their mouth that are used to
lure fish. Photograph by Thomas M. Luhring.
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The exceptionally rough scales covering the body
of the Indonesian–Australian file snakes (family
Acrochordidae) are believed to aid these strictly
aquatic predators in holding onto fish that have
been captured. The North American mud and rain-
bow snakes (genus Farancia), with diets restricted
primarily to prey that includes salamanders or eels,
have sharp, pointed spines at the end of the tail that
are thought to be used to anchor the snake while it
holds onto its slippery prey (Figure 8).
Reproduction

Basic reproduction patterns among reptiles of inland
waters are similar to those of terrestrial species. All of
the crocodilians and aquatic turtles in the world, with
one known exception, leave the water to lay eggs on
land. The notable exception is the northern long-
necked turtle (Chelodina rugosa) of Australia, which
lays its eggs under water in the shallow margins of a
wetland. While underwater, the eggs remain in a state
of suspended animation. When the wetland dries, the
eggs begin incubation and the young emerge several
weeks later. Some aquatic snakes come ashore to lay
eggs, whereas other have live birth (Figure 9), with
the young being born on land in some species.
Whether females of live-bearing aquatic snakes give
birth on land or in the water is unknown for most
species.
Protection

Reptiles rely on the same primary modes of protec-
tion in the aquatic environment as they do on land:
speed, camouflage, and force. Specializations such as
webbed feet and compressed tails provide more rapid
Figure 8 Rainbow snakes (Farancia erytrogramma) have

pointed tail spines that are thought to be used during feeding.
Photograph by Thomas M. Luhring.
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movement through water, and dark skin colors and
mottled patterns provide effective camouflage in an
aquatic habitat. Some aquatic reptiles, including most
crocodilians and many snakes and turtles, will bite
when captured, but such behavior is not unique to
aquatic species. Some turtles such as the American
snapping turtle (Chelydra serpentina) of North Amer-
ica have formidable claws in addition to sharp, biting
jaws, and larger crocodilians can do considerable
damage with a swipe of their powerful tail
(Figure 10).

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 In addition to their powerful jaws, snapping turtles

(Chelydra serpentina) have formidable claws. Photograph by
Thomas M. Luhring.

Figure 9 Some aquatic snakes such as the glossy crayfish
snake (Regina rigida) give birth to live young. Photograph by

Thomas M. Luhring.
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Levels of Dependency on Aquatic Habitats

Reptiles associated with inland waters can be placed
into three general categories based on their level of
dependency on aquatic systems, i.e., permanently
aquatic (never leaving the water with the exception
of females that lay eggs or give birth on land), semi-
aquatic (spending time on land during migrations
between aquatic habitats or for purposes of hiberna-
tion or aestivation), and marginally aquatic (spending
most of the time in terrestrial habitats peripheral to
the water but relying on aquatic organisms such as
amphibians for prey and using the aquatic habitat for
drinking or escape from drought conditions).

Most species of reptiles can be placed in one of
these three categories, although some fall along a
gradient between permanently aquatic and semi-
aquatic or between semiaquatic and marginally
aquatic. As is often true with attempts to group ani-
mals into ecological categories, much depends on the
extent of scientific study that has been conducted on
particular species. Those that have been the subject of
long-term, detailed research on their ecology and
behavior may be accurately classified into defined
categories. Biologists can only assume that closely
related species behave in the same manner. Nonethe-
less, the following provides a format for categorizing
reptiles associated with inland waters.
Permanently Aquatic Reptiles

Many turtle species, with representatives from most
of the families, qualify as being permanent residents
of inland waters. Exceptions to the permanent resi-
dency aspect are that females of most species must
venture onto land to lay their eggs, and that the
hatchlings must consequently make an overland trek
from the nest to reach their aquatic home. These are
species that live in aquatic habitats such as large rivers
that never go dry and therefore overland dispersal or
migratory excursions to escape drought are not nec-
essary. Some species, such as the alligator snapping
turtle, are so aquatic that individuals seldom even
leave the water to bask. Included among the perma-
nently aquatic turtles are several species of river-
dwelling North American map turtles, the pig-nosed
turtle, the Central American river turtle (Dematemys
mawii), and the matamata. Likewise, the diamond-
back terrapin (Malaclemys terrapin), inhabitant of
the brackish water habitats of the North American
Atlantic and Gulf Coast salt marshes and estuaries,
is virtually never found on land except for nest-
ing females and hatchlings, unless human-made
constructions such as highways intersect the aquatic
habitat (Figure 11).
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Figure 11 Diamondback terrapins (Malaclemys terrapin) are

denizens of the brackish waters of North America. Photograph by
Thomas M. Luhring.
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Compared with the turtles, few crocodilians and
snakes can be considered permanent residents of
inland waters. The Indian gharial (Gavialis gangeti-
cus) is one of the most aquatic of the crocodilians
being restricted primarily to large rivers except for
nesting excursions by females and occasional basking
along banks or on logs. In addition to the inland sea
snakes, the file snakes (family Acrochordidae) of
Indonesia and Australia never leave the water and
are truly aquatic reptiles.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Semiaquatic Reptiles

Semiaquatic species of reptiles range from primarily
aquatic to primarily terrestrial. Many species of semi-
aquatic turtles and crocodilians are for the most part
permanent freshwater residents, which occasionally
make overland trips between aquatic habitats. Others
may spend more than half of their life on land, yet
require the aquatic environment for feeding, mating,
predator avoidance, and thermoregulation.
The majority of turtles inhabiting inland waters

can be classified as semiaquatic. This includes species
that seasonally venture onto land for winter dor-
mancy, in response to drought, or in search of
mates, as well as those that make overland trips to
other wetlands for undetermined reasons. Individuals
of some species, such as the common slider turtle
(Trachemys scripta) of North America, can be found
on land during almost any time of the year although
the majority of a population is likely to be in the
aquatic environment. Some overland movement by
this well-studied species is considered to be a response
to habitat changes resulting in reduced foraging or
mating opportunities, or to other features that make
the habitat less desirable. Presumably, as more
becomes known about slider turtle ecology, parallels
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may be drawn with many other semiaquatic species
of turtles that leave the water for reasons other than
nesting.

Several species of North American mud turtles
(Kinosternon spp.) spend as much time out of the
water as they do in it. Most individuals spend their
terrestrial existence buried beneath the soil during
cold winter temperatures or summer dry spells.
Some have been known to remain on land for more
than a year without entering the water. The semi-
aquatic chicken turtle (Deirochelys reticularia) of
southeast North America is distinctive in that ju-
veniles and adult males will leave the water in fall to
seek terrestrial sites for hibernation, whereas the
females remain in the water and emerge much later
in the season if at all.

Most crocodilians qualify as being semiaquatic
as they spend the majority of their life in and around
water but will make overland treks between aquatic
habitats. The Australian saltwater crocodile or estua-
rine crocodile (Crocodylus porosus) will travel over-
land to leave inland freshwater and brackish habitats.
Some of the movement is in response to a social
system in which juveniles and dominant adults
occupy fresh waters and more subordinate indivi-
duals are driven to brackish areas or into the ocean.
The dwarf caimans of South America (Paleosuchus
spp.) and the dwarf crocodile of West Africa (Osteo-
laemus tetraspis) are generally restricted to rivers
but are occasionally found on land (Figure 12). The
American alligator (Alligator mississippiensis) is an
unequivocal example of a semiaquatic crocodilian in
that individuals spend the majority of their time in the
water itself but do not reside there permanently. They
will bask on land a short distance from shore, travel
overland to reach other aquatic sites, and will even
remain in underground burrows during droughts.

A broad array of snakes are semiaquatic, with the
North American watersnakes (Nerodia, Regina, and
Seminatrix spp.) providing an example of the transi-
tion between a nearly permanent aquatic existence to
a nearly terrestrial one. For example, the highly
aquatic black swamp snake (Seminatrix pygaea)
does not bask, dehydrates rapidly when out of
water, and eats predominately aquatic prey; however,
individuals will move overland under certain condi-
tions of high humidity. Most watersnake species
spend most of their time in the water, eating fish,
crayfish, or other aquatic prey, but will travel over-
land to other aquatic sites or seek refuge on land
during hibernation or after eating. At the other
extreme, the plain-bellied watersnake (Nerodia ery-
throgaster) of North America spends much of its time
on land and eats primarily frogs rather than fish
(Figure 13). The giant South American anacondas
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(Eunectes spp.) are primarily aquatic but spend time
on land and in trees along waterways and are not
classified as permanently aquatic.
Some monitors (Varanus spp.) of Asia and Austra-

lia are fairly aquatic lizards, being commonly asso-
ciated with rivers and lakes where they bask on trees
and retreat into the water when threatened. Although
these large lizards are occasionally terrestrial, their
primary food items are frogs and other aquatic prey.

 
 
 
 
 
 
 
 
 
 
 

 

Marginally Aquatic Reptiles

Reptiles classified as permanent or semiaquatic have
an obligate relationship to the aquatic habitat; that is,
a population of the species would not be able to
persist without the aquatic resource. Some reptiles,
however, have what is known as a facultative rela-
tionship to inland waters; that is, the species benefits

 
 
 
 
 
 
 
 
 
 
 

Figure 12 The dwarf caimans (Paleosuchus spp.) of South

America are usually found in water but make occasional overland

movements. Photograph by Cris Hagen.

Figure 13 Although plain-bellied watersnakes (Nerodia

erythrogaster) are primarily aquatic, they also spend much of

their time on land foraging or basking. Photograph by Thomas
M. Luhring.
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from and takes advantage of opportunities offered by
the aquatic habitat but is not dependent on such
water for survival.

The common box turtle (Terrapene carolina) of
North America can sometimes be found in water
and will take refuge in damp seepage areas during
drought, but the species lives in many forest habitats
where no water is apparent (Figure 14). Several spe-
cies of the North American garter snakes (Thamno-
phis spp.) and the European grass snake (Natrix
natrix) are examples of snakes that frequent aquatic
sites and often prey on frogs or fish but do not appear
to be dependent on aquatic habitats. The basilisk
lizards (genus Basiliscus) of tropical America use
aquatic habitats, typically small streams or pools in
the jungle, to escape threats from predators by run-
ning upright across the surface of the water or by
diving beneath the surface (Figure 15). They also eat
Figure 14 Box turtles (Terrapene carolina) often seek refuge

from drought in damp seepages. Photograph by Thomas
M. Luhring.

Figure 15 Basilisk lizards (genus Basiliscus) are known to

escape from predators by running upright across the surface of a
body of water. Photograph by Cris Hagen.
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aquatic prey. However, the water is not a requirement
for daily existence of basilisks and they can presum-
ably subsist on a diet of terrestrial prey if necessary.

 
 
 

 
 

Conservation

Conservation biologists identify six major human-
caused threats to reptiles, the most prevalent and
pervasive being (1) degradation and loss of natural
habitats (Figure 16). Human alteration of freshwater
habitats has caused unequivocalmodifications in struc-
ture and dynamics of reptile populations on a global
scale, many of the changes resulting in population
declines, often placing species on trajectories toward
extinction. Biologists have also documented mea-
surable population impacts on reptiles in freshwater
habitats from (2) unsustainable use and commercial
exploitation (e.g., loss of Asian turtle populations),
(3) environmental pollution from agricultural runoff
and industrial effluents (e.g., endocrine disruptors in
American alligators), and (4) disease and parasitism
(e.g., shell diseases in freshwater turtles). Although
documentation is still forthcoming, additional poten-
tial threats to reptiles of inland waters are (5) intro-
duced invasive species, including exotic reptiles (e.g.,
Burmese pythons (Python molurus bivittatus) in the
Florida Everglades), and (6) global climate change
(e.g., effects on sex ratios of reptiles that have
temperature-dependent sex determination). Conserva-
tion biologists continually assess reptile population
dynamics, workwith legislators to implement controls,
and monitor public and political shifts in environ-
mental attitudes.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16 Carolina bay wetlands of the southeastern United States
degraded or lost to development. Photograph by Thomas M. Luhring
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Conclusions

Approximately 9% of the world’s 7000þ species of
reptiles are associated with inland waters, the major-
ity being turtles and snakes. All of the 23 species of
crocodilians inhabit inland waters compared with
only a few lizards. Most of the species are found
only in fresh water, although a few species of snakes,
turtles, and crocodilians are commonly found in
brackish waters of estuaries. Although several species
of reptiles are ocean dwellers, none inhabit inland
saline waters. Reptile species associated with inland
waters can be categorized into three groups: those
that are permanently aquatic, those that are semi-
aquatic, and those that are marginally aquatic. Some
reptile species have morphological modifications that
facilitate living in an aquatic environment, including
webbed feet, compressed tail, and nostrils located on
the dorsal side of the snout. Underwater intake of
oxygen is accomplished in some species of turtles by
highly vascularized tissues in the mouth or cloaca.
Diet, reproduction, and defense are specialized in
some species of reptiles that live in inland waters.
Knowledge Gaps

The primary knowledge gaps concerning reptiles in
inland waters are those resulting from the minimal
information available on the detailed natural history,
basic ecology, and behavior of most reptiles. Informa-
tion gaps are especially apparent for the vast majority
of snakes worldwide and for most reptiles of Africa,
mainland Asia, and Indonesia.
are an example of natural freshwater habitats that have often been
.
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See also: Amphibians; Biodiversity of Aquatic
Ecosystems; Conservation of Aquatic Ecosystems;
Ecology of Wetlands; Wetland Ecology and Management
for Fish, Amphibians and Reptiles.
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tion.

www.uga.edu/srelherp – Savannah River Ecology Laboratory,
Herpetology Program.

www.flmnh.ufl.edu/cnhc – Crocodilian Specialist Group.

www.fieldmuseum.org/aquaticsnakes/mud_snakes.html – Aquatic

Snakes of Southeast Asia.
www.amonline.net.au/Herpetology/resources/reptilelinks.htm –

Australian Museum, Herpetology.
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