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Engineered by evolution to thrive in the wildA tiny textbook to learn on your ownHow Birds Work
goes beyond the typical field guide to show us not only what birds look like but why. Why do
many owls have asymmetrical ear openings? (Hint: It helps them pinpoint prey; see page 40.)
And why does the Grey Heron rest on one leg at a time? (Hint: Not because it’s tired; see page
66!) Birds boast a spectacular array of adaptations suited to their incredibly diverse diets and
habitats. In this in-depth handbook, discover the ways they’re even more astounding than you
know—inside and out. Detailed analysis and illustrations
illuminate:SkeletonMusclesCirculationDigestionRespirationReproductionFeathersColors and
PatternsAnd much, much more!
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colorsGlossaryIndexPhoto creditsintroductionIn the world today, there are about 10,000 species
of birds. They range in size from the 0.07-ounce (2g) Bee Hummingbird to the Ostrich, which
weighs in at some 220 pounds (110kg). There are birds native to every part of every continent,
and between them they exploit every kind of habitat from desert and ice cap to the lushest forest.
Among them are record-breaking high-fliers, death-defying deep-sea divers, fearsome killers,
and the most devoted of lovers. Yet despite all of this variety, their anatomical forms show great
consistency. Avian traits are instantly and irrefutably apparent in every bird.The sensory abilities
of owls are fine-tuned to help them locate and target their prey in almost complete darkness.As
the sole surviving dinosaurs on Earth, birds have a long evolutionary history. Their diversity
today is testament to the success of the avian prototype, which first appeared some 150 million
years ago. Feathered dinosaurs existed prior to this, and feathers were the breakthrough that
allowed these animals to maintain their own body temperature and thus survive in more
inhospitable climates. But it was the adaptation of the forelimb and its feathers into flight-capable
wings that allowed the lineage Aves to really take off.Flight opens up a vast array of
opportunities that are not available to earthbound animals—most significantly, rapid long-
distance travel and the ability to feed and nest in inaccessible places, such as tall treetops, cliff
faces, and on remote islands. However, flight comes at a cost—in fact, many costs. Birds need a
certain power-to-weight ratio to make flight not only possible, but energy efficient enough for
them to be able to fuel themselves. This means that all bodily structures need to be as light as
possible, while also being exceptionally strong to resist the stresses of flight.The anatomy of a
typical flying bird is, therefore, considerably pared down compared to similar-sized mammals
and reptiles. Their skeletons contain fewer and smaller (but stronger) bones, their muscles
(except for those that drive wingbeats) are slimmed down, and their digestive and waste
management processes are extra efficient. Birds live close to their bodily limits and at a fast
pace. To cope with this, they have large and complex brains and some show intelligence
comparable to that of the cleverest wild mammals. Their intelligence means that their social
interactions are complex, and it is for social reasons that they have evolved the most brilliant
colors and most beautiful and varied voices in nature.Although they cannot fly, penguins make
use of their wings to propel them on longer and deeper underwater dives than any other birds
can achieve.The least birdlike of birds are those species that are flightless. All flightless birds
have flying ancestors, but they have evolved a way of life where other extreme adaptations offset
the loss of flight. Penguins can dive deeper and for longer than any other birds, ostriches are the
fastest-running creatures on two legs, and kiwis have a sense of smell that is almost without
equal.This book explores the anatomy of all kinds of birds from egg to adulthood. We look at the
structure and inner workings of all their internal systems from skeleton to skin, respiration to
circulation, reproduction to digestion, mind to motion. Through this exploration, we build a
picture of the bird as a complete system, a natural machine honed through evolution to survive
and thrive, and to impress, amaze, and enchant.Woodpeckers’ skulls have exceptional built-in
shock absorption, to mitigate the g-force they experience when using their bills to chisel into



wood.1ancestors and evolutionBirds are all that remain today of the dinosaurs. The history of
their emergence from the mighty theropod dinosaur lineage is told through millennia of fossils,
and evidence of this ancestry is apparent in their living bodies today.1.1 • Evolutionary tree1.2 •
Theropods1.3 • Early birds1.4 • Lost oddities1.5 • Convergent evolution1.6 • Evolution
todayConfuciusornis, a fossil bird from China that lived about 120 million years ago, was crow-
sized, with prominent wing claws and a toothless bill.evolutionary treeBirds are vertebrates and
they have four limbs. This makes them tetrapods—the same as us and other mammals, and also
reptiles and amphibians.The fossil record suggests the first tetrapods date back about 400
million years. Although they resembled any other fishes to the untrained eye, they had lungs as
well as gills, and their pectoral and pelvic fins were becoming modified into structures that could
support their weight and propel them on land. Earth’s land surface was already home to an array
of plant life and insects, including the first flying insects, and was ripe for colonization by larger
animals; the world was also recovering from the late Devonian mass extinction (about 360–370
million years ago) which had caused wholesale loss of biodiversity among marine life in
particular.The first tetrapods, even those that could move freely on land, still needed to place
their eggs in water. By 312 million years ago, early reptiles had evolved. These were the first
amniotes—animals that produced eggs with sturdy shells that could survive and hatch on land.
As well as airproof eggs, they also had adaptations to prevent water loss in their own bodies,
such as dry and thicker skin, and more efficient lungs and kidneys.Some tetrapods have, over
time, lost two or all four of their limbs. Snakes, whales, and the wormlike amphibious caecilians
are examples of tetrapods that no longer have four functional limbs, but they all descend from
four-limbed ancestors and their internal anatomy retains traces of this heritage.the sauropsid
lineageBy 300 million years ago, these first reptiles had split into two primary lineages—the
sauropsids (the ancestors of dinosaurs, birds, and modern reptiles) and the synapsids (the
ancestors of mammals). Crocodiles and dinosaurs (including birds) belong to a branch of
sauropsids called Archosauromorpha, while modern snakes and lizards descend from another
branch, the Lepidosauromorpha. The ancestry of modern shelled reptiles (tortoises and their
relatives) is still not fully understood.Archosauromorpha first appeared some 260 million years
ago, and since then has branched and diversified dramatically, though most of those branches
were not destined to survive to modern times. About 230 million years ago in the late Triassic
period, one of its lineages (Archosaura) split into two pathways—Pseudosuchia and
Avemetatarsalia. Species within Avemetatarsalia included the pterosaurs (“pterodactyls”) and
also many of the familiar dinosaurs, such as Diplodocus and other long-necked sauropods,
Triceratops and its horned relatives. It also included the bipedal theropods—Tyrannosaurus rex,
Velociraptor, and many others; this is the lineage that gave rise to birds. The Cretaceous–
Paleogene mass extinction that took place some 66 million years ago killed off most of these
animals, though, and modern birds are all that survive today of Avemetatarsalia.Pseudosuchia is
the sister lineage to Avemetatarsalia. It includes a great variety of reptiles, but most of those
were wiped out in the earlier Triassic–Jurassic mass extinction, about 200 million years ago.



Today, all that remains of Pseudosuchia are crocodiles, alligators, and their relatives.This
diagram shows the evolutionary relationships between modern mammals, reptiles, and
birds.The earliest members of these two lineages differed most obviously in the bone structure
of their ankles (Avemetatarsalia means “bird ankles”) but their surviving modern descendants
have followed such different evolutionary pathways and become so different in body shape as a
result that it’s difficult to believe how closely related they are.theropodsAs we have discovered
more and more about its anatomy through fossil analysis, the theropod dinosaur of our
imagination has evolved from an awkwardly upright, lumbering scaly lizard to something
feathered, gracefully swift-moving, and altogether more birdlike.The Tyrannosaurus rex, the
most iconic of all the dinosaurs, had strikingly birdlike feet.Most theropods were carnivores, and
among them were the biggest land carnivores ever to exist. An adult Tyrannosaurus rex, living
some 67 million years ago, would have measured about 39–42 feet (12–13 meters) from tail tip
to snout, and probably weighed up to 9 tons (8 tonnes). It would have moved in a fairly horizontal
stance on powerful hind legs, counterbalanced by a long, thick-based tail, catching and killing
prey with its massive jaws, its forelimbs being famously very small for its overall body size. It had
light feathering on parts of its body and, despite being a land predator, it had strong but partly
hollow bones, a trait common to all theropods.Other more birdlike theropods included the
ornithomimids, which were smaller and more lightly built, with long, partly feathered arms as well
as long hind legs. They were small-headed, possibly herbivorous, and would have lived in a
similar manner to modern ostriches, running rapidly on large, three-toed feet.the maniraptora
lineageThe theropod lineage that includes the modern birds is Maniraptora. Early maniraptorans
were small animals with a number of anatomical traits that set them apart from other theropods.
They had long arms that ended in just three fingers, and unlike all other dinosaurs they
possessed breastbones, rather than sternal plates made of cartilage. Many groups had
advanced feather types, including soft down fibers, and also elongated wing and tail feathers,
permitting flight. Certain maniraptoran dinosaurs were probably capable of true flight—among
them the genus Eosinopteryx, which had long, strong-shafted wing and tail feathers. There were
also four-winged forms such as Microraptor and Changyuraptor, with flight feathers on fore and
hind limbs.Fossil evidence shows that the theropod dinosaurs had a truly global
distribution.Some 160 million years ago, the nonavian maniraptoran family Scansoriopterygidae
had elongated and strongly clawed third fingers, which supported a fleshy patagium, or
membrane, like that which forms the wings of bats. This suggests that they probably lived in
trees, climbing and gliding between them.Velociraptor was an avian maniraptor that lived some
75 million years ago. Its size, structure, and projected weight suggested it pursued a terrestrial
lifestyle. However, it had quite long-feathered forelimbs, which it may have flapped to provide
extra power when running hard. It may also have used its wings for stability while pinning down
prey.The theropods form a highly diverse group of dinosaurs, which first came into being some
230 million years ago and survives to the modern day in the form of birds. We have assigned
more than 1,100 theropod fossils to distinct species, but today we recognize more than 10,000



species of birds. Given the great rarity of fossils generally, it is likely that the total number of
theropod species that have existed over the group’s long life span is many times larger than
these two sums combined.Velociraptor was a lightly built theropod dinosaur with long-feathered
(and large-clawed) forelimbs.early birdsThere is no simple set of criteria that allows us to
definitively classify a particular maniraptor as a “true” bird. The process of transition from more
classically reptilelike body types to more birdlike ones is gradual, although in evolutionary terms
it was also relatively rapid at times.We cannot be certain that any particular prehistoric theropod,
however birdlike, was definitely an ancestral species of modern birds; however, we can see the
emergence of modern avian traits through study of their fossils. The best-known fossil “bird” is
Archaeopteryx, which lived some 150 million years ago. Several well-preserved fossils have
been found in what is now southern Germany. It was fully feathered, with well-developed wing
and tail feathers, and was probably capable of some degree of flight; its superbly preserved
fossils reveal an unmistakably birdlike outline. However, its long tail was more reptile than bird,
being formed by about 20 separate caudal (tail) vertebrae, and the tail feathers grew out of it
along its length, like the fronds of a fern. Modern birds lack a bony tail and their caudal vertebrae
are fused into a small triangular plate called the pygostyle, which supports a fan of tail feathers.
Other nonavian traits possessed by Archaeopteryx included fully developed sharp teeth, no
ridge or keel on its sternum, and three projecting, clawed fingers at the bend of the wing.At the
time of its discovery in the 19th century, nothing like Archaeopteryx had ever been found before.
Several of its more birdlike traits were not thought to exist in dinosaurs at all, but have since
been discovered in several theropods and even in some nontheropod dinosaurs. These include
fully developed feathers, the existence of a furcula or wishbone (formed by fused clavicles), and
a partly reversed first toe. Nevertheless, Archaeopteryx is usually considered to be a true (if
primitive) bird rather than a birdlike dinosaur.The eleven known specimens of Archaeopteryx are
similar enough that most paleontologists assign them all to just one species—Archaeopteryx
lithographica. The second word of its name means “written in rock.”The well-preserved forelimb
feathers of this Archaeopteryx fossil leave no doubt that this creature had flight-capable
wings.This Ichthyornis skeleton shows its overall similarity to modern birds, but note the
backward-angled teeth, which allowed it to grip its fish prey.signs of the modern birdFossils from
the Cretaceous period (140–66 million years ago) show early birds diversifying into a variety of
forms, some of them flying and others flightless. One significant group was the Enantiornithes, or
“opposite-birds,” whose shoulder joints articulate the other way round to modern birds, leading to
a different manner of flight. These birds also had teeth and clawed wings, but had evolved a
pygostyle and reversed hind toe, and in many ways resembled modern bird toes.Further
changes toward modern bird anatomy took place, including the change from bony tail to
pygostyle, the reduction of forelimb digits, and the loss of teeth. Other late Cretaceous birds
include the gulllike Ichthyornis, which had a birdlike bill but retained a few sharp teeth in the
middle of each jaw, and the huge diver-like Hesperornithes, a foot-propelled, flightless fish-
catcher with small, sharp teeth and vestigial wings. All of these forms disappeared in the



Cretaceous–Paleogene mass extinction event, but some of their relatives survived and gave rise
to modern birds through the Paleogene and Neogene eras.lost odditiesThe dinosaurs and many
other land and sea animals were wiped out in the Cretaceous–Paleogene mass extinction, some
66 million years ago. In the following millennia, the surviving birds and mammals spread and
diversified rapidly, occupying ecological roles once performed by dinosaurs.Some of the
lineages that evolved over this time have survived to the present day, although individual species
rarely persisted for longer than a million years. Those birds that have come and gone include
many remarkable species that coexisted with humankind. One of the earliest taxa of birds to
appear in the fossil record is Palaeognathae—the ratites and tinamous. While tinamous are
small, weakly flying birds that resemble chickens, the ratites are mostly very large, flightless
birds, including the largest living bird species, the Ostrich. They are distinguished by the lack of
a sternum keel, among other traits.A real heavyweight among the early birds, Dromornis
occupied a similar ecological role to that of mammals such as rhinos and elephants.Relative
sizes of some extinct flightless birds; from left: Giant Moa, Elephant Bird, Dromornis, Colossus
Penguin, and Moa-Nalo.The first ratites existed at least 56 million years ago, probably
originating in Eurasia and from there spreading to Australasia, Africa, and the New World.
Extinct ratites include the elephant birds of Madagascar (family Aepyornithidae), which weighed
in excess of 1,100 pounds (500kg). The nine species of moa in New Zealand included Dinornis,
the giant moas, which stood more than 11 feet (3.5 meters) tall, making them the tallest birds
ever to have lived. Smaller moas were hunted by the 33-pound (15kg) Haast’s Eagle, the world’s
heaviest ever eagle. All of these species became extinct in the 12th and 13th centuries, not long
after humans colonized their respective habitats.ancestorsOf similar body size to the elephant
birds was Dromornis, the “demon duck” of Australia, which looked ratitelike but was a relative of
the ancestors of modern ducks and geese. Like the ratites, it ran on two strong legs, and was
herbivorous—the bird equivalent of large grazing or browsing mammals. The moa-nalo, heavy
flightless birds with large, serrated bills, were also related to modern ducks, and were the largest
herbivores on the Hawaiian Islands. Dromornis last lived some 30,000 years ago, but the moa-
nalo survived until humans colonized Hawaii, sometime after 124 ce.The penguins are another
ancient lineage of birds, first appearing about 62 million years ago, and diversifying greatly over
the next 30 million years. Among the more remarkable species was Palaeeudyptes klekowskii,
the Colossus Penguin. This bird had a long spear for a bill and stood at least 5 feet (1.6 meters)
tall; it probably weighed about 250 pounds (115kg).With a 20-foot (6.4m) wingspan and a bill full
of pointed pseudo teeth, Pelagornis sandersi was an impressive predatory seabird that lived
some 25 million years ago in what’s now North America. The only other bird with a wingspan to
rival it was Argentavis magnificens, a large scavenging bird present in what is now Argentina,
about 7 million years ago. The former species resembled modern albatrosses but was most
closely related to ducks and geese. The latter was a relative of modern American vultures.Today,
only a few large, flightless birds survive, but they include successful species such as the Ostrich
of Africa and the two species of rhea that occur across much of South America.The giant moas



were nearly twice as tall as an average human being.convergent evolutionIn our first attempts to
classify the natural world, we grouped bats with birds, and whales with fish. While their
similarities are obvious, some of them are also superficial.As we have learned more about
animal anatomy and the processes that cause evolution, we have come to understand that
unrelated animal groups with similar ways of life have often developed some anatomical
similarities, too, via different pathways. Examples of convergent evolution, as this phenomenon
is known, exist between different bird families and also between birds and other classes of
animals. True, powered flight has evolved independently in three modern groups of animals—
insects, birds, and bats. A fourth group, the extinct pterosaurs, were the first vertebrates to
evolve flight, and this lineage also produced the largest ever flying animals. All four groups have
movable wings, and much less body weight than their land-bound equivalents.In the three
vertebrate groups that fly, the forelimbs are modified into wings, with a large, strong, and air-
resistant but very lightweight surface area to capture and push against air. This surface is a skin
membrane (patagium) running from wing tip to toe tip in the case of bats and pterosaurs, and a
layered arrangement of feathers in birds. In birds and pterosaurs, all digits but one are reduced
in size compared to most other tetrapods, with the single elongated finger forming part of the
leading edge of the wing, while in bats the fingers are all greatly elongated and splayed,
providing additional support to the patagium. The bird respiratory system includes air sacs and
air spaces in their pneumatized bones, and the same was true of pterosaurs, but bats lack these
adaptations.Bats and birds, and dolphins and fish, show obvious, if superficial similarities,
despite their very different evolutionary histories.Where birds have evolved in the absence of
mammals, they have often diversified to exploit niches that are the preserve of mammals
elsewhere. The kiwis of New Zealand—flightless, with stout, robust bodies and a finely tuned
sense of smell via nostrils placed near the bill tip—are ecologically similar to hedgehogs and
other terrestrial, nocturnal mammals that sniff out their prey in the woodland understory.Swifts
and swallows have extremely similar body shapes and lifestyles, despite their disparate
evolutionary history.Penguins and auks are not related, but both have evolved to use their wings
for propulsion underwater. However, only auks have retained the ability to fly.shared
traitsConvergent evolution across separate bird families is commonplace. Well-known examples
include the swifts and swallows, both of which specialize in hunting flying insects. They are fast
fliers with streamlined bodies and have small bills with wide, bristle-lined gapes. Swifts are
related to the hummingbirds, while swallows are songbirds, more closely allied to larks and
warblers. Among seabirds, the penguins and auks are unrelated but show remarkable
convergence as deep-diving, wing-propelled fish hunters, clumsy on land but masterly on and in
the water. Unlike the penguins, the auks have retained the power of flight, except for the most
penguinlike auk of all, the Great Auk, which was hunted to extinction in the 19th century.ISLAND
ENDEMISMNatural selection shapes a population of living things to best function in their
environment and exploit particular ecological niches. In environments where there is a very
limited fauna, such as small, remote islands, we find some extreme examples of



adaptation.Flight is a near-universal bird trait, allowing birds to escape many predators and to
travel easily to where they need to be. However, being able to fly imposes its own limitations.
Flying birds must keep a low body weight and have certain body proportions. Having large wings
makes it less easy to move on the ground. Being small-bodied with very high energy needs can
make it difficult to retain body heat. Growing a full set of large flight feathers each year is costly
on bodily resources. These and other challenges go hand in hand with maintaining a flight-
capable body. So a bird species living on a small island and nowhere else (an island endemic)
may be pushed along the path to flightlessness if it can make its living from the resources that
island holds, and if it doesn’t need to escape from predators.The flightless Takahe of New
Zealand is the largest and heaviest member of the family Rallidae.Flightlessness in RallidaeIn
the landbird family Rallidae (rails and crakes), the only sizable landbird family with many
flightless members, there are about 142 species. Of those, 20 are flightless, and 16 of those 20
(80 percent) flightless species are island endemics (living on small or medium-sized, historically
predator-free islands). Of the 122 flying species, only 5 percent are island endemics.Since 1500
about 30 species of Rallidae (nearly all of them flightless island endemics) have become
extinct.Most known members of the swamphen genus Porphyrio are extinct or endangered. The
Purple Swamphen remains relatively widespread.So there is a tendency for birds endemic to
predator-free islands to become poorer fliers, better walkers, and also to become larger in body
size (island gigantism). This makes them more energy-efficient, needing fewer calories to
survive and function. Examples include New Zealand species like the Takahe (a rail) and the
Kakapo (a parrot)—both of these flightless birds are exceptionally big and heavy examples of
their respective families.The Hawaiian Islands, because of their isolated position, are rich in
endemism. At least 71 endemic bird species were present on the archipelago in 1778, when
Captain Cook arrived. However, thanks to introduced invasive species and habitat loss, most of
these are now extinct and virtually all the others are endangered. The family Mohoidae was
endemic to Hawaii and contained five species—the Hawaiian honeyeaters. With the demise of
the last species (the Kaua’i ‘ō’ō, in 1987), Mohoidae became the only known bird family to have
died out completely in modern times.The flightless Kakapo of New Zealand is the world’s
heaviest parrot species, reaching up to 8¾ pounds (4kg) in weight.Unanticipated
predatorsIsland endemics, while well-adapted to their environment, are extremely vulnerable to
chance events, such as extreme weather and the arrival of non-native predators. The Dodo,
native to Mauritius, was a large, flightless pigeon that was rapidly wiped out when people (along
with dogs, pigs, and rats) arrived on the island. Many other island endemics have been brought
to extinction in the same way, and nearly all of those that still survive are endangered and in
need of drastic conservation measures if they are to survive.evolution todayBy its nature,
evolution is unending. The process of natural selection shapes the anatomy, physiology, and
behavior of a population of animals to thrive better in that environment, by weeding out
individuals least able to survive, leaving the “most fit” alive to pass on their genes to a new
generation.As environments change, so successive generations adapt (as long as



environmental change is not too rapid—if it is, then extinction is a more likely outcome than
adaptation). The process is usually extremely gradual, but sometimes much more rapid and
even at times observable within our own life spans. When new opportunities are suddenly
available to a species, we may observe a phenomenon called adaptive radiation. This has
famously occurred on the Galápagos Islands. These volcanic islands are geologically young and
have only really been hospitable to animal life for about 1.6 million years. The few land birds they
support include some 15 species of finchlike tanagers, all similar but adapted to slightly different
habitats and lifestyles. They differ particularly in bill shape—some have thick bills for seed
cracking, while others have slimmer bills, suited to an insectivorous diet. Studying the
Galápagos finches helped Charles Darwin formulate his theory of evolution—he concluded that
all species descended from a recent common ancestor that reached the islands, and underwent
relatively rapid adaptive radiation, with different lineages branching out to exploit the range of
ecological niches available.Garden bird feeding stations in the UK are helping to drive
evolutionary change in the Blackcap.the evolving blackcapWhen two parts of a species’
population begin to differentiate, this may sometimes be the start of speciation—one species
becoming two (or more). This process is occurring in the Blackcap, a warbler that breeds in
northern and eastern Europe and migrates to Iberia and northern Africa in winter. In the 1960s,
birdwatchers in the UK noticed that growing numbers of blackcaps were present in winter.
Ringing studies (marking wild birds with unique leg rings, to allow future identification of
individuals) revealed that the wintering birds had traveled from eastern Europe. A single genetic
mutation had changed the direction the birds take when migrating from southwest to northwest,
sending them to the UK. The new trait spread quickly through the population, as the UK proved a
very suitable place for the birds to overwinter (thanks, in part, to so many people putting out
seed for garden birds in winter).The Large Ground Finch, a seed-eating species, is the biggest-
billed of all of the Galápagos finches.The Common Cactus Finch’s pointed, strong bill is adapted
to take seeds and fruit from prickly-pear cacti, a common Galápagos plant.The Woodpecker
Finch is probably the most famous Galápagos finch. It probes tree holes for insects and will also
use a cactus spine as a tool to extract prey.The insect-eating Green Warbler Finch has a smaller
and slimmer bill than the other Galápagos finches.Now, the Blackcap population in eastern
Europe is split into two distinct groups based on where they go in winter, and the UK-wintering
birds are beginning to show different anatomical traits as they become better adapted to their
new winter home and somewhat different winter diet. They have shorter wings and browner
plumage, and slimmer bills for a more varied diet—those that winter in Africa and Iberia have
stouter bills and eat mainly fruits in winter. There is also a strong tendency for UK-winterers to
breed with other UK-winterers, as they return from migration slightly earlier than the Africa-
winterers, so the two forms are starting to experience reproductive isolation—a strong driver of
evolutionary change.MUTATION AND NATURAL SELECTIONThe processes of genetic
mutation and natural selection are what drive evolutionary change. This is how populations of
living things adapt to their environment, and over time this can involve changes to their anatomy



and physiology—and sometimes also their behavior.Bodies are built according to the
instructions in the genes. This means that genetic changes (mutations) produce variety in
bodies and behavior, but it is natural selection that “decides” which individuals prosper and
which fail. Natural selection would have come into play as soon as self-replicating life began on
Earth. Not all organisms are equal, and those that function less well are less likely to replicate.
Early life reproduced just by one cell dividing into two. Later, sexual reproduction appeared, with
two organisms combining their genes to produce offspring that carry a mixture of both parents’
genes and therefore their traits. With more variety introduced into the population, the speed of
natural selection would have increased.Cell divisionEvery cell in an organism’s body carries the
same set of paired chromosomes, each of which carries hundreds or thousands of genes, all
made from the molecule DNA. Before a cell goes through the process of dividing into two
(mitosis), it makes new copies of all of its chromosomes, so that when it divides, the two
“daughter cells” have exactly the same DNA as the original cell—but in practice, small errors in
the replication process often occur.Genetic mutations are responsible for the array of color forms
that you may observe in a typical flock of street pigeons.The precursors to egg and sperm cells
go through two cell divisions before they reach their final forms, and this process (meiosis) is
slightly different. In the first division, some portions of a chromosome swap sides, moving from
one of the pair to the other. Then, in the second division, only one half of each chromosome pair
is passed on to the two daughter cells. This means that when an egg and a sperm cell meet,
they each provide 50 percent of the DNA for each chromosome. The resultant embryo has a
random mix of genes from each parent, along with any new mutations from errors introduced
during the process.Survival of the fittestSo, no two individuals in a population of a sexually
reproducing organism have the same genes, and overall the population has a lot of genetic
variety. Not all individuals can survive and breed, only those best adapted to their environment,
and if environmental conditions are changing, the best traits for survival will also change.
Sometimes in a population, two different approaches to life are both successful and natural
selection will drive a split—from one species into two. Evolution happens most quickly when new
opportunities become available, and when new challenges to survival are introduced.Standard
cell division involves one cell splitting into two (mitosis). This begins with separation and
duplication of the cell’s entire set of chromosomes. When sperm and egg cells are formed, the
process is different—this is meiosis, and involves one cell splitting into four, each with half a set
of the chromosomes from the original cell.CELL BIOLOGYCells are the living, functional units of
an animal’s body and understanding the fundaments of cell biology is helpful for understanding
anatomy as a whole.Each cell is a miniature machine that carries out varied tasks, depending on
their type and position in the body. While they communicate with other cells, they are, in a
certain sense at least, self-regulating, and some move and operate almost entirely
independently of other cells. Most are microscopic. The largest cell in the human body is the
ovum or egg cell, at 0.0004 inch (0.1mm) across, while technically the yolk in a bird’s egg is one
single, giant cell.A typical animal cell is a bag of fluid (cytoplasm), enclosed within a cell



membrane that is semipermeable—it allows certain molecules to pass through it, either freely or
at particular points under certain conditions. Incoming molecules are those needed for the cell to
function, while the molecules it secretes are manufactured in the cell and travel elsewhere in the
body (most often in the bloodstream) to carry out other functions. The cytoplasm contains the
cell’s organelles—smaller structures with specific functions.A typical animal cell and its
organellesUnder a microscope, the most obvious organelle is the nucleus—it looks like a round,
dark spot. Some large cells have multiple nuclei. This part of the cell stores its genes, in the form
of a molecule called DNA. Each gene is the “recipe” for making a particular kind of protein, and
each full strand of DNA, containing thousands of genes, is a chromosome. Every cell nucleus
contains a full set of chromosome pairs, and these are identical in every cell of the body. The
number varies by species but in most birds there are 38 or 40 pairs of chromosomes.Animal
cells undergoing division (mitosis) viewed under a microscopeWhen a cell divides, producing
two copies of itself, the process begins in the nucleus, with the chromosomes being duplicated
first, before being pulled apart into separate parts of the nucleus. The nucleus then splits,
retaining a full set of chromosomes in each half, and the rest of the cell divides around each new
nucleus, resulting in two complete and identical new cells. The exception is when new sperm
and egg cells are produced—these only have half a chromosome set each.Ribosomes are small
organelles that may be freely moving in the cytoplasm, or bound to a membrane called the
endoplasmic reticulum, which is continuous with the membrane of the nucleus. The function of
ribosomes is to build proteins, according to instructions from the genes in the cell
nucleus.Mitochondria are sausage-shaped organelles that release energy from glucose (and
some other nutrients), through aerobic respiration, and have certain other functions, including
regulating the whole cell’s metabolism. They have their own membranes and their own DNA,
which they use to build the proteins they need for the processes they carry out.Other structures
within a cell include the centrosomes, which assist with cell division, the Golgi apparatus, which
packs newly formed proteins into membranes before they are secreted by the cell, and
lysosomes, which break down waste products within the cytoplasm.Shape variationsThough
most cells are round in shape, there is some variation depending on location and function. The
sperm cell has a long whiplike flagellum or tail to enable it to swim, with numerous mitochondria
at the tail’s base to provide the necessary energy. Neurons or nerve cells have a long, narrow
extension (axon) to transmit the nervous impulse. Skeletal muscle cells are long and narrow,
containing organized chains of proteins that can break and reform their bonds in different
positions to allow muscular contraction. Phagocytic white blood cells are blob-shaped but soft
and flexible—able to dramatically distort their membranes to engulf other cells.2the skeletonOne
of the most vital adaptations to a life on the wing that has evolved in modern birds is a skeleton
that is strikingly pared down but still extremely strong.2.1 • The bird skeleton2.2 • Skull2.3 •
Wing bones2.4 • Leg and foot bones2.5 • Skeletal variation2.6 • Bones under the
microscopeThe bird skeleton is all neck and legs, with a unique keeled breastbone on which its
flight muscles are anchored.the bird skeletonThe lives of most flying birds are fast-paced and



make tremendous physical demands upon them. A very strong framework is essential, but the
bird skeleton also needs flexibility and to be light enough for flight.Solid bone weighs about 0.9
ounces per cubic inch, making it much more dense than muscle (0.61 ounces per in3), fat (0.5
ounces per in3), or blood (0.6 ounces per in3). Although solid bird bone is actually more dense
than that of equivalent-sized mammals, many weight-saving adaptations are apparent in the bird
skeleton.The most striking thing about a bird skeleton is probably the length of the neck and
legs, even in birds that we think of as relatively short-necked and short-legged, such as owls.
This illustrates just how much a bird’s feathers disguise its true body outline, especially when the
bird is resting.Other obvious differences between the bird skeleton and that of other tetrapod
animals is the lack of a chain of tail vertebrae and the lack of teeth. The tail vertebrae are
reduced to the fused and greatly shortened pygostyle. Tooth enamel is very dense (about 1.6
ounces per in3) so dispensing with it makes for a considerable weight saving. Although the bill
can be very large, the bone that forms it is thin—it gains additional rigidity from its lightweight
sheath of keratin (the same material from which our fingernails are made). The keel on the
sternum is another distinctive bird trait—this long, flattened ridge of bone provides an
attachment point for the powerful pectoral muscles that power flight (and swimming, in the case
of wing-propelled diving birds such as penguins). Bird vertebrae are also more compact than
those of other vertebrates.Skeletons of the Chameleon (left) and the Domestic Cat: Reptile and
mammal skeletons generally show more robust skulls and vertebrae than bird skeletons, and
comprise many more individual bones.The principal bones and bone groups of a typical flying
birdskeletal economyFusion of some bones and loss of others is another feature of the avian
skeleton. The exact number of bones varies greatly between species—the number of neck
vertebrae is particularly variable, ranging from 11 to 25. However, birds have fewer bones in total
than mammals (for example, a chicken has 120, while a cat has about 230). The collarbones are
fused, forming a single bone (the furcula or wishbone). Many bones in the lower foot have fused
together to form the single tarsometatarsus. The digits in the wing are reduced (by fusion of
some bones and loss of others) to just three, of which only the second digit is of any appreciable
size. Some of the lower back vertebrae are fused into a bone called the synsacrum, and the
pelvic girdle is also fused to this bone.Finally, many birds’ bones are pneumatized (contain air
spaces). This reduces their weight and also connects the bones to the bird body’s complex air
exchange system.BIRD DIVERSITY AROUND THE WORLDBirds live everywhere on Earth,
from pole to pole, on every landmass, and even though all birds need land to breed, some
seabirds will wander the most remote ocean regions when they are not nesting.However, some
parts of the world and some kinds of habitats are far richer in birdlife than others, in terms of
overall numbers, variety of species, and variety of body types and ways of life. There are also
dramatic changes in birds’ distributions from season to season. The richest habitats on Earth are
those found in tropical regions, particularly in central South America but also in eastern Africa
and Southeast Asia. Of the five countries with the greatest number of bird species, four are in
South America (Colombia, Brazil, Peru, and Ecuador). The fifth is Indonesia, in Southeast Asia.



Its species count is greatly boosted by its 18,000 or so islands, many of which have endemic
species, found nowhere else on Earth. These top five countries all support more than 1,500 bird
species, while Bolivia, Venezuela, China, India, the Democratic Republic of the Congo, Mexico,
Tanzania, Kenya, and Argentina all hold more than 1,000 each.Bird species diversity worldwide
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P. J. Inglet, “Great Information in a Compact Package. This little book deals with a wide variety of
topics on bird biology. The author has a gift for distilling complex ideas into easily digestible bits
of interesting information. I think of it as "Bird Biology for People in a Hurry." I have studied bird
biology for years as a hobby and personal interest, and I learned some nuggets from this book
that I haven't seen in other more weighty tomes. And those nuggets led me to more in-depth
explorations that were very enlightening.The illustrations were very helpful. My only concern is
that some of the explanations did presume a basic knowledge of biology, which not all readers
might have. Perhaps that's good if it leads readers into wanting to know more.”

KC-Nav, “Intro to Ornithology. If you’re looking for a book to identify birds, this isn’t the book for
you. If you’re looking to understand how birds work, then it’s great. For $15 it’s a great intro to
ornithology.”

hilljack13, “Absolutly amazing. This book blew my mind. It is a full on anatomy course for birds! I
have read all the standard books, Gill, Cornell Lab, etc. But this took things to a new level.
Complete detailed chapters for all parts of the bird, including eyes, skin, feathers to discussion
of individual bones in detailed sections. A must for anyone wanting to get to know and
understand more intimate details about birds.”

A., “Better than expected. While this is not the most detailed book it is FAR better than i thought
id be getting for 15 dollars. This is a pretty cool little book and its actually pretty thick. I was
expecting a small booklet with some anatomy diagrams but theres actually quite a few chapters
of coverage in this. Pretty stoked to read through it!”

Brownie, “That each bird is unique and not carbon copies of each other.. I like the way it shows in
great detail the inner workings of birds. The various secrets that gives you knowledge there is
more to birds than just their feathers and song. Wish the author had told about personal birds in
their lives, the favorite and the brats.”

craig sondergaard, “Very readable for the backyard birder.. It’s a good book for beginning bird
watchers. The basics are covered pretty well.”

Richard R. Pesce, “Answers most questions you always wanted to know.. I liked the very clear
explanations and illustrations. Also, I enjoyed the comparative physiology descriptions as well. I
highly recommend this book for anyone interested in birds.”

J. Reynolds, “Beautiful book. Gave alot of info. Not what i was looking for but it is nice. A Small
coffee table book.”



Mr T., “Identical to RSPB’s “Anatomy of Birds”. This book is identical to the RSPB book “The
Anatomy of Birds” by the same author. This is a US imprint.That said, if your are looking to find
out more about the anatomy of birds, how they work and how they adapt to their environment, it
is an excellent primer.  Each topic is well illustrated and covered in bite-sized chunks.”

tenaro, “Ein Muß für jeden Birder und Liebhaber von Vögeln. Wow. Für diesen günstigen Preis
ein Buch randvoll mit Informationen, Grafiken und tollen, ansprechenden Bildern. Die Grafiken
sind übersichtlich, jedes Detail ist beschrieben, die Fotos überzeugen und der Text ist
schnörkellos. Es beginnt mit einer kurzen Einführung in die Paläontologie und leitet weiter über
alles, was man zur Anatomie und Körperfunktion eines Vogels nur wissen muss/kann. Vom
Schnabel zur Schwanzfeder. Von der Speißeröhre zur Kloake. Hormone, Drüsen, Fortpflanzung,
Nestlinge, Atmung. Es wird bis ins kleinste Detail gegangen. Da bleibt keine Frage offen. Und
das zu einem günstigen Preis. Das Buch ist sehr gut verarbeitet. Da kann man nicht meckern.
Für jeden Liebhaber/Beobachter der Gefiederten absolute Kaufempfehlung!”

Brent H., “Surprisingly Small But Surprisingly Detailed. Easy to read and meticulous in detail,
along with many illustrations, this book will be a great addition to any birdwatcher's library. This
book covers topics such as evolution, anatomy, form and function, and describes how birds are
built and why. A must read for anyone wishing to learn more about birds than just basic
identification.”

C, “great information. In depth and interesting information that is easy to understand. Book is
broken down into body systems. My 12 year old will really enjoy it.”

Ebook Tops Reader, “Great information. Easy read, not too technical but lots of important and
informative content.”

The book by Marianne Taylor has a rating of  5 out of 4.7. 165 people have provided feedback.
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