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Chapter- 1

Vertebrates

Vertebrates
Fossil range: Cambrian-Recent, 525-0 Ma

e\ T
PR
R -

- e —
B i 3

Individual organisms from each major vertebrate group.
Clockwise, starting from top left:

Fire Salamander, Saltwater Crocodile, Southern Cassowary,
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Black-and-rufous Giant Elephant Shrew, Ocean Sunfish
Scientific classification

Kingdom: Animalia
Phylum: Chordata
(unranked): Craniata
Subphylum: vy
Simplified grouping
e Fishes

e Tetrapods

Vertebrates are members of the subphylum Vertebrata, chordates with backbones and
spinal columns. About 58,000 species of vertebrates have been currently described.
Vertebrata is the largest subphylum of chordates, and contains many familiar groups of
large land animals. Vertebrates are the animals from the groups of jawless fishes, bony
fishes, sharks and rays, amphibians, reptiles, mammals, and birds. Extant vertebrates
range in size from the carp species Paedocypris, at as little as 7.9 mm (0.3 inch), to the
Blue Whale, at up to 33 m (110 ft). Vertebrates make up about 5% of all described
animal species; the rest are invertebrates, which lack backbones.

The vertebrates traditionally include the hagfish, which do not have proper vertebrae,
though their closest living relatives, the lampreys, do have vertebrae. For this reason, the
vertebrate subphylum is sometimes referred to as "Craniata", as all members do possess a
cranium.

Etymology

The word vertebrate derives from the Latin word vertebratus (Pliny), meaning joint of
the spine. It is closely related to the word vertebra, which refers to any of the bones or
segments of the spinal column.

Anatomy and morphology

All vertebrates are built along the basic chordate body plan: a stiff rod running through
the length of the animal (vertebral column or notochord), with a hollow tube of nervous
tissue (the spinal cord) above it and the gastrointestinal tract below. In all vertebrates the
mouth is found at or right below the anterior end of the animal, while the anus opens to
the exterior before the end of the body. The remaining part of the body continuing aft of
the anus forms a tail with vertebrae and spinal cord, but no gut.

The defining characteristic of a vertebrate is the vertebral column, in which the notochord
(a stiff rod of uniform composition) has been replaced by a segmented series of stiffer
elements (vertebrae) separated by mobile joints (intervertebral discs, derived
embryonically and evolutionarily from the notochord). However, a few vertebrates have
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secondarily lost this anatomy, retaining the notochord into adulthood, as in the sturgeon
and the Latimeria. Jawed vertebrates are typified by paired appendages (fins or legs,
which may be secondarily lost), but this is not part of the definition of vertebrates as a
whole.

Fossilized skeleton of Diplodocus, showing an extreme example of the backbone that
characterizes the vertebrates. Exhibited at the Museum fiir Naturkunde (Museum of
Natural Science), Berlin.

Evolutionary history

Vertebrates originated about 525 million years ago during the Cambrian explosion, which
was an event of massive rise in organism diversity that occurred in the Cambrian period.
The earliest known vertebrate is believed to be the Myllokunmingia. Molecular analysis
since 1999 have suggested that the hagfishes are most closely related to lampreys, and so
also are vertebrates. Others consider them a sister group of vertebrates in the common
taxon of Craniata. Another early vertebrate is Haikouichthys ercaicunensis, also from the
Chengjiang fauna 524 million years ago. All of these groups lacked a jaw in the common
sense.

The first jawed vertebrates appeared in the Ordovician and became common in the
Devonian, often known as the "Age of Fishes". The two groups of bony fishes, the
actinopterygii and sarcopterygii, evolved and became common. The Devonian also saw
the demise of virtually all jawless fishes, save for lampreys and hagfish, as well as the
rise of the first labyrinthodonts, transitional between fish and amphibians. The
Placodermi, a group of fishes that dominated much of the late Silurian and the majority of
the Devonian period, also became extinct at the end of the Devonian.

The reptiles appeared from labyrinthodont stock in the subsequent Carboniferous period.
The anapsid and synapsid reptiles were common during the late Paleozoic, while the
diapsids became dominant during the Mesozoic. The dinosaurs gave rise to the birds in
the Jurassic. The demise of the dinosaurs at the end of the Cretaceous promoted
expansion of the mammals, which had developed from the therapsids, a group of
synapsid reptiles, during the Late Triassic Period. The post-dinosaur world have seen
great diversification of bony fishes, frogs, birds and mammals.
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Over half of all living vertebrate species (about 32,000 species) are fishes (non-tetrapod
craniates), a diverse set of lineages that inhabit all the world’s aquatic ecosystems, from
snow minnows (Cypriniformes) in Himalayan lakes at elevations over 4,600 meters
(15,000 feet) to flatfishes (order Pleuronectiformes) in the Challenger Deep, the deepest
ocean trench at about 11,000 meters (36,000 feet). Fishes of myriad varieties are the main
predators in most of the world’s water bodies, both freshwater and marine. The rest of the
vertebrate species are tetrapods, a single lineage that includes amphibians (frogs, with
more than 5,800 species; salamanders, with about 580 species; and caecilians, with about
175 species); mammals (with over 5,400 species); and reptiles and birds (with more than
18,000 species). Tetrapods dominate the megafauna of most terrestrial environments
(including fossorial and arboreal realms) and also include many partially or fully aquatic
groups (e.g., sea snakes, penguins, cetaceans).

Classification

There are several ways of classifying animals. Evolutionary systematics relies on
anatomy, physiology and evolutionary history, which is determined through similarities
in anatomy and, if possible, the genetics of organisms. Phylogenetic classification is
based solely on phylogeny. Evolutionary systematics gives an overview; phylogenetic
systematics gives detail. The two systems are thus complementary rather than opposed.

Traditional classification

Conventional classification has living vertebrates grouped into seven classes based on
traditional interpretations of gross anatomical and physiological traits. This classification
is the one most commonly encountered in school textbooks, overviews, non-specialist,
and popular works:

e Subphylum Vertebrata

Class Agnatha (jawless fish)

Class Chondrichthyes (cartilaginous fishes)
Class Osteichthyes (bony fishes)

Class Amphibia (amphibians)

Class Reptilia (reptiles)

Class Aves (birds)

Class Mammalia (mammals)

0O O O 0O O O O

While this traditional classification is orderly most of the groups are paraphyletic, i.e. do
not contain all descendants of the class's common ancestor. Descendants of the first
reptiles do for instance include the birds and mammals as well as reptiles. Quite a few
scientists working with vertebrates use a classification based purely on phylogeny,
organized by their known evolutionary history and sometimes disregarding the
conventional interpretations of their anatomy and physiology. An example based on
Janvier (1981, 1997), Shu et al. (2003), and Benton (2004) is given here:

e Subphylum Vertebrata
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o Superclass Agnatha or Cephalaspidomorphi (lampreys and other jawless
fishes, some ancestral to other vertebrates)
o Infraphylum Gnathostomata (vertebrates with jaws)
= Class TPlacodermi (extinct armoured fishes)
= (Class Chondrichthyes (cartilaginous fishes)
= Class TAcanthodii (extinct spiny "sharks")
= Superclass Osteichthyes (bony fishes)
= Class Actinopterygii (ray-finned bony fishes)
= C(Class Sarcopterygii (lobe-finned fishes, some ancestral to
tetrapods)
= Superclass Tetrapoda (four-limbed vertebrates)
» Class Amphibia (amphibians, some ancestral to the
amniotes)
» Class TSynapsida (extinct mammal-like "reptiles", some
ancestral to mammals, sometimes classed with Reptilia)
= Class Mammalia (mammals)
= C(Class Reptilia (reptiles, some ancestral to birds)
= Class Aves (birds)

Most of the classes listed are not "complete" taxa: the agnathans have given rise to the
jawed vertebrates; the bony fishes have given rise to the land vertebrates; the traditional
"amphibians" have given rise to the reptiles (traditionally including the mammal-like
"reptiles"), which in turn have given rise to the birds and mammals.

Phylogenetic relationships

In phylogenetic taxonomy, the relationships between animals are not typically divided
into ranks, but illustrated as a nested "family tree" known as a cladogram. Phylogenetic
groups are given definitions based on their relationship to one another, rather than purely
on physical traits such as the presence of a backbone. This nesting pattern is often
combined with traditional taxonomy (as above), in a practice known as evolutionary
taxonomy.

The cladogram presented below is based on studies compiled by Philippe Janvier and
others for the Tree of Life Web Project.
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Chapter- 2

Fishes

Fish
Fossil range: Ordovician—Neogene

A giant grouper at the Georgia Aquarium, seen swimming among
schools of other fish
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The ornate lionfish as seen from a head-on view

Scientific classification

Kingdom: Animalia
Phylum: = Chordata

(unranked) Craniata

Included groups

Jawless fish
tArmoured fish
Cartilaginous fish
Ray-finned fish
Lobe-finned fishes

Excluded groups
Tetrapods

A fish is any aquatic vertebrate animal that is covered with scales, and equipped with two
sets of paired fins and several unpaired fins. Most fish are "cold-blooded", or
ectothermic, allowing their body temperatures to vary as ambient temperatures change.
Fish are abundant in most bodies of water. They can be found in nearly all aquatic
environments, from high mountain streams (e.g., char and gudgeon) to the abyssal and
even hadal depths of the deepest oceans (e.g., gulpers and anglerfish). At 31,900 species,
fish exhibit greater species diversity than any other class of vertebrates.

Food prepared from animals classified as fish is also referred to as fish, and is an
important human food source. Commercial and subsistence fishers hunt fish in wild
fisheries or farm them in ponds or in cages in the ocean. They are also caught by
recreational fishers and raised by fishkeepers, and are exhibited in public aquaria. Fish
have had a role in culture through the ages, serving as deities, religious symbols, and as
the subjects of art, books and movies.
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Diversity of fish

The term "fish" most precisely describes any non-tetrapod craniate (i.e. an animal with a
skull and in most cases a backbone) that has gills throughout life and whose limbs, if any,
are in the shape of fins. Unlike groupings such as birds or mammals, fish are not a single
clade but a paraphyletic collection of taxa, including hagfishes, lampreys, sharks and
rays, ray-finned fish, coelacanths, and lungfish. Indeed, lungfish and coelacanths are
closer relatives of tetrapods (such as mammals, birds, amphibians, etc.) than of other fish
such as ray-finned fish or sharks, so the last common ancestor of all fish is also an
ancestor to tetrapods. As paraphyletic groups are no longer recognised in modern
systematic biology, the use of the term "fish" as a biological group must be avoided.

Many types of aquatic animals commonly referred to as "fish" are not fish in the sense
given above; examples include shellfish, cuttlefish, starfish, crayfish and jellyfish. In
earlier times, even biologists did not make a distinction — sixteenth century natural
historians classified also seals, whales, amphibians, crocodiles, even hippopotamuses, as
well as a host of aquatic invertebrates, as fish. However, according the definition above,
all mammals, including Cetaceans like Whales and Dolphins, are not fish. In some
contexts, especially in aquaculture, the true fish are referred to as finfish (or fin fish) to
distinguish them from these other animals.

A typical fish is ectothermic, has a streamlined body for rapid swimming, extracts
oxygen from water using gills or uses an accessory breathing organ to breathe
atmospheric oxygen, has two sets of paired fins, usually one or two (rarely three) dorsal
fins, an anal fin, and a tail fin, has jaws, has skin that is usually covered with scales, and

lays eggs.
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Fish come in many shapes and sizes. This is a sea dragon, a close relative of the seahorse.
Their leaf-like appendages enable them to blend in with floating seaweed.

Each criterion has exceptions. Tuna, swordfish, and some species of sharks show some
warm-blooded adaptations—they can heat their bodies significantly above ambient water
temperature. Streamlining and swimming performance varies from fish such as tuna,
salmon, and jacks that can cover 10-20 body-lengths per second to species such as eels
and rays that swim no more than 0.5 body-lengths per second. Many groups of freshwater
fish extract oxygen from the air as well as from the water using a variety of different
structures. Lungfish have paired lungs similar to those of tetrapods, gouramis have a
structure called the labyrinth organ that performs a similar function, while many catfish,
such as Corydoras extract oxygen via the intestine or stomach. Body shape and the
arrangement of the fins is highly variable, covering such seemingly un-fishlike forms as
seahorses, pufferfish, anglerfish, and gulpers. Similarly, the surface of the skin may be
naked (as in moray eels), or covered with scales of a variety of different types usually
defined as placoid (typical of sharks and rays), cosmoid (fossil lungfish and coelacanths),
ganoid (various fossil fish but also living gars and bichirs), cycloid, and ctenoid (these
last two are found on most bony fish). There are even fish that live mostly on land.
Mudskippers feed and interact with one another on mudflats and go underwater to hide in
their burrows. The catfish Phreatobius cisternarum lives in underground, phreatic
habitats, and a relative lives in waterlogged leaf litter.
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Fish range in size from the huge 16-metre (52 ft) whale shark to the tiny 8-millimetre (0.3
in) stout infantfish.

Taxonomy

Fish are a paraphyletic group: that is, any clade containing all fish also contains the
tetrapods, which are not fish. For this reason, groups such as the "Class Pisces" seen in
older reference works are no longer used in formal classifications.

Fish are classified into the following major groups:

Class Myxini (hagfish)
Class Pteraspidomorphi (early jawless fish)
Class Thelodonti
Class Anaspida
Class Petromyzontida or Hyperoartia
o Petromyzontidae (lampreys)
e Class Conodonta (conodonts)
o Class Cephalaspidomorphi (early jawless fish)
o (unranked) Galeaspida
o (unranked) Pituriaspida
o (unranked) Osteostraci
e Infraphylum Gnathostomata (jawed vertebrates)
Class Placodermi (armoured fish, extinct)
Class Chondrichthyes (cartilaginous fish)
Class Acanthodii (spiny sharks, extinct)
Superclass Osteichthyes (bony fish)
= Class Actinopterygii (ray-finned fish)
= Subclass Chondrostei
» Order Acipenseriformes (sturgeons and
paddlefishes)
= Order Polypteriformes (reedfishes and bichirs).
» Subclass Neopterygii
= Infraclass Holostei (gars and bowfins)
= Infraclass Teleostei (many orders of common fish)
= Class Sarcopterygii (lobe-finned fish)
= Subclass Coelacanthimorpha (coelacanths)
= Subclass Dipnoi (lungfish)

O O O O

Some palaeontologists contend that because Conodonta are chordates, they are primitive
fish.

The position of hagfish in the phylum chordata is not settled. Phylogenetic research in
1998 and 1999 supported the idea that the hagfish and the lampreys form a natural group,
the Cyclostomata, that is a sister group of the Gnathostomata.
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The various fish groups account for more than half of vertebrate species. There are
almost 28,000 known extant species, of which almost 27,000 are bony fish, with 970
sharks, rays, and chimeras and about 108 hagfish and lampreys. A third of these species
fall within the nine largest families; from largest to smallest, these families are
Cyprinidae, Gobiidae, Cichlidae, Characidae, Loricariidae, Balitoridae, Serranidae,
Labridae, and Scorpaenidae. About 64 families are monotypic, containing only one
species. The final total of extant species may grow to exceed 32,500.

Anatomy

The anatomy of Lampanyctodes hectoris
(1) — operculum (gill cover), (2) — lateral line, (3) — dorsal fin, (4) — fat fin, (5) — caudal peduncle, (6) —
caudal fin, (7) — anal fin, (8) — photophores, (9) — pelvic fins (paired), (10) — pectoral fins (paired)

Respiration

Most fish exchange gases using gills on either side of the pharynx. Gills consist of
threadlike structures called filaments. Each filament contains a capillary network that
provides a large surface area for exchanging oxygen and carbon dioxide. Fish exchange
gases by pulling oxygen-rich water through their mouths and pumping it over their gills.
In some fish, capillary blood flows in the opposite direction to the water, causing counter
current exchange. The gills push the oxygen-poor water out through openings in the sides
of the pharynx. Some fish, like sharks and lampreys, possess multiple gill openings.
However, most fish have a single gill opening on each side. This opening is hidden
beneath a protective bony cover called an operculum.

Juvenile bichirs have external gills, a very primitive feature that they share with larval
amphibians.
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Swim bladder of a Rudd (Scardinius erythrophthalmus)

Many fish can breathe air via a variety of mechanisms. The skin of anguillid eels may
absorb oxygen. The buccal cavity of the electric eel may breathe air. Catfish of the
families Loricariidae, Callichthyidae, and Scoloplacidae absorb air through their
digestive tracts. Lungfish, with the exception of the Australian lungfish, and bichirs have
paired lungs similar to those of tetrapods and must surface to gulp fresh air through the
mouth and pass spent air out through the gills. Gar and bowfin have a vascularized swim
bladder that functions in the same way. Loaches, trahiras, and many catfish breathe by
passing air through the gut. Mudskippers breathe by absorbing oxygen across the skin
(similar to frogs). A number of fish have evolved so-called accessory breathing organs
that extract oxygen from the air. Labyrinth fish (such as gouramis and bettas) have a
labyrinth organ above the gills that performs this function. A few other fish have
structures resembling labyrinth organs in form and function, most notably snakeheads,
pikeheads, and the Clariidae catfish family.

Breathing air is primarily of use to fish that inhabit shallow, seasonally variable waters
where the water's oxygen concentration may seasonally decline. Fish dependent solely on
dissolved oxygen, such as perch and cichlids, quickly suffocate, while air-breathers
survive for much longer, in some cases in water that is little more than wet mud. At the
most extreme, some air-breathing fish are able to survive in damp burrows for weeks
without water, entering a state of aestivation (summertime hibernation) until water
returns.
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Tuna gills inside of the head. The fish head is oriented snout-downwards, with the view
looking towards the mouth.

Fish can be divided into obligate air breathers and facultative air breathers. Obligate
air breathers, such as the African lungfish, must breathe air periodically or they suffocate.
Facultative air breathers, such as the catfish Hypostomus plecostomus, only breathe air if
they need to and will otherwise rely on their gills for oxygen. Most air breathing fish are
facultative air breathers that avoid the energetic cost of rising to the surface and the
fitness cost of exposure to surface predators.

Circulation

Fish have a closed-loop circulatory system. The heart pumps the blood in a single loop
throughout the body. In most fish, the heart consists of four parts, including two
chambers and an entrance and exit. The first part is the sinus venosus, a thin-walled sac
that collects blood from the fish's veins before allowing it to flow to the second part, the
atrium, which is a large muscular chamber. The atrium serves as a one-way antechamber,
sends blood to the third part, ventricle. The ventricle is another thick-walled, muscular
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chamber and it pumps the blood, first to the fourth part, bulbous arteriosus, a large tube,
and then out of the heart. The bulbus arteriosus connects to the aorta, through which
blood flows to the gills for oxygenation.

Digestion

Jaws allow fish to eat a wide variety of food, including plants and other organisms. Fish
ingest food through the mouth and break it down in the esophagus. In the stomach, food
is further digested and, in many fish, processed in finger-shaped pouches called pyloric
caeca, which secrete digestive enzymes and absorb nutrients. Organs such as the liver and
pancreas add enzymes and various chemicals as the food moves through the digestive
tract. The intestine completes the process of digestion and nutrient absorption.

Excretion

As with many aquatic animals, most fish release their nitrogenous wastes as ammonia.
Some of the wastes diffuse through the gills. Blood wastes are filtered by the kidneys.

Saltwater fish tend to lose water because of osmosis. Their kidneys return water to the
body. The reverse happens in freshwater fish: they tend to gain water osmotically. Their
kidneys produce dilute urine for excretion. Some fish have specially adapted kidneys that
vary in function, allowing them to move from freshwater to saltwater.

Scales

The scales of fish originate from the mesoderm (skin); they may be similar in structure to
teeth.
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Sensory and nervous system

Olfactory lobe

Telencephalon

Optic lobe

Cerebellum

Myelencephalon

Dorsal view of the brain of the rainbow trout
Central nervous system
Fish typically have quite small brains relative to body size compared with other
vertebrates, typically one-fifteenth the brain mass of a similarly sized bird or mammal.
However, some fish have relatively large brains, most notably mormyrids and sharks,

which have brains about as massive relative to body weight as birds and marsupials.

Fish brains are divided into several regions. At the front are the olfactory lobes, a pair of
structures that receive and process signals from the nostrils via the two olfactory nerves.
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The olfactory lobes are very large in fish that hunt primarily by smell, such as hagfish,
sharks, and catfish. Behind the olfactory lobes is the two-lobed telencephalon, the
structural equivalent to the cerebrum in higher vertebrates. In fish the telencephalon is
concerned mostly with olfaction. Together these structures form the forebrain.

Connecting the forebrain to the midbrain is the diencephalon (in the diagram, this
structure is below the optic lobes and consequently not visible). The diencephalon
performs functions associated with hormones and homeostasis. The pineal body lies just
above the diencephalon. This structure detects light, maintains circadian rhythms, and
controls color changes.

The midbrain or mesencephalon contains the two optic lobes. These are very large in
species that hunt by sight, such as rainbow trout and cichlids.

The hindbrain or metencephalon is particularly involved in swimming and balance. The
cerebellum is a single-lobed structure that is typically the biggest part of the brain.
Hagfish and lampreys have relatively small cerebellae, while the mormyrid cerebellum is
massive and apparently involved in their electrical sense.

The brain stem or myelencephalon is the brain's posterior. As well as controlling some
muscles and body organs, in bony fish at least, the brain stem governs respiration and
osmoregulation.

Sense organs

Most fish possess highly developed sense organs. Nearly all daylight fish have color
vision that is at least as good as a human's. Many fish also have chemoreceptors that are
responsible for extraordinary senses of taste and smell. Although they have ears, many
fish may not hear very well. Most fish have sensitive receptors that form the lateral line
system, which detects gentle currents and vibrations, and senses the motion of nearby fish
and prey. Some fish, such as catfish and sharks, have organs that detect low-level electric
current. Other fish, like the electric eel, can produce electric current.

Fish orient themselves using landmarks and may use mental maps based on multiple
landmarks or symbols. Fish behavior in mazes reveals that they possess spatial memory
and visual discrimination.

Capacity for pain

Experiments done by William Tavolga provide evidence that fish have pain and fear
responses. For instance, in Tavolga’s experiments, toadfish grunted when electrically
shocked and over time they came to grunt at the mere sight of an electrode.

In 2003, Scottish scientists at the University of Edinburgh and the Roslin Institute

concluded that rainbow trout exhibit behaviors often associated with pain in other
animals. Bee venom and acetic acid injected into the lips resulted in fish rocking their
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bodies and rubbing their lips along the sides and floors of their tanks, which the
researchers concluded were attempts to relieve pain, similar to what mammals would do.
Neurons fired in a pattern resembling human neuronal patterns.

Professor James D. Rose of the University of Wyoming claimed the study was flawed
since it did not provide proof that fish possess "conscious awareness, particularly a kind
of awareness that is meaningfully like ours". Rose argues that since fish brains are so
different from human brains, fish are probably not conscious in the manner humans are,
so that reactions similar to human reactions to pain instead have other causes. Rose had
published a study a year earlier arguing that fish cannot feel pain because their brains
lack a neocortex. However, animal behaviorist Temple Grandin argues that fish could
still have consciousness without a neocortex because "different species can use different
brain structures and systems to handle the same functions."

Animal welfare advocates raise concerns about the possible suffering of fish caused by
angling. Some countries, such as Germany have banned specific types of fishing, and the
British RSPCA now formally prosecutes individuals who are cruel to fish.

Muscular system

Most fish move by alternately contracting paired sets of muscles on either side of the
backbone. These contractions form S-shaped curves that move down the body. As each
curve reaches the back fin, backward force is applied to the water, and in conjunction
with the fins, moves the fish forward. The fish's fins function like an airplane's flaps. Fins
also increase the tail's surface area, increasing speed. The streamlined body of the fish
decreases the amount of friction from the water. Since body tissue is denser than water,
fish must compensate for the difference or they will sink. Many bony fish have an
internal organ called a swim bladder that adjusts their buoyancy through manipulation of
gases.
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Homeothermy

A 3-tonne (3.0 LT; 3.3 ST) great white shark off Isla Guadalupe

Although most fish are exclusively aquatic and ectothermic, there are exceptions to both
cases.

Fish from multiple groups can live out of the water for extended time periods.
Amphibious fish such as the mudskipper can live and move about on land for up to
several days.

Certain species of fish maintain elevated body temperatures. Endothermic teleosts (bony
fish) are all in the suborder Scombroidei and include the billfishes, tunas, and one species
of "primitive" mackerel (Gasterochisma melampus). All sharks in the family Lamnidae —
shortfin mako, long fin mako, white, porbeagle, and salmon shark — are endothermic, and
evidence suggests the trait exists in family Alopiidae (thresher sharks). The degree of
endothermy varies from the billfish, which warm only their eyes and brain, to bluefin
tuna and porbeagle sharks who maintain body temperatures elevated in excess of 20 °C
above ambient water temperatures. Endothermy, though metabolically costly, is thought
to provide advantages such as increased muscle strength, higher rates of central nervous
system processing, and higher rates of digestion.
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Reproductive system

Organs

Organs: 1. Liver, 2. Gas bladder, 3. Roe, 4. Pyloric caeca, 5. Stomach, 6. Intestine

Fish reproductive organs include testes and ovaries. In most species, gonads are paired
organs of similar size, which can be partially or totally fused. There may also be a range
of secondary organs that increase reproductive fitness.

In terms of spermatogonia distribution, the structure of teleosts testes has two types: in
the most common, spermatogonia occur all along the seminiferous tubules, while in
Atherinomorph fish they are confined to the distal portion of these structures. Fish can
present cystic or semi-cystic spermatogenesis in relation to the release phase of germ
cells in cysts to the seminiferous tubules lumen.

Fish ovaries may be of three types: gymnovarian, secondary gymnovarian or cystovarian.
In the first type, the oocytes are released directly into the coelomic cavity and then enter
the ostium, then through the oviduct and are eliminated. Secondary gymnovarian ovaries
shed ova into the coelom from which they go directly into the oviduct. In the third type,
the oocytes are conveyed to the exterior through the oviduct. Gymnovaries are the
primitive condition found in lungfish, sturgeon, and bowfin. Cystovaries characterize
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most teleosts, where the ovary lumen has continuity with the oviduct. Secondary
gymnovaries are found in salmonids and a few other teleosts.

Oogonia development in teleosts fish varies according to the group, and the
determination of oogenesis dynamics allows the understanding of maturation and
fertilization processes. Changes in the nucleus, ooplasm, and the surrounding layers
characterize the oocyte maturation process.

Postovulatory follicles are structures formed after oocyte release; they do not have
endocrine function, present a wide irregular lumen, and are rapidly reabsorbed in a
process involving the apoptosis of follicular cells. A degenerative process called
follicular atresia reabsorbs vitellogenic oocytes not spawned. This process can also occur,
but less frequently, in oocytes in other development stages.

Some fish are hermaphrodites, having both testes and ovaries either at different phases in
their life cycle or, as in hamlets, have them simultaneously.

Reproductive method

Over 97% of all known fish are oviparous, that is, the eggs develop outside the mother's
body. Examples of oviparous fish include salmon, goldfish, cichlids, tuna, and eels. In the
majority of these species, fertilisation takes place outside the mother's body, with the
male and female fish shedding their gametes into the surrounding water. However, a few
oviparous fish practice internal fertilization, with the male using some sort of intromittent
organ to deliver sperm into the genital opening of the female, most notably the oviparous
sharks, such as the horn shark, and oviparous rays, such as skates. In these cases, the
male is equipped with a pair of modified pelvic fins known as claspers.

Marine fish can produce high numbers of eggs which are often released into the open
water column. The eggs have an average diameter of 1 millimetre (0.039 in).
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Egg of lamprey
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Egg of catshark (mermaids' purse)
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Egg of bullhead shark
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Egg of chimaera

The newly hatched young of oviparous fish are called larvae. They are usually poorly
formed, carry a large yolk sac (for nourishment) and are very different in appearance
from juvenile and adult specimens. The larval period in oviparous fish is relatively short
(usually only several weeks), and larvae rapidly grow and change appearance and
structure (a process termed metamorphosis) to become juveniles. During this transition
larvae must switch from their yolk sac to feeding on zooplankton prey, a process which
depends on typically inadequate zooplankton density, starving many larvae.

In ovoviviparous fish the eggs develop inside the mother's body after internal fertilization
but receive little or no nourishment directly from the mother, depending instead on the
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yolk. Each embryo develops in its own egg. Familiar examples of ovoviviparous fish
include guppies, angel sharks, and coelacanths.

Some species of fish are viviparous. In such species the mother retains the eggs and
nourishes the embryos. Typically, viviparous fish have a structure analogous to the
placenta seen in mammals connecting the mother's blood supply with that of the embryo.
Examples of viviparous fish include the surf-perches, splitfins, and lemon shark. Some
viviparous fish exhibit oophagy, in which the developing embryos eat other eggs
produced by the mother. This has been observed primarily among sharks, such as the
shortfin mako and porbeagle, but is known for a few bony fish as well, such as the
halfbeak Nomorhamphus ebrardtii. Intrauterine cannibalism is an even more unusual
mode of vivipary, in which the largest embryos eat weaker and smaller siblings. This
behavior is also most commonly found among sharks, such as the grey nurse shark, but
has also been reported for Nomorhamphus ebrardtii.

Aquarists commonly refer to ovoviviparous and viviparous fish as livebearers.
Immune system

Immune organs vary by type of fish. In the jawless fish (lampreys and hagfish), true
lymphoid organs are absent. These fish rely on regions of lymphoid tissue within other
organs to produce immune cells. For example, erythrocytes, macrophages and plasma
cells are produced in the anterior kidney (or pronephros) and some areas of the gut
(where granulocytes mature.) They resemble primitive bone marrow in hagfish.
Cartilaginous fish (sharks and rays) have a more advanced immune system. They have
three specialized organs that are unique to chondrichthyes; the epigonal organs (lymphoid
tissue similar to mammalian bone) that surround the gonads, the Leydig's organ within
the walls of their esophagus, and a spiral valve in their intestine. These organs house
typical immune cells (granulocytes, lymphocytes and plasma cells). They also possess an
identifiable thymus and a well-developed spleen (their most important immune organ)
where various lymphocytes, plasma cells and macrophages develop and are stored.
Chondrostean fish (sturgeons, paddlefish and bichirs) possess a major site for the
production of granulocytes within a mass that is associated with the meninges
(membranes surrounding the central nervous system.) Their heart is frequently covered
with tissue that contains lymphocytes, reticular cells and a small number of macrophages.
The chondrostean kidney is an important hemopoietic organ; where erythrocytes,
granulocytes, lymphocytes and macrophages develop.

Like chondrostean fish, the major immune tissues of bony fish (or teleostei) include the
kidney (especially the anterior kidney), which houses many different immune cells. In
addition, teleost fish possess a thymus, spleen and scattered immune areas within
mucosal tissues (e.g. in the skin, gills, gut and gonads). Much like the mammalian
immune system, teleost erythrocytes, neutrophils and granulocytes are believed to reside
in the spleen whereas lymphocytes are the major cell type found in the thymus. In 2006, a
lymphatic system similar to that in mammals was described in one species of teleost fish,
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the zebrafish. Although not confirmed as yet, this system presumably will be where naive
(unstimulated) T cells accumulate while waiting to encounter an antigen.

Diseases

Like other animals, fish suffer from diseases and parasites. To prevent disease they have
a variety of defenses. Non-specific defenses include the skin and scales, as well as the
mucus layer secreted by the epidermis that traps and inhibits the growth of
microorganisms. If pathogens breach these defenses, fish can develop an inflammatory
response that increases blood flow to the infected region and delivers white blood cells
that attempt to destroy pathogens. Specific defenses respond to particular pathogens
recognised by the fish's body, i.e., an immune response. In recent years, vaccines have
become widely used in aquaculture and also with ornamental fish, for example
furunculosis vaccines in farmed salmon and koi herpes virus in koi.

Some species use cleaner fish to remove external parasites. The best known of these are
the Bluestreak cleaner wrasses of the genus Labroides found on coral reefs in the Indian
and Pacific Oceans. These small fish maintain so-called "cleaning stations" where other
fish congregate and perform specific movements to attract the attention of the cleaners.
Cleaning behaviors have been observed in a number of fish groups, including an
interesting case between two cichlids of the same genus, Etroplus maculatus, the cleaner,
and the much larger Etroplus suratensis.

Evolution

Outdated evolutionary view of continual gradation
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Dunkleosteus was a gigantic, 10 meter (33 ft) long prehistoric fish.

Fish do not represent a monophyletic group, and therefore the "evolution of fish" is not
studied as a single event.

Proliferation of fish was apparently due to the hinged jaw, because jawless fish left very
few descendants. Lampreys may approximate pre-jawed fish. The first jaws are found in
Placodermi fossils. It is unclear if the advantage of a hinged jaw is greater biting force,
improved respiration, or a combination of factors.

Fish may have evolved from a creature similar to a coral-like Sea squirt, whose larvae
resemble primitive fish in important ways. The first ancestors of fish may have kept the
larval form into adulthood (as some sea squirts do today), although perhaps the reverse is
the case.
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Conservation

A Whale shark, the world's largest fish, is classified as Vulnerable.

The 2006 IUCN Red List names 1,173 fish species that are threatened with extinction.
Included are species such as Atlantic cod, Devil's Hole pupfish, coelacanths, and great
white sharks. Because fish live underwater they are more difficult to study than terrestrial
animals and plants, and information about fish populations is often lacking. However,
freshwater fish seem particularly threatened because they often live in relatively small
water bodies. For example, the Devil's Hole pupfish occupies only a single 3 by 6 metres
(10 by 20 ft) pool.

Overfishing

Overfishing is a major threat to edible fish such as cod and tuna. Overfishing eventually
causes population (known as stock) collapse because the survivors cannot produce
enough young to replace those removed. Such commercial extinction does not mean that
the species is extinct, merely that it can no longer sustain a fishery.

One well-studied example of fishery collapse is the Pacific sardine Sadinops sagax
caerulues fishery off the California coast. From a 1937 peak of 790,000 long tons
(800,000 t) the catch steadily declined to only 24,000 long tons (24,000 t) in 1968, after
which the fishery was no longer economically viable.

The main tension between fisheries science and the fishing industry is that the two groups
have different views on the resiliency of fisheries to intensive fishing. In places such as
Scotland, Newfoundland, and Alaska the fishing industry is a major employer, so
governments are predisposed to support it. On the other hand, scientists and
conservationists push for stringent protection, warning that many stocks could be wiped
out within fifty years.
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Habitat destruction

A key stress on both freshwater and marine ecosystems is habitat degradation including
water pollution, the building of dams, removal of water for use by humans, and the
introduction of exotic species. An example of a fish that has become endangered because
of habitat change is the pallid sturgeon, a North American freshwater fish that lives in
rivers damaged by human activity.

Exotic species

Introduction of non-native species has occurred in many habitats. One of the best studied
examples is the introduction of Nile perch into Lake Victoria in the 1960s. Nile perch
gradually exterminated the lake's 500 endemic cichlid species. Some of them survive now
in captive breeding programmes, but others are probably extinct. Carp, snakeheads,
tilapia, European perch, brown trout, rainbow trout, and sea lampreys are other examples
of fish that have caused problems by being introduced into a lien environments.

Aquarium collecting

Culture

Incarnation of Vishnu as a Merman
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In the Book of Jonah a "great fish" swallowed Jonah the Prophet. Legends of half-human,
half-fish mermaids have featured in stories like those of Hans Christian Andersen and
movies like Splash.

Among the deities said to take the form of a fish are Ika-Roa of the Polynesians, Dagon

of various ancient Semitic peoples, the shark-gods of Hawai‘i and Matsya of the Dravidas
of India. The astrological symbol Pisces is based on a constellation of the same name, but
there is also a second fish constellation in the night sky, Piscis Austrinus.

Fish have been used figuratively in many different ways, for example the ichthys used by
early Christians to identify themselves, through to the fish as a symbol of fertility among
Bengalis.

Coat of arms of Comacchio, Italy
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coat of arms of Narva, Estonia

Fish feature prominently in art and literature, in movies such as Finding Nemo and books
such as The Old Man and the Sea. Large fish, particularly sharks, have frequently been
the subject of horror movies and thrillers, most notably the novel Jaws, which spawned a
series of films of the same name that in turn inspired similar films or parodies such as
Shark Tale, Snakehead Terror, and Piranha.

In the semiotic of Ashtamangala (buddhist symbolism) the golden fish (Sanskrit:
Matsya), represents the state of fearless suspension in samsara, perceived as the harmless
ocean, referred to as 'buddha-eyes' or 'rigpa-sight'. The fish symbolizes the
auspiciousness of all living beings in a state of fearlessness without danger of drowning
in the Samsaric Ocean of Suffering, and migrating from teaching to teaching freely and
spontaneously just as fish swim.
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Fish riders in a 1920s poster of the Republic of China.

They have religious significance in Hindu, Jain and Buddhist traditions but also in
Christianity who is first signified by the sign of the fish, and especially referring to
feeding the multitude in the desert. In the dhamma of Buddha the fish symbolize
happiness as they have complete freedom of movement in the water. They represent
fertility and abundance. Often drawn in the form of carp which are regarded in the Orient
as sacred on account of their elegant beauty, size and life-span.

The name of the Canadian city of Coquitlam, British Columbia is derived from

Kwikwetlem, which is said to be derived from a Coast Salish term meaning "little red
fish".

Terminology
Fish or fishes?
Though often used interchangeably, these words have different meanings. Fish is used

either as singular noun or to describe a group of specimens from a single species. Fishes
describes a group of different species.
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Shoal or school

These goldband fusiliers are schooling because their swimming is synchronised

A random assemblage of fish merely using some localised resource such as food or
nesting sites is known simply as an aggregation. When fish come together in an
interactive, social grouping, then they may be forming either a shoal or a school
depending on the degree of organisation. A shoeal is a loosely organised group where
each fish swims and forages independently but is attracted to other members of the group
and adjusts its behaviour, such as swimming speed, so that it remains close to the other
members of the group. Schools of fish are much more tightly organised, synchronising
their swimming so that all fish move at the same speed and in the same direction.
Shoaling and schooling behaviour is believed to provide a variety of advantages.

Examples:

e Cichlids congregating at lekking sites form an aggregation.
e Many minnows and characins form shoals.
e Anchovies, herrings and silversides are classic examples of schooling fish.

While school and shoal have different meanings within biology, they are often treated as
synonyms by non-specialists, with speakers of British English using "shoal" to describe
any grouping of fish, while speakers of American English often using "school" just as
loosely.
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Chapter- 3

Amphibians

Amphibians
Temporal range: Late Devonian—present
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Strawberry Poison-dart Frog, Oophaga pumilio

Scientific classification

Kingdom: Animalia
Phylum: Chordata
Superclass: Tetrapoda
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Amphibia
Linnaeus, 1758

Subclasses and Orders

Class:

Order Temnospondyli — extinct
Subclass Lepospondyli — extinct
Subclass Lissamphibia

Order Anura

Order Caudata

Order Gymnophiona

Amphibians (class Amphibia, from Amphi- meaning "on both sides" and -bios meaning
"life"), such as frogs, salamanders, and caecilians, are ectothermic (or cold-blooded)
animals that metamorphose from a juvenile water-breathing form, either to an adult air-
breathing form, or to a paedomorph that retains some juvenile characteristics.
Mudpuppies, for example, retain juvenile gills in adulthood. The three modern orders of
amphibians are Anura (frogs and toads), Caudata (salamanders and newts), and
Gymnophiona (caecilians, limbless amphibians that resemble snakes), and in total they
numbers approximately 6,500 species. Many amphibians lay their eggs in water.
Amphibians are superficially similar to reptiles, but reptiles are amniotes, along with
mammals and birds. The study of amphibians is called batrachology.

Amphibians are ecological indicators, and in recent decades there has been a dramatic
decline in amphibian populations around the globe. Many species are now threatened or
extinct.

Amphibians evolved in the Devonian Period and were top predators in the Carboniferous
and Permian Periods, but many lineages were wiped out during the Permian—Triassic
extinction. One group, the metoposaurs, remained important predators during the
Triassic, but as the world became drier during the Early Jurassic they died out, leaving a
handful of relict temnospondyls like Koolasuchus and the modern orders of
Lissamphibia.

Etymology
Amphibian is derived from the Ancient Greek term Aueipiog amphibios which means
both kinds of life, amphi meaning “both” and bio meaning life. The term was initially

used for all kinds of combined natures. Eventually it was used to refer to animals that live
both in the water and on land.

Evolutionary history

The first major groups of amphibians developed in the Devonian Period from fish similar
to the modern coelacanth and lungfish which had evolved multi-jointed leg-like fins that
enabled them to crawl along the sea bottom. These amphibians were as much as one to
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five meters in length. However, amphibians never developed the ability to live their
entire lives on land, having to return to water to lay their shell-less eggs.

In the Carboniferous Period, the amphibians moved up in the food chain and began to
occupy the ecological position currently occupied by crocodiles. These amphibians were
notable for eating the mega insects on land and many types of fishes in the water. During
the Triassic Period, the better land-adapted proto-crocodiles began to compete with
amphibians, leading to their reduction in size and importance in the biosphere.

Taxonomic history

Traditionally, amphibians have included all tetrapod vertebrates that are not amniotes.
They are divided into three subclasses, of which two are only known as extinct
subclasses:

e Subclass Labyrinthodontiaf (diverse Paleozoic and early Mesozoic group)

o Subclass Lepospondylit (small Paleozoic group, sometimes included in the
Labyrinthodontia)

e Subclass Lissamphibia (frogs, toads, salamanders, newts, etc.)

Of these only the last subclass includes recent species.

With the phylogenetic classification Labyrinthodontia has been discarded as it is a
paraphyletic group without unique defining features apart from shared primitive
characteristics. Classification varies according to the preferred phylogeny of the author,
whether they use a stem-based or node-based classification. Generally amphibians are
defined as the group that includes the common ancestors of all living amphibians (frogs,
salamanders and caecilians) and all their descendants. This may also include extinct
groups like the temnospondyls (traditionally placed in the subclass “Labyrinthodontia”),
and the Lepospondyls. This means that cladistic nomenclature list a large number of basal
Devonian and Carboniferous tetrapod groups, undoubtedly were “amphibians” in
biology, that are formally placed in Amphibia in Linnaean taxonomy, but not in cladistic
taxonomy.

All recent amphibians are included in the subclass Lissamphibia, superorder Salientia,
which is usually considered a clade (which means that it is thought that they evolved
from a common ancestor apart from other extinct groups), although it has also been
suggested that salamanders arose separately from a temnospondyl-like ancestor.

Authorities also disagree on whether Salientia is a Superorder that includes the order
Anura, or whether Anura is a sub-order of the order Salientia. Practical considerations
seem to favor using the former arrangement now. The Lissamphibia, superorder Salientia,
are traditionally divided into three orders, but an extinct salamander-like family, the
Albanerpetontidae, is now considered part of the Lissamphibia, besides the superorder
Salientia. Furthermore, Salientia includes all three recent orders plus a single Triassic
proto-frog, Triadobatrachus.
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Class Amphibia

e Subclass Lissamphibia
@)
» Family Albanerpetontidae — Jurassic to Miocene (extinct)
o Superorder Salientia

= Genus Triadobatrachus — Triassic (extinct)

* Order Anura (frogs and toads): Jurassic to recent — 5,602 recent
species in 48 families

* Order Caudata or Urodela (salamanders, newts): Jurassic to recent
— 571 recent species in 9 families

* Order Gymnophiona or Apoda (caecilians): Jurassic to recent —
174 recent species in 3 families

The actual number of species partly also depends on the taxonomic classification
followed, the two most common classifications being the classification of the website
AmphibiaWeb, University of California (Berkeley) and the classification by herpetologist
Darrel Frost and The American Museum of Natural History, available as the online
reference database Amphibian Species of the World. The numbers of species cited above
follow Frost.

Respiration

The lungs in amphibians are primitive compared to that of the amniotes, possessing few
internal septa, large alveoli and therefore a slow diffusion rate of oxygen into the blood.
Ventilation is accomplished by buccal pumping. However, most amphibians are able to
exchange gasses with the water or air via their skin. To enable sufficient cutaneous
respiration, the surface of their highly vascularized skin must remain moist in order for
the oxygen to diffuse at a sufficient rate. Because oxygen concentration in the water
increases at both low temperatures and high flow rates, aquatic amphibians in these
situations can rely primarily on cutaneous respiration, as in the Titicaca water frog or
hellbender salamanders. In air, where oxygen is more concentrated, some small species
can rely solely on cutaneous gas exchange, most famously the plethodontid salamanders
which have neither lungs nor gills. Many aquatic salamanders and all tadpoles have gills
in their larval stage, with some (such as the axolotl) retaining gills as aquatic adults.
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Reproduction

N

Caecilian from the San Antonio zoo

For the purpose of reproduction most amphibians require fresh water. A few (e.g.
Fejervarya raja) can inhabit brackish water and even survive (though not thrive) in
seawater, but there are no true marine amphibians. Several hundred frog species in
adaptive radiations (e.g., Eleutherodactylus, the Pacific Platymantines, the Australo-
Papuan microhylids, and many other tropical frogs), however, do not need any water for
breeding in the wild. They reproduce via direct development, an ecological and
evolutionary adaptation that has allowed them to be completely independent from free-
standing water. Almost all of these frogs live in wet tropical rainforests and their eggs
hatch directly into miniature versions of the adult, passing through the tadpole stage
within the egg. Reproductive success of many amphibians is dependent not only on the
quantity of rainfall, but the seasonal timing.

Several species have also adapted to arid and semi-arid environments, but most of them
still need water to lay their eggs. Symbiosis with single celled algae that lives in the jelly-
like layer of the eggs has evolved several times. The larvae of frogs (tadpoles or
polliwogs) breathe with exterior gills at the start, but soon a pouch is formed that covers
the gills and the front legs. Lungs are also formed quite early to assist in breathing. Newt
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larvae have large external gills that gradually disappear and the larvae of newts are quite
similar to the adult form from early age on.

Frogs and toads however have a tadpole stage, which is a totally different organism that
is a grazing algae or ongrowth or filtering plankton until a certain size has been reached,
where metamorphosis sets in. This metamorphosis lasts typically only 24 hours and
consists of:

e The disappearance of the gill pouch, making the front legs visible.

e The transformation of the jaws into the big jaws of predatory frogs (most tadpoles
are scraping of algae or are filter feeders)

e The transformation of the digestive system: the long spiral gut of the larva is
being replaced by the typical short gut of a predator.

e An adaptation of the nervous system for stereoscopic vision, locomotion and
feeding

e A quick growth and movement of the eyes to higher up the skull and the
formation of eyelids.

o Formation of skin glands, thickening of the skin and loss of the lateral line system

e An eardrum is developed to lock the middle ear.

The disappearance of the tail is somewhat later (occurs at higher thyroxin levels) and
after the tail has been resorbed the animals are ready to leave the water. The material of
the tail is being used for a quick growth of the legs. The disappearance of the larval
structures is a regulated process called apoptosis.

The transformation of newts when leaving the water is reversible except for the loss of

the external gills. When the animals enter the water again for reproduction changes are
driven by prolactin, when they return to the land phase by thyroxin
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Conservation

The Golden Toad of Monteverde, Costa Rica was among the first casualties of amphibian
declines. Formerly abundant, it was last seen in 1989.

Dramatic declines in amphibian populations, including population crashes and mass
localized extinction, have been noted in the past two decades from locations all over the
world, and amphibian declines are thus perceived as one of the most critical threats to
global biodiversity. A number of causes are believed to be involved, including habitat
destruction and modification, over-exploitation, pollution, introduced species, climate
change, endocrine-disrupting pollutants, destruction of the ozone layer (ultraviolet
radiation has shown to be especially damaging to the skin, eyes, and eggs of amphibians),
and diseases like chytridiomycosis. However, many of the causes of amphibian declines
are still poorly understood, and are a topic of ongoing discussion. A global strategy to
stem the crisis has been released in the form of the Amphibian Conservation Action Plan.
Developed by over 80 leading experts in the field, this call to action details what would
be required to curtail amphibian declines and extinctions over the next 5 years - and how
much this would cost. The Amphibian Specialist Group of the World Conservation Union
(IUCN) is spearheading efforts to implement a comprehensive global strategy for
amphibian conservation. Amphibian Ark is an organization that was formed to implement
the ex-situ conservation recommendations of this plan, and they have been working with
zoos and aquaria around the world encouraging them to create assurance colonies of
threatened amphibians. One such project is the Panama Amphibian Rescue and
Conservation Project that built on existing conservation efforts in Panama to create a
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country-wide response to the threat of chytridiomycosis rapidly spreading into eastern
Panama

On January 21, 2008, Evolutionarily Distinct and Globally Endangered (EDGE), as given
by chief Helen Meredith, identified nature's most endangered species: "The EDGE
amphibians are amongst the most remarkable and unusual species on the planet and yet
an alarming 85% of the top 100 are receiving little or no conservation attention." The top
10 endangered species (in the List of endangered animal species) include: the Chinese
giant salamander, a distant relative of the newt, the tiny Gardiner's Seychelles, the
limbless Sagalla caecilian, South African ghost frogs, lungless Mexican salamanders, the
Malagasy rainbow frog, Chile's Darwin frog (Rhinoderma rufum) and the Betic Midwife
Toad.
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Chapter- 4

Birds

Birds
Temporal range: Late Jurassic—Recent, 150—-0 Ma
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Australian Wood Duck, Chenonetta jubata
Scientific classification
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Kingdom: Animalia

Phylum: Chordata
(unranked): Reptiliomorpha
(unranked): Amniota
(unranked): Avialae

Class: Aves

Linnaeus, 1758
Subclasses & orders

e About two dozen modern orders and several
extinct orders and subclasses

Birds (class Aves) are winged, bipedal, endothermic (warm-blooded), egg-laying,
vertebrate animals. There are around 10,000 living species, making them the most varied
of tetrapod vertebrates. They inhabit ecosystems across the globe, from the Arctic to the
Antarctic. Extant birds range in size from the 5 cm (2 in) Bee Hummingbird to the 2.75 m
(9 ft) Ostrich. The fossil record indicates that birds evolved within theropod dinosaurs
during the Jurassic period, around 150-200 Ma (million years ago), and the earliest
known bird is the Late Jurassic Archaeopteryx, c 150—145 Ma. Most paleontologists
regard birds as the only clade of dinosaurs to have survived the Cretaceous—Tertiary
extinction event approximately 65.5 Ma.

Modern birds are characterised by feathers, a beak with no teeth, the laying of hard-
shelled eggs, a high metabolic rate, a four-chambered heart, and a lightweight but strong
skeleton. All living species of birds have wings - the now extinct flightless Moa of New
Zealand were the only exceptions. Wings are evolved forelimbs, and most bird species
can fly, with some exceptions including ratites, penguins, and a number of diverse
endemic island species. Birds also have unique digestive and respiratory systems that are
highly adapted for flight. Some birds, especially corvids and parrots, are among the most
intelligent animal species; a number of bird species have been observed manufacturing
and using tools, and many social species exhibit cultural transmission of knowledge
across generations.

Many species undertake long distance annual migrations, and many more perform shorter
irregular movements. Birds are social; they communicate using visual signals and
through calls and songs, and participate in social behaviours including cooperative
breeding and hunting, flocking, and mobbing of predators. The vast majority of bird
species are socially monogamous, usually for one breeding season at a time, sometimes
for years, but rarely for life. Other species have breeding systems that are polygynous
("many females") or, rarely, polyandrous ("many males"). Eggs are usually laid in a nest
and incubated by the parents. Most birds have an extended period of parental care after
hatching.
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Many species are of economic importance, mostly as sources of food acquired through
hunting or farming. Some species, particularly songbirds and parrots, are popular as pets.
Other uses include the harvesting of guano (droppings) for use as a fertiliser. Birds figure
prominently in all aspects of human culture from religion to poetry to popular music.
About 120—-130 species have become extinct as a result of human activity since the 17th
century, and hundreds more before then. Currently about 1,200 species of birds are
threatened with extinction by human activities, though efforts are underway to protect
them.

Evolution and taxonomy

Archaeopteryx, the earliest known bird
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The first classification of birds was developed by Francis Willughby and John Ray in
their 1676 volume Ornithologiae. Carolus Linnaeus modified that work in 1758 to devise
the taxonomic classification system currently in use. Birds are categorised as the
biological class Aves in Linnaean taxonomy. Phylogenetic taxonomy places Aves in the
dinosaur clade Theropoda. Aves and a sister group, the clade Crocodilia, contain the only
living representatives of the reptile clade Archosauria. Phylogenetically, Aves is
commonly defined as all descendants of the most recent common ancestor of modern
birds and Archaeopteryx lithographica.

Archaeopteryx, from the Tithonian stage of the Late Jurassic (some 150—145 million
years ago), is the earliest known bird under this definition. Others, including Jacques
Gauthier and adherents of the Phylocode system, have defined Aves to include only the
modern bird groups, the crown group. This has been done by excluding most groups
known only from fossils, and assigning them, instead, to the Avialae in part to avoid the
uncertainties about the placement of Archaeopteryx in relation to animals traditionally
thought of as theropod dinosaurs.

All modern birds lie within the subclass Neornithes, which has two subdivisions: the
Palaecognathae, containing birds that are flightless (like ostriches) or weak fliers, and the
wildly diverse Neognathae, containing all other birds. These two subdivisions are often
given the rank of superorder, although Livezey and Zusi assigned them "cohort" rank.
Depending on the taxonomic viewpoint, the number of known living bird species varies
anywhere from 9,800 to 10,050.

Dinosaurs and the origin of birds

Confuciusornis, a Cretaceous bird from China
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Based on fossil and biological evidence, most scientists accept that birds are a specialized
sub-group of theropod dinosaurs. More specifically, they are members of Maniraptora, a
group of theropods which includes dromaeosaurs and oviraptorids, among others. As
scientists discover more non-avian theropods that are closely related to birds, the
previously clear distinction between non-birds and birds has become blurred. Recent
discoveries in the Liaoning Province of northeast China, which demonstrate that many
small theropod dinosaurs had feathers, contribute to this ambiguity.

The consensus view in contemporary paleontology is that the birds, Aves, are the closest
relatives of the deinonychosaurs, which include dromaeosaurids and troodontids.
Together, these three form a group called Paraves. The basal dromaeosaur Microraptor
has features which may have enabled it to glide or fly. The most basal deinonychosaurs
are very small. This evidence raises the possibility that the ancestor of all paravians may
have been arboreal, may have been able to glide, or both.

The Late Jurassic Archaeopteryx is well-known as one of the first transitional fossils to
be found and it provided support for the theory of evolution in the late 19th century.
Archaeopteryx has clearly reptilian characteristics: teeth, clawed fingers, and a long,
lizard-like tail, but it has finely preserved wings with flight feathers identical to those of
modern birds. It is not considered a direct ancestor of modern birds, but is the oldest and
most primitive known member of Aves or Avialae, and it is probably closely related to
the real ancestor.

Alternative theories and controversies

There have been many controversies in the study of the origin of birds. Early
disagreements included whether birds evolved from dinosaurs or more primitive
archosaurs. Within the dinosaur camp there were disagreements as to whether
ornithischian or theropod dinosaurs were the more likely ancestors. Although
ornithischian (bird-hipped) dinosaurs share the hip structure of modern birds, birds are
thought to have originated from the saurischian (lizard-hipped) dinosaurs, and therefore
evolved their hip structure independently. In fact, a bird-like hip structure evolved a third
time among a peculiar group of theropods known as the Therizinosauridae. A few
scientists suggest that birds are not dinosaurs, but evolved from early archosaurs like
Longisquama.

Early evolution of birds

Birds diversified into a wide variety of forms during the Cretaceous Period. Many groups
retained primitive characteristics, such as clawed wings and teeth, though the latter were
lost independently in a number of bird groups, including modern birds (Neornithes).
While the earliest forms, such as Archaeopteryx and Jeholornis, retained the long bony
tails of their ancestors, the tails of more advanced birds were shortened with the advent of
the pygostyle bone in the clade Pygostylia.
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The first large, diverse lineage of short-tailed birds to evolve were the Enantiornithes, or
"opposite birds", so named because the construction of their shoulder bones was in
reverse to that of modern birds. Enantiornithes occupied a wide array of ecological
niches, from sand-probing shorebirds and fish-eaters to tree-dwelling forms and seed-
eaters. More advanced lineages also specialised in eating fish, like the superficially gull-
like subclass of Ichthyornithes ("fish birds").

One order of Mesozoic seabirds, the Hesperornithiformes, became so well adapted to
hunting fish in marine environments that they lost the ability to fly and became primarily
aquatic. Despite their extreme specializations, the Hesperornithiformes represent some of
the closest relatives of modern birds.

Diversification of modern birds

Containing all modern birds, the subclass Neornithes is, due to the discovery of Vegavis,
now known to have evolved into some basic lineages by the end of the Cretaceous and is
split into two superorders, the Palacognathae and Neognathae. The paleognaths include
the tinamous of Central and South America and the ratites. The basal divergence from the
remaining Neognathes was that of the Galloanserae, the superorder containing the
Anseriformes (ducks, geese, swans and screamers) and the Galliformes (the pheasants,
grouse, and their allies, together with the mound builders and the guans and their allies).
The dates for the splits are much debated by scientists. It is agreed that the Neornithes
evolved in the Cretaceous, and that the split between the Galloanseri from other
Neognathes occurred before the K-T extinction event, but there are different opinions
about whether the radiation of the remaining Neognathes occurred before or after the
extinction of the other dinosaurs. This disagreement is in part caused by a divergence in
the evidence; molecular dating suggests a Cretaceous radiation, while fossil evidence
supports a Tertiary radiation. Attempts to reconcile the molecular and fossil evidence
have proved controversial.

The classification of birds is a contentious issue. Sibley and Ahlquist's Phylogeny and
Classification of Birds (1990) is a landmark work on the classification of birds, although
it is frequently debated and constantly revised. Most evidence seems to suggest that the
assignment of orders is accurate, but scientists disagree about the relationships between
the orders themselves; evidence from modern bird anatomy, fossils and DNA have all
been brought to bear on the problem, but no strong consensus has emerged. More
recently, new fossil and molecular evidence is providing an increasingly clear picture of
the evolution of modern bird orders.

Modern bird orders: Classification
This is a list of the taxonomic orders in the subclass Neornithes, or modern birds. This list
uses the traditional classification (the so-called Clements order), revised by the Sibley-

Monroe classification. The list of birds gives a more detailed summary of the orders,
including families.
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Subclass Neornithes
The subclass Neornithes has two superorders —

Superorder Palacognathae:

The name of the superorder is derived from 'paleognath’, the ancient Greek for "old jaws"
in reference to the skeletal anatomy of the palate, which is described as more primitive
and reptilian than that in other birds. The Palaeognathae consists of two orders which
comprise 49 existing species.

o Struthioniformes—ostriches, emus, kiwis, and allies
o Tinamiformes—tinamous

Superorder Neognathae:

The superorder Neognathae comprises 27 orders which have a total of nearly ten
thousand species. The Neognathae have undergone adaptive radiation to produce the
staggering diversity of form (especially of the bill and feet), function, and behavior that
are seen today.

The orders comprising the Neognathae are:

e Anseriformes—waterfowl

e Galliformes—fowl

o Charadriiformes—gulls, button-quails, plovers and allies
e Gaviiformes—Iloons

e Podicipediformes—grebes

e Procellariiformes—albatrosses, petrels, and allies
e Sphenisciformes—penguins

e Pelecaniformes—pelicans and allies

e Phaethontiformes—tropicbirds

e Ciconiiformes—storks and allies

e Cathartiformes—New World vultures

e Phoenicopteriformes—flamingos

o Falconiformes—falcons, eagles, hawks and allies
e Gruiformes—cranes and allies

e Pteroclidiformes—sandgrouse

e Columbiformes—doves and pigeons

o Psittaciformes—parrots and allies

e Cuculiformes—cuckoos and turacos

e Opisthocomiformes—hoatzin

e Strigiformes—owls

e Caprimulgiformes—nightjars and allies

e Apodiformes—swifts and hummingbirds

o Coraciiformes—kingfishers and allies

e Piciformes—woodpeckers and allies
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e Trogoniformes—trogons
e Coliiformes—mousebirds
e Passeriformes—passerines

The radically different Sibley-Monroe classification (Sibley-Ahlquist taxonomy), based
on molecular data, found widespread adoption in a few aspects, as recent molecular,
fossil, and anatomical evidence supported the Galloanserae.

Distribution

The range of the House Sparrow has expanded dramatically due to human activities.

Birds live and breed in most terrestrial habitats and on all seven continents, reaching their
southern extreme in the Snow Petrel's breeding colonies up to 440 kilometres (270 mi)
inland in Antarctica. The highest bird diversity occurs in tropical regions. It was earlier
thought that this high diversity was the result of higher speciation rates in the tropics,
however recent studies found higher speciation rates in the high latitudes that were offset
by greater extinction rates than in the tropics. Several families of birds have adapted to
life both on the world's oceans and in them, with some seabird species coming ashore
only to breed and some penguins have been recorded diving up to 300 metres (980 ft).

Many bird species have established breeding populations in areas to which they have
been introduced by humans. Some of these introductions have been deliberate; the Ring-
necked Pheasant, for example, has been introduced around the world as a game bird.
Others have been accidental, such as the establishment of wild Monk Parakeets in several
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North American cities after their escape from captivity. Some species, including Cattle
Egret, Yellow-headed Caracara and Galah, have spread naturally far beyond their original
ranges as agricultural practices created suitable new habitat.

Anatomy and physiology
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External anatomy of a bird: 1 Beak, 2 Head, 3 Iris, 4 Pupil, 5 Mantle, 6 Lesser coverts, 7
Scapulars, 8 Median coverts, 9 Tertials, 10 Rump, 11 Primaries, 12 Vent, 13 Thigh, 14
Tibio-tarsal articulation, 15 Tarsus, 16 Foot, 17 Tibia, 18 Belly, 19 Flanks, 20 Breast, 21
Throat, 22 Wattle

Compared with other vertebrates, birds have a body plan that shows many unusual
adaptations, mostly to facilitate flight.

The skeleton consists of very lightweight bones. They have large air-filled cavities
(called pneumatic cavities) which connect with the respiratory system. The skull bones in
adults are fused and do not show cranial sutures. The orbits are large and separated by a
bony septum. The spine has cervical, thoracic, lumbar and caudal regions with the
number of cervical (neck) vertebrae highly variable and especially flexible, but
movement is reduced in the anterior thoracic vertebrae and absent in the later vertebrae.
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The last few are fused with the pelvis to form the synsacrum. The ribs are flattened and
the sternum is keeled for the attachment of flight muscles except in the flightless bird
orders. The forelimbs are modified into wings.

Like the reptiles, birds are primarily uricotelic, that is, their kidneys extract nitrogenous
wastes from their bloodstream and excrete it as uric acid instead of urea or ammonia via
the ureters into the intestine. Birds do not have a urinary bladder or external urethral
opening and (with exception of the Ostrich) uric acid is excreted along with feces as a
semisolid waste. However, birds such as hummingbirds can be facultatively
ammonotelic, excreting most of the nitrogenous wastes as ammonia. They also excrete
creatine, rather than creatinine like mammals. This material, as well as the output of the
intestines, emerges from the bird's cloaca. The cloaca is a multi-purpose opening: waste
is expelled through it, birds mate by joining cloaca, and females lay eggs from it. In
addition, many species of birds regurgitate pellets. The digestive system of birds is
unique, with a crop for storage and a gizzard that contains swallowed stones for grinding
food to compensate for the lack of teeth. Most birds are highly adapted for rapid digestion
to aid with flight. Some migratory birds have adapted to use protein from many parts of
their bodies, including protein from the intestines, as additional energy during migration.

Birds have one of the most complex respiratory systems of all animal groups. Upon
inhalation, 75% of the fresh air bypasses the lungs and flows directly into a posterior air
sac which extends from the lungs and connects with air spaces in the bones and fills them
with air. The other 25% of the air goes directly into the lungs. When the bird exhales, the
used air flows out of the lung and the stored fresh air from the posterior air sac is
simultaneously forced into the lungs. Thus, a bird's lungs receive a constant supply of
fresh air during both inhalation and exhalation. Sound production is achieved using the
syrinx, a muscular chamber incorporating multiple tympanic membranes which diverges
from the lower end of the trachea. The bird's heart has four chambers and the right aortic
arch gives rise to systemic circulation (unlike in the mammals where the left arch is
involved). The postcava receives blood from the limbs via the renal portal system. Unlike
in mammals, the red blood cells in birds have a nucleus.

The nictitating membrane as it covers the eye of a Masked Lapwing
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The nervous system is large relative to the bird's size. The most developed part of the
brain is the one that controls the flight-related functions, while the cerebellum
coordinates movement and the cerebrum controls behaviour patterns, navigation, mating
and nest building. Most birds have a poor sense of smell with notable exceptions
including kiwis, New World vultures and tubenoses. The avian visual system is usually
highly developed. Water birds have special flexible lenses, allowing accommodation for
vision in air and water. Some species also have dual fovea. Birds are tetrachromatic,
possessing ultraviolet (UV) sensitive cone cells in the eye as well as green, red and blue
ones. This allows them to perceive ultraviolet light, which is involved in courtship. Many
birds show plumage patterns in ultraviolet that are invisible to the human eye; some birds
whose sexes appear similar to the naked eye are distinguished by the presence of
ultraviolet reflective patches on their feathers. Male Blue Tits have an ultraviolet
reflective crown patch which is displayed in courtship by posturing and raising of their
nape feathers. Ultraviolet light is also used in foraging—Xkestrels have been shown to
search for prey by detecting the UV reflective urine trail marks left on the ground by
rodents. The eyelids of a bird are not used in blinking. Instead the eye is lubricated by the
nictitating membrane, a third eyelid that moves horizontally. The nictitating membrane
also covers the eye and acts as a contact lens in many aquatic birds. The bird retina has a
fan shaped blood supply system called the pecten. Most birds cannot move their eyes,
although there are exceptions, such as the Great Cormorant. Birds with eyes on the sides
of their heads have a wide visual field, while birds with eyes on the front of their heads,
such as owls, have binocular vision and can estimate the depth of field. The avian ear
lacks external pinnae but is covered by feathers, although in some birds, such as the Asio,
Bubo and Otus owls, these feathers form tufts which resemble ears. The inner ear has a
cochlea, but it is not spiral as in mammals.

A few species are able to use chemical defenses against predators; some
Procellariiformes can eject an unpleasant oil against an aggressor, and some species of
pitohuis from New Guinea have a powerful neurotoxin in their skin and feathers.

Chromosomes

Birds have two sexes: male and female. The sex of birds is determined by the Z and W
sex chromosomes, rather than by the X and Y chromosomes present in mammals. Male
birds have two Z chromosomes (ZZ), and female birds have a W chromosome and a Z

chromosome (WZ).

In nearly all species of birds, an individual's sex is determined at fertilization. However,
one recent study demonstrated temperature-dependent sex determination among
Australian Brush-turkeys, for which higher temperatures during incubation resulted in a
higher female-to-male sex ratio.
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Feathers, plumage, and scales

The plumage of the African Scops Owl allows it to blend in with its surroundings.

Feathers are a feature characteristic of birds (though also present in some dinosaurs not
currently considered to be true birds). They facilitate flight, provide insulation that aids in
thermoregulation, and are used in display, camouflage, and signaling. There are several
types of feathers, each serving its own set of purposes. Feathers are epidermal growths
attached to the skin and arise only in specific tracts of skin called pterylae. The
distribution pattern of these feather tracts (pterylosis) is used in taxonomy and
systematics. The arrangement and appearance of feathers on the body, called plumage,
may vary within species by age, social status, and sex.

Plumage is regularly moulted; the standard plumage of a bird that has moulted after
breeding is known as the "non-breeding" plumage, or — in the Humphrey-Parkes
terminology — "basic" plumage; breeding plumages or variations of the basic plumage are
known under the Humphrey-Parkes system as "alternate" plumages. Moulting is annual
in most species, although some may have two moults a year, and large birds of prey may
moult only once every few years. Moulting patterns vary across species. In passerines,
flight feathers are replaced one at a time with the innermost primary being the first. When
the fifth of sixth primary is replaced, the outermost tertiaries begin to drop. After the
innermost tertiaries are moulted, the secondaries starting from the innermost begin to
drop and this proceeds to the outer feathers (centrifugal moult). The greater primary
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coverts are moulted in synchrony with the primary that they overlap. A small number of
species, such as ducks and geese, lose all of their flight feathers at once, temporarily
becoming flightless. As a general rule, the tail feathers are moulted and replaced starting
with the innermost pair. Centripetal moults of tail feathers are however seen in the
Phasianidae. The centrifugal moult is modified in the tail feathers of woodpeckers and
treecreepers, in that it begins with the second innermost pair of feathers and finishes with
the central pair of feathers so that the bird maintains a functional climbing tail. The
general pattern seen in passerines is that the primaries are replaced outward, secondaries
inward, and the tail from center outward. Before nesting, the females of most bird species
gain a bare brood patch by losing feathers close to the belly. The skin there is well
supplied with blood vessels and helps the bird in incubation.

Red Lory preening
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Feathers require maintenance and birds preen or groom them daily, spending an average
of around 9% of their daily time on this. The bill is used to brush away foreign particles
and to apply waxy secretions from the uropygial gland; these secretions protect the
feathers' flexibility and act as an antimicrobial agent, inhibiting the growth of feather-
degrading bacteria. This may be supplemented with the secretions of formic acid from
ants, which birds receive through a behaviour known as anting, to remove feather
parasites.

The scales of birds are composed of the same keratin as beaks, claws, and spurs. They are
found mainly on the toes and metatarsus, but may be found further up on the ankle in
some birds. Most bird scales do not overlap significantly, except in the cases of
kingfishers and woodpeckers. The scales of birds are thought to be homologous to those
of reptiles and mammals.

Flight

Restless Flycatcher in the downstroke of flapping flight

Most birds can fly, which distinguishes them from almost all other vertebrate classes.
Flight is the primary means of locomotion for most bird species and is used for breeding,
feeding, and predator avoidance and escape. Birds have various adaptations for flight,
including a lightweight skeleton, two large flight muscles, the pectoralis (which accounts
for 15% of the total mass of the bird) and the supracoracoideus, as well as a modified
forelimb (wing) that serves as an aerofoil. Wing shape and size generally determine a
bird species' type of flight; many birds combine powered, flapping flight with less
energy-intensive soaring flight. About 60 extant bird species are flightless, as were many
extinct birds. Flightlessness often arises in birds on isolated islands, probably due to
limited resources and the absence of land predators. Though flightless, penguins use
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similar musculature and movements to "fly" through the water, as do auks, shearwaters
and dippers.

Behaviour

Most birds are diurnal, but some birds, such as many species of owls and nightjars, are
nocturnal or crepuscular (active during twilight hours), and many coastal waders feed
when the tides are appropriate, by day or night.

Diet and feeding
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Feeding adaptations in beaks
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Birds' diets are varied and often include nectar, fruit, plants, seeds, carrion, and various
small animals, including other birds. Because birds have no teeth, their digestive system
is adapted to process unmasticated food items that are swallowed whole.

Birds that employ many strategies to obtain food or feed on a variety of food items are
called generalists, while others that concentrate time and effort on specific food items or
have a single strategy to obtain food are considered specialists. Birds' feeding strategies
vary by species. Many birds glean for insects, invertebrates, fruit, or seeds. Some hunt
insects by suddenly attacking from a branch. Those species that seek pest insects are
considered beneficial 'biological control agents' and their presence encouraged in
biological pest control programs. Nectar feeders such as hummingbirds, sunbirds, lories,
and lorikeets amongst others have specially adapted brushy tongues and in many cases
bills designed to fit co-adapted flowers. Kiwis and shorebirds with long bills probe for
invertebrates; shorebirds' varied bill lengths and feeding methods result in the separation
of ecological niches. Loons, diving ducks, penguins and auks pursue their prey
underwater, using their wings or feet for propulsion, while aerial predators such as sulids,
kingfishers and terns plunge dive after their prey. Flamingos, three species of prion, and
some ducks are filter feeders. Geese and dabbling ducks are primarily grazers.

Some species, including frigatebirds, gulls, and skuas, engage in kleptoparasitism,
stealing food items from other birds. Kleptoparasitism is thought to be a supplement to
food obtained by hunting, rather than a significant part of any species' diet; a study of
Great Frigatebirds stealing from Masked Boobies estimated that the frigatebirds stole at
most 40% of their food and on average stole only 5%. Other birds are scavengers; some
of these, like vultures, are specialised carrion eaters, while others, like gulls, corvids, or
other birds of prey, are opportunists.

Water and drinking

Water is needed by many birds although their mode of excretion and lack of sweat glands
reduces the physiological demands. Some desert birds can obtain their water needs
entirely from moisture in their food. They may also have other adaptations such as
allowing their body temperature to rise, saving on moisture loss from evaporative cooling
or panting. Seabirds can drink seawater and have salt glands inside the head that
eliminate excess salt out of the nostrils.

Most birds scoop water in their beaks and raise their head to let water run down the
throat. Some species, especially of arid zones, belonging to the pigeon, finch, mousebird,
button-quail and bustard families are capable of sucking up water without the need to tilt
back their heads. Some desert birds depend on water sources and sandgrouse are
particularly well-known for their daily congregations at waterholes. Nesting sandgrouse
carry water to their young by wetting their belly feathers.
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Migration

Many bird species migrate to take advantage of global differences of seasonal
temperatures, therefore optimising availability of food sources and breeding habitat.
These migrations vary among the different groups. Many landbirds, shorebirds, and
waterbirds undertake annual long distance migrations, usually triggered by the length of
daylight as well as weather conditions. These birds are characterised by a breeding season
spent in the temperate or arctic/antarctic regions and a non-breeding season in the tropical
regions or opposite hemisphere. Before migration, birds substantially increase body fats
and reserves and reduce the size of some of their organs. Migration is highly demanding
energetically, particularly as birds need to cross deserts and oceans without refuelling.
Landbirds have a flight range of around 2,500 km (1,600 mi) and shorebirds can fly up to
4,000 km (2,500 mi), although the Bar-tailed Godwit is capable of non-stop flights of up
to 10,200 km (6,300 mi). Seabirds also undertake long migrations, the longest annual
migration being those of Sooty Shearwaters, which nest in New Zealand and Chile and
spend the northern summer feeding in the North Pacific off Japan, Alaska and California,
an annual round trip of 64,000 km (39,800 mi). Other seabirds disperse after breeding,
travelling widely but having no set migration route. Albatrosses nesting in the Southern
Ocean often undertake circumpolar trips between breeding seasons.

The routes of satellite-tagged Bar-tailed Godwits migrating north from New Zealand.
This species has the longest known non-stop migration of any species, up to 10,200 km
(6,300 mi).
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Some bird species undertake shorter migrations, travelling only as far as is required to
avoid bad weather or obtain food. Irruptive species such as the boreal finches are one
such group and can commonly be found at a location in one year and absent the next.
This type of migration is normally associated with food availability. Species may also
travel shorter distances over part of their range, with individuals from higher latitudes
travelling into the existing range of conspecifics; others undertake partial migrations,
where only a fraction of the population, usually females and subdominant males,
migrates. Partial migration can form a large percentage of the migration behaviour of
birds in some regions; in Australia, surveys found that 44% of non-passerine birds and
32% of passerines were partially migratory. Altitudinal migration is a form of short
distance migration in which birds spend the breeding season at higher altitudes elevations
and move to lower ones during suboptimal conditions. It is most often triggered by
temperature changes and usually occurs when the normal territories also become
inhospitable due to lack of food. Some species may also be nomadic, holding no fixed
territory and moving according to weather and food availability. Parrots as a family are
overwhelmingly neither migratory nor sedentary but considered to either be dispersive,
irruptive, nomadic or undertake small and irregular migrations.

The ability of birds to return to precise locations across vast distances has been known for
some time; in an experiment conducted in the 1950s a Manx Shearwater released in
Boston returned to its colony in Skomer, Wales, within 13 days, a distance of 5,150 km
(3,200 mi). Birds navigate during migration using a variety of methods. For diurnal
migrants, the sun is used to navigate by day, and a stellar compass is used at night. Birds
that use the sun compensate for the changing position of the sun during the day by the use
of an internal clock. Orientation with the stellar compass depends on the position of the
constellations surrounding Polaris. These are backed up in some species by their ability to
sense the Earth's geomagnetism through specialised photoreceptors.

Communication

The startling display of the Sunbittern mimics a large predator.
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Birds communicate using primarily visual and auditory signals. Signals can be
interspecific (between species) and intraspecific (within species).

Birds sometimes use plumage to assess and assert social dominance, to display breeding
condition in sexually selected species, or to make threatening displays, as in the
Sunbittern's mimicry of a large predator to ward off hawks and protect young chicks.
Variation in plumage also allows for the identification of birds, particularly between
species. Visual communication among birds may also involve ritualised displays, which
have developed from non-signalling actions such as preening, the adjustments of feather
position, pecking, or other behaviour. These displays may signal aggression or
submission or may contribute to the formation of pair-bonds. The most elaborate displays
occur during courtship, where "dances" are often formed from complex combinations of
many possible component movements; males' breeding success may depend on the
quality of such displays.

Bird calls and songs, which are produced in the syrinx, are the major means by which
birds communicate with sound. This communication can be very complex; some species
can operate the two sides of the syrinx independently, allowing the simultaneous
production of two different songs. Calls are used for a variety of purposes, including mate
attraction, evaluation of potential mates, bond formation, the claiming and maintenance
of territories, the identification of other individuals (such as when parents look for chicks
in colonies or when mates reunite at the start of breeding season), and the warning of
other birds of potential predators, sometimes with specific information about the nature
of the threat. Some birds also use mechanical sounds for auditory communication. The
Coenocorypha snipes of New Zealand drive air through their feathers, woodpeckers drum
territorially, and Palm Cockatoos use tools to drum.
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Red-billed Queleas, the most numerous species of bird, form enormous flocks—
sometimes tens of thousands strong.

Flocking and other associations

While some birds are essentially territorial or live in small family groups, other birds may
form large flocks. The principal benefits of flocking are safety in numbers and increased
foraging efficiency. Defence against predators is particularly important in closed habitats
like forests, where ambush predation is common and multiple eyes can provide a valuable
early warning system. This has led to the development of many mixed-species feeding
flocks, which are usually composed of small numbers of many species; these flocks
provide safety in numbers but reduce potential competition for resources. Costs of
flocking include bullying of socially subordinate birds by more dominant birds and the
reduction of feeding efficiency in certain cases.

Birds sometimes also form associations with non-avian species. Plunge-diving seabirds
associate with dolphins and tuna, which push shoaling fish towards the surface. Hornbills
have a mutualistic relationship with Dwarf Mongooses, in which they forage together and
warn each other of nearby birds of prey and other predators.
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Resting and roosting

Many birds, like this American Flamingo, tuck their head into their back when sleeping

The high metabolic rates of birds during the active part of the day is supplemented by rest
at other times. Sleeping birds often use a type of sleep known as vigilant sleep, where
periods of rest are interspersed with quick eye-opening 'peeks', allowing them to be
sensitive to disturbances and enable rapid escape from threats. Swifts are believed to be
able to sleep in flight and radar observations suggest that they orient themselves to face
the wind in their roosting flight. It has been suggested that there may be certain kinds of
sleep which are possible even when in flight. Some birds have also demonstrated the
capacity to fall into slow-wave sleep one hemisphere of the brain at a time. The birds
tend to exercise this ability depending upon its position relative to the outside of the
flock. This may allow the eye opposite the sleeping hemisphere to remain vigilant for
predators by viewing the outer margins of the flock. This adaptation is also known from
marine mammals. Communal roosting is common because it lowers the loss of body heat
and decreases the risks associated with predators. Roosting sites are often chosen with
regard to thermoregulation and safety.

Many sleeping birds bend their heads over their backs and tuck their bills in their back
feathers, although others place their beaks among their breast feathers. Many birds rest on
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one leg, while some may pull up their legs into their feathers, especially in cold weather.
Perching birds have a tendon locking mechanism that helps them hold on to the perch
when they are asleep. Many ground birds, such as quails and pheasants, roost in trees. A
few parrots of the genus Loriculus roost hanging upside down. Some hummingbirds go
into a nightly state of torpor accompanied with a reduction of their metabolic rates. This
physiological adaptation shows in nearly a hundred other species, including owlet-
nightjars, nightjars, and woodswallows. One species, the Common Poorwill, even enters
a state of hibernation. Birds do not have sweat glands, but they may cool themselves by
moving to shade, standing in water, panting, increasing their surface area, fluttering their
throat or by using special behaviours like urohidrosis to cool themselves.

Breeding

Social systems

Like others of its family the male Raggiana Bird of Paradise has elaborate breeding
plumage used to impress females.
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Ninety-five percent of bird species are socially monogamous. These species pair for at
least the length of the breeding season or—in some cases—for several years or until the
death of one mate. Monogamy allows for biparental care, which is especially important
for species in which females require males' assistance for successful brood-rearing.
Among many socially monogamous species, extra-pair copulation (infidelity) is common.
Such behaviour typically occurs between dominant males and females paired with
subordinate males, but may also be the result of forced copulation in ducks and other
anatids. For females, possible benefits of extra-pair copulation include getting better
genes for her offspring and insuring against the possibility of infertility in her mate.
Males of species that engage in extra-pair copulations will closely guard their mates to
ensure the parentage of the offspring that they raise.

Other mating systems, including polygyny, polyandry, polygamy, polygynandry, and
promiscuity, also occur. Polygamous breeding systems arise when females are able to
raise broods without the help of males. Some species may use more than one system
depending on the circumstances.

Breeding usually involves some form of courtship display, typically performed by the
male. Most displays are rather simple and involve some type of song. Some displays,
however, are quite elaborate. Depending on the species, these may include wing or tail
drumming, dancing, aerial flights, or communal lekking. Females are generally the ones
that drive partner selection, although in the polyandrous phalaropes, this is reversed:
plainer males choose brightly coloured females. Courtship feeding, billing and
allopreening are commonly performed between partners, generally after the birds have
paired and mated.

Territories, nesting and incubation

Many birds actively defend a territory from others of the same species during the
breeding season; maintenance of territories protects the food source for their chicks.
Species that are unable to defend feeding territories, such as seabirds and swifts, often
breed in colonies instead; this is thought to offer protection from predators. Colonial
breeders defend small nesting sites, and competition between and within species for
nesting sites can be intense.
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Male Golden-backed Weavers construct elaborate suspended nests out of grass.

All birds lay amniotic eggs with hard shells made mostly of calcium carbonate. Hole and
burrow nesting species tend to lay white or pale eggs, while open nesters lay
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camouflaged eggs. There are many exceptions to this pattern, however; the ground-
nesting nightjars have pale eggs, and camouflage is instead provided by their plumage.
Species that are victims of brood parasites have varying egg colours to improve the
chances of spotting a parasite's egg, which forces female parasites to match their eggs to
those of their hosts.

Bird eggs are usually laid in a nest. Most species create somewhat elaborate nests, which
can be cups, domes, plates, beds scrapes, mounds, or burrows. Some bird nests, however,
are extremely primitive; albatross nests are no more than a scrape on the ground. Most
birds build nests in sheltered, hidden areas to avoid predation, but large or colonial
birds—which are more capable of defence—may build more open nests. During nest
construction, some species seek out plant matter from plants with parasite-reducing
toxins to improve chick survival, and feathers are often used for nest insulation. Some
bird species have no nests; the cliff-nesting Common Guillemot lays its eggs on bare
rock, and male Emperor Penguins keep eggs between their body and feet. The absence of
nests is especially prevalent in ground-nesting species where the newly hatched young
are precocial.

Nest of an Eastern Phoebe that has been parasitised by a Brown-headed Cowbird

Incubation, which optimises temperature for chick development, usually begins after the
last egg has been laid. In monogamous species incubation duties are often shared,
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whereas in polygamous species one parent is wholly responsible for incubation. Warmth
from parents passes to the eggs through brood patches, areas of bare skin on the abdomen
or breast of the incubating birds. Incubation can be an energetically demanding process;
adult albatrosses, for instance, lose as much as 83 grams (2.9 0z) of body weight per day
of incubation. The warmth for the incubation of the eggs of megapodes comes from the
sun, decaying vegetation or volcanic sources. Incubation periods range from 10 days (in
woodpeckers, cuckoos and passerine birds) to over 80 days (in albatrosses and kiwis).

Parental care and fledging

At the time of their hatching, chicks range in development from helpless to independent,
depending on their species. Helpless chicks are termed altricial, and tend to be born
small, blind, immobile and naked; chicks that are mobile and feathered upon hatching are
termed precocial. Altricial chicks need help thermoregulating and must be brooded for
longer than precocial chicks. Chicks at neither of these extremes can be semi-precocial or
semi-altricial.

A female Calliope Hummingbird feeding fully grown chicks

The length and nature of parental care varies widely amongst different orders and species.
At one extreme, parental care in megapodes ends at hatching; the newly hatched chick
digs itself out of the nest mound without parental assistance and can fend for itself
immediately. At the other extreme, many seabirds have extended periods of parental care,
the longest being that of the Great Frigatebird, whose chicks take up to six months to
fledge and are fed by the parents for up to an additional 14 months.
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In some species, both parents care for nestlings and fledglings; in others, such care is the
responsibility of only one sex. In some species, other members of the same species—
usually close relatives of the breeding pair, such as offspring from previous broods—will
help with the raising of the young. Such alloparenting is particularly common among the
Corvida, which includes such birds as the true crows, Australian Magpie and Fairy-
wrens, but has been observed in species as different as the Rifleman and Red Kite.
Among most groups of animals, male parental care is rare. In birds, however, it is quite
common—more so than in any other vertebrate class. Though territory and nest site
defence, incubation, and chick feeding are often shared tasks, there is sometimes a
division of labour in which one mate undertakes all or most of a particular duty.

The point at which chicks fledge varies dramatically. The chicks of the Synthliboramphus
murrelets, like the Ancient Murrelet, leave the nest the night after they hatch, following
their parents out to sea, where they are raised away from terrestrial predators. Some other
species, such as ducks, move their chicks away from the nest at an early age. In most
species, chicks leave the nest just before, or soon after, they are able to fly. The amount
of parental care after fledging varies; albatross chicks leave the nest on their own and
receive no further help, while other species continue some supplementary feeding after
fledging. Chicks may also follow their parents during their first migration.

Brood parasites

Reed Warbler raising a Common Cuckoo, a brood parasite.

WORLD TECHNOLOGIES




Brood parasitism, in which an egg-layer leaves her eggs with another individual's brood,
is more common among birds than any other type of organism. After a parasitic bird lays
her eggs in another bird's nest, they are often accepted and raised by the host at the
expense of the host's own brood. Brood parasites may be either obligate brood parasites,
which must lay their eggs in the nests of other species because they are incapable of
raising their own young, or non-obligate brood parasites, which sometimes lay eggs in
the nests of conspecifics to increase their reproductive output even though they could
have raised their own young. One hundred bird species, including honeyguides, icterids,
estrildid finches and ducks, are obligate parasites, though the most famous are the
cuckoos. Some brood parasites are adapted to hatch before their host's young, which
allows them to destroy the host's eggs by pushing them out of the nest or to kill the host's
chicks; this ensures that all food brought to the nest will be fed to the parasitic chicks.

Ecology

The South Polar Skua (left) is a generalist predator, taking the eggs of other birds, fish,
carrion and other animals. This skua is attempting to push an Adelie Penguin (right) off
its nest

Birds occupy a wide range of ecological positions. While some birds are generalists,
others are highly specialised in their habitat or food requirements. Even within a single
habitat, such as a forest, the niches occupied by different species of birds vary, with some
species feeding in the forest canopy, others beneath the canopy, and still others on the
forest floor. Forest birds may be insectivores, frugivores, and nectarivores. Aquatic birds
generally feed by fishing, plant eating, and piracy or kleptoparasitism. Birds of prey
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specialise in hunting mammals or other birds, while vultures are specialised scavengers.
Avivores are animals that are specialized at predating birds.

Some nectar-feeding birds are important pollinators, and many frugivores play a key role
in seed dispersal. Plants and pollinating birds often coevolve, and in some cases a
flower's primary pollinator is the only species capable of reaching its nectar.

Birds are often important to island ecology. Birds have frequently reached islands that
mammals have not; on those islands, birds may fulfill ecological roles typically played by
larger animals. For example, in New Zealand the moas were important browsers, as are
the Kereru and Kokako today. Today the plants of New Zealand retain the defensive
adaptations evolved to protect them from the extinct moa. Nesting seabirds may also
affect the ecology of islands and surrounding seas, principally through the concentration
of large quantities of guano, which may enrich the local soil and the surrounding seas.

A wide variety of Avian ecology field methods, including counts, nest monitoring, and
capturing and marking, are used for researching avian ecology.

Relationship with humans

Industrial farming of chickens
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Since birds are highly visible and common animals, humans have had a relationship with
them since the dawn of man. Sometimes, these relationships are mutualistic, like the
cooperative honey-gathering among honeyguides and African peoples such as the
Borana. Other times, they may be commensal, as when species such as the House
Sparrow have benefited from human activities. Several bird species have become
commercially significant agricultural pests, and some pose an aviation hazard. Human
activities can also be detrimental, and have threatened numerous bird species with
extinction (hunting, avian lead poisoning, pesticides, roadkill, and predation by pet cats
and dogs are common sources of death for birds).

Birds can act as vectors for spreading diseases such as psittacosis, salmonellosis,
campylobacteriosis, mycobacteriosis (avian tuberculosis), avian influenza (bird flu),
giardiasis, and cryptosporidiosis over long distances. Some of these are zoonotic diseases
that can also be transmitted to humans.

Economic importance

Domesticated birds raised for meat and eggs, called poultry, are the largest source of
animal protein eaten by humans; in 2003, 76 million tons of poultry and 61 million tons
of eggs were produced worldwide. Chickens account for much of human poultry
consumption, though turkeys, ducks, and geese are also relatively common. Many species
of birds are also hunted for meat. Bird hunting is primarily a recreational activity except
in extremely undeveloped areas. The most important birds hunted in North and South
America are waterfowl; other widely hunted birds include pheasants, wild turkeys, quail,
doves, partridge, grouse, snipe, and woodcock. Muttonbirding is also popular in Australia
and New Zealand. Though some hunting, such as that of muttonbirds, may be
sustainable, hunting has led to the extinction or endangerment of dozens of species.
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The use of cormorants by Asian fishermen is in steep decline but survives in some areas
as a tourist attraction.

Other commercially valuable products from birds include feathers (especially the down
of geese and ducks), which are used as insulation in clothing and bedding, and seabird
feces (guano), which is a valuable source of phosphorus and nitrogen. The War of the
Pacific, sometimes called the Guano War, was fought in part over the control of guano
deposits.

Birds have been domesticated by humans both as pets and for practical purposes.
Colourful birds, such as parrots and mynas, are bred in captivity or kept as pets, a
practice that has led to the illegal trafficking of some endangered species. Falcons and
cormorants have long been used for hunting and fishing, respectively. Messenger
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pigeons, used since at least 1 AD, remained important as recently as World War II.
Today, such activities are more common either as hobbies, for entertainment and tourism,
or for sports such as pigeon racing.

Amateur bird enthusiasts (called birdwatchers, twitchers or, more commonly, birders)
number in the millions. Many homeowners erect bird feeders near their homes to attract
various species. Bird feeding has grown into a multimillion dollar industry; for example,
an estimated 75% of households in Britain provide food for birds at some point during
the winter.

Religion, folklore and culture

"The 3 of Birds" by the Master of the Playing Cards, 15th century Germany

Birds play prominent and diverse roles in folklore, religion, and popular culture. In
religion, birds may serve as either messengers or priests and leaders for a deity, such as in
the Cult of Makemake, in which the Tangata manu of Easter Island served as chiefs, or as
attendants, as in the case of Hugin and Munin, two Common Ravens who whispered
news into the ears of the Norse god Odin. Priests were involved in augury, or interpreting
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the words of birds while the "auspex" (from which the word "auspicious" is derived)
watched their activities to foretell events. They may also serve as religious symbols, as
when Jonah (Hebrew: m%, dove) embodied the fright, passivity, mourning, and beauty
traditionally associated with doves. Birds have themselves been deified, as in the case of
the Common Peacock, which is perceived as Mother Earth by the Dravidians of India.
Some birds have also been perceived as monsters, including the mythological Roc and
the Maori's legendary Pouakai, a giant bird capable of snatching humans.

Birds have been featured in culture and art since prehistoric times, when they were
represented in early cave paintings. Birds were later used in religious or symbolic art and
design, such as the magnificent Peacock Throne of the Mughal and Persian emperors.
With the advent of scientific interest in birds, many paintings of birds were
commissioned for books. Among the most famous of these bird artists was John James
Audubon, whose paintings of North American birds were a great commercial success in
Europe and who later lent his name to the National Audubon Society. Birds are also
important figures in poetry; for example, Homer incorporated Nightingales into his
Odyssey, and Catullus used a sparrow as an erotic symbol in his Catullus 2. The
relationship between an albatross and a sailor is the central theme of Samuel Taylor
Coleridge's The Rime of the Ancient Mariner, which led to the use of the term as a
metaphor for a 'burden'. Other English metaphors derive from birds; vulture funds and
vulture investors, for instance, take their name from the scavenging vulture.

Perceptions of various bird species often vary across cultures. Owls are associated with
bad luck, witchcraft, and death in parts of Africa, but are regarded as wise across much of
Europe. Hoopoes were considered sacred in Ancient Egypt and symbols of virtue in
Persia, but were thought of as thieves across much of Europe and harbingers of war in
Scandinavia.
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Conservation

The California Condor once numbered only 22 birds, but conservation measures have
raised that to over 300 today.

Though human activities have allowed the expansion of a few species, such as the Barn
Swallow and European Starling, they have caused population decreases or extinction in
many other species. Over a hundred bird species have gone extinct in historical times,
although the most dramatic human-caused avian extinctions, eradicating an estimated
750-1800 species, occurred during the human colonisation of Melanesian, Polynesian,
and Micronesian islands. Many bird populations are declining worldwide, with 1,227
species listed as threatened by Birdlife International and the IUCN in 2009.
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The most commonly cited human threat to birds is habitat loss. Other threats include
overhunting, accidental mortality due to structural collisions or long-line fishing bycatch,
pollution (including oil spills and pesticide use), competition and predation from
nonnative invasive species, and climate change.

Governments and conservation groups work to protect birds, either by passing laws that
preserve and restore bird habitat or by establishing captive populations for
reintroductions. Such projects have produced some successes; one study estimated that
conservation efforts saved 16 species of bird that would otherwise have gone extinct
between 1994 and 2004, including the California Condor and Norfolk Parakeet.
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Chapter- 5

Reptiles

Reptiles
Temporal range: Mississippian - Recent 320-0 Ma

Clockwise from above left: Spectacled Caiman (Caiman crocodilus), Green Sea Turtle
(Chelonia mydas), Tuatara (Sphenodon punctatus) and Eastern Diamondback Rattlesnake
(Crotalus adamanteus).

Scientific classification

Kingdom: Animalia
Phylum: Chordata
Superclass: Tetrapoda
(unranked): Reptiliomorpha
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(unranked): Amniota

_ Reptilia
Class: Laurenti, 1768

Subgroups

e Anapsida (=Parareptilia?)

o Testudines (traditional)
o Eureptilia

o Crocodilia
Sphenodontia
Squamata
Testudines (molecular)

o O O

Reptiles are animals in the (Linnaean) class Reptilia. They are characterized by breathing
air, laying shelled eggs, and having skin covered in scales and/or scutes. Reptiles are
classically viewed as having a "cold-blooded" metabolism. They are tetrapods (either
having four limbs or being descended from four-limbed ancestors). Modern reptiles
inhabit every continent with the exception of Antarctica, and four living orders are
currently recognized:

e Crocodilia (crocodiles, gavials, caimans, and alligators): 23 species

e Sphenodontia (tuataras from New Zealand): 2 species

e Squamata (lizards, snakes, and worm lizards): approximately 7,900 species
e Testudines (turtles and tortoises): approximately 300 species

Contrary to amphibians, reptiles do not have an aquatic larval stage. As a rule, reptiles are
oviparous (egg-laying), although certain species of squamates are capable of giving live
birth. This is achieved by either ovoviviparity (egg retention) or viviparity (birth of
offspring without the development of calcified eggs). Many of the viviparous species
feed their fetuses through various forms of placenta analogous to those of mammals, with
some providing initial care for their hatchlings. Extant reptiles range in size from a tiny
gecko, Sphaerodactylus ariasae, that grows to only 1.6 cm (0.6 in) to the saltwater
crocodile, Crocodylus porosus, that may reach 6 m in length and weigh over 1,000 kg.
The science dealing with reptiles is called herpetology.
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Classification

History of classification

REPTILES

Reptiles, from Nouveau Larousse Illustré, 1897-1904
Linnaeus and the 18th century

The reptiles were from the outset of classification grouped with the amphibians.
Linnaeus, working from species-poor Sweden, where the common adder and grass snake
are often found hunting in water, included all reptiles and amphibians in class "III —
Amphibia" in his Systema Natura. The terms "reptile" and "amphibian" were largely
interchangeable, "reptile" (from Latin repere, "to creep") being preferred by the French.
Josephus Nicolaus Laurenti was the first to formally use the term "Reptilia" for an
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expanded selection of reptiles and amphibians basically similar to that of Linnaeus. It is
today stil common to treat the two groups under the same heading as herptiles.

The "Antediluvian monster"

An "Antediluvian monster", a Mosasaurus discovered in a Maastricht limestone quarry,
1770 (contemporary engraving)

Not until the beginning of the 19th century did it become clear that reptiles and
amphibians are in fact quite different animals, and Pierre André Latreille erected the class
Batracia (1825) for the latter, dividing the tetrapods into the four familiar classes of
reptiles, amphibians, birds and mammals.

The British anatomist Thomas Henry Huxley made Latreille's definition popular, and
together with Richard Owen expanded Reptilia to include the various fossil
“Antediluvian monsters”, including dinosaurs and the mammal-like (synapsid)
Dicynodon he helped describe. This was not the only possible classification scheme: In
the Hunterian lectures delivered at the Royal College of Surgeons in 1863, Huxley
grouped the vertebrates into Mammals, Sauroids, and Ichthyoids (the latter containing the
fishes and amphibians). He subsequently proposed the names of Sauropsida and
Ichthyopsida for the two.

The terms "Sauropsida" ("lizard faces") and "Theropsida" ("beast faces") were used again
in 1916 by E.S. Goodrich to distinguish between lizards, birds, and their relatives on the
one hand (Sauropsida) and mammals and their extinct relatives (Theropsida) on the other.
Goodrich supported this division by the nature of the hearts and blood vessels in each
group, and other features such as the structure of the forebrain. According to Goodrich,
both lineages evolved from an earlier stem group, the Protosauria ("first lizards") which
included some Paleozoic amphibians as well as early reptiles.
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In 1956 D.M.S. Watson observed that the first two groups diverged very early in reptilian
history, and so he divided Goodrich's Protosauria between them. He also reinterpreted the
Sauropsida and Theropsida to exclude birds and mammals, respectively. Thus his
Sauropsida included Procolophonia, Eosuchia, Millerosauria, Chelonia (turtles),
Squamata (lizards and snakes), Rhynchocephalia, Crocodilia, "thecodonts" (paraphyletic
basal Archosauria), non-avian dinosaurs, pterosaurs, ichthyosaurs, and sauropterygians.

Tetrapoda

Vertebrata

Reptiles (green field) are a paraphyletic group comprising all non-avian and non-
mammalian amniotes.

In 1866, Haeckel demonstrated that vertebrates could be divided based on their
reproductive strategies, and that reptiles, birds and mammals were united by the amniotic
egg. By the end of the 19th century, the class Reptilia had come to include all the
amniotes except birds and mammals. Thus reptiles were defined as the set of animals that
includes the extant crocodiles, alligators, tuatara, lizards, snakes, amphisbaenians, and
turtles, as well as fossil groups like dinosaurs, synapsids and the primitive pareiasaurs.
This is still the common definition of the term.

Skull openings in 20th century classification

The synapsid/sauropsid division supplemented, but was never as popular during the 20th
century as a Linneaean approach splitting the reptiles into four subclasses based on the
number and position of temporal fenestrae, openings in the sides of the skull behind the
eyes. This classification was initiated by Henry Fairfield Osborn and elaborated an made
popular by Romer's classic Vertebrate Paleontology. Those four subclasses were:
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e Anapsida —no fenestrae - cotylosaurs and Chelonia (turtles and relatives)

e Synapsida — one low fenestra - pelycosaurs and therapsids (the 'mammal-like
reptiles')

o Euryapsida — one high fenestra (above the postorbital and squamosal) -
protorosaurs (small, early lizard-like reptiles) and diverse marine reptiles like
plesiosaurs and ichthyosaurs, the latter called Parapsida in Osborn's work.

o Diapsida — two fenestrae - most reptiles, including lizards, snakes, crocodilians,
dinosaurs and pterosaurs

The composition of Euryapsida was uncertain. Ichthyosaurs were at times considered to
have arisen independently of the other euryapsids, and given the older name Parapsida.
Parapsida was later discarded as a group for the most part (ichthyosaurs being classified
as incertae sedis or with Euryapsida). This schema remained more or less universal for
non-specialist work throughout the 20th century, and has only been challenged with the
rising popularity of phylogenetic nomenclature.

Phylogenetics and modern definition

By the 21st century, most vertebrate paleontologists had adopted phylogenetic taxonomy,
in which all groups are defined in such a way as to be monophyletic; that is, groups
include all descendants of a particular ancestor. The reptiles as historically defined would
be paraphyletic, since they exclude both birds and mammals, although these also evolved
from the original reptile. Colin Tudge wrote:

Mammals are a clade, and therefore the cladists are happy to acknowledge the traditional
taxon Mammalia; and birds, too, are a clade, universally ascribed to the formal taxon
Aves. Mammalia and Aves are, in fact, subclades within the grand clade of the Amniota.
But the traditional class Reptilia is not a clade. It is just a section of the clade Amniota:
the section that is left after the Mammalia and Aves have been hived off. It cannot be
defined by synapomorphies, as is the proper way. It is instead defined by a combination
of the features it has and the features it lacks: reptiles are the amniotes that lack fur or
feathers. At best, the cladists suggest, we could say that the traditional Reptilia are non-
avian, non-mammalian amniotes'.

Despite the early proposals for a monophyletic Sauropsida, that term was never adopted
widely or, when it was, applied consistently. When Sauropsida was used, it often had the
same content or even the same definition as Reptilia. Reptilia was first defined as a clade
in 1988 by Gauthier, as a monophyletic node-based crown group containing turtles,
lizards and snakes, crocodilians, and birds, their common ancestor and all its descendants.
A variety of other definitions were proposed by other scientists in the years following
Gauthier's paper. The first which attempted to adhere to the standards of the PhyloCode
was published by Modesto and Anderson in 2004. They reviewed the many previous
definitions, and proposed a modified definition which they intended to retain most
traditional content of the group while keeping it stable and monophyletic. They defined
Reptilia as all amniotes closer to Lacerta agilis and Crocodylus niloticus than to Homo
sapiens. This stem-based definition is equivalent to that of Sauropsida, which Modesto
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and Anderson synonymized with Reptilia, since the latter is more well known and more
frequently used, despite their definition including birds.

Taxonomy
Classification to order level, after Benton, 2004.

e Series Amniota
o Class Synapsida
*  Order Pelycosauria*
=  Order Therapsida
* Class Mammalia
o Class Sauropsida
= Subclass Anapsida
*  Order Testudines (turtles)
= A series of unassigned anapsid families, corresponding to
Captorhinida, Mesosauria and Procolophonomorpha
= Subclass Diapsida
* Order Aracoscelidia
* Order Younginiformes
» Infraclass Ichthyosauria
= Infraclass Lepidosauromorpha
= Superorder Sauropterygia
=  Order Placodontia
*  Order Nothosauroidea
= Order Plesiosauria
= Superorder Lepidosauria
* Order Sphenodontia (tuatara)
»  Order Squamata (lizards & snakes)
= Infraclass Archosauromorpha
*  Order Prolacertiformes
» Division Archosauria
= Subdivision Crurotarsi
» Superorder Crocodylomorpha
* Order Crocodilia
*  Order Phytosauria
* Order Rauisuchia
*  Order Rhynchosauria
= Subdivision Avemetatarsalia
» Infradivision Ornithodira
*  Order Pterosauria
= Superorder Dinosauria
*  Order Saurischia

e Class Aves
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Evolutionary history

Rise of the reptiles

A early reptile Hylonomus

Mesozoic scene showing typical reptilian megafauna: the dinosaurs Europasaurus
holgeri and Iguanodon, and the early bird Archaeopteryx perched on the foreground tree

stump.
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Megalania was a giant, carnivorous goanna that might have grown to as long as 7 metres,
and weighed up to 1,940 kilograms (Molnar, 2004).

The origin of the reptiles lies about 320-310 million years ago, in the steaming swamps
of the late Carboniferous period, when the first reptiles evolved from advanced
reptiliomorph labyrinthodonts. The oldest known animal that may have been an amniote,
i.e. a primitive reptile rather than an advanced amphibian is Casineria. A series of
footprints from the fossil strata of Nova Scotia, dated to 315 million years show typical
reptilian toes and imprints of scales. The tracks are attributed to Hylonomus, the oldest
unquestionable reptile known. It was a small, lizard-like animal, about 20 to 30 cm (8-
12 in) long, with numerous sharp teeth indicating an insectivorous diet. Other examples
include Westlothiana (for the moment considered a reptiliomorph amphibian rather than a
true amniote) and Paleothyris, both of similar build and presumably similar habit. One of
the best known early reptiles is Mesosaurus, a genus from the early Permian that had
returned to water, feeding on fish. The earliest reptiles were largely overshadowed by
bigger labyrinthodont amphibians such as Cochleosaurus, and remained a small,
inconspicuous part of the fauna until after the small ice age at the end of the
Carboniferous.
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Anapsids, synapsids, diapsids and sauropsids

A

A = Anapsid, B = Synapsid, C = Diapsid

The first reptiles were anapsids, having a solid skull with holes for only nose, eyes, spinal
cord, etc. Very soon after the first reptiles appeared, they split into two branches. One
branch, Synapsida (including both "mammal-like reptiles" and modern, extant mammals
such as humans), had one opening in the skull roof behind each eye; the other branch,
Diapsida, possessed a hole in their skulls behind each eye, along with a second hole
located higher on the skull. The function of the holes in both groups was to lighten the
skull and give room for the jaw muscles to move, allowing for a more powerful bite.
Diapsids and later anapsids are classed as the "true reptiles", Sauropsida.
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Turtles have been traditionally believed to be surviving anapsids, on the basis of their
skull structure. The rationale for this classification was disputed, with some arguing that
turtles are diapsids that reverted to this primitive state in order to improve their armor.
Later morphological phylogenetic studies with this in mind placed turtles firmly within
Diapsida. All molecular studies have strongly upheld the placement of turtles within
diapsids, most commonly as a sister group to extant archosaurs.

Permian reptiles

With the close of the Carboniferous, reptiles became the dominant tetrapod fauna. While
the terrestrial reptiliomorph labyrinthodonts still existed, the synapsids evolved the first
truly terrestrial megafauna (giant animals) in the form of pelycosaurs such as
Edaphosaurus and the carnivorous Dimetrodon. In the mid-Permian period the climate
turned dryer, resulting in a change of fauna: The primitive pelycosaurs were replaced by
the more advanced therapsids.

The anapsid reptiles, whose massive skull roofs had no postorbital holes, continued and
flourished throughout the Permian. The pareiasaurs reached giant proportions in the late
Permian, eventually disappearing at the close of the period (the turtles being possible
survivors).

Early in the period, the diapsid reptiles split into two main lineages, the archosaurs
(forefathers of crocodiles and dinosaurs) and the lepidosaurs (predecessors of modern
snakes, lizards, and tuataras). Both groups remained lizard-like and relatively small and
inconspicuous during the Permian.

The Mesozoic era, the "Age of Reptiles"

The close of the Permian saw the greatest mass extinction known. Most of the earlier
anapsid/synapsid megafauna disappeared, being replaced by the archosauromorph
diapsids. The archosaurs were characterized by elongated hind legs and an erect pose, the
early forms looking somewhat like long-legged crocodiles. The archosaurs became the
dominant group during the Triassic period, developing into the well-known dinosaurs and
pterosaurs, as well as crocodiles and phytosaurs. Some of the dinosaurs developed into
the largest land animals ever to have lived, making the Mesozoic era popularly known as
the "Age of Reptiles". The dinosaurs also developed smaller forms, including the feather-
bearing smaller theropods. In the mid-Jurassic period, these gave rise to the first birds.

The lepidosauromorph diapsids may have been ancestral to the sea reptiles. These reptiles
developed into the sauropterygians in the early Triassic and the ichthyosaurs during the
Middle Triassic. The mosasaurs also evolved in the Mesozoic era, emerging during the
Cretaceous period.

The therapsids came under increasing pressure from the dinosaurs in the early Mesozoic

and developed into increasingly smaller and more nocturnal forms, the first mammals
being the only survivors of the line by the late Jurassic.
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Demise of the dinosaurs

The close of the Cretaceous period saw the demise of the Mesozoic era reptilian
megafauna. Of the large marine reptiles, only sea turtles are left, and, of the dinosaurs,
only the small feathered theropods survived in the form of birds. The end of the “Age of
Reptiles” led into the “Age of Mammals”. Despite the change in phrasing, reptile
diversification continued throughout the Cenozoic, with squamates undergoing a greater
radiation than they did in the Mesozoic. Today squamates make up the majority of extant
reptiles today (over 90%). There are approximately 8,700 extant species of reptiles,
compared with 5,400 species of mammals.

Systems

Circulation
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Thermographic image of a monitor lizard

Most reptiles have a three-chambered heart consisting of two atria, one variably
partitioned ventricle, and two aortas that lead to the systemic circulation. The degree of
mixing of oxygenated and deoxygenated blood in the three-chambered heart varies
depending on the species and physiological state. Under different conditions,
deoxygenated blood can be shunted back to the body or oxygenated blood can be shunted
back to the lungs. This variation in blood flow has been hypothesized to allow more
effective thermoregulation and longer diving times for aquatic species, but has not been
shown to be a fitness advantage.

There are some exceptions to the general physiology. For instance, crocodilians have an
anatomically four-chambered heart, but also have two systemic aortas and are therefore
capable of bypassing only their pulmonary circulation. Also, some snake and lizard
species (e.g., pythons and monitor lizards) have three-chambered hearts that become
functionally four-chambered hearts during contraction. This is made possible by a
muscular ridge that subdivides the ventricle during ventricular diastole and completely
divides it during ventricular systole. Because of this ridge, some of these squamates are
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capable of producing ventricular pressure differentials that are equivalent to those seen in
mammalian and avian hearts.

Metabolism
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Sustained energy output (Joule) of a typical reptile versus a similar size mammal as a
function of core body temperature. The mammal has a much higher peak output, but can
only function over a very narrow range of body temperatures.

All reptiles exhibit some form of cold-bloodedness (i.e. some mix of poikilothermy,
ectothermy, and bradymetabolism). This means that most reptiles have limited
physiological means of keeping the body temperature constant, and often rely on external
sources of heat. Due to a less stable core temperature than birds and mammals, reptilian
biochemistry requires enzymes capable of maintaining efficiency over a greater range of
temperatures than warm-blooded animals. The optimum body temperature range varies
with species, but is typically below that of warm-blooded animals, in the 24°-35°C range
for many lizards, while extreme heat adapted species like the American desert iguana
Dipsosaurus dorsalis can have optimal physiological temperatures in the mammalian
range, between 35 and 40°C. While the optimum temperature is often encountered when
the animal is active, the low basal metabolism makes body temperature drop rapidly
when the animal is inactive.

Like in all animals, reptilian muscle action produces heat. In large reptiles, like
leatherback turtles, the low surface to volume ratio allows this metabolically produced
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heat to keep the animals warmer than their environment, despite not having a warm-
blooded metabolism. This form of homeothermy is called gigantothermy, and has been
suggested as having been common in large dinosaurs and other extinct large-bodied
reptiles.

The benefits of a low resting metabolism is that it requires far less fuel to sustain bodily
functions. By using temperature variations in their surroundings or by remaining cold
when they do not need to move, reptiles can save considerable amounts of energy
compared to endotherm animals of the same size. A crocodile need from a fifth to a tenth
of the food necessary for a lion of the same weight, and can live half a year without
eating. Lower food requirements and adaptive metabolisms allow reptiles to dominate the
animal life in regions where net calorie production is too low to sustain large-bodied
mammals and birds.

It is generally assumed that reptiles are unable to produce the sustained high energy
output necessary for long distance chases or flying. Higher energetic capacity might have
been responsible for the evolution of warm-bloodedness in birds and mammals.
However, investigation of correlations between active capacity and thermophysiology
show a weak relationship. Most extant reptiles are carnivores with a sit-and-wait feeding
strategy, and whether reptiles are cold blooded due to their ecology, or if their
metabolism is a result of their ecology is not clear. Energetic studies on some reptiles
have shown active capacities equal to, or greater than similar sized warm-blooded
animals.

Respiration
Reptilian lungs

All reptiles breathe using lungs. Aquatic turtles have developed more permeable skin, and
some species have modified their cloaca to increase the area for gas exchange. Even with
these adaptations, breathing is never fully accomplished without lungs. Lung ventilation
is accomplished differently in each main reptile group. In squamates, the lungs are
ventilated almost exclusively by the axial musculature. This is also the same musculature
that is used during locomotion. Because of this constraint, most squamates are forced to
hold their breath during intense runs. Some, however, have found a way around it.
Varanids, and a few other lizard species, employ buccal pumping as a complement to
their normal "axial breathing." This allows the animals to completely fill their lungs
during intense locomotion, and thus remain aerobically active for a long time. Tegu
lizards are known to possess a proto-diaphragm, which separates the pulmonary cavity
from the visceral cavity. While not actually capable of movement, it does allow for
greater lung inflation, by taking the weight of the viscera off the lungs. Crocodilians
actually have a muscular diaphragm that is analogous to the mammalian diaphragm. The
difference is that the muscles for the crocodilian diaphragm pull the pubis (part of the
pelvis, which is movable in crocodilians) back, which brings the liver down, thus freeing
space for the lungs to expand. This type of diaphragmatic setup has been referred to as
the "hepatic piston."
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Turtles and tortoises

Red-eared slider taking a gulp of air

How turtles and tortoises breathe has been the subject of much study. To date, only a few
species have been studied thoroughly enough to get an idea of how turtles do it. The
results indicate that turtles and tortoises have found a variety of solutions to this problem.

The difficulty is that most turtle shells are rigid and do not allow for the type of
expansion and contraction that other amniotes use to ventilate their lungs. Some turtles
such as the Indian flapshell (Lissemys punctata) have a sheet of muscle that envelops the
lungs. When it contracts, the turtle can exhale. When at rest, the turtle can retract the
limbs into the body cavity and force air out of the lungs. When the turtle protracts its
limbs, the pressure inside the lungs is reduced, and the turtle can suck air in. Turtle lungs
are attached to the inside of the top of the shell (carapace), with the bottom of the lungs
attached (via connective tissue) to the rest of the viscera. By using a series of special
muscles (roughly equivalent to a diaphragm), turtles are capable of pushing their viscera
up and down, resulting in effective respiration, since many of these muscles have
attachment points in conjunction with their forelimbs (indeed, many of the muscles
expand into the limb pockets during contraction).
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Breathing during locomotion has been studied in three species, and they show different
patterns. Adult female green sea turtles do not breathe as they crutch along their nesting
beaches. They hold their breath during terrestrial locomotion and breathe in bouts as they
rest. North American box turtles breathe continuously during locomotion, and the
ventilation cycle is not coordinated with the limb movements. This is because they use
their abdominal muscles to breathe during locomotion. The last species to have been
studied is the red-eared slider, which also breathes during locomotion, but takes smaller
breaths during locomotion than during small pauses between locomotor bouts, indicating
that there may be mechanical interference between the limb movements and the breathing
apparatus. Box turtles have also been observed to breathe while completely sealed up
inside their shells.

Palate

Most reptiles lack a secondary palate, meaning that they must hold their breath while
swallowing. Crocodilians have evolved a bony secondary palate that allows them to
continue breathing while remaining submerged (and protect their brains against damage
by struggling prey). Skinks (family Scincidae) also have evolved a bony secondary
palate, to varying degrees. Snakes took a different approach and extended their trachea
instead. Their tracheal extension sticks out like a fleshy straw, and allows these animals
to swallow large prey without suffering from asphyxiation.

Skin

The foot of a skink, showing squamate reptiles iconic scales

Reptilian skin is covered in a horny epidermis, making it watertight and enabling reptiles
to live on dry land, in contrast to amphibians. Compared to mammalian skin, that of
reptiles is rather thin and lacks the thick dermal layer that produces leather in mammals.
Exposed parts of reptiles are protected by scales or scutes, sometimes with a bony base,
forming armor. In lepidosaurians such as lizards and snakes, the whole skin is covered in
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overlapping epidermal scales. Such scales were once thought to be typical of the class
Reptilia as a whole, but are now known to occur only in lepidosaurians. The scales found
in turtles and crocodiles are of dermal, rather than epidermal, origin and are properly
termed scutes. In turtles, the body is hidden inside a hard shell composed of fused scutes.

Lacking a thick dermis, reptilian leather is not as strong as mammalian leather. It is used
in leather-wares for decorative purposes for shoes, belts and handbags, particularly
crocodile skin. Due to reptiles lacking feathers or fur, reptiles are used as pets by people
with allergies.

Excretion

Excretion is performed mainly by two small kidneys. In diapsids, uric acid is the main
nitrogenous waste product; turtles, like mammals, excrete mainly urea. Unlike the
kidneys of mammals and birds, reptile kidneys are unable to produce liquid urine more
concentrated than their body fluid. This is because they lack a specialized structure called
a loop of Henle, which is present in the nephrons of birds and mammals,. Because of this,
many reptiles use the colon to aid in the reabsorption of water. Some are also able to take
up water stored in the bladder. Excess salts are also excreted by nasal and lingual salt
glands in some reptiles.

Digestion

Watersnake Malpolon monspessulanus eating a lizard. Most reptiles are carnivorous, and
many primarily eat other reptiles.
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Most reptiles are carnivorous and have rather simple and comparatively short digestive
tracts, meat being fairly simple to break down and digest. Digestion is slower than in
mammals, reflecting their lower resting metabolism and their inability to divide and
masticate their food. Their poikilotherm metabolism has very low energy requirements,
allowing large reptiles like crocodiles and the large constrictors to live from a single large
meal for months, digesting it slowly.

While modern reptiles are predominately carnivorous, during the early history of reptiles
several groups produced some herbivorous megafauna: in the Paleozoic the pareiasaurs
and the synapsid dicynodonts, and in the Mesozoic several lines of dinosaurs. Today the
turtles are the only predominantly herbivorous reptile group, but several lines of agamas
and iguanas have evolved to live wholly or partly on plants.

Herbivorous reptiles face the same problems of mastication as herbivorous mammals but,
lacking the complex teeth of mammals, many species swallow rocks and pebbles (so
called gastroliths) to aid in digestion: The rocks are washed around in the stomach,
helping to grind up plant matter. Fossil gastroliths have been found associated with
sauropods. Sea turtles, crocodiles, and marine iguanas also use gastroliths as ballast,
helping them to dive.

Nerves

The reptilian nervous system contains the same basic part of the amphibian brain, but the
reptile cerebrum and cerebellum are slightly larger. Most typical sense organs are well
developed with certain exceptions, most notably the snake's lack of external ears (middle
and inner ears are present). There are twelve pairs of cranial nerves. Due to their short
cochlea, reptiles use electrical tuning to expand their range of audible frequencies.

Reptiles are generally considered less intelligent than mammals and birds. The size of
their brain relative to their body is much less than that of mammals, the encephalization
quotient being about one tenth of that of mammals. Though larger reptiles show more
complex brain developement. Larger lizards like the monitors are known to exhibit
complex behavior, including cooperation. Crocodiles have relatively larger brains and
show a fairly complex social structure. The Komodo dragon is even known to engage in

play.
Vision

Most reptiles are diurnal animals. The vision is typically adapted to daylight conditions,
with color vision and more advanced visual depth perception than in amphibians and
most mammals. In some species, such as blind snakes, vision is reduced. Some snakes
have extra sets of visual organs (in the loosest sense of the word) in the form of pits
sensitive to infrared radiation (heat). Such heat-sensitive pits are particularly well
developed in the pit vipers, but are also found in boas and pythons. These pits allow the
snakes to sense the body heat of birds and mammals, enabling pit vipers to hunt rodents
in the dark.
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Reproduction

Most reptiles reproduce sexually such as this Trachylepis maculilabris skink
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Reptiles have amniotic eggs with hard or leathery shells, requiring internal fertilization.

Most reptiles reproduce sexually, though some are capable of asexual reproduction. All
reproductive activity occurs through the cloaca, the single exit/entrance at the base of the
tail where waste is also eliminated. Most reptiles have copulatory organs, which are
usually retracted or inverted and stored inside the body. In turtles and crocodilians, the
male has a single median penis, while squamates, including snakes and lizards, possess a
pair of hemipenes. Tuataras, however, lack copulatory organs, and so the male and
female simply press their cloacas together as the male excretes sperm.

Most reptiles lay amniotic eggs covered with leathery or calcareous shells. An amnion,
chorion, and allantois are present during embryonic life. There are no larval stages of
development. Viviparity and ovoviviparity have evolved only in squamates, and many
species, including all boas and most vipers, utilize this mode of reproduction. The degree
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of viviparity varies: some species simply retain the eggs until just before hatching, others
provide maternal nourishment to supplement the yolk, and yet others lack any yolk and
provide all nutrients via a structure similar to the mammalian placenta.

Asexual reproduction has been identified in squamates in six families of lizards and one
snake. In some species of squamates, a population of females is able to produce a
unisexual diploid clone of the mother. This form of asexual reproduction, called
parthenogenesis, occurs in several species of gecko, and is particularly widespread in the
teiids (especially Aspidocelis) and lacertids (Lacerta). In captivity, Komodo dragons
(Varanidae) have reproduced by parthenogenesis.

Parthenogenetic species are suspected to occur among chameleons, agamids, xantusiids,
and typhlopids.

Some reptiles exhibit temperature-dependent sex determination (TDSD), in which the
incubation temperature determines whether a particular egg hatches as male or female.
TDSD is most common in turtles and crocodiles, but also occurs in lizards and tuataras.
To date, there has been no confirmation of whether TDSD occurs in snakes.

Defense mechanisms

Many small reptiles such as snakes and lizards which live on the ground or in the water
are vulnerable to being preyed on by all kinds of carnivorous animals. Thus avoidance is
the most common form of defense in reptiles. At the first sign of danger, most snakes and
lizards crawl away into the undergrowth, and turtles and crocodiles will plunge into water
and sink out of sight.
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A camouflaged Phelsuma deubia on a palm frond

Reptiles may also avoid confrontation through camouflage. Using a variety of grays,
greens, and browns, these animals can blend remarkably well into the background of their
natural environment.

If the danger arises so suddenly that flight may be harmful, then crocodiles, turtles, some
lizards, and some snakes hiss loudly when confronted by an enemy. Rattlesnakes rapidly
vibrate the tip of the tail, which is composed of a series of nested, hollow beads.

If all this does not deter an enemy, different species will adopt different defensive tactics.

Snakes use a complicated set of behaviors when attacked. Some will first elevate their
head and spread out the skin of their neck in an effort to look bigger and more
threatening. Failure of this may lead to other measures practiced particularly by cobras,
vipers, and closely related species, who use venom to attack. The venom is modified
saliva, delivered through fangs from a venom gland. Some non-venomous snakes, such as
the corn snake, play dead when in danger.

When a crocodile is concerned about its safety, it will gape to expose the teeth and
yellow tongue. If this doesn't work, the crocodile gets a little more agitated and typically
begins to make hissing sounds. After this, the crocodile will start to change its posture
dramatically to make itself look more intimidating. The body is inflated to increase
apparent size. If absolutely necessary it may decide to attack an enemy.
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A White-headed dwarf gecko with shed tail

Some species try to bite immediately. Some will use their heads as sledgehammers and
literally smash an opponent, some will rush or swim toward the threat from a distance,
even chasing them onto land or galloping after them.

Geckos, skinks, and other lizards that are captured by the tail will shed part of the tail
structure through a process called autotomy and thus be able to flee. The detached tail
will continue to wiggle, creating a deceptive sense of continued struggle and distracting
the predator's attention from the fleeing prey animal. The animal can partially regenerate
its tail over a period of weeks. The new section will contain cartilage rather than bone,
and the skin may be distinctly discolored compared to the rest of the body. The tails are
often a separate and dramatically more vivid color then the rest of the body, as to attract
potential predators to strike for the tail first.
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Chapter- 6

Mammals

Mammals
Temporal range: Late Triassic — Recent, 220-0 Ma

- i =y

Clockwise from the upper left: giraffe, golden crown fruit bat, lion

$)

hedgehog
Scientific classification
Kingdom: Animalia
Phylum: Chordata
Superclass: Tetrapoda
(unranked): Mammaliaformes
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. Mammalia
Class: Linnaeus, 1758

Subgroups

e Subclass TAllotheria*

o Subclass Prototheria

e Subclass Theria
o Infraclass fTrituberculata
o Infraclass Metatheria
o Infraclass Eutheria

Mammals (formally Mammalia) are a class of air-breathing vertebrate animals
characterized by the possession of hair, three middle ear bones, a neocortex, and
mammary glands functional in mothers with young. Most mammals also possess sweat
glands and specialized teeth, and the largest group of mammals, the placentals, have a
placenta which feeds the offspring during gestation. The mammalian brain regulates
endothermic and circulatory systems, including a four-chambered heart. Mammals range
in size from the 30—40 millimeter (1- to 1.5-inch) Bumblebee Bat to the 33-meter (108-
foot) Blue Whale.

Depending on classification scheme, there are approximately 5,500 species (5,490,
according to the [IUCN Red List) of mammals, distributed in about 1,200 genera, 153
families, 29 orders divided into three infraclasses in two subclasses: the monotremes of
the sublclass Prototheria, and the marsupials and placentals or the subclass Theria. Except
for the five species of monotremes (which lay eggs), all mammal species give birth to
live young. Most mammals, including the six largest orders, belong to the placental
group. The three largest orders, in descending order, are Rodentia (mice, rats, porcupines,
beavers, capybaras, and other gnawing mammals), Chiroptera (bats), and Soricomorpha
(shrews, moles and solenodons). The next three largest orders include the Carnivora
(dogs, cats, weasels, bears, seals, and their relatives), the Cetartiodactyla (including the
even-toed hoofed mammals and the whales) and the Primates to which the human species
belongs.

The early synapsid mammalian ancestors, a group which included pelycosaurs such as
Dimetrodon, diverged from the amniote line that would lead to reptiles at the end of the
Carboniferous period. Although they were preceded by many diverse groups of non-
mammalian synapsids (sometimes misleadingly referred to as mammal-like reptiles), the
first true mammals appeared in the Triassic period. Modern mammalian orders appeared
in the Palacocene and Eocene epochs of the Palacogene period. Phylogenetically, the
clade Mammalia is defined as all descendants of the most recent common ancestor of
monotremes (e.g., echidnas and platypuses) and therian mammals (marsupials and
placentals). This means that some extinct groups of "mammals" are not members of the
crown group Mammalia, even though most of them have all the characteristics that
traditionally would have classified them as mammals. These "mammals" are now usually
placed in the unranked clade Mammaliaformes.

WORLD TECHNOLOGIES




Distinguishing features

Living mammal species can be identified by the presence of sweat glands, including
those that are specialized to produce milk. However, other features are required when
classifying fossils, since soft tissue glands and some other features are not visible in
fossils. Paleontologists use a distinguishing feature that is shared by all living mammals
(including monotremes), but is not present in any of the early Triassic synapsids:
mammals use two bones for hearing that were used for eating by their ancestors. The
earliest synapsids had a jaw joint composed of the articular (a small bone at the back of
the lower jaw) and the quadrate (a small bone at the back of the upper jaw). Most reptiles
including lizards, crocodilians, dinosaurs (and their descendants the birds) use this
system, as did non-mammalian synapsids such as therapsids. Mammals have a different
jaw joint, however, composed only of the dentary (the lower jaw bone which carries the
teeth) and the squamosal (another small skull bone). In mammals the quadrate and
articular bones have become the incus and malleus bones in the middle ear.

Mammals also have a double occipital condyle: they have two knobs at the base of the
skull which fit into the topmost neck vertebra, and other vertebrates have a single
occipital condyle. Paleontologists use only the jaw joint and middle ear as criteria for
identifying fossil mammals, since it would be confusing if they found a fossil that had
one feature, but not the other.

Classification

Distribution of Extant and Recently Extinct Mammal Species across Orders
(based on Wilson and Reeder, 2005: 5,416 spp. total)

¥ Rodentia

M Chiroptera
Soricomorpha

W Primates

W Carnivora
Artiodactyla

M Diprotodontia
Lagomorpha

W Didelphimorphia
Cetacea
Dasyuromorphia
Afrosoricida
Erinaceomorpha
Cingulata
Paramelemorphia
Scandentia

W Perissodactyla

W Macroscelidea

™ Pilosa
Pholidota

W Paucituberculata

B Monotremata

M Sirenia

W Hyracoidea

M Proboscidea

B Dermoptera

W Notoryctemorphia

W Microbiotheria

B Tubulidentata

Over 70% of mammal species are in the orders Rodentia (blue), Chiroptera (red), and
Soricomorpha (yellow)
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George Gaylord Simpson's "Principles of Classification and a Classification of
Mammals" (AMNH Bulletin v. 85, 1945) was the original source for the taxonomy listed
here. Simpson laid out a systematics of mammal origins and relationships that was
universally taught until the end of the 20th century. Since Simpson's classification, the
paleontological record has been recalibrated, and the intervening years have seen much
debate and progress concerning the theoretical underpinnings of systematization itself,
partly through the new concept of cladistics. Though field work gradually made
Simpson's classification outdated, it remained the closest thing to an official classification
of mammals.

Standardized textbook classification

A somewhat standardized classification system has been adopted by most current
mammalogy classroom textbooks. The following taxonomy of extant and recently extinct
mammals is from Vaughan et al. (2000).

Class Mammalia

e Subclass Prototheria: monotremes: platypuses and echidnas
e Subclass Theria: live-bearing mammals

o Infraclass Metatheria: marsupials

o Infraclass Eutheria: placentals

McKenna/Bell classification

In 1997, the mammals were comprehensively revised by Malcolm C. McKenna and
Susan K. Bell, which has resulted in the "McKenna/Bell classification".

McKenna and Bell, Classification of Mammals: Above the species level, (1997) is the
most comprehensive work to date on the systematics, relationships, and occurrences of all
mammal taxa, living and extinct, down through the rank of genus. The new
McKenna/Bell classification was quickly accepted by paleontologists, though recent
molecular genetic data challenge several of the higher level groupings. The authors work
together as paleontologists at the American Museum of Natural History, New York.
McKenna inherited the project from Simpson and, with Bell, constructed a completely
updated hierarchical system, covering living and extinct taxa that reflects the historical
genealogy of Mammalia.

The McKenna/Bell hierarchical listing of all of the terms used for mammal groups above
the species includes extinct mammals as well as modern groups, and introduces some fine
distinctions such as legions and sublegions (ranks which fall between classes and orders)
that are likely to be glossed over by the nonprofessionals.

The published re-classification forms both a comprehensive and authoritative record of
approved names and classifications and a list of invalid names.
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Extinct groups are represented by a cross (7).
Class Mammalia

e Subclass Prototheria: monotremes: echidnas and the Platypus
e Subclass Theriiformes: live-bearing mammals and their prehistoric relatives
o Infraclass fAllotheria: multituberculates
o Infraclass Triconodonta: triconodonts
o Infraclass Holotheria: modern live-bearing mammals and their prehistoric
relatives
» Supercohort Theria: live-bearing mammals
» Cohort Marsupialia: marsupials
= Magnorder Australidelphia: Australian marsupials
and the Monito del Monte
= Magnorder Ameridelphia: New World marsupials
= Cohort Placentalia: placentals
= Magnorder Xenarthra: xenarthrans
» Magnorder Epitheria: epitheres
= Grandorder Anagalida: lagomorphs, rodents,
and elephant shrews
= Grandorder Ferae: carnivorans, pangolins,
tcreodonts, and relatives
= Grandorder Lipotyphla: insectivorans
= Grandorder Archonta: bats, primates,
colugos, and treeshrews
» Grandorder Ungulata: ungulates
*  Order Tubulidentata incertae sedis:
aardvark
= Mirorder Eparctocyona:
tcondylarths, whales, and
artiodactyls (even-toed ungulates)
= Mirorder fMeridiungulata: South
American ungulates
= Mirorder Altungulata: perissodactyls
(odd-toed ungulates), elephants,
manatees, and hyraxes

Molecular classification of placentals

Molecular studies based on DNA analysis have suggested new relationships among
mammal families over the last few years. Most of these findings have been independently
validated by retrotransposon presence/absence data. The most recent classification
systems based on molecular studies have proposed four groups or lineages of placental
mammals. Molecular clocks suggest that these clades diverged from early common
ancestors in the Cretaceous, but fossils have not yet been found to corroborate this
hypothesis. These molecular findings are consistent with mammal zoogeography:
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Following molecular DNA sequence analyses, the first divergence was that of the
Afrotheria 110-100 million years ago. The Afrotheria proceeded to evolve and diversify
in the isolation of the African-Arabian continent. The Xenarthra, isolated in South
America, diverged from the Boreoeutheria approximately 100—95 million years ago.
According to an alternative view, the Xenarthra has the Afrotheria as closest allies,
forming the Atlantogenata as sistergroup to Boreoeutheria. The Boreoeutheria split into
the Laurasiatheria and Euarchontoglires between 95 and 85 mya; both of these groups
evolved on the northern continent of Laurasia. After tens of millions of years of relative
isolation, Africa-Arabia collided with Eurasia, exchanging Afrotheria and Boreoeutheria.
The formation of the Isthmus of Panama linked South America and North America,
which facilitated the exchange of mammal species in the Great American Interchange.
The traditional view that no placental mammals reached Australasia until about 5 million
years ago when bats and murine rodents arrived has been challenged by recent evidence
and may need to be reassessed. These molecular results are still controversial because
they are not reflected by morphological data, and thus not accepted by many systematists.
Further there is some indication from retrotransposon presence/absence data that the
traditional Epitheria hypothesis, suggesting Xenarthra as the first divergence, might be
true. With the old order Insectivora shown to be polyphylectic and more properly
subdivided (as Afrosoricida, Erinaceomorpha, and Soricomorpha), the following
classification for placental mammals contains 21 orders:

o Clade Atlantogenata
o Group I: Afrotheria
* Clade Afroinsectiphilia
* Order Macroscelidea: elephant shrews (Africa)
* Order Afrosoricida: tenrecs and golden moles (Africa)
* Order Tubulidentata: aardvark (Africa south of the Sahara)
= Clade Paenungulata
» Order Hyracoidea: hyraxes or dassies (Africa, Arabia)
= Order Proboscidea: elephants (Africa, Southeast Asia)
» Order Sirenia: dugong and manatees (cosmopolitan
tropical)
o Group II: Xenarthra
= Order Pilosa: sloths and anteaters (Neotropical)
*  Order Cingulata: armadillos (Americas)
e Clade Boreoeutheria
o Group III: Euarchontoglires (Supraprimates)
=  Superorder Euarchonta
* Order Scandentia: treeshrews (Southeast Asia).
*  Order Dermoptera: flying lemurs or colugos (Southeast
Asia)
=  Order Primates: lemurs, bushbabies, monkeys, apes
(cosmopolitan), humans
= Superorder Glires
= Order Lagomorpha: pikas, rabbits, hares (Eurasia, Africa,
Americas)
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*  Order Rodentia: rodents (cosmopolitan)
o Group IV: Laurasiatheria
= Order Erinaceomorpha: hedgehogs
= Order Soricomorpha: moles, shrews, solenodons
= Clade Ferungulata
* (Clade Cetartiodactyla
* Order Cetacea: whales, dolphins and porpoises
= Order Artiodactyla: even-toed ungulates, including
pigs, hippopotamus, camels, giraffe, deer, antelope,
cattle, sheep, goats
= Clade Pegasoferae
=  Order Chiroptera: bats (cosmopolitan)
= Clade Zooamata
= Order Perissodactyla: odd-toed ungulates,
including horses, donkeys, zebras, tapirs,
and rhinoceroses
= Clade Ferae
= Order Pholidota: pangolins or scaly
anteaters (Africa, South Asia)
* Order Carnivora: carnivores
(cosmopolitan)

Evolution

The original synapsid skull structure contains one temporal opening behind the orbitals,
in a fairly low position on the skull (lower right in this image). This might have assisted
in the containing the jaw muscles of these organisms that could have increased their
biting strength.
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The first fully terrestrial vertebrates were amniotes. Like amphibians, they have lungs and
limbs. Amniotes' eggs, however, have internal membranes which allow the developing
embryo to breathe but keep water in. Hence amniotes can lay eggs on dry land, while
amphibians generally need to lay their eggs in water.

The first amniotes apparently arose in the late Carboniferous. They descended from
earlier tetrapods, which lived on land already inhabited by insects, and other
invertebrates, and by ferns, mosses, and other plants. Within a few million years two
important amniote lineages became distinct: the synapsids, which include mammals; and
the sauropsids, which include lizards, snakes, crocodilians, dinosaurs and birds.
Synapsids have a single hole (temporal fenestra) low on each side of the skull.

One synapsid group, the pelycosaurs, were the most common land vertebrates of the early
Permian and included the largest land animals of the time.

Therapsids descended from pelycosaurs in the middle Permian, about 260M years ago,
and took over their position as the dominant land vertebrates. They differ from
pelycosaurs in several features of the skull and jaws, including: larger temporal fenestrae
and incisors which are equal in size. The therapsids went through a series of stages,
beginning with animals which were very like their pelycosaur ancestors and ending with
the Triassic cynodonts, some of which could easily be mistaken for mammals. Those
stages were characterized by:

o gradual development of a bony secondary palate.

e progress towards an erect limb posture, which would increase the animals'
stamina by avoiding Carrier's constraint. But this process was slow and erratic —
for example: all herbivorous non-mammaliaform therapsids retained sprawling
limbs (some late forms may have had semi-erect hind limbs); Permian
carnivorous therapsids had sprawling forelimbs, and some late Permian ones also
had semi-sprawling hindlimbs. In fact modern monotremes still have semi-
sprawling limbs.

o the dentary gradually becoming the main bone of the lower jaw; and in the
Triassic, progress towards the fully mammalian jaw (the lower consisting only of
the dentary) and middle ear (which is constructed by the bones that were
previously used to construct the jaws of Reptiles)

o there is possible evidence of hair in Triassic therapsids, but none for Permian
therapsids.

e some scientists have argued that some Triassic therapsids show signs of lactation.

The Permian—Triassic extinction event ended the dominance of the therapsids, and in the
Early Triassic all the medium to large land animal niches were taken over by early
archosaurs, which were the ancestors of crocodilians, pterosaurs, dinosaurs and birds.
After this "Triassic Takeover" the cynodonts and their descendants could only survive as
small, mainly nocturnal insectivores.
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The first true mammals appeared in the Late Triassic (ca. 200 million years ago),
over 70 million years after the first therapsids and approximately 30 million years after
the first mammaliaformes. Hadrocodium appears to be in the middle of the transition to
true mammal status — it had a mammalian jaw joint (formed by the dentary and
squamosal bones), but there is some debate about whether its middle ear was fully
mammalian. The majority of the mammal species that existed in the Mesozoic Era were
characterized by Multituberculates.

The earliest known monotreme is Teinolophos, which lived about 123M years ago in
Australia. Monotremes have some features which may be inherited from the original
amniotes:

o they use the same orifice to urinate, defecate and reproduce ("monotreme" means
"one hole") — as lizards and birds also do.

o they lay eggs which are leathery and uncalcified, like those of lizards, turtles and
crocodilians.

Unlike other mammals, female monotremes do not have nipples and feed their young by
"sweating" milk from patches on their bellies.

The oldest known marsupial is Sinodelphys, found in 125M-year old early Cretaceous

shale in China's northeastern Liaoning Province. The fossil is nearly complete and
includes tufts of fur and imprints of soft tissues.
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Reconstruction based on Megalonyx jeffersonii, lowa Museum of Natural History,
University of lowa.

The living Eutheria ("true beasts") are all placentals. But the earliest known eutherian,
Eomaia, found in China and dated to 125M years ago, obtained some features which are
more like those of marsupials, which suggested it was perhaps a transitional fossil that
eventually give rise to the placental lineage (the surviving metatherians):

o Epipubic bones extending forwards from the pelvis, which are not found in any
modern placental, but are found in marsupials, monotremes and mammaliformes
such as multituberculates. In other words, they appear to be an ancestral feature
which subsequently disappeared in the placental lineage. These epipubic bones
seem to function by stiffening the muscles of these animals during locomotion,
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reducing the amount of space being presented, which placentals require to contain
their fetus during gestation periods.

e A narrow pelvic outlet, which indicates that the young were very small at birth
and therefore pregnancy was short, as in modern marsupials. This suggests that
the placenta was a later development.

It is not certain when true placental mammals evolved — the earliest undisputed fossils of
placentals come from the early Paleocene, after the extinction of the dinosaurs.

Mammals and near-mammals expanded out of their nocturnal insectivore niche from the
mid Jurassic onwards — for example Casforocauda had adaptations for swimming,
digging and catching fish.

The traditional view is that: mammals only took over the medium- to large-sized
ecological niches in the Cenozoic, after the extinction of the dinosaurs; but then they
diversified very quickly; for example the earliest known bat dates from about 50M years
ago, only 15M years after the extinction of the dinosaurs.

On the other hand recent molecular phylogenetic studies suggest that most placental
orders diverged about 100M to 85M years ago, but that modern families first appeared in
the late Eocene and early Miocene But paleontologists object that no placental fossils
have been found from before the end of the Cretaceous.

During the Cenozoic several groups of mammals appeared which were much larger than
their nearest modern equivalents — but none was even close to the size of the largest
dinosaurs with similar feeding habits.

Earliest appearances of features

Hadrocodium, whose fossils date from the early Jurassic (approx. 195 million years ago),
provides the first clear evidence of fully mammalian jaw joints.

It has been suggested that the original function of lactation (milk production) was to keep
eggs moist. Much of the argument is based on monotremes (egg-laying mammals):

The earliest clear evidence of hair or fur is in fossils of Castorocauda, from 164M years
ago in the mid Jurassic. From 1955 onwards some scientists have interpreted the
foramina (passages) in the maxillae (upper jaws) and premaxillae (small bones in front of
the maxillae) of cynodonts as channels which supplied blood vessels and nerves to
vibrissae (whiskers), and suggested that this was evidence of hair or fur. But foramina do
not necessarily show that an animal had vibrissae — for example the modern lizard
Tupinambis has foramina which are almost identical to those found in the non-
mammalian cynodont Thrinaxodon.
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American Lion was one of the abundant Pleistocene megafauna, a wide variety of very
large mammals that lived during the Pleistocene and went extinct about 10,000 years ago.

The evolution of erect limbs in mammals is incomplete — living and fossil monotremes
have sprawling limbs. In fact some scientists think that the parasagittal (non-sprawling)
limb posture is a synapomorphy (distinguishing characteristic) of the Boreosphenida, a
group which contains the Theria and therefore includes the last common ancestor of
modern marsupial and placentals — and therefore that all earlier mammals had sprawling
limbs. Sinodelphys (the earliest known marsupial) and Eomaia (the earliest known
eutherian) lived about 125M years ago, so erect limbs must have evolved before then.

It is currently very difficult to be confident when endothermy first appeared in the
evolution of mammals. Modern monotremes have a lower body temperature and more
variable metabolic rate than marsupials and placentals. So the main question is when a
monotreme-like metabolism evolved in mammals. The evidence found so far suggests
Triassic cynodonts may have had fairly high metabolic rates, but is not conclusive. In
particular it is difficult to see how small animals can maintain a high and stable body
temperature without fur.

Anatomy and morphology

Skeletal system

The majority of mammals have seven cervical vertebrae (bones in the neck); this includes
bats, giraffes, whales, and humans. The few exceptions include the manatee and the two-

toed sloth, which have only six cervical vertebrae, and the three-toed sloth with nine
cervical vertebrae.
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Respiratory system

The lungs of mammals have a spongy texture and are honeycombed with epithelium
having a much larger surface area in total than the outer surface area of the lung itself.
The lungs of humans are typical of this type of lung.

Breathing is largely driven by the muscular diaphragm which divides the thorax from the
abdominal cavity, forming a dome with its convexity towards the thorax. Contraction of
the diaphragm flattens the dome increasing the volume of the cavity in which the lung is
enclosed. Air enters through the oral and nasal cavities; it flows through the larynx,
trachea and bronchi and expands the alveoli. Relaxation of the diaphragm has the
opposite effect, passively recoiling during normal breathing. During exercise, the
abdominal wall contracts, increasing visceral pressure on the diaphragm, thus forcing the
air out more quickly and forcefully. The rib cage itself also is able to expand and contract
the thoracic cavity to some degree, through the action of other respiratory and accessory
respiratory muscles. As a result, air is sucked into or expelled out of the lungs, always
moving down its pressure gradient. This type of lung is known as a bellows lung as it
resembles a blacksmith's bellows.

Nervous system

All mammalian brains possess a neocortex, a brain region that is unique to mammals.
Placental mammals have a corpus callosum unlike monotremes and marsupials. The size
and number of cortical areas (Brodmann's areas) is least in monotremes (about 8-10) and
most in placentals (up to 50).

Integumentary system

The integumentary system is made up of three layers: the outermost epidermis, the
dermis, and the hypodermis.

The epidermis is typically ten to thirty cells thick, its main function being to provide a
waterproof layer. Its outermost cells are constantly lost; its bottommost cells are
constantly dividing and pushing upward. The middle layer, the dermis, is fifteen to forty
times thicker than the epidermis. The dermis is made up of many components such as
bony structures and blood vessels. The hypodermis is made up of adipose tissue. Its job is
to store lipids, and to provide cushioning and insulation. The thickness of this layer varies
widely from species to species.

Although mammals and other animals have cilia that superficially may resemble it, no
other animals except mammals have hair. It is a definitive characteristic of the class.
Some mammals have very little, but nonetheless, careful examination reveals the
characteristic, often in obscure parts of their bodies. None are known to have hair that
naturally is blue or green in color although some cetaceans, along with the mandrills
appear to have shades of blue skin. Many mammals are indicated as having blue hair or
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fur, but in all known cases, it has been found to be a shade of gray. The two-toed sloth
and the polar bear may seem to have green fur, but this color is caused by algae growths.

Reproductive system

Goat kids will stay with their mother until they are weaned

Most mammals give birth to live young (vivipary), but a few, namely the monotremes,
lay eggs. The platypus and the echidna present a particular sex determination system that
is different from other vertebrates.

Certain glands of mammals known as mammary glands are specialized to produce milk, a
liquid used by newborns as their primary source of nutrition. The monotremes branched
early from other mammals and do not have the nipples seen in most mammals, but they
do have mammary glands.

Viviparous mammals are classified into the subclass Theria and are divided into two
infraclasses: Metatheria (of which only the Marsupialia survive), and Eutheria.
Marsupialia, or marsupials, have short gestation periods and give birth to undeveloped
young which are contained within a pouch-like sac (marsupium) located in front of the
mothers' abdomen. Eutherians, commonly known as placentals, are mammals that give
birth to complete and fully developed young. This is usually characterized by long
gestation periods. The majority of mammal species are classified as eutherians.
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Physiology
Endothermy

Nearly all mammals are endothermic ("warm-blooded"). Most mammals also have hair to
help keep them warm. Like birds, mammals can forage or hunt in cold weather and
climates where non-avian reptiles and large insects cannot.

Endothermy requires plenty of food energy, so pound for pound mammals eat more food
than most reptiles. Small insectivorous mammals eat prodigious amounts for their size.

A rare exception, the naked mole rat produces little metabolic heat, so it is considered an
operational poikilotherm . Birds are also endothermic, so endothermy is not a defining
mammalian feature.

Intelligence

In intelligent mammals, such as primates, the cerebrum is larger relative to the rest of the
brain. Intelligence itself is not easy to define, but indications of intelligence include the
ability to learn, matched with behavioral flexibility. Rats, for example, are considered to
be highly intelligent as they can learn and perform new tasks, an ability that may be
important when they first colonize a fresh habitat. In some mammals, food gathering
appears to be related to intelligence: a deer feeding on plants has a brain smaller than a
cat, which must think to outwit its prey.

Locomotion
Mammals evolved from four-legged ancestors. They use their limbs to walk, climb,
swim, and fly. Some land mammals have toes that produce claws and hooves for

climbing and running. Aquatic mammals such as whales and dolphins have flippers
which evolved from legs.
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Terrestrial

The fastest land animal, the cheetah can reach 120 kmh (75 mph)
Arboreal
Sloths travel slowly along branches rather than swinging energetically like monkeys.
Aquatic

Buoyed by their aquatic environment, whales have evolved into the largest mammals and
indeed the largest animals ever.
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Aerial

Townsend's Big-eared Bat, Corynorhinus townsendii

Feeding

To maintain a high constant body temperature is energy expensive — mammals therefore
need a nutritious and plentiful diet. While the earliest mammals were probably predators,
different species have since adapted to meet their dietary requirements in a variety of
ways. Some eat other animals — this is a carnivorous diet (and includes insectivorous
diets). Other mammals, called herbivores, eat plants. A herbivorous diet includes sub-
types such as fruit-eating and grass-eating. An omnivore eats both prey and plants.
Carnivorous mammals have a simple digestive tract, because the proteins, lipids, and
minerals found in meat require little in the way of specialized digestion. Plants, on the
other hand, contain complex carbohydrates, such as cellulose. The digestive tract of an
herbivore is therefore host to bacteria that ferment these substances, and make them
available for digestion. The bacteria are either housed in the multi-chambered stomach or
in a large cecum. The size of an animal is also a factor in determining diet type. Since
small mammals have a high ratio of heat-losing surface area to heat-generating volume,
they tend to have high-energy requirements and a high metabolic rate. Mammals that
weigh less than about 18 0z (500 g) are mostly insectivorous because they cannot tolerate
the slow, complex digestive process of a herbivore. Larger animals on the other hand
generate more heat and less of this heat is lost. They can therefore tolerate either a slower
collection process (those that prey on larger vertebrates) or a slower digestive process
(herbivores). Furthermore, mammals that weigh more than 18 oz (500 g) usually cannot
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collect enough insects during their waking hours to sustain themselves. The only large
insectivorous mammals are those that feed on huge colonies of insects (ants or termites).

Specializations in herbivory include: Granivory "seed eating", folivory "leaf eating",

fruivory "fruit eating", nectivory "nectar eating", gumivory "gum eating", and
mycophagy "fungus eating".
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Chapter- 7

Primates

Primates
Temporal range: Late Paleocene-recent

Olive Baboon, Papio anubis

Scientific classification

Kingdom: Animalia
Phylum: Chordata

Class: Mammalia
Infraclass: Eutheria
Superorder: Euarchontoglires
Order Primates

Linnaeus, 1758
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Range of the non-human primates (green)

A primate is a member of the biological order Primates Latin: "prime, first rank"), the
group that contains prosimians (including lemurs, lorises, galagos and tarsiers) and
simians (monkeys and apes). With the exception of humans, who inhabit every continent
on Earth, most primates live in tropical or subtropical regions of the Americas, Africa and
Asia. Primates range in size from the Madame Berthe's Mouse Lemur, which weighs only
30 grams (1.1 0z) to the Mountain Gorilla weighing 200 kilograms (440 1b). According to
fossil evidence, the primitive ancestors of primates may have existed in the late
Cretaceous period around 65 million years ago, and the oldest known primate is the Late
Paleocene Plesiadapis, c. 55-58 million years ago. Molecular clock studies suggest that
the primate branch may be even older, originating in the mid-Cretaceous period around
85 mya.

The Primates order has traditionally been divided into two main groupings: prosimians
and simians. Prosimians have characteristics most like those of the earliest primates, and
included the lemurs of Madagascar, lorisiforms and tarsiers. Simians included the
monkeys and apes. More recently, taxonomists have created the suborder Strepsirrhini, or
curly-nosed primates, to include non-tarsier prosimians and the suborder Haplorrhini, or
dry-nosed primates, to include tarsiers and the simians. Simians are divided into two
groups: the platyrrhines ("flat nosed") or New World monkeys of South and Central
America and the catarrhine (narrow nosed) monkeys of Africa and southeastern Asia.
The New World monkeys include the capuchin, howler and squirrel monkeys, and the
catarrhines include the Old World monkeys (such as baboons and macaques) and the
apes. Humans are the only catarrhines that have spread successfully outside of Africa,
South Asia, and East Asia, although fossil evidence shows many species once existed in
Europe as well.

Considered generalist mammals, primates exhibit a wide range of characteristics. Some
primates (including some great apes and baboons) do not live primarily in trees, but all
species possess adaptations for climbing trees. Locomotion techniques used include
leaping from tree to tree, walking on two or four limbs, knuckle-walking, and swinging
between branches of trees (known as brachiation). Primates are characterized by their
large brains, relative to other mammals, as well as an increased reliance on stereoscopic
vision at the expense of smell, the dominant sensory system in most mammals. These
features are most significant in monkeys and apes, and noticeably less so in lorises and
lemurs. Three-color vision has developed in some primates. Most also have opposable
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thumbs and some have prehensile tails. Many species are sexually dimorphic, which
means males and females have different physical traits, including body mass, canine
tooth size, and coloration. Primates have slower rates of development than other similarly
sized mammals, and reach maturity later but have longer lifespans. Some species live in
solitude, others live in male—female pairs, and others live in groups of up to hundreds of
members.

Evolutionary history

The Primates order are a part of the clade Euarchontoglires which is nested within the
Eutheria clade of the class Mammalia. Recent molecular genetic research on primates,
colugos, and treeshrews has shown that the two species of colugos are more closely
related to the primates than the treeshrews, even though the treeshrews were at one time
considered primates. These three orders make up the Euarchonta clade. This clade
combines with the Glires clade (composed of the Rodentia and Lagomorpha) to form the
Euarchontoglires clade. Variously, both Euarchonta and Euarchontoglires are ranked as
superorders. Some scientists consider Dermoptera a suborder of Primates and call the
"true" primates the suborder Euprimates.

Evolution

The primate lineage is thought to go back at least 65 mya, even though the oldest known
primate from the fossil record is Plesiadapis (c. 55—58 mya) from the Late Paleocene.
Other studies, including molecular clock studies, have estimated the origin of the primate
branch to have been in the mid-Cretaceous period, around 85 mya.

In modern cladistic reckonings, the Primates order is monophyletic. The suborder
Strepsirrhini, the curly-nosed or "wet-nosed" primates, is generally thought to have split
off from the primitive primate line about 63 mya (million years ago), although earlier
dates are also supported. The seven strepsirhine families are the five related lemur
families and the two remaining families that include the lorisids and the galagos. Older
classification schemes wrap the Lepilemuridae into the Lemuridae and the Galagidae into
the Lorisidae, yielding a three-two family split instead of the five-two split as presented
here. During the Eocene, most of the northern continents were dominated by two groups,
the adapiforms and the omomyids. The former is considered a member of Strepsirrhini,
but it does not have a toothcomb like modern lemurs; recent analysis has suggested
Darwinius masillae fits into this grouping. The latter was related closely to tarsiers,
monkeys, and apes. It is unclear exactly how these two groups relate to extant primates.
Omomyids perished about 30 mya, while Adapids survived until about 10 mya.
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Ring-tailed Lemur, a strepsirrhine primate

According to genetic studies, the lemurs of Madagascar diverged from the lorisiforms
approximately 75 mya. These studies, as well as chromosomal and molecular evidence,
also show that lemurs are more closely related to each other than to other strepsirrhine
primates. However, Madagascar split from Africa at 160 mya and from India at 90 mya.
For lemurs to be more closely related to each other than other strepsirrhine primates, it is
thought that a very small ancestral population came to Madagascar via a single rafting
event between 50 and 80 million years ago. Other colonization options have been
examined, such as multiple colonizations from Africa and India, but none are supported
by the genetic and molecular evidence.
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Until recently the Aye-aye has been difficult to place within Strepsirrhini. Theories had
been proposed that its family, Daubentoniidae, was either a lemuriform primate (meaning
its ancestors split from lemur line more recently than the lemurs and lorises split) or a
sister group to all the other strepsirrhines. In 2008, the Aye-aye family (Daubentoniidae)
was confirmed to be mostly closely related to the Malagasy lemurs, likely having
descended from the same ancestral population that colonized the island.

The suborder Haplorrhini, the simple-nosed or "dry-nosed" primates, is composed of two
sister clades. The prosimian tarsiers in family Tarsiidae (monotypic in its own infraorder
Tarsiiformes), represent the most primitive division at about 58 mya. The Simiiformes
infraorder emerged about 40 mya, and contains the two clades: the parvorder Platyrrhini
that developed in South America and contains New World monkeys, and the parvorder
Catarrhini that developed in Africa and contains the Old World monkeys, humans and the
other apes. A third clade, which included the eosimiids, developed in Asia but went
extinct millions of years ago.

Like the lemurs, the New World monkeys have unclear origins. Molecular sequence
studies based on concatenated sequences have yielded wide variations in the estimated
date of the divergence between platyrrhines and catarrhines, ranging from 33 to 70 mya,
while studies based on mitochondrial sequences suggest a more consistent date of 35 to
43 mya. It has been postulated that there is a single origin for the anthropoids in Africa
some migrated and subsequently speciation occurred. It is possible that the anthropoid
primates traversed the Atlantic ocean during the Eocene, facilitated by Atlantic Ocean
ridges and a lowered sea level, then island-hopped to South America. Once again, a
rafting event may explain this transoceanic colonization. Due to continental drift, the
young Atlantic Ocean was not nearly as wide as it is today, and research suggests that a
small 1 kg (2.2 1b) primate could have survived 13 days on a raft of vegetation. Given
estimated current and wind speeds, this would have provided enough time to make the
voyage between the continents.
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Emperor Tamarin, a New World monkey

Apes and monkeys spread from Africa into Europe and Asia starting in the Miocene.
Soon after, the lorises and tarsiers made the same journey. The first hominid fossils were
discovered in Northern Africa and date back 5-8 mya. Old World monkeys disappeared
from Europe about 1.8 mya. Some molecular and fossil studies generally show that
modern humans originated in Africa 100-200 tya (thousand years ago).

Although primates are well studied in comparison to other animal groups, several new
species have been recently discovered; genetic tests on some populations have revealed
previously unrecognised species. Primate Taxonomy listed about 350 species of primates
in 2001, the author, Colin Groves, increased that number to 376 for his contribution to the
third edition of Mammal Species of the World (MSW3). However, MSW3 falls short of
current understanding as its collection was completed in 2003; a number of publications
have since pushed the number to 424 species, or 658 including subspecies.
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Classification of living primates

A 1927 drawing of chimpanzees, a gibbon (top right) and two orangutans (center and
bottom center). The chimp in the upper left is brachiating; the orang at the bottom center
is knuckle-walking.
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Homo sapiens, a member of the order Primates
The following is the listing of the various families of primates:

e Order Primates
o Suborder Strepsirrhini: non-tarsier prosimians
» Infraorder Lemuriformes
» Family Cheirogaleidae: dwarf lemurs and mouse-lemurs
(32 species)
» Family Daubentoniidae: Aye-aye (1 species)
» Family Lemuridae: lemurs (22 species)
» Family Lepilemuridae: sportive lemurs (26 species)
= Family Indriidae: woolly lemurs and allies (19 species)
» Infraorder Lorisiformes
= Family Lorisidae: lorises, pottos and allies (9 species)
» Family Galagidae: galagos (19 species)
o Suborder Haplorrhini: tarsiers, monkeys and apes
» Infraorder Tarsiiformes
= Family Tarsiidae: tarsiers (9 species)
* Infraorder Simiiformes
= Parvorder Platyrrhini: New World monkeys
» Family Callitrichidae: marmosets and tamarins (42
species)
» Family Cebidae: capuchins and squirrel monkeys
(17 species)
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= Family Aotidae: night or owl monkeys
(douroucoulis) (10 species)
= Family Pitheciidae: titis, sakis and uakaris (42
species)
= Family Atelidae: howler, spider and woolly
monkeys (28 species)
= Parvorder Catarrhini
» Superfamily Cercopithecoidea
» Family Cercopithecidae: Old World
monkeys (135 species)
» Superfamily Hominoidea
= Family Hylobatidae: gibbons or "lesser
apes" (13 species)
= Family Hominidae: great apes, including
humans (7 species)

Philippine Tarsier, once considered a prosimian, now predominantly considered a
haplorrhine
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The order Primates was established by Carl Linnaeus in 1758, in the tenth edition of his
book Systema Naturae, for the genera Homo (humans), Simia (other apes and monkeys),
Lemur (prosimians) and Vespertilio (bats). In the first edition of the same book (1735), he
had used the name Anthropomorpha for Homo, Simia and Bradypus (sloths). In 1839,
Henri Marie Ducrotay de Blainville, following Linnaeus and imitating his nomenclature,
established the orders Secundates (including the suborders Chiroptera, Insectivora and
Carnivora), Tertiates (or Glires) and Quaternates (including Gravigrada, Pachydermata
and Ruminantia), but these new taxa were not accepted.

Before Anderson and Jones introduced the classification of Strepsirhini and Haplorhini in
1984, (followed by McKenna and Bell's 1997 work Classification of Mammals: Above
the species level), the Primates were divided into two superfamilies: Prosimii and
Anthropoidea. The Prosimii included all of the prosimians: all of Strepsirrhini plus the
tarsiers. The Anthropoidea contained all of the simians.

Hybrids

Primate hybrids usually arise in captivity, but there have also been examples in the wild.
Hybridization occurs where two species' range overlap to form hybrid zones; hybrids
may be created by humans when animals are placed in zoos or due to environmental
pressures such as predation. Intergeneric hybridizations, hybrids of different genera, have
also been found in the wild. Although they belong to genera that have been distinct for
several million years, interbreeding still occurs between the Gelada and the Hamadryas
Baboon.

Distinguishing features

Primates have diversified in arboreal habitats (trees and bushes) and retain many
characteristics that are adaptations to this environment. They are distinguished by:

o retention of the collar bone in the pectoral girdle;

o shoulder joints which allow high degrees of movement in all directions;

o five digits on the fore and hind limbs with opposable thumbs and big toes;

e nails on the fingers and toes (in most species);

o aflat nail on the hallux (in all extant species);

e sensitive tactile pads on the ends of the digits;

o orbits encircled in bone;

o atrend towards a reduced snout and flattened face, attributed to a reliance on
vision at the expense of olfaction (most notably in haplorrhines, and less so in

strepsirrhines);

e acomplex visual system with stereoscopic vision, high visual acuity and color
vision;

e abrain having a well developed cerebellum with posterior lobe and a Calcarine
fissure;

e alarge brain in comparison to body size, especially in simians;
o differentiation of an enlarged cerebral cortex;
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e reduced number of teeth compared to primitive mammals;

o three kinds of teeth;

e awell-developed cecum;

e two pectoral mammary glands;

e typically one young per pregnancy;

e apendulous penis and scrotal testes;

o along gestation and developmental period; and

e atrend towards holding the torso upright leading to bipedalism.

Not all primates exhibit these anatomical traits, nor is every trait unique to primates. For
example, other mammals have collar bones, three kinds of teeth and a pendulous penis,
while spider monkeys have greatly reduced thumbs, ruffed lemurs have six mammary
glands and strepsirrhines generally have longer snouts and a strong sense of smell.

In regard to behavior, primates are frequently highly social, with flexible dominance
hierarchies. New World species form monogamous pair bonds, and show substantial
paternal care of their young, unlike most Old World monkeys.

Anatomy, physiology, and morphology

Primates have forward-facing eyes on the front of the skull; binocular vision allows
accurate distance perception, useful for the brachiating ancestors of all great apes. There
is a bony ridge above the eye sockets; this ridge reinforces weaker bones in the face
which are put under strain during chewing. Strepsirrhines have a postorbital bar, a bone
which runs around the eye socket, to protect their eyes; in contrast, the higher primates,
haplorrhines, have evolved fully enclosed sockets.
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Primate crania. The labels indicate mass of brain.

The primate skull has a large domed cranium which is particularly prominent in
anthropoids. The cranium protects the large brain, a distinguishing characteristic of this
group. The endocranial volume (the volume within the skull) is three times greater in
humans than in the greatest non-human primate, reflecting a larger brain size. The mean
endocranial volume is 1201 cubic centimeters in humans, 469 cm’ in gorillas, 400 cm’ in
chimpanzees and 397 cm’ in orangutans. The primary evolutionary trend of primates has
been the elaboration of the brain, in particular the neocortex (a part of the cerebral
cortex), which is involved with sensory perception, generation of motor commands,
spatial reasoning, conscious thought and, in humans, language. While other mammals
rely heavily on their sense of smell, the arboreal life of primates has led to a tactile,
visually dominant sensory system, a reduction in the olfactory region of the brain and
increasingly complex social behavior.
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An 1893 drawing of the hands and feet of primates

Primates generally have five digits on each limb (pentadactyly), with keratin nails on the
end of each finger. The bottom sides of the hands and feet have sensitive pads on the
fingertips. Most have opposable thumbs, a characteristic primate feature; however,
opposing thumbs are not limited to this order (opossums, for example, also have them).
Thumbs allow some species to use tools. In primates, the combination of opposing
thumbs, short fingernails (rather than claws) and long, inward-closing fingers is a relic of
the ancestral practice of gripping branches, and has, in part, allowed some species to
develop brachiation (swinging by the arms from tree limb to tree limb) as a significant
means of transportation. Prosimians have clawlike nails on the second toe of each foot,
called toilet-claws, which they use for grooming.
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The primate collar bone is retained as prominent element of the pectoral girdle; this
allows the shoulder joint broad mobility. Apes have more mobile shoulder joints and
arms due to the dorsal position of the scapula, broad ribcages that are flatter front-to-
back, and a shorter, less mobile spine compared to Old World monkeys (with lower
vertebrae greatly reduced, resulting in tail loss in some species). Old World monkeys are
unlike apes in that most have tails. The only primate family with prehensile tails are the
New World Atelids, including the howler, spider and woolly monkeys.

Primates show an evolutionary trend towards a reduced snout. Technically, Old World
monkeys are distinguished from New World monkeys by the structure of the nose, and
from apes by the arrangement of their teeth. In New World monkeys the nostrils face
sideways; in Old World monkeys, they face downwards. There is a considerably varied
dental pattern in primates and although some have lost most of their incisors, all retain at
least one lower incisor. In most strepsirhines, the lower incisors and canines form a
toothcomb, which is used in grooming and sometimes foraging, and the first lower
premolar is shaped like a canine. Old World monkeys have eight premolars, compared
with twelve in New World monkeys. The Old World species are divided into apes and
monkeys depending on the number of cusps on their molars; apes have five, Old World
monkeys have four, although humans may have 4 or 5. The main hominid molar cusp
(hypocone) evolved in early primate history, while the cusp of the corresponding
primitive lower molar (paraconid) was lost. Prosimians are distinguished by their
immobilized upper lips, the moist tip of their nose and forward-facing lower front teeth.

The evolution of color vision in primates is unique among most eutherian mammals.
While the remote vertebrate ancestors of the primates possessed three color vision
(trichromaticism), the nocturnal, warm-blooded, mammalian ancestors lost one of three
cones in the retina during the Mesozoic period. Fish, reptiles and birds are therefore
trichromatic or tetrachromatic while all mammals, with the exception of some primates
and marsupials, are dichromats or monochromats (totally color blind). Nocturnal
primates, such as the night monkeys and bush babies, are often monochromatic.
Catarrhines are routinely trichromatic due to a gene duplication of the red-green opsin
gene at the base of their lineage, 30 to 40 million years ago. Platyrrhines, on the other
hand, are trichromatic in a few cases only. Specifically, individual females must be
heterozygous for two alleles of the opsin gene (red and green) located on the same locus
of the X chromosome. Males, therefore, can only be dichromatic, while females can be
either dichromatic or trichromatic. Color vision in strepsirrhines is not as well
understood; however, research indicates a range of color vision similar to that found in
platyrrhines.

Like catarrhines, Howler monkeys (a family of platyrrhines) show routine trichromatism
that has been traced to an evolutionarily recent gene duplication. Howler monkeys are
one of the most specialized leaf-eaters of the New World monkeys; fruits are not a major
part of their diet, and the type of leaves they prefer to consume (young, nutritive, and
digestible) are detectable only by a red-green signal. Field work exploring the dietary
preferences of howler monkeys suggests that routine trichromaticism was
environmentally selected for.
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Sexual dimorphism

Distinct sexual size dimorphism can be seen between the male Hamadryas Baboons
(grey) and the female (brown).

Sexual dimorphism, the variation between individuals of different sex in the same
species, is often exhibited in simians, though to a greater degree in Old World species
(apes and some monkeys) than New World species. Recent studies involve comparing
DNA to examine both the variation in the expression of the dimorphism among primates
and the fundamental causes of sexual dimorphism. Primates usually have dimorphism in
body mass and canine tooth size along with pelage and skin color. The dimorphism can
be attributed to and affected by different factors, including mating system, size, habitat
and diet.

Comparative analyses have generated a more complete understanding of the relationship
between sexual selection, natural selection, and mating systems in primates. Studies have
shown that dimorphism is the product of changes in both male and female traits.
Ontogenetic scaling, where relative extension of a common growth trajectory occurs,
may give some insight into the relationship between sexual dimorphism and growth
patterns. Some evidence from the fossil record suggests that there was convergent
evolution of dimorphism, and some extinct hominids probably had greater dimorphism
than any living primate.
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Locomotion

SN

Diademed Sifaka, a vertical clinger and leaper, ready to leap to another tree

Primate species move by brachiation, bipedalism, leaping, arboreal and terrestrial
quadrupedalism, climbing, knuckle-walking or by a combination of these methods.
Several prosimians are primarily vertical clinger and leapers. These include many
bushbabies, all indriids (i.e., sifakas, avahis and indris), sportive lemurs, and all tarsiers.
Other prosimians are arboreal quadrupeds and climbers. Some are also terrestrial
quadrupeds, while some are leapers. Most monkeys are both arboreal and terrestrial
quadrupeds and climbers. Gibbons, muriquis and spider monkeys all use brachiation
extensively. Woolly monkeys also sometimes brachiate. Orangutans use a similar form of
locomotion called quadramanous climbing, in which they use their arms and legs to carry
their heavy bodies through the trees. Chimpanzees and gorillas knuckle walk, and can
move bipedally for short distances. Although numerous species, such as the
Australopithecines and early hominids, have exhibited fully bipedal locomotion, humans
are the only extant species with this trait.
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Behavior
Social systems

Richard Wrangham stated that social systems of non-human primates are best classified
by the amount of movement by females occurring between groups. He proposed four
categories:

o Female transfer systems — females move away from the group in which they were
born. Females of a group will not be closely related whereas males will have
remained with their natal groups, and this close association may be influential in
social behavior. The groups formed are generally quite small. This organization
can be seen in chimpanzees, where the males, who are typically related, will
cooperate in defense of the group's territory. Among New World Monkeys, spider
monkeys and muriquis use this system.

v

Japanese Macaques bathe together in Jigokudani Hot Spring

e Male transfer systems — while the females remain in their natal groups, the males
will emigrate as adolescents. Polygynous and multi-male societies are classed in
this category. Group sizes are usually larger. This system is common among the
Ring-tailed Lemur, capuchin monkeys and cercopithecine monkeys.
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e Monogamous species — a male—female bond, sometimes accompanied by a
juvenile offspring. There is shared responsibility of parental care and territorial
defense. The offspring leaves the parents' territory during adolescence. Gibbons
essentially use this system, although "monogamy" in this context does not
necessarily mean absolute sexual fidelity.

e Solitary species — often males who defend territories that include the home ranges
of several females. This type of organization is found in the prosimians.
Orangutans do not defend their territory but effectively have this organization.

Other systems are known to occur as well. For example, with howler monkeys both the
males and females typically transfer from their natal group on reaching sexual maturity,
resulting in groups in which neither the males nor females are typically related. Some
prosimians, colobine monkeys and callitrichid monkeys use this system.
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Chimpanzees are social animals.

Primatologist Jane Goodall, who studied in the Gombe Stream National Park, noted
fission-fusion societies in chimpanzees. There is fission where the main group splits up to
forage during the day, then fusion when the group returns at night to sleep as a group.
This social structure can also be observed in the Hamadryas Baboon, spider monkeys and
the Bonobo. The Gelada has a similar social structure in which many smaller groups
come together to form temporary herds of up to 600 monkeys.

These social systems are affected by three main ecological factors: distribution of
resources, group size and predation. Within a social group there is a balance between

WORLD TECHNOLOGIES




cooperation and competition. Cooperative behaviors include social grooming (removing
skin parasites and cleaning wounds), food sharing, and collective defense against
predators or of a territory. Aggressive behaviors often signal competition for availability
of food, sleeping sites or mates. Aggression is also used in establishing dominance
hierarchies.

Interspecific associations

Several species of primates are known to associate in the wild. Some of these
associations have been extensively studied. In the Tai Forest of Africa several species
coordinate anti-predator behavior. These include the Diana Monkey, Campbell's Mona
Monkey, Lesser Spot-nosed Monkey, Western Red Colobus, King Colobus and Sooty
Mangabey, which coordinate anti-predator alarm calls. Among the predators of these
monkeys is the Common Chimpanzee.

The Red-tailed Monkey associates with several species, including the Western Red
Colobus, Blue Monkey, Wolf's Mona Monkey, Mantled Guereza, Black Crested
Mangabey and Allen's Swamp Monkey. Several of these species are predated on by the
Common Chimpanzee.

In South America, squirrel monkeys associate with capuchin monkeys. This may have
more to do with foraging benefits to the squirrel monkeys rather than anti-predation
benefits.

Cognition and communication

Primates have advanced cognitive abilities: some make tools and use them to acquire
food and for social displays; some have sophisticated hunting strategies requiring
cooperation, influence and rank; they are status conscious, manipulative and capable of
deception; they can recognise kin and conspecifics; and they can learn to use symbols and
understand aspects of human language including some relational syntax and concepts of
number and numerical sequence. Research in primate cognition explores problem
solving, memory, social interaction, a theory of mind, and numerical, spatial, and abstract
concepts.

Lemurs, lorises, tarsiers, and New World monkeys rely on olfactory signals for many
aspects of social and reproductive behavior. Specialized glands are used to mark
territories with pheromones, which are detected by the vomeronasal organ; this process
forms a large part of the communication behavior of these primates. In Old World
monkeys and apes this ability is mostly vestigial, having regressed as trichromatic eyes
evolved to become the main sensory organ. Primates also use vocalizations, gestures, and
facial expressions to convey psychological state.
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Life history

Primates have slower rates of development than other mammals. All non-human primate
infants are breastfed by their mothers and rely on them for grooming and transportation.
In some species, infants are protected and transported by males in the group, particularly
males who may be their fathers. Other relatives of the infant, such as siblings and aunts,
may participate in its care as well. Most primate mothers cease ovulation while
breastfeeding an infant; once the infant is weaned the mother can reproduce again. This
often leads to weaning conflict with infants who attempt to continue breastfeeding.

Primates have a longer juvenile period between weaning and sexual maturity than other
mammals of similar size. During the juvenile period, primates are more susceptible than
adults to predation and starvation; they gain experience in feeding and avoiding predators
during this time They learn social and fighting skills, often through playing.

Primates, especially females, have longer lifespans than other similarly sized mammals.

Diet and feeding

"

Leaf eating Mantled Guereza, a species of black-and-white colobus
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Crab-eating Macaques forage and temporarily store food in their cheeks pouches

Primates exploit a variety of food sources. It has been said that many characteristics of
modern primates, including humans, derive from an early ancestor's practice of taking
most of its food from the tropical canopy. Most primates include fruit in their diets to
obtain easily digested carbohydrates and lipids for energy. However, they require other
foods, such as leaves or insects, for amino acids, vitamins and minerals. Primates in the
main suborder Strepsirrhini (non-tarsier prosimians) are able to synthesize vitamin C,
while primates of the suborder of Haplorrhini (tarsiers, monkeys and apes) have lost the
ability to synthesize vitamin C, and require it in the diet.

Many primates have anatomical specializations that enable them to exploit particular
foods, such as fruit, leaves, gum or insects. For example, leaf eaters such as howler
monkeys, black-and-white colobuses and sportive lemurs have extended digestive tracts
which enable them to absorb nutrients from leaves that can be difficult to digest.
Marmosets, which are gum eaters, have strong incisor teeth, enabling them to open tree
bark to get to the gum, and claws rather than nails, enabling them to cling to trees while
feeding. The Aye-aye combines rodent-like teeth with a long, thin middle finger to fill the
same ecological niche as a woodpecker. It taps on trees to find insect larvae, then gnaws
holes in the wood and inserts its elongated middle finger to pull the larvae out. Some
species have additional specializations. For example, the Grey-cheeked Mangabey has
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thick enamel on its teeth, enabling it to open hard fruits and seeds that other monkeys
cannot.

The Gelada is the only primate species that feeds primarily on grass. Tarsiers are the only
extant obligate carnivorous primates, exclusively eating insects, crustaceans, small
vertebrates and snakes (including venomous species). Capuchin monkeys, on the other
hand, can exploit many different types of food, including fruit, leaves, flowers, buds,
nectar, seeds, insects and other invertebrates, bird eggs, and small vertebrates such as
birds, lizards, squirrels and bats. The Common Chimpanzee has a varied diet that
includes predation on other primate species, such as the Western Red Colobus monkey.

Habitat and distribution

Rhesus Macaque at Agra Fort, India
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Primates evolved from arboreal animals, and many species live most of their lives in
trees. Most primate species live in tropical rain forests. The number of primate species
within tropical areas has been shown to be positively correlated to the amount of rainfall
and the amount of rain forest area. Accounting for 25% to 40% of the fruit-eating animals
(by weight) within tropical rainforests, primates play an important ecological role by
dispersing seeds of many tree species.

Some species are partially terrestrial, such as baboons and Patas Monkeys, and a few
species are fully terrestrial, such as Geladas and Humans. Non-human primates live in a
diverse number of forested habitats in the tropical latitudes of Africa, India, Southeast
Asia, and South America, including rainforests, mangrove forests, and montane forests.
There are some examples of non-human primates that live outside of the tropics; the
mountain-dwelling Japanese Macaque lives in the north of Honshii where there is snow-
cover eight months of the year; the Barbary Macaque lives in the Atlas Mountains of
Algeria and Morocco. Primate habitats span a range of altitudes: the Black Snub-nosed
Monkey has been found living in the Hengduan Mountains at altitudes of 4,700 meters
(15,400 ft), the Mountain Gorilla can be found at 4,200 meters (13,200 ft) crossing the
Virunga Mountains, and the Gelada has been found at elevations of up to 5,000 meters
(16,400 ft) in the Ethiopian Highlands. Although most species are generally shy of water,
a few are good swimmers and are comfortable in swamps and watery areas, including the
Proboscis Monkey, De Brazza's Monkey and Allen's Swamp Monkey, which has
developed small webbing between its fingers. Some primates, such as the Rhesus
Macaque and gray langurs, can exploit human-modified environments and even live in
cities.

Interactions with humans

Close interactions between humans and non-human primates (NHPs) can create pathways
for the transmission of zoonotic diseases. Viruses such as Herpesviridae (most notably
Herpes B Virus), Poxviridae, measles, ebola, rabies, the Marburg virus and viral hepatitis
can be transmitted to humans; in some cases the viruses produce potentially fatal diseases
in both humans and non-human primates.

Legal and social status

Only humans are recognized as persons and protected in law by the United Nations
Universal Declaration of Human Rights. The legal status of NHPs, on the other hand, is
the subject of much debate, with organizations such as the Great Ape Project (GAP)
campaigning to award at least some of them legal rights. In June 2008, Spain became the
first country in the world to recognize the rights of some NHPs when its parliament's
cross-party environmental committee urged the country to comply with GAP's
recommendations, which are that chimpanzees, bonobos, orangutans, and gorillas not be
used for animal experiments.
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Capuchin monkeys' manual dexterity is one reason they can assist quadriplegic humans.

Many species of NHP are kept as pets by humans. GAP estimates that around 3,000
NHPs live as exotic pets in the United States, while the Humane Society of the United
States puts the figure much higher, at around 15,000. The expanding Chinese middle
class has increased demand for NHPs as exotic pets in recent years. Although NHP
import for the pet trade was banned in the U.S. in 1975, smuggling still occurs along the
United States — Mexico border, with prices ranging from US$3000 for monkeys to
$30,000 for apes.

Primates are used as model organisms in laboratories and have been used in space
missions. They serve as service animals for disabled humans. Capuchin monkeys can be
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trained to assist quadriplegic humans; their intelligence, memory, and manual dexterity
make them ideal helpers.

NHPs are kept in zoos around the globe. Historically, zoos were primarily a form of
entertainment, but more recently have shifted their focus to conservation, education and
research. Many zoos now feature naturalistic exhibits and educational material for the
public; in the United States many participate in the Species Survival Plan (SSP),
developed by the Association of Zoos and Aquariums (AZA), to maximize genetic
diversity through captive breeding. Zoos and other animal welfare supporters generally
oppose animal rights initiatives and the GAP's insistence that all NHPs be released from
captivity for two primary reasons. First, captive-born primates lack the knowledge and
experience to survive in the wild if released. Second, zoos provide living space for
primates and other animals threatened with extinction in the wild.

Role in scientific research

Thousands of non-human primates are used around the world in research because of their
psychological and physiological similarity to humans. In particular, the brains and eyes of
NHPs more closely parallel human anatomy than those of any other animals. NHPs are
commonly used in preclinical trials, neuroscience, ophthalmology studies, and toxicity
studies. Rhesus Macaques are often used, as are other Macaques, African green monkeys,
chimpanzees, baboons, squirrel monkeys, and marmosets, both wild-caught and purpose-
bred. In 2005, GAP reported that 1,280 of the 3,100 NHPs living in captivity in the
United States were used for experiments. In 2004, the European Union used around
10,000 NHPs in such experiments; in 2005 in Great Britain, 4,652 experiments were
conducted on 3,115 NHPs. Governments of many nations have strict care requirements of
NHPs kept in captivity. In the US, federal guidelines extensively regulate aspects of NHP
housing, feeding, enrichment, and breeding. European groups such as the European
Coalition to End Animal Experiments are seeking a ban on all NHP use in experiments as
part of the European Union's review of animal testing legislation.

Conservation

The International Union for Conservation of Nature (IUCN) lists more than a third of
primates as critically endangered or vulnerable. Common threats to primate species
include deforestation, forest fragmentation, monkey drives (resulting from primate crop
raiding), and primate hunting for use in medicines, as pets, and for food. Large-scale
tropical forest clearing is widely regarded as the process that most threatens primates.
More than 90% of primate species occur in tropical forests. The main cause of forest loss
is clearing for agriculture, although commercial logging, subsistence harvesting of
timber, mining, and dam construction contribute to tropical forest depletion too. In
Indonesia large areas of lowland forest have been cleared to increase palm oil production,
and one analysis of satellite imagery concluded that during 1998 and 1999 there was a
loss of 1,000 Sumatran Orangutans per year in the Leuser Ecosystem alone.
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Critically endangered Sumatran Orangutan

Primates with a large body size (over 5 kg) have an increased extinction risk due to their
increased profitability to poachers compared to smaller primates. They reach sexual
maturity later than other animals and have a longer period between births. Populations
therefore have a slower recovery time after the loss of members to poaching or the pet
trade. Data for some African cities show that half of all protein consumed in urban areas
comes from the bushmeat trade. Endangered primates such as guenons and the Drill are
hunted at levels that far exceed sustainable levels. This is due to their large body size,
ease of transport and profitability per animal. As farming encroaches on forest habitats,
primates feed on the crops, causing the farmers large economic losses. Primate crop
raiding gives locals a negative impression of primates, hindering conservation efforts.
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Madagascar, home to five endemic primate families, has experienced the greatest
extinction of the recent past; since human settlement 1,500 years ago, at least eight
classes and fifteen species have become extinct due to hunting and habitat destruction.
Among the primates wiped out were Archaeoindris (a lemur larger than a silverback
gorilla) and the families Palaecopropithecidae and Archaeolemuridae.

In Asia, Hinduism, Buddhism, and Islam prohibit eating primate meat; however, primates
are still hunted for food. Some smaller traditional religions allow the consumption of
primate meat. The pet trade and traditional medicine also increase demand for illegal
hunting. The Rhesus Macaque, a model organism, was protected after overtrapping
threatened its numbers in the 1960s; the program was so effective that the macaques are
now seen as a pest throughout their range.

The critically endangered Cross River Gorilla

In Central and South America forest fragmentation and hunting are the two main
problems for primates. Large tracts of forest are now rare in Central America. This
increases the amount of forest vulnerable to edge effects such as farmland encroachment,
lower levels of humidity and a change in plant life. Movement restriction results in a
greater amount of inbreeding, which can cause deleterious effects leading to a population
bottleneck, whereby a significant percentage of the population is lost.

There are 21 critically endangered primates, 7 of which have remained on the [IUCN's
"The World's 25 Most Endangered Primates" list since the year 2000: the Silky Sifaka,
Delacour's Langur, the White-headed Langur, the Gray-shanked Douc, the Tonkin Snub-
nosed Langur, the Cross River Gorilla and the Sumatran Orangutan. Miss Waldron's Red
Colobus was recently declared extinct when no trace of the subspecies could be found
from 1993 to 1999. A few hunters have found and killed individuals since then, and the
species' prospects remain bleak.

WORLD TECHNOLOGIES




Chapter- 8

Bats (Chiroptera)

Bats
Temporal range: 52—0 Ma
Early Eocene — Recent

Townsend's big-eared bat, Corynorhinus townsendii

Scientific classification

Kingdom: Animalia
Phylum: Chordata
Class: Mammalia
Infraclass: Eutheria
Superorder: Laurasiatheria
Order: Chiroptera

Blumenbach, 1779
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Worldwide distribution of bat species

Bats are flying mammals in the order Chiroptera . The forelimbs of bats are webbed and
developed as wings, making them the only mammals naturally capable of true and
sustained flight. By contrast, other mammals said to fly, such as flying squirrels, gliding
possums and colugos, glide rather than fly, and can only glide for short distances. Bats do
not flap their entire forelimbs, as birds do, but instead flap their spread out digits, which
are very long and covered with a thin membrane or patagium. Chiroptera comes from
two Greek words, cheir (xeip) "hand" and pteron (ntepov) "wing."

There are about 1,100 bat species worldwide, which represent about twenty percent of all
classified mammal species. About seventy percent of bats are insectivores. Most of the
rest are frugivores, or fruit eaters. A few species such as the Fish-eating Bat feed from
animals other than insects, with the vampire bats being the only mammalian parasite
species. Bats are present throughout most of the world and perform vital ecological roles
such as pollinating flowers and dispersing fruit seeds. Many tropical plant species depend
entirely on bats for the distribution of their seeds.

The smallest bat is the Kitti's Hog-nosed Bat, measuring 29-34 mm (1.14—1.34 in) in
length, 15 cm (5.91 in) across the wings and 2-2.6 g (0.07-0.09 o0z) in mass, The largest
species of bat is the Giant Golden-crowned Flying-fox, which is 336-343 mm (13.23—
13.50 in) long, has a wingspan of 1.5 m (4 ft 11 in) and weighs approximately 1.1-1.2 kg
(2-3 1b).
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Classification and evolution

Giant Golden-crowned Flying-fox, Acerodon jubatus.

Bats are mammals. Sometimes they are mistakenly called "flying rodents" or "flying
rats", and they can also be mistaken for insects and birds. There are two traditionally
recognized suborders of bats:

e Megachiroptera (megabats)
e Microchiroptera (microbats/echolocating bats)

Not all megabats are larger than microbats. The major distinctions between the two
suborders are:

e Microbats use echolocation: megabats do not with the exception of Rousettus and
relatives.

e Microbats lack the claw at the second toe of the forelimb.

e The ears of microbats do not close to form a ring: the edges are separated from
each other at the base of the ear.

e Microbats lack underfur: they are either naked or have guard hairs.

Megabats eat fruit, nectar or pollen while most microbats eat insects; others may feed on
the blood of animals, small mammals, fish, frogs, fruit, pollen or nectar. Megabats have a
well-developed visual cortex and show good visual acuity, while microbats rely on
echolocation for navigation and finding prey.

The phylogenetic relationships of the different groups of bats have been the subject of
much debate. The traditional subdivision between Megachiroptera and Microchiroptera
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reflects the view that these groups of bats have evolved independently of each other for a
long time, from a common ancestor that was already capable of flight. This hypothesis
recognized differences between microbats and megabats and acknowledged that flight
has only evolved once in mammals. Most molecular biological evidence supports the
view that bats form a single or monophyletic group.

Researchers have proposed alternate views of chiropteran phylogeny and classification,
but more research is needed.

Genetic evidence indicates that megabats originated during the early Eocene and should
be placed within the four major lines of microbats.

Consequently, two new suborders based on molecular data have been proposed. The new
suborder Yinpterochiroptera includes the Pteropodidae or megabat family as well as the
Rhinolophidae, Hipposideridae, Craseonycteridae, Megadermatidae, and Rhinopomatidae
families. The new suborder Yangochiroptera includes all the remaining families of bats
(all of which use laryngeal echolocation). These two new suborders are strongly
supported by statistical tests. Teeling (2005) found 100% bootstrap support in all
maximum likelihood analyses for the division of Chiroptera into these two modified
suborders. This conclusion is further supported by a fifteen-base pair deletion in BRCA1
and a seven-base pair deletion in PLCB4 present in all Yangochiroptera and absent in all
Yinpterochiroptera. The Chiropteran phylogeny based on molecular evidence is
controversial because microbat paraphyly implies that one of two seemingly unlikely
hypotheses occurred. The first suggests that laryngeal echolocation evolved twice in
Chiroptera, once in Yangochiroptera and once in the rhinolophoids. The second proposes
that laryngeal echolocation had a single origin in Chiroptera, was subsequently lost in the
family Pteropodidae (all megabats), and later evolved as a system of tongue-clicking in
the genus Rousettus.
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Common Pipistrelle, Pipistrellus pipistrellus.

Analyses of the sequence of the "vocalization" gene, FoxP2 was inconclusive of whether
laryngeal echolocation was secondarily lost in the pteropodids or independently gained in
the echolocating lineages. However, analyses of the "hearing" gene, Prestin seemed to
favor the independent gain in echolocating species rather than a secondary loss in the
pteropodids.

In addition to Yinpterochiroptera and Yangochiroptera, the names Pteropodiformes and
Vespertilioniformes have also been proposed for these suborders. Under this new
proposed nomenclature, the suborder Pteropodiformes includes all extant bat families
more closely related to the genus Pteropus than the genus Vespertilio, while the suborder
Vespertilioniformes includes all extant bat families more closely related to the genus
Vespertilio than to the genus Pteropus.
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In the 1980s, a hypothesis based on morphological evidence was offered that stated that
the Megachiroptera evolved flight separately from the Microchiroptera. The so-called
flying primates theory proposed that when adaptations to flight are removed, the
Megachiroptera are allied to primates by anatomical features that are not shared with
Microchiroptera. One example is that the brains of megabats show a number of advanced
characteristics that link them to primates. Although recent genetic studies support the
monophyly of bats, debate continues as to the meaning of available genetic and
morphological evidence.

Little fossil evidence is available to help map the evolution of bats, since their small,
delicate skeletons do not fossilize very well. However a Late Cretaceous tooth from
South America resembles that of an early Microchiropteran bat. The oldest known
definitely identified bat fossils, such as Icaronycteris, Archaeonycteris,
Palaeochiropteryx and Hassianycteris, are from the early Eocene period, 52.5 million
years ago. These fossil bats were already very similar to modern microbats.
Archaeopteropus, formerly classified as the earliest known megachiropteran, is now
classified as a microchiropteran.

Bats were formerly grouped in the superorder Archonta along with the treeshrews
(Scandentia), colugos (Dermoptera), and the primates, because of the apparent
similarities between Megachiroptera and such mammals. Genetic studies have now
placed bats in the superorder Laurasiatheria along with carnivorans, pangolins, odd-toed
ungulates, even-toed ungulates, and cetaceans.
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"Chiroptera" from Ernst Haeckel's Kunstformen der Natur, 1904

The traditional classification of bats is:

e Order Chiroptera
o Suborder Megachiroptera (megabats)
= Pteropodidae
o Suborder Microchiroptera (microbats)
= Superfamily Emballonuroidea
» Emballonuridae (Sac-winged or Sheath-tailed bats)
= Superfamily Molossoidea
= Antrozoidae (Pallid Bat and Van Gelder's Bat)
* Molossidae (Free-tailed bats)
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= Superfamily Nataloidea
= Furipteridae (Smoky bats)
* Myzopodidae (Sucker-footed bats)
= Natalidae (Funnel-eared bats)
» Thyropteridae (Disk-winged bats)
= Superfamily Noctilionoidea
* Mormoopidae (Ghost-faced or Moustached bats)
= Mystacinidae (New Zealand short-tailed bats)
» Noctilionidae (Bulldog bats or Fisherman bats)
= Phyllostomidae (Leaf-nosed bats)
» Superfamily Rhinolophoidea
= Megadermatidae (False vampires)
» Nycteridae (Hollow-faced or Slit-faced bats)
= Rhinolophidae (Horseshoe bats)
= Superfamily Rhinopomatoidea
= Craseonycteridae (Bumblebee Bat or Kitti's Hog-nosed
Bat)
= Rhinopomatidae (Mouse-tailed bats)
= Superfamily Vespertilionoidea
» Vespertilionidae (Vesper bats or Evening bats)

Megabats primarily eat fruit or nectar. In New Guinea, they are likely to have evolved for
some time in the absence of microbats. This has resulted in some smaller megabats of the
genus Nyctimene becoming (partly) insectivorous to fill the vacant microbat ecological
niche. Furthermore, there is some evidence that the fruit bat genus Pfteralopex from the
Solomon Islands, and its close relative Mirimiri from Fiji, have evolved to fill some
niches that were open because there are no nonvolant or non-flying mammals in those
islands.

Fossil bats

There are few fossilized remains of bats, as they are terrestrial and light-boned. An
Eocene bat, Onychonycteris finneyi, was found in the fifty-two-million-year-old Green
River Formation in South Dakota, United States, in 2004 and was added as a new genus
and placed in a new family when published in Nature in 2008. It had characteristics
indicating that it could fly, yet the well-preserved skeleton showed that the cochlea of the
inner ear lacked development needed to support the greater hearing abilities of modern
bats. This provided evidence that flight in bats developed well before echolocation. The
team that found the remains of this species, named Onychonycteris finneyi, recognized
that it lacked ear and throat features present not only in echolocating bats today, but also
in other known prehistoric species. Fossil remains of another Eocene bat, Icaronycteris,
were found in 1960.

The appearance and flight movement of bats 52.5 million years ago were different from

those of bats today. Onychonycteris had claws on all five of its fingers, whereas modern
bats have at most two claws appearing on two digits of each hand. It also had longer hind
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legs and shorter forearms, similar to climbing mammals that hang under branches such as
sloths and gibbons. This palm-sized bat had broad, short wings suggesting that it could
not fly as fast or as far as later bat species. Instead of flapping its wings continuously
while flying, Onychonycteris likely alternated between flaps and glides while in the air.
Such physical characteristics suggest that this bat did not fly as much as modern bats do,
rather flying from tree to tree and spending most of its waking day climbing or hanging
on the branches of trees.

Habitats

Flight has enabled bats to become one of the most widely distributed groups of mammals.
Apart from the Arctic, the Antarctic and a few isolated oceanic islands, bats exists all
over the world. Bats are found in almost every habitat available on Earth. Different
species select different habitat during different seasons — ranging from seasides to
mountains and even deserts — but bat habitats have two basic requirements: roosts,
where they spend the day or hibernate, and places for foraging. Bat roosts can be found in
hollows, crevices, foliage, and even human-made structures; and include "tents" that bats
construct by biting leaves.

Anatomy

Skeleton of a Greater Mouse-eared Bat (Myotis myotis).
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Scapulae, spine and ribs of Myotis lucifugus (Little Brown Bat).
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Spectrogram of Pipistrellus Bat vocalizations. Detail is shown as the pulse duty cycle
increases during a close approach to prey. The bat appears to use a hybrid pulse which
combines a sharp falling frequency chirp with an extended constant frequency tail. Such a
waveform may offer combined benefits of range estimation as well as Doppler shift
detection. Spectrogram generated with Fatpigdog's PC based Real Time FFT Spectrum
Analyzer.

Bat echolocation is a perceptual system where ultrasonic sounds are emitted specifically
to produce echoes. By comparing the outgoing pulse with the returning echoes the brain
and auditory nervous system can produce detailed images of the bat's surroundings. This
allows bats to detect, localize and even classify their prey in complete darkness. At 130
decibels in intensity, bat calls are some of the most intense airborne animal sounds.

To clearly distinguish returning information, bats must be able to separate their calls from
the echoes they receive. Microbats use two distinct approaches.

1. Low Duty Cycle Echolocation: Bats can separate their calls and returning echos
by time. Bats that use this approach time their short calls to finish before echoes
return. This is important because these bats contract their middle ear muscles
when emitting a call so that they can avoid deafening themselves. The time
interval between call and echo allows them to relax these muscles so they can
clearly hear the returning echo. The delay of the returning echos provide the bat
with the ability to estimate range to their prey.

2. High Duty Cycle Echolocation: Bats emit a continuous call and separate pulse and
echo in frequency. The ears of these bats are sharply tuned to a specific frequency
range. They emit calls outside of this range to avoid self-deafening. They then
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receive echoes back at the finely tuned frequency range by taking advantage of
the Doppler shift of their motion in flight. The Doppler shift of the returning
echos yield information relating to the motion and location of the bat's prey.
These bats must deal with changes in the Doppler shift due to changes in their
flight speed. They have adapted to change their pulse emission frequency in
relation to their flight speed so echoes still return in the optimal hearing range.

The new Yinpterochiroptera and Yangochiroptera classification of bats that are supported
by molecular evidence, suggest two possibilities for the evolution of echolocation. It may
have been gained once in a common ancestor of all bats and was then subsequently lost in
the Old World fruit bats, only to be regained in the Horse-Shoe bats; or echolocation was

evolved independent in both the Yinpterochiroptera and Yangochirpotera lineages.

Two groups of moths exploit a bat sense to echolocate: tiger moths produce ultrasonic
signals to warn the bats that they (the moths) are chemically protected or aposematic.
This was once thought to be the biological equivalent of "radar jamming", but this theory
has yet to be confirmed. The moths Noctuidae have a hearing organ called a tympanum,
which responds to an incoming bat signal by causing the moth's flight muscles to twitch
erratically, sending the moth into random evasive manoeuvres.

Other senses

Although the eyes of most microbat species are small and poorly developed, leading to
poor visual acuity, none of them are blind. Vision is used to navigate microbats especially
for long distances when beyond the range of echolocation. It has even been discovered
that some species are able to detect ultraviolet light. They also have a high quality sense
of smell and hearing. Bats hunt at night to avoid competition with birds, and travel large

distances at most 800 km, in their search for food.
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Thermographic image of a bat using trapped air as insulation.
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The finger bones of bats are much more flexible than those of other mammals. One
reason is that the cartilage in their fingers lacks calcium and other minerals nearer the
tips, increasing their ability to bend without splintering. The cross-section of the finger
bone is also flattened compared to the circular cross section that human finger bones
have, and is very flexible. The skin on their wing membranes has more elasticity and so
can stretch much more than other mammals.

The wings of bats are much thinner than those of birds, so bats can maneuver more
quickly and more accurately than birds. It is also delicate, ripping easily. However the
tissue of the bat's membrane is able to regrow, such that small tears can heal quickly. The
surface of their wings is equipped with touch-sensitive receptors on small bumps called
Merkel cells, found in most mammals including humans, similarly found on our finger
tips. These sensitive areas are different in bats as each bump has a tiny hair in the center,
making it even more sensitive and allowing the bat to detect and collect information
about the air flowing over its wings, thereby providing feedback to the bat to change its
shape of its wing to fly more efficiently. An additional kind of receptor cell is found in
the wing membrane of species that use their wings to catch prey. This receptor cell is
sensitive to the stretching of the membrane. The cells are concentrated in areas of the
membrane where insects hit the wings when the bats capture them.

Other

The teeth of microbats resemble insectivorans. They are very sharp to bite through the
hardened armor of insects or the skin of fruit.

Mammals have one-way valves in veins to prevent the blood from flowing backwards,
but bats also have one-way valves in arteries.

One species of bat has the longest tongue of any mammal relative to its body size. This is
beneficial to them in terms of pollination and feeding. Their long narrow tongues can
reach deep into the long cup shape of some flowers. When their tongue retracts, it coils
up inside their rib cage.

Behaviour

Most microbats are nocturnal and are active at twilight. A large portion of bats migrate
hundreds of kilometres to winter hibernation dens, some pass into torpor in cold weather,
rousing and feeding when warm weather allows for insects to be active. Others retreat to
caves for winter and hibernate for six months. Bats rarely fly in rain as the rain interferes
with their echo location, and they are unable to locate their food.

The social structure of bats varies, with some bats leading a solitary life and others living
in caves colonized by more than a million bats. The fission-fusion social structure is seen
among several species of bats. The term "fusion" refers to a large numbers of bats that
congregate together in one roosting area and "fission" refers to breaking up and the
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mixing of subgroups, with individual bats switching roosts with others and often ending
up in different trees and with different roostmates.

Studies also show that bats make all kinds of sounds to communicate with others.
Scientists in the field have listened to bats and have been able to identify some sounds
with some behaviour bats will make after the sounds are made.

70% of bat species are insectivorous, locating their prey by means of echolocation. Of the
remainder, most feed on fruits. Only three species sustain themselves with blood. Some
species even prey on vertebrates: these are the leaf-nosed bats (Phyllostomidae) of
Central America and South America, and the two bulldog bat (Noctilionidae) species,
which feed on fish. At least two species of bat are known to feed on bats: the Spectral
Bat, also known as the American False Vampire bat, and the Ghost Bat of Australia. One
species, the Greater Noctule bat, catches and eats small birds in the air.

Predators of bats include Bat Hawks and Bat Falcons.

Reproduction

Newborn Common Pipistrelle, Pipistrellus pipistrellus.
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Colony of Mouse-eared bats, Myotis myotis.

Most bats have a breeding season, which is in the spring for species living in a temperate
climate. Bats may have one to three litters in a season, depending on the species and on
environmental conditions such as the availability of food and roost sites. Females
generally have one offspring at a time, which could be a result of the mother's need to fly
to feed while pregnant. Female bats nurse their youngsters until they are nearly adult size;
this is because a young bat cannot forage on its own until its wings are fully developed.

Female bats use a variety of strategies to control the timing of pregnancy and the birth of
young, to make delivery coincide with maximum food ability and other ecological
factors. Females of some species have delayed fertilization, in which sperm are stored in
the reproductive tract for several months after mating. In many such cases, mating occurs
in the fall, and fertilization does not occur until the following spring. Other species
exhibit delayed implantation, in which the egg is fertilized after mating, but remains free
in the reproductive tract until external conditions become favorable for giving birth and
caring for the offspring. In yet another strategy, fertilization and implantation both occur
but development of the fetus is delayed until favorable conditions prevail. All of these
adaptations result in the pup being born during a time of high local production of fruit or
insects.

At birth the wings are too small to be used for flight. Young microbats become
independent at the age of 6 to 8 weeks, megabats do not until they are four months old.
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A single bat can live over 20 years, but the bat population growth is limited by the slow
birth rate.

Hunting, feeding, and drinking

the moving young bat, Tamil Nadu

Newborn bats rely on the milk from their mother’s nipples for sustenance. When they are
a few weeks old, bats are expected to fly and hunt on their own. It is up to them to find
and catch their prey, along with satisfying their thirst.

Hunting

Most bats are nocturnal creatures. Their daylight hours are spent grooming, sleeping, and
resting; it is during the nighttime hours that they hunt. The means by which bats navigate
while finding and catching their prey in the dark was unknown until the 1790s, when
Lazzaro Spallanzani conducted a series of experiments on a group of blind bats. These
bats were placed in a room submerged in total darkness, with silk threads strung across
the room. Even then, the bats were able to navigate their way through the room.
Spallanzani concluded that the bats were not using their eyes to fly through complete
darkness, but something else.
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Spallanzani decided that bats were able to catch and find their prey through the use of
their ears. To prove this theory, Spallanzani plugged the ears of the bats in his
experiment. To his pleasure, he found that the bats with plugged ears were not able to fly
with the same amount of skill and precision that they were able to without their ears

plugged.

Bats seem to use their ears to locate and catch their prey, but how they accomplish this
wasn’t discovered until the 1930s, by one Donald R. Griffin. Griffin, who was a biology
student at Harvard College at the time, discovered that bats use echolocation to locate and
catch their prey. When bats fly, they produce a constant stream of high-pitched sounds
that only bats are able to hear. When the sound waves produced by these sounds hit an
insect or other animal, the echoes bounce back to the bat, and guide them to the source.

Feeding and diet

The majority of food consumed by bats includes insects, fruits and flower nectar,
vertebrates and blood. Almost three-fourths of the world’s bats are insect eaters. Insects
consumed by bats include both aerial insects, and ground-dwelling insects. Each bat is
typically able to consume one third of its body weight in insects each night, and several
hundred insects in a few hours. This means that a group of one thousand bats could eat
four tons of insects each year. If bats were to become extinct, the insect population is
calculated to reach an alarmingly high number.

Vitamin C

In a test of 34 bat species from six major families of bats, including major insect and
fruit-eating bat families, found that bats in all tested families have lost the ability to make
vitamin C, and this loss may derive from a common bat ancestor, as a single mutation.

Aerial insectivores

Watching a bat catch and eat an insect is difficult. The action is so fast that all one sees is
a bat rapidly change directions, and continue on its way. Scientist Frederick A. Webster
discovered how bats catch their prey. In 1960, Webster developed a high-speed camera
that was able to take one thousand pictures per second. These photos revealed the fast and
precise way in which bats catch insects. Occasionally, a bat will catch an insect in mid-air
with its mouth, and eat it in the air. However, more often than not, a bat will use its tail
membrane or wings to scoop up the insect and trap it in a sort of “bug net”. Then, the bat
will take the insect back to its roost. There, the bat will proceed to eat said insect, often
using its tail membrane as a kind of napkin, to prevent its meal from falling to the

ground.

Forage gleaners (diet of non-flying insects)

These bats typically fly down and grasp their prey off the ground with their teeth, and
take it to a nearby perch to eat it. Generally, these bats don’t use echolocation to locate
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their prey. Instead, they rely on the sounds produced by the insects. Some make unique
sounds, and almost all make some noise while moving through the environment.

Fruits and flower nectar

A colony of Great Fruit-eating Bats

Fruit-eating, or frugivory, is a specific habit found in two families of bats.
Megachiropterans and microchiropterans both include species of bat that feed on fruits.
These bats feed on the juices of sweet fruits, and fulfill the needs of some seeds to be
dispersed. The fruits preferred by most fruit-eating bats are fleshy and sweet, but not
particularly strong smelling or colorful. To get the juice of these fruits, bats pull the fruit
off the trees with their teeth, and fly back to their roost with the fruit in their mouth.
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There, the bat will consume the fruit in a specific way. To do this, the bats crush open the
fruit and eat the parts that satisfy their hunger. The remainder of the fruit; the seeds and
pulp, are spat onto the ground. These seeds take root and begin to grow into new fruit
trees. “Over one hundred and fifty types of plants depend on bats in order to reproduce”.

Some bats prefer the nectar of flowers to insects or other animals. These bats have
evolved specifically for this purpose. For example, these bats possess long muzzles and
long extrusible tongues covered in fine bristles that aid them in feeding on particular
flowers and plants. When they sip the nectar from these flowers, pollen gets stuck to their
fur, and is dusted off when the bat takes flight, thus pollinating the plants below them.
The rainforest is said to be the most benefitted out off all the biomes that bats live in,
because of the large variety of appealing plants. Because of their specific eating habits,
nectar-feeding bats are more prone to extinction than any other type of bat. However,
according to a study, bats benefit from eating fruits and nectar just as much from eating
insects.

Vertebrates

Although most bats are not included in this group, there is a small group of carnivorous
bats which feed on other vertebrates and are considered the top carnivores of the bat
world. These bats typically eat a variety of animals, but normally consume frogs, lizards,
birds, and sometimes other bats. For example, one vertebrate predator, Trachops
cirrhosus, is particularly skilled at catching frogs. These bats locate large groups of frogs
by distinguishing their mating calls from other sounds around them. They follow the
sounds to the source and pluck them from the surface of the water with their sharp canine
teeth. Another example is the Greater Noctule bat which is believed to catch birds on the
wing.

There are also several species of bat that feed on fish. These types of bats are found on
almost all continents. They use echolocation to detect tiny ripples in the water’s surface
to locate fish. From there, the bats swoop down low, inches from the water, and use
specially enlarged claws on their hind feet to grab the fish out of the water. The bats then
take the fish to a feeding roost and consume the animal.

Blood

There are a few species of bat that consume blood exclusively as their diet. This type of
diet is referred to as hematophagy, and three species of bat exhibit this behavior. These
species include the Common Vampire Bat, the White-winged Vampire Bat, and the
Hairy-legged Vampire Bat. The Common Vampire Bat typically consumes the blood of
mammals, while the Hairy-legged and White-winged feed on the blood of birds.

Results of eating
Bats’ dung, or guano, is so rich in nutrients, that it is mined from caves, bagged, and used

by farmers to fertilize their crops. Also, guano was used in the U.S. Civil War to make
gunpowder.
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There comes a time in the year that some bats will not eat to supply themselves with food
for the night, but for the coming months. These bats are beginning to hibernate. To do
this, the bat will eat as much food as its body can contain, being as fat as possible. The
bat’s body then takes from the supply of fat for energy, but very slowly, because all body
activities have slowed down. This supply of fat will last until the spring season arrives.

Drinking

Generally, bats drink water. In 1960, Frederic A. Webster discovered how bats are able to
acquire this water. To do this, Webster developed a high-speed camera and flashgun that
could take one thousand photos per second. Webster's camera captured the bat's method
of skimming the surface of a body of water, and lowering its jaw to get just one drop of
water. It then skims again to get a second drop of water, and then again to get a third, and
so on, until it has had its fill of water. Its precision and control is very fine, and it almost
never misses. Other bats such as the flying fox or fruit bat gently skim the water's
surface, then land nearby to lick water from their chest fur.

Conservation efforts

Through conservancy efforts, such as the Organization for Bat Conservation, bats are
becoming better understood and people beginning to understand the crucial role bats play
in insect control and pollination.

In the United Kingdom all bats are protected under the Wildlife and Countryside Acts,
and even disturbing a bat or its roost can be punished with a heavy fine.

In Sarawak, Malaysia bats are protected species under the Wildlife Protection Ordinance
1998. The large Naked bat and Greater Nectar bat are consumed by the local
communities.

Bats can be a tourist attraction. The Congress Avenue Bridge in Austin, Texas is the
summer home to North America's largest urban bat colony, an estimated 1,500,000
Mexican free-tailed bats, which eat an estimated 10,000 to 30,000 pounds of insects each
night. An estimated 100,000 tourists per year visit the bridge at twilight to watch the bats
leave the roost.
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Artificial roosts

Very large bat house, Tallahassee, Florida, United States.

Many people put up bat houses to attract bats just like many people put up birdhouses to
attract birds. Reasons for this vary, but mostly center around the fact that bats are the
primary nocturnal insectivores in most if not all ecologies. Bat houses can be made from
scratch, made from kits, or bought ready made. Plans for bat houses exist on many web
sites, as well as guidelines for designing a bat house. Some conservation societies are
giving away free bat houses to bat enthusiasts worldwide.

A bat house constructed in 1991 at the University of Florida campus next to Lake Alice
in Gainesville, Florida has a population of over 100,000 free-tailed bats.
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In Britain, British hardened field defences of World War II have been converted to make
roosts for bats. Pillboxes that are well dug-in and thick walled are naturally damp and
provide a stable thermal environment that is required by bats that would otherwise
hibernate in caves. With a few minor modifications, suitable pillboxes can be converted
to artificial caves for bats.

Again in the UK, purpose-built bat houses are occasionally built when existing roosts are

destroyed by developments such as new roads; one such has been built associated with
bat bridges on the new (2008) A38 Dobwalls bypass.

Threats

A little brown bat with white nose syndrome.
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While conservation efforts are in place to protect bats, many threats still remain.
White nose syndrome

White nose syndrome is a condition associated with the deaths of more than a million
bats in the Northeastern United States. The disease is named after a white fungus found
growing on the muzzles, ears, and wings of some afflicted bats, but it is not known if the
fungus is the primary cause of the disease or is merely an opportunistic infection.
Mortality rates of 90—100% have been observed in some caves. At least six species of
hibernating bats are affected, including the endangered Indiana bat. Because the affected
species have a long lifespan and a low birth rate of only about one offspring per year, it is
not expected that populations will recover quickly.

Wind turbines

The lungs of bats are typical mammalian lungs, and unlike the lungs of birds it has been
hypothesized they are more sensitive to sudden air pressure changes in their immediate
vicinity such as wind turbines, and are more liable to rupture them to explain their
apparent higher rate of mortality rate with such devices. Bats suffer a higher death rate
than birds in the neighborhood of wind turbines since there are no signs of external
trauma, the cause has been hypothesized to be a greater sensitivity to sudden pressure
fluctuations in the mammalian lung than in that of birds. In addition, it has been
suggested that bats are attracted to these structures, perhaps seeking roosts, and thereby
increasing the death rate.

Pathogens and role in the transmission of zoonoses

Among ectoparasites, bats occasionally carry fleas, but are one of the few mammalian
orders that cannot host lice (most of the others are water animals).

Bats are natural reservoir for a large number of zoonotic pathogens including rabies,
severe acute respiratory syndrome (SARS), Henipavirus (i.e. Nipah virus and Hendra
virus) and possibly ebola virus. Their high mobility, broad distribution, and social
behaviour (communal roosting, fission-fusion social structure) make bats favourable
hosts and vectors of disease. Many species also appear to have a high tolerance for
harbouring pathogens and often do not develop disease while infected. However, contary
to folklore, this is not true of rabies, which is as fatal to bats as it is to all other species.
However, a bat may be ill with rabies for a longer time than other mammals.

In regions where rabies is endemic, only 0.5% of bats carry the disease. However, of the
few cases of rabies reported in the United States every year not caused by dogs, most are
caused by bat bites. Those that are rabid may be clumsy, disoriented, and unable to fly,
which makes it more likely that they will come into contact with humans. Although one
should not have an unreasonable fear of bats, one should avoid handling them or having
them in one's living space, as with any wild animal. If a bat is found in living quarters
near a child, mentally handicapped person, intoxicated person, sleeping person, or pet,
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the person or pet should receive immediate medical attention for rabies. Bats have very
small teeth and can bite a sleeping person without being felt. There is evidence that it is
possible for the bat rabies virus to infect victims purely through airborne transmission,
without direct physical contact of the victim with the bat itself.

If a bat is found in a house and the possibility of exposure cannot be ruled out, the bat
should be sequestered and an animal control officer called immediately, so that the bat
can be analysed. This also applies if the bat is found dead. If it is certain that nobody has
been exposed to the bat, it should be removed from the house. The best way to do this is
to close all the doors and windows to the room except one that opens to the outside. The
bat should soon leave.

Due to the risk of rabies and also due to health problems related to their faecal droppings
(guano), bats should be excluded from inhabited parts of houses. The Center for Disease
Control and Prevention provides full detailed information on all aspects of bat
management, including how to capture a bat, what to do in case of exposure, and how to
bat-proof a house humanely. In certain countries, such as the United Kingdom, it is
illegal to handle bats without a license.

Where rabies is not endemic, as throughout most of Western Europe, small bats can be

considered harmless. Larger bats can give a nasty bite. They should be treated with the
respect due to any wild animal.

Mythology

"Nightwing," a work of art by Dale Whistler in Austin, Texas.
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The bat is sacred in Tonga and is often considered the physical manifestation of a
separable soul. Bats are closely associated with vampires, who are said to be able to
shapeshift into bats, fog, or wolves. Bats are also a symbol of ghosts, death, and disease.
Among some Native Americans, such as the Creek, Cherokee and Apache, the bat is a
trickster spirit.

Chinese lore claims the bat is a symbol of longevity and happiness, and is similarly lucky
in Poland and geographical Macedonia and among the Kwakiutl and Arabs. The bat is
also a heraldic animal of the Spanish autonomous community of Valencia.

Pre-Columbian cultures associated animals with gods and often displayed them in art.
The Moche people depicted bats in their ceramics.

In Western Culture, the bat is often a symbol of the night and its foreboding nature. The
bat is a primary animal associated with fictional characters of the night, both villains like
Dracula and heroes like Batman. The association of the fear of the night with the animal
was treated as a literary challenge by Kenneth Oppel, who created a best selling series of
novels, beginning with Si/lverwing, which feature bats as the central heroic figures much
as anthropomorphized rabbits were the central figures to the classic novel Watership
Down.

An old wives' tale has it that bats will entangle themselves in people's hair. One likely
source of this belief is that insect-eating bats seeking prey may dive erratically toward
people, who attract mosquitoes and gnats, leading the squeamish to believe that the bats
are trying to get in their hair.

Mesoamerica

Bat, Moche Culture 100 A.D. Larco Museum Lima, Peru.

In Mesoamerican mythology during the Classic-Contemporary period, bats symbolized
the land of the dead, which was considered to be the underworld. They also symbolized
destruction and decay. Bats may have symbolized in this way because they fly only at
night and dwell in caves during the daytime and are associated with human skulls and
bones by classic Maya ceramists. Central Mexicans sometimes depicted bats having
snouts that looked like sacrificial knives and carrying human head in the Postclassic era.
Bat images were engraved onto funerary urns and were emphasized with large claws and
round ears by Zapotecs. They were commonly associated with death. The depiction of
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bats on funeral urns and goods took on some the characteristics of the jaguar which was
and still is another entity of the night and the underworld. There have also been instances
where bats are portrayed next to other unseemly animals including scorpions and other
nocturnal animals such as owls.

A gigantic, life-size ceramic bat-man has been discovered and dug up from the Templo
Mayor. The Templo Mayor is located in the center of the Mexica capital of Tenochtitlan.
Known as a god of death, this statue has the clawed feet and hands of a bat, but the body
of a man. The statue's human-like eyes bulged out from the bat-like head, making the
Zapotec images very realistic and living. It was said that in the 1930s the Kaqchikel
Maya proclaimed that the bat was the Devil’s provider. Kaqchikel would leave the
Devil’s underworld home and collect blood from the animals to be used for scrumptious
meals to feed the Devil. “In the myths, the beast of prey and the animal that is preyed
upon play two significant roles. They represent two aspects of life—the aggressive,
killing, conquering, creating aspect of life, and the one that is the matter or, you might
say, the subject matter”. In the Devil’s underworld, dead sinners would work off their
sins in order to get to heaven, indicating that the bat was too a sinner and worked under
the authority of the Devil.

Oaxaca

Oaxacans believe that the jealousy of the bat in wanting birds' feathers that gently fit their
bodies led him to become nocturnal. The bat feeling isolated and undesirable spoke to
God after that he complained he was extremely cold. God, fair and just turned to birds in
the animal kingdom and asked if they would show compassion and donate a feather to the
bat so the feathers would keep him warm. The birds all agreed, and began to pluck one
feather from their bodies to give to the bat. With all of the feathers, the bat became much
magnificent looking than all birds, even able to spread color to the night sky. During
daylight, the bat created rainbows that reflected vibrant colors from the sun. The bat soon
became overly arrogant and conceited, due having this new and improved look. The birds
grew tired of the bat’s self conceitedness and glorification, and so decided to fly up to
heaven and speak to God to do something. The birds informed to God of the bat's
behaviour, God was surprised and so decided to take a look himself. When on Earth, God
called on the bat to show him what he was doing. The bat began to fly across the light
blue sky, where one by one each feather began to fall out, uncovering the bat’s natural
ugly looking body. The bat became ashamed and distressed of his appearance after all
feathers came off, missing the beautiful, plentiful feathers that he had, that he decided to
hide in caves during the day. He would only come out during the night, searching high
and low for the feathers to avoid embarrassment that he will not be seen during his
search.

East Nigeria
According to a particular East Nigerian tale, the bat developed its nocturnal habits after

causing the death of his partner the bush-rat. The bat and the bush-rat would share
activities such as rummaging through the grass and trees, hunting, talking and bonding
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during the day. When at night, the bat and the bush-rat would alternate in cooking duties
cooking what was caught, and eat together. It appeared to a dedicated partnership,
however the bat hated the bush-rat immensely. The bush rat always found the bat’s soup
more appetising so when eating dinner one night asked the bat why the soup tasted better
than his own and also asked how it was made. The bat agreed to show him how to make
it the next day but instead was forming a malicious plan.

Next day as bat prepared his soup, the bush-rat came, greeting him and asked if he could
be shown what was agreed yesterday. Earlier, the bat has found a pot looking exactly like
the one he used usually, but it held warm water and so decided to use this instead. The bat
explained to the bush-rat that to make his soup, he had to boil himself prior to serving the
soup where sweetness and flavor of the soup came from the flesh. The bat jumped in the
pot seemingly excited, with the bush-rat mesmerised. After a few minutes the bat climbed
out and while the bush-rat was distracted, switched pots. The bat then served his soup out
of the soup pot, both tasted it. Over anxious and eager, the bush-rat, jumped into the pot
of warm water. He stayed much longer in the pot dying in the process.

When the bush-rat’s wife returned that night to find her husband dead, she wept and ran
to the chief of the land's house telling him about what happened and what she was sure
what the bat had done. In hearing this, the chief became angry, ordering for the
immediate arrest of the bat. It just so happened that the bat was flying over the house and
overheard what was just said. He quickly went into hiding high up in a tree. When the
chief’s men went looking for the bat, he could not be found. The search to arrest the bat
carried on over several days, but still could not be found. The bat needed to eat, so flew
out of hiding every night to hunt for food to escape of being arrested. This, according to
Eastern Nigeria mythology, is why bats only fly at night.

Heraldry

Burgee of the Royal Valencia Yacht Club.

The bat is sometimes used as a heraldic symbol. The coats of arms of certain cities in
eastern Spain, like Valencia, Palma de Mallorca and Fraga have the bat over the shield.
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Formerly the Barcelona city coat of arms also had a bat crowning it, but the bat has been
removed in the present-day versions.

The heraldic use of the bat in Valencia, Catalonia and the Balearic Islands has its origins
in a winged dragon (vibra or vibria), which featured in King James I of Aragon's helmet
or cimera reial. This is the most widely accepted theory, although there is also a legend
that says that due to the intervention of a bat, King James was able to win a crucial battle
against the Saracens that allowed him to win Valencia for his kingdom.

The use of the bat as a heraldic symbol is prevalent in the territories of the former Crown
of Aragon and it is little used elsewhere. However, it can be found in a few places, as in
the coats of arms of the city of Albacete, in Spain, as well as the town of Montchauvet
(Yvelines), in France.

Certain Spanish soccer clubs including Valencia CF and Levante UD use bats in their
badges.

The Burgee of the Royal Valencia Yacht Club (Reial Club Nautic de Valéncia) displays a
bat on a golden field in its center.
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Chapter-9

Carnivores

Lions are voracious carnivores; they require up to seven kilograms (15 lbs) of meat per
day. A major component of their diet is the flesh of large mammals, like this African
buffalo.

A carnivore , meaning 'meat eater' (Latin carne meaning 'flesh' and vorare meaning 'to
devour"), is an organism that derives its energy and nutrient requirements from a diet
consisting mainly or exclusively of animal tissue, whether through predation or
scavenging. Animals that depend solely on animal flesh for their nutrient requirements
are considered obligate carnivores while those that also consume non-animal food are
considered facultative carnivores. Omnivores also consume both animal and non-animal
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food, and apart from the more general definition, there is no clearly defined ratio of plant
to animal material that would distinguish a facultative carnivore from an omnivore, or an
omnivore from a facultative herbivore, for that matter. A carnivore that sits at the top of
the foodchain is an apex predator.

Plants that capture and digest insects are called carnivorous plants. Similarly, fungi that
capture microscopic animals are often called carnivorous fungi.

Classification

The Venus flytrap, a well known carnivorous plant
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Carnivores that eat insects and similar invertebrates primarily or exclusively are called
insectivores, while those that eat fish primarily or exclusively are called piscivores. Large
piscivore amphibians were the first vertebrates to conquer land, they evolved 400 million
years ago. Insectivores evolved next and predators of other vertebrates after that.

The word "carnivore" sometimes refers to the mammalian Order Carnivora, but this is
somewhat misleading. Although many Carnivora fit the definition of being exclusively
meat eaters, not all do. For example, most species of bears are omnivorous, except for the
giant panda, which is almost exclusively herbivorous, and the carnivorous polar bear. In
addition, many carnivorous species are not members of Carnivora.

Outside the animal kingdom, there are several genera containing carnivorous plants and
several phyla containing carnivorous fungi. The former are predominantly insectivores,
while the latter prey mostly on microscopic invertebrates, such as nematodes, amoeba
and springtails.

Obligate carnivores

This white Bengal tiger's sharp teeth and strong jaws are the classical physical traits
expected from carnivorous mammalian predators

Obligate or true carnivores depend solely on the nutrients found in animal flesh for their
survival. While they may consume small amounts of plant material, they lack the
physiology required for the efficient digestion of vegetable matter and, in fact, some
carnivorous mammals eat vegetation specifically as an emetic. The domestic cat is a
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prime example of an obligate carnivore, as are all of the other felids. The ability to
produce synthetic forms of nutrients such as taurine in the lab has allowed feed
manufacturers to formulate foods for carnivores (zoo animals and pets) with varying
amounts of plant material.

The diet of a hypercarnivore consists of more than 70% meat, that of a mesocarnivore 50-
70%, and that of a hypocarnivore less than 30%, with the balance consisting of
nonvertebrate foods, which may include fungi, fruits, and other plant material.

Characteristics of carnivores

Characteristics commonly associated with carnivores include organs for capturing and
disarticulating prey (teeth and claws serve these functions in many vertebrates) and status
as a predator. In truth, these assumptions may be misleading, as some carnivores do not
hunt and are scavengers (though most hunting carnivores will scavenge when the
opportunity exists). Thus they do not have the characteristics associated with hunting
carnivores. Carnivores have comparatively short digestive systems, as they are not
required to break down tough cellulose found in plants. Carnivores will also generally
possess eyes that face forward, affording binocular vision and depth perception necessary
to pounce on prey, as contrasted to the usual herbivore arrangement of eyes set on
opposite sides of the head, sacrificing binocular vision for a nearly 360 degree field of
vision as a defense against predators.

Prehistoric carnivores

The first vertebrate carnivores were fish, and then amphibians that lived moved on to
land. Early tetrapods were large amphibious piscivores. While amphibians continued to
feed on fish and later insects, reptiles began exploring two new food types, tetrapods
(carnivory), and later, plants (herbivory). Carnivory was a natural transition from
insectivory for medium and large tetrapods, requiring minimal adaptation (in contrast, a
complex set of adaptations was necessary for feeding on highly fibrous plant materials).

Prehistoric mammals of the crown-clade Carnivoramorpha (Carnivora and Miacoidea
without Creodonta), along with the early order Creodonta, and some mammals of the
even earlier order Cimolesta, were true carnivores. The earliest carnivorous mammal is
considered to be the Cimolestes that existed during the Late Cretaceous and Tertiary
Periods in North America about 65 million years ago. Most species of Cimolestes were
mouse to rat-sized, but the Late Cretaceous Cimolestes magnus reached the size of a
marmot, making it one of the largest Mesozoic mammals known (20-60g). The cheek
teeth combined the functions of piercing, shearing and grinding, and the molars of
Palaeoryctes had extremely high and acute cusps that had little function other than
piercing. The dentition of Cimolestes foreshadows the same cutting structures seen in all
later carnivores. While the earlier smaller species were insectivores, the later marmot-
sized Cimolestes magnus probably took larger prey and were definitely a carnivore to
some degree. The cheek teeth of Hyracolestes ermineus (an ermine-like shrew - 40g) and
Sarcodon pygmaeus ("pygmy flesh tooth" - 75g), were common in the latest Paleocene of
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Mongolia and China and occupied the small predator niche. The cheek teeth show the
same characteristic notches that serve in today's carnivores to hold flesh in place to shear
apart with cutting ridges.

The theropod dinosaurs such as Tyrannosaurus rex that existed during the Mesozoic Era
were "obligate carnivores".

List of extant carnivores

In contrast to the tiger, these emperor penguins show that teeth and claws are not

necessary to be a carnivore. They feed on crustaceans, fish, squid, and other small marine
life.
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Great Blue Heron with a snake
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Some nematodes are also carnivorous, for instance this Mononchidae eating another
Mononchidae.
Mammals

All feliforms, such as domestic cats, big cats, hyenas, mongooses, civets
Most caniforms, such as the dogs, wolves, foxes, ferrets, seals and walruses
All cetaceans, such as dolphins, whales and porpoises

All bats (except fruitbats)

The carnivorous marsupials, such as the Tasmanian devil

Birds

o All birds of prey, such as hawks, eagles, falcons and owls
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e All vultures, both old world and new
e Some waterfowl, such as gulls, penguins, pelicans, storks, and herons

Dinosaurs
e All theropods (except Therizinosaurs)
Reptiles

e All crocodilians, such as alligators, crocodiles, gharials and caimans
e All snakes, such as cobras, vipers, pythons and boas

e Some lizards, such as most skinks and all monitor lizards

e Some turtles, including the snapping turtle and most sea turtles

Fish and amphibians

e Most anurans, such as frogs and toads
o All sharks, such as tiger, great white, nurse and reef sharks
e Many bony fish, such as tuna, marlin, salmon, and bass

Invertebrates

o Some crustaceans, such as the coconut crab, though mainly omnivorous, will prey
on turtle hatchlings, smaller crabs species, rats, and carrion

e Some molluscs, such as octopuses and squid, and some gastropods

e Most arachnids, such as spiders and scorpions

e Many insects, such as mantises, dragonflies and most wasps

o All jellyfish and sea stars

e All centipedes
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