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.1
In the Light of Evolution

BIRDS AND EVOLUTIONARY SCIENCE

A few years ago, I joined a birding tour of Ghana. After several days of enjoying
such exotic species as drongos, hornbills, and pratincoles, we encountered a
beautiful red and black finch, the Black-bellied Seedcracker (Pyrenestes ostri-
nus).! I was delighted to see this species because I had long known, and had
described in my textbook of evolutionary biology, a study of this species by
Thomas Smith,” a professor at University of California-Los Angeles. Smith
had followed the life of members of a population in Cameroon by fitting each
individual with a unique combination of colored leg bands. Bill size is highly
variable in seedcracker populations; most birds have either small or large bills,
although a minority are intermediate (plate 1). Smith found that large-billed
birds feed more efficiently on the large, hard seeds of one species of sedge and
small-billed birds handle the small seeds of another sedge more efficiently.
Large-billed and small-billed birds both had higher rates of survival than in-
termediate birds: a striking example of natural selection in action. By occupy-
ing somewhat different “ecological niches,” birds with different genotypes
(specific combinations of genes) persist. Years later, when the study of ge-
nomes had advanced, Smith and his collaborators determined that the inher-
ited difference in bill size is caused by different forms of a single gene (called
IGFj, or insulin-like growth factor 1).* As we admired the seedcracker, I told
my companions this story. One of them exclaimed, “So that’s why it doesn’t
look like the picture in the field guide! I wondered if the book was wrong.” He
was intrigued by the idea that different members of a species have different
diets and ways of life.

Some birders are focused on seeing and listing species; others are curious
about the lives and features of the birds they see. Once in a while a fellow
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birder, knowing that I'm a biologist, will ask me a question. Sometimes it is
along the lines of “how can birds fly so fast through dense vegetation without
hitting it?” or “how can a tiny Blackpoll Warbler (Setophaga striata) fly non-
stop from New England to Venezuela?” I awkwardly answer that I don’t know
much about how birds achieve these amazing feats because those are topics
studied by biologists who specialize in bird physiology or brain function, and
I haven't followed those fields since I was a student. Some other questions,
though, tempt me to say more than they may want to hear. (And I can resist
anything but temptation.*) Why do some bird species have different color
morphs? Why are males more brightly colored than females in some species
but not others? Why do albatrosses and many other sea birds lay only one
egg? How come I can see more bird species in a two-week birding tour in
Peru than in an entire year in eastern North America? Why do they keep
changing bird classifications, and how do they know falcons are closer to
parrots than to hawks?

Most questions about birds fall into two categories—how and why—that
correspond to two major kinds of biological research. Much of biology poses
“how” questions: it aims to understand how organisms function—how the
molecular, cellular, and organ components of an organism work, here and
now, without reference to how they came to be. “Why” questions are the
province of evolutionary biology. We ask why a Eurasian Golden Oriole
(Oriolus oriolus) or an American Baltimore Oriole (Icterus galbula) is brightly
colored because we understand that it could have been otherwise: something
in its history—in its evolution—-caused it to be bright rather than drab. For
every characteristic of every species, we can ask “how” questions about its
functional role (if any) in an organism’s lifetime, complemented by “why”
questions about its origin. All species of birds have evolved from a single
ancestral species (“common ancestor”), which was one of a great many spe-
cies of vertebrates that all evolved from a single, more ancient, common an-
cestor; this, in turn, was a descendant of the ur-ancestor of all animals, from
sponges to primates. And so every feature of every bird, from its DNA se-
quences to its behaviors, has come into existence—has evolved—during this
history of descent.

Evolutionary biologists attempt to develop broad principles that can ex-
plain all these features of all species. Evolutionary biology illuminates every
area of biological research and every group of organisms. The geneticist Theo-
dosius Dobzhansky, who helped to shape modern evolutionary biology,
rightly wrote that “nothing in biology makes sense except in the light of
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evolution.” There are biologists who study biochemical processes within cells
and biologists who study how these processes evolved—and likewise for the
structure and function of genomes, brains, and hormones. Among ornitholo-
gists, some take a mostly functional approach, and others a more evolutionary
approach, to bird physiology, morphology,® behavior, and life histories. Others
are devoted to understanding the history of bird evolution—how and when
birds’ form, behavior, habitat use, and geographical distribution diversified
during their descent from their common ancestor. The amount of research that
bears on bird evolution is immense: when I entered “evolution and bird*” in
a search engine (Web of Science), it yielded 73,200 articles in scientific jour-
nals.” Variant search terms would add many more.

So for almost any question we might ask about how birds evolved, there is
plenty of research on which to draw. Nevertheless, the known is far less than
the unknown. Questions such as “how do new species form?” and “why do
female birds prefer flashy males?” are debated and are the subjects of active
research. And while we may be able to provide a general answer to a question
(e.g., why do birds’ bills differ in shape?), there may not be a definitive answer
for a particular species. (I don’t know of any research about why the bill of the
Groove-billed Ani [ Crotophaga sulcirostris] is grooved.) Evolutionary biolo-
gists strive, instead, to develop theories that should apply to a wide range of
species but which require detailed information to explain particular cases. For
example, there are several models® to account for genetic polymorphism—the
persistence of two or more genetically different types within a population,
such as the color “phases” of the Tawny Owl (Strix aluco) and the Eastern
Screech Owl (Megascops asio). Information about the survival and reproduc-
tion of each form, under several environmental conditions, may be needed to
match a particular instance to one of the models.

I can imagine someone thinking, at this point, “I watch birds because I'm
entranced by their beauty and their behavior or because I enjoy the challenge
of finding and identifying as many species as I can. It’s an aesthetic, emotion-
ally rewarding experience. Doesn’t looking at a bird with the cold analytical
eye of science ruin the experience?” Of course, I can’t speak for everyone, but
for me, birding certainly has those rewards, and the more I know, the more my
appreciation is enhanced. As many as I have seen, I still am overwhelmed by
a peacock’s beauty, but it also spurs me to ask why and how it came to be, and
having an answer enlarges and makes whole my experience. We integrate intel-
lectual and aesthetic appreciation when we want to know the names of the
birds we encounter and to which family or group a species belongs.
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With knowledge of their biology, the most common, everyday birds take
on new interest. Take the ubiquitous House Sparrow (Passer domesticus).’
When I stop to look at a House Sparrow, I sometimes think of its broader
evolutionary context: other species in the genus Passer. For example, the
Italian Sparrow (Passer italiae) originated as a hybrid between House and
Spanish Sparrows (Passer hispaniolensis) (see chapter 10), and the Eurasian
Tree Sparrow (Passer montanus) replaces the House Sparrow as a human
associate in southeastern Asia. The House Sparrow itself shows interesting
geographical variation in Europe: northern birds are bigger than birds in the
south. This is one of many species of birds and mammals that have this pat-
tern due to adaptive evolution: larger bodies lose heat more slowly than
smaller ones and are advantageous in colder regions. What is more, since
House Sparrows were introduced from Europe into North America in 1851,
they have spread widely, and northern populations have evolved larger size.
This was one of the first examples of how rapid evolution can be; Darwin
never imagined that evolutionary changes could happen within a few human
lifetimes.

The Superb Fairywren (Malurus cyaneus) in Australia (plate 2) is another
example of a common bird that poses interesting questions. A group usually
has two or more bright blue and black males and several brown birds that in-
clude both males and females. Biologist Andrew Cockburn and his associates
studied the extraordinary breeding behavior of fairywrens for more than
twenty-five years.'® The bright-plumaged and brown males all cooperate to
rear nestlings. Cooperative breeding is known in many birds, and why it has
evolved poses a very interesting question (chapter 7). But there is more: fe-
male fairywrens, to a greater extent than any other bird yet known, engage in
“extra-pair copulation,” or adultery: they will travel across intervening territo-
ries to mate with a “hotshot” male. The female’s male associates dutifully help
raise babies that usually aren’t their own offspring. Why are females so unfaith-
ful, and why do males stay and rear the offspring?

These are fascinating questions that evolutionary biology can help to an-
swer—as it can shed light on countless other aspects of birds, ranging from
their coloration and structure to their geographic distribution and diversity.
My aim in this book is to pose such questions and show how insights from
evolutionary biology can answer them. Also, research into these topics has
revealed features of many species that I think will amaze and delight anyone
who likes birds and help them appreciate birds all the more. And if some read-
ers learn more about evolution and how it is studied, the book will have served
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another purpose—sharing some of the richness of evolutionary science that
I have found so rewarding.

By “evolution,” biologists usually mean change in the features of a single species
over time (that is, across generations) as well as the division of a single species
into two or more descendant species, both of which undergo change. The
alterations of a feature must be inherited to count as evolutionary change.
Some features can be affected by an individual’s environment, but these
changes are generally not inherited. A generation of people might be lighter
skinned than their grandparents because they work in offices instead of fields
and so are less suntanned, but this doesn’t count as evolution. As inheritance
is a defining feature of evolution, evolutionary change of organisms’ features
(their phenotype) is accompanied by evolution at the level of the genes. There
is also evolution at the genetic (DNA) level that may not affect any features of
the organism.

In The Origin of Species, Darwin developed two main themes: that all living
things have descended, with modification, from common ancestors; and that
the chief cause of modification is natural selection of inherited variations. The
wealth of insights, hypotheses, and information in Darwin’s writings is stag-
gering. Every time I read a few pages of The Origin of Species, 'm simply floored
by the questions he thought to ask, the possible answers he advanced, and the
evidence he found in an extraordinary range of facts, some of them seemingly
trivial. During his voyage on the Beagle, he notices, in South America, that a
flycatcher, the Great Kiskadee (Pitangus sulphuratus) (figure 1.1), sometimes
acts like kestrels and kingfishers when foraging. Later he cites this, in The Ori-
gin of Species, to illustrate that species might change and perhaps become
adapted to new ways of life. Not everyone can see a world in a grain of sand,
but Darwin realized that a coherent explanation or theory must be able to
accommodate, and build on, every fact, however trivial it might seem.

Evolutionary biology today is devoted to Darwin’s two great themes: what
has happened in the evolution of the world’s organisms, and what have been
the causes of these evolutionary events?

In studying the history of evolution, biologists today draw mostly on two
sources of information (the subject of chapters 2 and 3). One is the fossil rec-
ord. The other is the similarities and differences among living species in their
characteristics and DNA sequences. This information enables biologists to
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FIGURE 1.1. A Great Kiskadee (Pitangus sulphuratus), a common flycatcher in much of tropical
America, north to the border of Texas. (Art, Luci Betti-Nash.)

piece together species’ relationships, to infer their family tree, or phylogeny
(chapter 2). Both phylogenies and fossils can yield information on how fea-
tures have changed; for instance, they tell us that flightless birds like kiwis and
penguins have evolved from flying ancestors and that the same transition has
happened independently in kiwis, penguins, and many other lineages. Often,
such phylogenetic information can help us understand how certain features
that differ among species, such as bill shape, are adaptive.

How does evolution happen? Darwin’s greatest idea, one of the most
important ideas in human history, was natural selection. (The philosopher
Daniel Dennett called evolution by natural selection “the single best idea any-
one has ever had”'") If a character (meaning a feature or trait) varies among
individuals of a species, and if the variation is at least partly hereditary (i.e.,
genetic), and if individuals with a certain variant condition tend to survive or
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FIGURE 1.2. A simple model of genetic change by natural selection. Two genotypes
(groups of organisms with specific combinations of genes) differ in a characteristic that
affects survival or reproduction. Genotype A has an average fitness equal to 3, meaning
than an average newborn A leaves 3 offspring. Genotype B has an average fitness of 4,
because it is more likely to survive and reproduce or because females lay more eggs. In
the upper diagram, the number of B individuals grows faster than the number of As.
It therefore makes up an increasing proportion (frequency) of the population, as shown
in the lower diagram. (From Futuyma and Kirkpatrick 2017.)

reproduce more than others, then the proportion of that variant type in the
species population will increase from one generation to the next, and it may
ultimately replace all other variants (figure 1.2). Natural selection, then, is sim-
ply an average difference in the survival and reproduction of genetically dif-
ferent types of organisms. Darwin postulated that this process is the chief
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cause of evolution, and certainly of adaptive evolution—the origin and altera-
tion of characteristics that enhance survival and reproduction. He likened
natural selection to human selection of domesticated animals and plants, in
which breeders propagate their stock from individuals that have particularly
desirable features.

The Origin of Species was first published in 1859. Seven years later, an obscure
monk, Gregor Mendel, published an obscure paper on inheritance in peas that
was not widely noticed until 1900, when it became the foundation of the mod-
ern science of genetics. Since then, genetic knowledge has become the chief
framework for describing the processes of evolution within species. This
framework, expressed in both words and equations, describes the factors that
cause genetic changes in species. In the simplest terms: a new version of a gene
(an allele) comes into existence by mutation (usually a change of one of the
units of a DNA sequence). At first it is very rare—only one or a few individuals
carry the allele. If this allele alters a characteristic in such a way as to increase
an individual’s chance of survival or reproduction, it is said to be naturally se-
lected and may become more common because such individuals survive or
reproduce more than those that lack the allele and the advantageous feature.
Perhaps the allele entirely replaces the original form of the gene (the new allele
is fixed), and the population as a whole has a somewhat altered phenotype (i.e.,
characteristic: shorter legs, differently colored bill, different display behav-
ior—whatever feature the gene affects).

Two of the factors that affect genetic evolution are mutation and natural
selection. But there are others. Suppose a local population of the species is
flooded with immigrants from another population with a different allele, and
the immigrants interbreed with the residents. The proportion (or frequency)
of the residents’ original allele is lower and the frequency of the immigrants’
allele is higher than before. This process, called gene flow, can change a popula-
tion’s genetic composition. Finally, and very importantly, the frequencies of
two alleles (say, old allele and new mutation) are affected by pure chance.'?
Some individuals suffer accidental deaths, or are unlucky in love, no matter
how genetically vigorous and reproductively potent they are—and their fail-
ure to pass on their genes changes the allele frequencies in the next generation,
however slightly. This purely random change is called genetic drift. Over the
course of generations, the frequency of an allele will fluctuate, and since there
isno reason for the ups to precisely equal the downs, the frequency will eventually
go to 0.0 or 1.0: the allele will be lost altogether or it will completely replace other
alleles (figure 1.3). If the population is very small, each individual’s bad versus
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FIGURE 1.3. Evolution by chance: computer simulations of random fluctuations in the proportion (frequency)
of one of two alleles (forms of a certain gene). Individuals that carry one allele or the other do not differ in
fitness. In the top diagram, five populations, each of 5,000 individuals in each generation, evolve over the
course of soo generations. The frequency of one of the alleles is shown to fluctuate in each of the five popula-
tions, which come to differ even though all started with the same frequency (with both alleles equally com-
mon). The bottom diagram shows the same kind of history, but the populations are smaller (500 individuals
in each generation). The fluctuations are greater, and the populations become different faster. In one of the
populations, the one allele has dropped to zero frequency—so the other allele has reached a frequency of one
(100% of the gene copies). That allele has taken over that population not because it is better but because it was

lucky. (From Futuyma and Kirkpatrick 2017.)
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good luck will have a bigger impact than if the population is large. So genetic
drift changes allele frequencies faster in small than in large populations. Now
suppose a particular allele enhances the chance of survival (it is advantageous)
but only slightly. (Selection is said to be weak.) Both natural selection and
genetic drift are operating, and if the population is small enough, random drift
will be more influential than weak natural selection, and the advantageous
allele may not become a fixed feature of the population. Whether natural se-
lection or genetic drift rules depends on the strength of natural selection com-
pared with the population size.

Mutation, natural selection, genetic drift, and gene flow affect evolution
within the various local populations of a species and in a species as a whole.
When gene flow between populations of a species is curtailed, the other three
processes continue more independently in each of the separated populations,
enabling them to become more different from each other. Under some condi-
tions, the populations may ultimately become different species (chapter 10).

These processes underlie evolutionary changes within a species; they are
very generic (and genetic) ideas that can be used to describe changes in every-
thing from DNA sequences to biochemical, anatomical, and behavioral char-
acteristics. And these concepts pervade all of evolutionary biology, including
phylogenetic and paleontological studies of the history of evolution of birds
(and everything else). A lot of evolutionary research involves trying to inter-
pret differences within and among species in these terms. Chapters 4 and 5
include some fascinating examples of how biologists try to study these factors,
especially natural selection, as they apply to specific characteristics of birds.

Birds have been and continue to be immensely important in the development
of evolutionary science.'® To be sure, they have been less useful than insects,
plants, and bacteria in the study of the genetic foundations of evolution, partly
because they don’t reproduce as rapidly (although they are playing a larger role
in genetic studies today with the growth of genomics). But birds have contrib-
uted more to studies of the evolution of physical characteristics, behavior, life
histories, ecology, speciation, and geographic distribution than almost any
other major group of organisms. My examples start with Darwin (of course!).
In The Voyage of the Beagle (1839),"* he refers to more than fifty species of birds
that drew his attention, some of which he later used as evidence in The Origin
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1. Geospiza magnirostris. 2. Geospiza fortis,
3. Geospiza parvula. 4. Certhidea olivasea.

FIGURE 1.4. A drawing by the ornithologist John Gould in Darwin’s The
Voyage of the Beagle, showing several of the finches that are now often referred
to as “Darwin’s finches.”

of Species. The most striking passage describes the finches of the Galdpagos
Islands: “Seeing this gradation and diversity of structure [of bills] in one small,
intimately related group of birds, one might really fancy that from an original
paucity of birds in this archipelago, one species had been taken and modified
for different ends” (figure 1.4). This was his first published hint of what he had
been thinking.

Birds figure in eleven of the fourteen chapters of The Origin of Species. Dar-
win had taken up pigeon breeding in order to learn how the diverse varieties
of domestic pigeons had been formed by human selection of native Rock
Doves (Columba livia). Pigeons dominate chapter 1 and recur throughout the
book.'* He describes how novel, inherited variations gave rise to breeds that
differ more than whole genera and families of birds: “the Jacobin has the feath-
ers so much reversed along the back of the neck that they form a hood”; the
fantail has “thirty or even forty tail-feathers, instead of twelve or fourteen—the
normal number in all the members of the great pigeon family” (and in many
other bird families as well). In developing the idea of a “struggle for existence,”
he points out that the (Northern) Fulmar (Fulmarus glacialis) lays only one
egg butis “the most numerous bird in the world”—showing that most species,
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which lay more eggs but are rarer, must suffer immense mortality. Writers on
“natural theology” cited species’” adaptations as evidence of the wisdom and
beneficence of the Creator, but Darwin saw that many species have features
that serve no function and instead show evidence of their ancestry. Referring
to the Campo Flicker (Colaptes campestris; plate 3), he writes that “on the
plains of La Plata, where not a tree grows, there is a woodpecker, which in
every essential part of its organisation, even in its colouring, in the harsh tone
ofits voice, and undulatory flight, told me plainly ofits close blood-relationship
to our common species; yet it is a woodpecker which never climbs a tree!”
Likewise, “what can be plainer,” he asks, “than that the webbed feet of ducks
and geese are formed for swimming? Yet there are upland geese with webbed
feet which rarely go near the water,” which he had seen in Chile.

In pondering human evolution, Darwin ventured that some human features
could best be explained by what he called sexual selection, the subject of more
than half of The Descent of Man, and Selection in Relation to Sex (1871). Sexual
selection, meaning variation in mating success, was Darwin’s explanation for
many of the colors, crests, exaggerated tail feathers, wattles, behavioral dis-
plays, and other features (especially of males) that delight and intrigue every-
one who has any interest in birds. Drawing on both his own observations and
natural history literature, Darwin devotes four full chapters to birds and cites
at least 170 species. Birds provided more evidence for his ideas about sexual
selection than any other group of animals (figure 1.5).

I'll mention just a few later ornithological contributions to evolutionary
science. Let’s start in 1899. Darwin had presented massive evidence for descent
with modification—the fact of evolution—but no direct evidence of natural
selection. Apparently, neither he nor anyone else, for almost forty years after
The Origin of Species, thought it would be possible to detect and measure natu-
ral selection, which Darwin thought would work extremely slowly, like the
uplift of mountain ranges. Hermon Bumpus, in 1899, was one of the first to
report natural selection. He made measurements of 136 distressed House Spar-
rows that were collected near Woods Hole, Massachusetts, after a severe win-
ter storm. About half died and half recovered. Bumpus reported that those that
deviated most from the average succumbed,® a pattern that we now call “sta-
bilizing selection,” which will maintain the status quo. Since then, similar mea-
surements on hundreds of species have shown natural selection on many
characteristics.

David Lack, whose career was mostly at Oxford University, christened the
finches in the Galdpagos Islands “Darwin’s finches” in the 1940s and was the
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first to propose that they formed an
“adaptive radiation,” in which the re-
lated species had become adapted by
natural selection to specialize on differ-
ent food items. He suggested that they
illustrated Darwin’s idea that species
diverge—become different—because
specialization enables them to escape
competition with other species.'” This

principle later became a major focus of
ecologists who wanted to understand FIGURE 1.5. A South American Long-

how species can coexist. Lack made an  Wattled Umbrellabird (Cephalopterus pen-
duliger), in Darwin’s The Descent of Man,

even more important contribution i
and Selection in Relation to Sex. The male’s

when he proposed and verified an ex- wattle is one of many examples that Darwin
planation for why birds lay a certain

proposed had evolved by sexual selection.
number of eggs and no more. This was
the start of a whole field of study: un-
derstanding why species have evolved differences in their reproductive rate
and other aspects of their life history. I'll describe Lack’s study in chapter 7.

Modern thinking about speciation—the process by which a species splits
into two or more descendant species—starts with Ernst Mayr’s studies of
birds. Mayr entered biology through bird-watching as a young student in Ger-
many. From 1927 to 1930, he collected birds in New Guinea and the Solomon
Islands, and in 1931 he was hired by the American Museum of Natural History
in New York to curate its large collection of birds from that region. These were
the basis of his many papers on bird taxonomy and of his ideas about specia-
tion. He presented these ideas, and synthesized a vast amount of evidence
about what species are and how they are formed, in his 1942 book Systematics
and the Origin of Species.'® He continued to publish prolifically on evolution,
bird systematics, and the philosophy and history of biology until his death in
2005 at the age of one hundred.

The family tree, or phylogeny, of species is both a basis for classification and
a key to understanding the evolutionary history of species and their charac-
teristics. Determining relationships among species is not easy, especially when
it is based on similarity in just a few anatomical features. The muscles that
operate a bird’s sound-producing structure (syrinx) helped to distinguish
perching birds (Passeriformes) as a distinct evolutionary branch, but it was
hard to be sure that this one characteristic was a reliable index of relationship.
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The development of modern, more reliable methods came with the use of
molecular information, especially DNA. Many evolutionary biologists devel-
oped (and continue to improve) these methods, but the first person to apply
them to a large group of organisms was one of my teachers, the ornithologist
Charles Sibley at Cornell University (later at Yale). The best DNA technology
in his day, before DNA sequencing on a large scale was feasible, was a crude
method, “DNA-DNA hybridization,” which Sibley and his long-term collabo-
rator, Jon Ahlquist, used to estimate relationships among thousands of species
of birds.'” Many of Sibley’s claims were certainly wrong—Dbut some were both
surprising and apparently correct.

Two founders of the science of animal behavior, Konrad Lorenz in Ger-
many and Niko Tinbergen in the Netherlands, developed their ideas partly by
studying birds. Tinbergen, whose books included The Herring Gull's World,
emphasized that one of the most important questions to ask of any animal’s
behavior is how and why it evolved. This approach has been a dominant theme
in animal behavior since the 1960s, led largely by researchers on bird behavior.
Similarly, David Lack, Robert MacArthur, Jared Diamond, and other students
of birds were among the scientists who shaped an evolutionary approach to
ecology, the scientific study of interactions between organisms and their
environment.

These are some of the pioneers who drew on birds to develop major areas
and ideas in evolutionary biology. A great many other students of birds, then
and since, have developed these subject areas and have gained insight into the
evolutionary history and causes of birds’ characteristics and diversity. Some
readers will have noticed that all the biologists I have mentioned so far are
(White) men—as in most of biology and other sciences. It was only in 1937 that
one of the first major studies by a woman was published: “Studies in the life
history of the song sparrow,” by Margaret Morse Nice**—a study more ecologi-
cal than evolutionary in nature. Happily, women have more recently contrib-
uted many pathbreaking studies, as I describe in later chapters. Biologists
throughout the world, including Asia and Latin America, conduct research on
bird evolution, but unfortunately fewer people of color in the United States and
Europe do so (although this too is changing).

So birds have been major players in all kinds of evolutionary studies—and
this research has cast light on almost any aspect of bird biology and diversity
you can think of. In the following chapters, I begin with evolutionary relation-
ships among birds and what the fossil record tells of their history (chapters 2
and 3). I then turn to the process of adaptation by natural selection as revealed
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by studies of birds (chapter 4), to variation within bird populations—the raw
material of evolution (chapter 5)—and to a few fascinating examples of birds’
adaptations and how they are studied (chapter 6). The next three chapters
answer questions about how birds’ diverse life histories (chapter 7), sex lives
(chapter 8), and social behaviors (chapter 9) have evolved by natural selection.
After asking what species are and how they evolve (chapter 10), I return to
birds’ evolutionary history, asking what accounts for the geographic distribu-
tion and diversity of different groups of birds (chapter 11). Finally, in chap-
ter 12, I ask what light evolutionary studies might cast on the future of birds:
their survival or extinction in a world reshaped by humans.*!
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Acanthisittidae. See New Zealand Wrens

accentors, 187

Accentor, Alpine, 93

Accipiter gentilis. See Goshawk, Northern

Accipiter melanoleucus. See Sparrowhawk,
Black

Accipiter nisus. See Sparrowhawk, Eurasian

Accipitridae, 28

Acrocephalus, arundinaceus. See Warbler,
Great Reed

Acrocephalus scirpaceus. See Warbler, Reed

Acrocephalus sechellensis. See Warbler,
Seychelles

Actitis macularia. See Sandpiper, Spotted

adaptation, biochemical, 92—-94; to different
habitats, 203; evidence for, 71; to high
altitude, 93; multiple paths of, 94; to
pathogens, 65, 203

adaptive radiation, following K-Pg
extinction, 48; of Passeriformes, 51

Aegithalos caudatus. See Tit, Long-tailed

Aethia cristatellus. See Auklet, Crested

Aethia pusilla. See Auklet, Least

Aethia pygmaea. See Auklet, Whiskered

Agelaius phoeniceus. See Blackbird,
Red-winged

agriculture, as threat to species, 199

Agriornis. See shrike-tyrant

Akletos goeldii. See Antbird, Goeldi’s

alarm calls, 145

Albatross: Northern Royal, plate 22; Royal,
111; Wandering, 109, 111

albatrosses, 176

Ahlquist, Jon, 184

allele, defined, 57

allopatric, defined, 104

allospecies, 164

altitude, adaptations to, 93-94

altruism, hypotheses for, 146. See also
delayed benefit; Hamilton’s rule; helping
relatives; reciprocity

Amakihi, 40

Ammodramus caudacutus. See Sparrow,
Saltmarsh

Anarhynchus frontalis. See Wrybill

Anas platyrhynchos. See Mallard

ancestral characteristics, defined, 18

Andersson, Malte, 128

Ani: Greater, 154, 155; Groove-billed, 3, 154;
Smooth-billed, 154

Anodorhynchus leari. See Macaw, Lear’s

Anomalospiza imberbis. See Cuckoofinch

Anser caerulescens. See Goose, Snow

Anser canagicus. See Goose, Emperor

Anser indicus. See Goose, Bar-headed

Antbird: Black-throated, 103; Chestnut-
tailed, 103; Goeldi’s, 104; Plumbeous,
104, plate 20

antbirds, 51, 98, 138, 169, 176, 184

Anthus antarcticus. See Pipit, South Georgia

Anthus pratensis. See Pipit, Meadow

Anthus roseatus. See Pipit, Rosy

Antrostomus carolinensis. See Chuck-will’s-

widow.
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Apodiformes, stem group of, 38

Aptenodytes forsteri. See Penguin, Emperor

Apus apus. See Swift, Common

Ara ararauna. See Macaw, Scarlet

Ara macao. See Macaw, Blue-and-yellow

Archaeopteryx, 43, 90; features of, 41

archosaur, 40

Astrapia mayeri. See Astrapia,
Ribbon-tailed

Astrapia, Ribbon-tailed, 125

Auklet: Crested, 132, 133, 138; Least, 132, 133;
Whiskered, 132, 133

Australia, and origin of Passeriformes,
184-185

Aythya americana. See Redhead

Aythya fuligula. See Duck, Tufted

babblers, 138, 187

Baiao, Patricia, 59

Baker, Allan, 35

Baker, Ann, 161

Baker, Myron, 161

Balaeniceps rex. See Shoebill

Baldwin, Maude, 92

barbets, 34

Bee-eater, White-throated, 153, plate 32
behavioral innovation, 106

Benkman, Craig, 170

Berglund, Anders, 126, 128
Bergmann’s rule, 205

Bering land bridge, 178
Bernard-Laurent, Ariane, 167
berrypeckers, 186

Berthold, Peter, 66-67

biogeographic “realms,” 177
Bird-of-paradise, Wilson’s, 125, plate 26
birds-of-paradise, 127, 176, 178, 186
Blackbird: European, 18; Red-winged, 143
blackbirds, 189

Blackcap, 66-67, 178, 207

Bluebird, Eastern, 123

Bluethroat, 130

Boag, Peter, 61

Bombycilla cedrorum. See Waxwing, Cedar

INDEX

Booby: Nazca, 50, plate 24; Red-footed, 59,
18, plate 11

Bouvier, Michelle, 172

Bowerbird: Flame, plate 41; Regent, 185

bowerbirds, 185

brain size: and behavioral innovation, 106;
and diversity, 186

Brant, 23

Branta bernicla. See Brant

Branta canadensis. See Goose, Canada

Branta sandvicensis. See Goose, Hawaiian

Brent Goose. See Brant

Brewer, David, 157

Bridges, William, 123

Broadbill: Banded, plate 41; Black-and-red,
185; Grauer’s, 191

broadbills, 50, 184

Brennan, Patricia, 141, 142

brood parasitism, 87, 150; conspecific,
121-124

Brooke, Michael, 88

Brown, Charles and Mary, 63,123, 144

Brush, Alan, 95

Bubo scandiacus. See Owl, Snowy

Bubulcus ibis. See Egret, Cattle

Bulbul, Straw-headed, 201

bulbuls, 187

Bumpus, Herman, 12, 63

Bunting: Indigo, 161; Lazuli, 161; Snow, 119

buntings, 176, 186; Old World, 189

Burley, Nancy, 132

bushshrikes, 186

butcherbirds, 186

Buteo brachyurus. See Hawk, Short-tailed

Buteo buteo. See Buzzard, Common

Buteo jamaicensis. See Hawk, Red-tailed

Buteo lagopus. See Hawk, Rough-legged

buttonquail, 125

Buzzard, Common, 86

Cacatua galerita. See Cockatoo,
Sulphur-crested

Calidris canutus. See Knot, Red

Calidris pugnax. See Ruff
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Calidris pusilla. See Sandpiper,
Semipalmated

Calidris pygmaea. See Sandpiper,
Spoon-billed

Camarhynchus pallidus. See Finch,
Woodpecker

Campephilus guayaquilensis. See Wood-
pecker, Guayaquil.

Capitonidae, 34

caracaras, 28

Cardinal, Northern, 125

Cardinalidae, 33, 189

Cardinalis cardinalis. See Cardinal, Northern

cardinals, 189

Carpodacus. See rosefinch

cassowary, 31,176

Catharus. See Thrush, Hermit

Celeus flavus. See Woodpecker, Cream-
colored

Cenozoic era, 48

Cephalopterus penduliger. See Umbrellabird,
Long-wattled

Cereopsis novae-hollandiae. See Goose, Cape
Barren

Certhia. See Treecreeper

Ceryle rudis. See Kingfisher, Pied

Chaetura pelagica. See Swift, Chimney

Chaffinch, Common, 187

chlorophonias, 188

Chamaea fasciata. See Wrentit

character displacement, ecological, 104

characteristics of birds, sequential evolution
of, 45

Charadrius alexandrinus. See Plover,
Kentish

Charadrius montanus. See Plover, Mountain

Charadrius morinellus. See Dotterel,
Eurasian

chat-tyrant, 192-193

chickadees, 143

Chicken: Greater Prairie, 29; Lesser
Prairie, 29

chickens: domestic, 134; prairie, 127, 176

Chiffchaff, 125
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Chiroxiphia lanceolata. See Manakin,
Lance-tailed

Chiroxiphia linearis. See Manakin,
Long-tailed

Chloephaga melanoptera. See Goose,
Andean

Chlorodrepanis. See Amakihi

chromosome inversion, 8o, 84, 85

Chrysococcyx basalis. See Cuckoo,
Horsfield’s Bronze

Chuck-will’s-widow, 190

citizen scientists, 67

clade, defined, 18

Claramunt, Santiago, 48

classification: changes in, based on
phylogeny, 16, 32-3; reflecting
relationships in, 16; units of, 32. See also
monophyletic taxons

cleavage, and geographic distribution, 178

Clements checklist, 157, 164

climate change: adaptation to, 206; and
breeding schedule, 206; as cause of
natural selection, 67; caused by changes
in Earth’s orbit, 195; and collapse of bird
communities, 203; kinds of impact of,
204; and range shift, 195, 204; 207-208;
as threat to species, 203-204

clutch size, 109; evolution of, 109; and nest
predation, 114; and overproduction, 117;
in tropical and temperate species, 113

Cnemophilidae, 186

Coccothraustes coccothraustes. See Hawfinch

cock-of-the-rock, 127

Cockatoo, Sulphur-crested, 109

cockatoos, 176

Cockburn, Andrew, 4

coevolution, 102

Coker, Christopher, 141

Colius striatus. See Mousebird, Speckled

Coloeus monedula. See Jackdaw, Western

Colaptes auratus. See Flicker, Northern

Colaptes campestris. See Flicker, Campo

Collerton, Anthony, 190

Columba leuconota. See Pigeon, Snow
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Columba livia. See Dove, Rock

common ancestor, 2, §, 17

common ancestry, evidence of, 18

competition, 103-104; among siblings, 116;
and species divergence, 104

Condor: Andean, 109; California, 210

conebills, 189

conservation, successful efforts in,
209-210

constraint, on evolution, 98

continental drift, as explanation of
distribution, 179, 181, 195

convergent evolution: as common theme,
33, 54; defined, 18; as evidence of
adaptations, 53, 72

Cooney, Christopher, 53

cooperation: in courtship, 146, 149; “selfish”
mutation and, 144

cooperative breeding, 4, 150-155

Coot, 53; American, 116, 123, 124; plate 23;
Giant, 92

Coraciiformes, 50, 98

Coracopsis vasa. See Parrot, Greater Vasa

cormorant, 39, 53

Corvidae, 186

Corvides, 186

Corvus cornix. See Crow, Hooded

Corvus corone. See Crow, Carrion

Corvus moneduloides. See Crow, New
Caledonian

cotinga, 51,184

Coturnix japonica. See Quail, Japanese

Covid-19 pandemic, 27

Cowbird, Brown-headed, 87

Coyne, Jerry, 166

Cracraft, Joel, 48

Crake, Corn, 190

Crane: Sandhill, 117; Whooping, 117, 210

creepers, 187. See also Treecreeper

Cresswell, Will, 145, 146

Cretaceous, time of, 45

Crex crex. See Crake, Corn

Crocethia alba. See Sanderling

crocodiles, as related to birds, 19, 40

INDEX

Crossbill: Cassia, 170; Red, 79, 81, 169;
White-winged (Two-barred), 190

crossbills, 188; and speciation, 169

Crotophaga ani. See Ani, Smooth-billed

Crotophaga major. See Ani, Greater

Crotophaga sulcirostris. See Ani,
Groove-billed

Crow: Carrion, 167; Hooded, 167; New
Caledonian, 106

crown group, defined, 38

crows, 18, 146, 186

Cuckoo: Channel-billed, 87; Common, 87,
88, 89, plate 16; Horsfield’s Bronze, 150

Cuckoo-finch, 87, 88

Cuculiformes, 98

Cuculus canorus. See Cuckoo, Common

Curlew: Far Eastern, 100; Long-billed, 100

Cyanerpes cyaneus. See Honeycreeper,
Red-legged

Cyanistes cyanea. See Tit, Blue

Darwin, Charles, s; birds cited by, 10; on
coevolution, 102; on competition, 103; on
evidence of ancestry, 12; on phylogeny,
16; on geographic distributions, 177; on
sexual selection, 128, 135, 136; two great
themes of, 5

Darwin’s finches, 11, 12, 51, 61, 161, 166, 168,
173, 201. See also Geospiza

Davies, Nick, 87-88

Deinonychus dinosaur, 42

delayed benefit, of altruism, 146

Dendrocopus major. See Woodpecker, Great
Spotted

Dendproica, 29. See also Setophaga

derived characteristics, defined, 18

Derryberry, Elizabeth, 169

Descent of Man, The, and Selection in Relation
to Sex, 12,126

development: evolutionary change in, 96;
and gene expression, 97; of toe webbing,
96; and wing evolution, 97

Dhondt, André, 61

dialects, song, 69
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Diatryma, 54

Dicaeum hirundinaceum. See Mistletoebird

Diomedea epomophorus sanfordi. See
Albatross, Northern Royal

Diomedea exulans. See Albatross, Wandering

digestion, 92

Diglossa. See flowerpiercers

Diglossa baritula. See Flowerpiercer,
Cinnamon-bellied

dinosaurs: as bird ancestors, 37; evolution
to birds from, 45, 46; features of, shared
with birds, 42, 44, 45; leg structure of, 41

Diphyllodes respublica. See Bird-of-paradise,
Wilson’s

dippers, 55,187

disease, 66, 201; evolution of resistance to,
65, 203; and “good genes,” 132

dispersal, 178; barriers to, 208—-209; as cause
of geographic distribution, 178; and
climate change, 208

distinguishing features, of birds, 41

diversification rate: and ecological
opportunity, 51; in relation to climate, 53

diversity: and climate stability, 195; and
history of tropical climate, 195; latitudinal
gradient in, 191-197; models of, 192, 193;
in mountains, 190-191; phylogenetic
increase in, 192; and plant productivity, 194

DNA: ancient, 182; mitochondrial, 22, 87,
162, 178; nuclear, 22; reconstructing
evolution of, 32, 93; sequence evolution,
rate of, 22; structure and replication, 20;
translation and code, 21

Dodo, 31

Dotterel, Eurasian, 119

Dove: African Collared, 98; Rock, 11

Drepanis coccinea. See liwi

Dromaius novaehollandiae. See Emu

Drongo: Fork-tailed, 145; Greater
Racket-tailed, 185

Drongo adsimilis. See Drongo, Fork-tailed

drongos, 1,186

Dryocopus pileatus. See Woodpecker,
Pileated

257

Duck: Andean, 141; Flightless Steamer, 31;
Ruddy, 141; Tufted, 136, 137

Dunnock, plate 16

DuVal, Emily, 147

Eclectus roratus. See Parrot, Eclectus

ecological niche, 1; and adaptive radiation,
s1; of large, flightless birds, 182; and
learning, 106; in mountains, 191; rate
of evolution of, 209; species differences
in, 103

ecological opportunity, 51

Edwards, Scott, 65

Egret, Cattle, 178

elephant birds, 182, 183

Emberizidae, 189

Emberizoidea, 187, 189; biogeography and
diversification of, 189-190

Emlen, Steve, 153154

Empidonax alnorum. See Flycatcher, Alder

Empidonax difficiliss. See Flycatcher,
Pacific-slope

Empidonax flycatchers, 73

Empidonax occidentalis. See Flycatcher,
Cordilleran

Empidonax traillii. See Flycatcher, Willow

emu, 177

Ensifera ensifera. See Hummingbird,
Sword-billed

Erithacus rubecula. See Robin

Erolia minutilla. See Sandpiper, Least

Erythrura gouldiae. See Finch, Gouldian

Estrildidae, 132

Eudyptes chrysocome. See Penguin,
Rockhopper

Eulipoa wallacei. See Megapode, Moluccan

euphonias, 188

Euplectes progne. See Widowbird,
Long-tailed

Eurylaimus javanicus. See Broadbill, Banded

evolution: adaptive, 8; cultural, 69; defined,
s; as genetic change, 8; gradual, 99, 100;
predictability of, 54, 94; rapid, 4. See also
convergent evolution; mosaic evolution
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evolutionary “race,” 88

evolutionary rescue, from extinction, 202,
203, 205; obstacles to, 205

Evolution of Beauty, The, 135, 141

extinction: anthropogenic causes of, 199; as
cause of geographic distribution, 178; and
diversity, 194-195; K-Pg, K-T, 47, 48;
mass, 47, 198; mitigating threat of, 209;
sixth mass, 198; of trailing-edge
populations, 208; variation in, among
environments and taxa, 201

extra-pair copulation, 4, 83, 130; advantages
of, 131; forced, 141

extra-pair paternity, 119

Fairywren, Superb: cooperative breeding in,
4; extra-pair copulation in, 4, 130; plate 2

fairywrens, 150, 176, 178, 185

Falcipennis canadensis. See Grouse, Spruce

Falcon, Peregrine, 145

Falconidae, 28

Falconiformes, 34, 50

falcons, relationship to parrots of, 28, s0

Falco peregrinus. See Falcon, Peregrine

Falco sparverius. See Kestrel, American

fantails, 186

feathers, original function of] 9s; steps in
evolution of, 95

Ficedula albicollis. See Collared Flycatcher

Field, Daniel, 38

Finch: Cocos, 106; family, biogeography of,
187-189; Gouldian, 82, 89, plate 13;
House, 65, 69, 133, 203; Java, 201;
Long-tailed, 132; Medium Ground, 61, 62,
63, 64, 69; Vampire Ground, s1;
Woodpecker, 106; Zebra, 62, 78, 98, 109,
112, 131, 132. See also Darwin’s finches;
Fringillidae

Fisher, Ronald, 134-135

fitness: defined, s8; inclusive, 149, 151, 152

fixed, defined, 8, 58

Fjeldsa, Jon, 104-105

flamingos: at high altitude, 92; relationship

to grebes of, 27, 50, 101

INDEX

Fleischer, Robert, 38, 39

Flicker: Campo, 12, plate 3; Northern, 75

flight: adaptations for, 45, 71; evolutionary
loss of, 6, 31, 182, 183

flocks, 143; cost of joining, 143; mixed-
species, 143

flowerpeckers, 187

Flowerpiercer: Cinnamon-bellied, 72; test
for trade-off in, 71

flowerpiercers, 189

Fluvicola. See tyrant, water

Flycatcher: Alder, 158, 162; Collared, 76, 79,
104, 110, 130, 146, 170, plate 35; Cordille-
ran, 162; Pacific-slope, 162; Pied, 170, 206,
207, plate 35; Traill’s, 158; Western, 162;
Willow, 158, 162

flycatchers: Old World, 187; tropical
American, 189

Foliage-gleaner, Alagoas, 209, plate 46

Fratercula arctica. See Puffin, Atlantic

frequency, of allele, 8; causes of change of,
76,77

frigatebird, fossil of, 39

Fringilla coelebs. See Chaffinch, Common

Fringillidae, 16, 176, 187-188. See also Finch

Fulica americana. See Coot, American

Fulica gigantean. See Coot, Giant

Fulmar (Northern), 11

Fulmarus glacialis. See Fulmar (Northern)

Furnariidae, 174. See also ovenbird

Galloanseres, 47, 48, 124

Gallus gallus. See Junglefowl, Red

Gannet, Northern, 144

gene expression, 97-98

gene flow: defined, 8; effect on genetic
variation, 77; versus natural selection, 10;
among populations, 160

genetic drift: as cause of gene frequency
change, 77; defined, 8; faster in small
populations, 10; figured, 9; and fixation
of harmful mutations, 78; and polymor-
phisms, 77

genetic hitchhiking, 79, 80
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genetic incompatibility: as cause of
speciation, 169; in hybrids, 169

gene tree, 22

geographic distribution, causes of, 178

geographic range shift. See climate change

Geospiza fortis. See Finch, Medium Ground

Geospiza septentrionalis. See Finch, Vampire
Ground

gentes (sing., gens), 87

Geothlypis trichas. See Yellowthroat,
Common

gerygones, 176

Gibson, Rosemary, 35

Gill, Frank, 163, 164

Godwit, 100; Bar-tailed, 56; Black-tailed,
139, plate 30; Marbled, 64, plate 12

Gondwana, 179, 185; and time of separation
of land masses, 179180

Good, Thomas, 173

“good genes” hypothesis, 132-134; and
disease resistance, 134

Goose: Andean, 94; Bar-headed, 93,
plate 18; Canada, 23—26; Cape Barren,
24; Emperor, 24-26; Hawaiian, 23
(see also Nene); Snow, 59, 76, 89;
Spur-winged, 1277

Goshawk, Northern, 145

Gowaty, Patricia, 123

Grackle, Boat-tailed, 190

grackles, 18

Grant, Peter, 61, 63, 161, 168, 173

Grant, Rosemary, 61, 63, 168, 173

Grantiella picta. See Honeyeater, Painted

Grassquit, Blue-black, 203

Great American Biotic Interchange, 189

Grebe, 53, as flamingo relative, 27, 50, 101;
Junin, 104, 105; Silvery, 104, 105

Greenshank, Common, 35

Griesser, Michael, 145

Grinnell, Joseph, 206

Grinnell Resampling Project, 206, 208

Grosbeak: Blue, 190; Rose-breasted, 16

Grouse, 127; Black, 125, 208; Sharp-tailed,

29; Spruce, 190
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Grus americana. See Crane, Whooping

Grus canadensis. See Crane, Sandhill

Guillemot, Common. See Murre, Common

Gull: Glaucous-winged, 172; Herring, 116;
Iceland, 158; Laughing, 105; Thayer’s, 158;
Western, 172

Gymmnogytps californicus. See Condor,
California

Gypohierax angolensis. See Vulture, Palm-nut

habitat loss, 202

Haematopus palliatus. See Oystercatcher,
American

Haemorhous mexicana. See Finch, House

Hafferia fortis. See Antbird, Sooty

Hamilton, William, 134

Hamilton’s rule, 149

Harpactes duvaucelii. See Trogon,
Scarlet-rumped

Harshman, John, 182

Harvey, Michael, 184

Hatchwell, Ben, 150

Hawaiian honeycreepers, 39, 53, 189, 201,
plate 44

Hawfinch, 187

Hawk: Red-tailed, 86; Rough-legged, 59,
86; Short-tailed, 86

hawks, 28, 54

Helm, Barbara, 206

helping relatives, 148

Hemicircus. See Woodpecker, Grey-and-
buff; Woodpecker, Heart-spotted

hemoglobin, adaptive evolution of, 93

heritability, 61, 67; estimation of, 61; and
number of contributing genes, 62

Hesperornis, 45, 98, 99

Hill, Geoflrey, 65, 133

Hirundo rustica. See Swallow, Barn

Hoatzin, s, 90, plate 17; fossils of, in
Europe, 179; lysozyme of, 91

Holland, Brett, 141

Honeycreeper, Red-legged, 190

honeycreepers, 189

Honeyeater: Banded, 18s; Painted, 105
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honeyeaters, 53, 185, 203

Honeyguide: Greater, 87; Lesser, 92

honeyguides, 176

hornbill, 1, 47; ground, 176

House Sparrow, 4; natural selection in, 12;
rapid evolution of, 4; and sexual
selection, 125, 127

Howard and Moore Checklist of Birds of
the World, 157

Hummingbird: Calliope, 190; Sword-billed,
102, plate 19

hummingbirds, 53, 139, 176; adaptation to
high altitude in, 94; evolution of sugar
receptors in, 92; fossils of, in Europe, 178,
179; as related to swifts, 38

Hunter, Fiona, 132, 138

hunting, as threat to bird species, 199, 201, 202

Huxley, Thomas Henry, 42

hybridization, between species, 162, 167;
and phylogeny, 29

hybrids, 162; fitness of, 169, 172; survival of,
168

hybrid zone, 167, 168, 170, 172

Hypotaenidia okinawae. See Rail, Okinawa

Ibis: Crested, 209, plate 48; Glossy, 208

Ichthyornis, 45

Icteridae, 189

Icterus galbula. See Oriole, Baltimore

Icterus gularis. See Oriole, Altamira

Tiwi, plate 44

immune system, 65, 171

imprinting, 166

inbreeding depression, 79

Indicator indicator. See Honeyguide, Greater

Indicator minor. See Honeyguide, Lesser

“insect apocalypse,” 201

International Code of Zoological Nomen-
clature, 33

International Union for the Conservation
of Nature. See [IUCN

invasive species, 199, 203, 210

I0C World Bird List, viii, 164

IUCN, 198, 209, 210

INDEX

jacamars, 193

Jacana, Northern, 120

jacanas, 119, 122

Jacana spinosa. See Jacana, Northern
Jackdaw, Western, 113

Jaeger, Parasitic, 59, 60, 76

Jarvis, Erich, 48

Jay: Canada, 190; Siberian, 145

jays, 196; ground, 18, 186
jewel-babblers, 176

Jones, Ian, 132,138

Junco, Dark-eyed, 68

Junco hyemalis. See Junco, Dark-eyed
Junglefowl, Red, 134, plate 27
Jurassic, time of, 41

Jynx. See Wryneck

Kakapo, 31, 79, plate s
Kestrel, American, 118
Ketterson, Ellen, 68
kin discrimination, 153
kinetic skull, 45
kin selection, 149
Kingbird: Eastern, 2, 28, 185; Tropical, 203;
Western, 203
Kingfisher, 47; Pied, 150
Kiskadee, Great, 5, 6
kiwi, 55,182,183
Knot, Red, 16
Komdeur, Jan, 152
Krakauer, Alan, 149
Krams, Indrikis, 146
Ksepka, Daniel, 38

Lack, David, 12, 51, 109, 110, 113
Lagopus muta. See Ptarmigan, Rock
Laniidae, 186

Lanio collurio. See Shrike, Red-backed
Lapwing, Northern, 123

larks, 187, 203

Larosterna inca. See Tern, Inca

Larus argentatus. See Gull, Herring
Larus glaucescens. See Gull,

Glaucous-winged
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Larus glaucoides. See Gull, Iceland

Larus occidentalis. See Gull, Western

leafbirds, 187

learning, 69, 106, 172. See also imprinting

Lefebvre, Louis, 106

leg structure, evolution of, 41, 42

Leiothypis celata. See Warbler,
Orange-crowned

Leiothypis virginiae. See Warbler, Virginia’s

Leipoa ocellata. See Malleefowl

lek, 85, 1277

Lepidothrix vilasboasi. See Manakin,
Golden-crowned

Lessonia. See negrito

leucism, in penguins, 78

Leuconotopicus villosus. See Woodpecker,
Hairy

Leucophaeus atricilla. See Gull, Laughing

life history, 109; fast, 112, 113; slow, 112, 113

life span: evolution of, 112; of tropical
species, 114

Ligon, David, 134

Limosa, fedoa. See Godwit, Marbled

Limosa lapponica. See Godwit, Bar-tailed

Limosa lapponica. See Godwit, Black-tailed

linked genes, 79

Linnaeus, 160

lists: changes in, 157-158; species sequence
in, 34—36; of world’s birds, viii, 157, 164

Lonchura javanica. See Finch, Java

loons, 53

lorikeets, 53, 177

Losos, Jonathan, 54, 55

loss: of complex structures, 98, 99, 182; of
flight, 6, 31, 182-184

Lovette, Irby, 29, 30, 33

Lowther, James, 83

Loxia curvirostra. See Crossbill, Red

Loxia leucoptera. See Crossbill,
White-winged

Loxia sinesciuris. See Crossbill, Cassia

Luscinia svecica. See Bluethroat

Lyon, Bruce, 116, 124

Lyrebird, Superb, 28, 185
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lyrebirds, 27, 184, 185
Lyrurus lyrurus. See Grouse, Black

Ma, defined as millions of years ago, 39

MacArthur, Robert, 14, 103

Macaw: Blue-and-yellow, 9o; Lear’s, 209,
plate 47; Scarlet, 9o

Magpie, Black-billed, 117

magpies, 186

Malaconotidae, 186

malaria, bird, 201

Mallard, 141

Malleefowl, 108, 124, plate 20

Malurus cyaneus. See Fairy-wren, Superb

Manakin: Golden-crowned, 172; Lance-
tailed, 146, 147; Long-tailed, 146

manakins, 51,127, 176

Martin, Common House, 143

Martin, Thomas, 114-115

Martinez del Rio, Carlos, 71-72

Mayr, Ernst, 13, 160, 162, 164, 166

Mayr, Gerald, 178

Megapode, Moluccan, 108, 124

megapodes: parental care in, 5, 108, 124;
and phylogeny, 124

Melanerpes carolinus. See Woodpecker,
Red-bellied

Melanerpes erythrocephalus. See Wood-
pecker, Red-headed.

Melanerpes formicivorus. See Woodpecker,
Acorn

melanin, 82, 86

Meleagris gallopavo. See Turkey, Wild

Melospiza melodia. See Sparrow, Song

Menurus novaehollandiae. See Lyrebird,
Superb

merganser, 98, 99

Merops albicollis. See Bee-eater,
White-throated

migration: genes affecting, 206-207;
evolution of, 66

migratory restlessness. See Zugunruhe

Mimus polyglottus. See Mockingbird,
Northern
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Mistletoebird, 105

moas, 182

mobbing, 146

Mockingbird, Northern, 208

modern birds, survival of, through K-Pg
extinction, 47

molecular clock, 29, 31, 40, 172; calibration
of, 38-39; and time for speciation, 172

monarchs, pied, 164-165

monogamy, social and sexual, 130

monophyletic taxons, as basis for classifica-
tion, 33

Moreau, Reginald, 113

morphology, 3; functional, 71

Morus bassanus. See Gannet, Northern

mosaic evolution, 45, 100

motmots, 194

Mousebird, Speckled, plate 6

mousebirds, 47, 176, 195

mRNA, and gene expression, 97

Mulleripicus pulverulentus. See Woodpecker,
Great Slaty.

Murre, Common, 113, 114

Murrelet, Ancient, 190

Muscicapida, 187

Muscisaxicola. See tyrant, ground

mutation: defined, 8; harmful side effects
of, 94; randomness of, 58; rate of, 76, 78;
selectively neutral, 21, 77; synonymous
and nonsynonymous, 21, 78

Myrmelastes hyperythrus. See Antbird,
Plumbeous.

Myrmophylax atrothorax. See Antbird,
Black-throated

names, of birds, viii; rules for scientific, 33.
See also IOC World Bird List

natural selection: climate change and, 67;
clutch size and, 110; Darwin’s description
of, 57; defined, 6—7; evidence of| 12, 63;
evolution by, 57; figured, 7; first reported,
12; future extinction and, 110; misunder-
standing of, 58; philosophical implica-
tions of, 57

INDEX

negative frequency-dependent selection, 81

negrito, 193

Nene, 2326

Neoaves, 47, 48, 141

Neognathae, 47, 48, 124

New Zealand wrens, 27, 184

Nice, Margaret Morse, and research by
women, 14

niche tracking, as response to climate
change, 207-208

nightjars, 54

Nipponia nippon. See Ibis, Crested

Numenius. See Curlew

nutcrackers, 186

nuthatches, 187

Oceanodroma castro. See Petrel, Band-
rumped Storm

Ochthoeca. See chat-tyrant

Oilbird, 54

one-off evolutionary changes, s

Opisthocomus hoazin. See Hoatzin

Origin of Species, The, 5, 8, 10-12, 16, §7

Oriole: Altamira, 140; Baltimore, 2, 75, 140;
Eurasian Golden, 2

orioles, 139, 189

Oriolidae, 186

Oriolus oriolus. See Oriole, Eurasian Golden

ornaments: and armaments, 126; disadvan-
tages of, 131, 135; use of, in aggressive
displays, 1277

oscines, 18, 27, 50; complex songs of, 51;
nine-primaried, 187; phylogeny and
biogeography of, 185-198

Osprey, 55

ostrich, 31, 47, 54, 124, 176, 182

Ostrom, John, 42—44

ovenbirds, 51,169, 173, 184, 189

Owl: Barn, 56, 117, 136; Snowy, 118, 191;
Tawny, 59, 86, plate 15

Owlet, Long-whiskered, 157

owlet-nightjars, 178

owls, 86, 146, 147, 197; pygmy, 146; screech,
158; scops, 158
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Oxyura ferruginea. See Duck, Andean
Oxyura jamaicensis. See Duck, Ruddy
Opystercatcher, American, 208

Paleocene, 48

Palaeognathae, 47, 48, 124, 141, 181-184

Paley, William, and intelligent design, 56

Pandion haliaetus. See Osprey

parasites, 86, 123, 171, 201

pardalotes, 176

parental care, 109; conflict over, 119; model
of, 120; by one or both parents, 118; sex
ratio and, 121; sexual selection and,
121-123

parental defection, costs and benefits of, 119

parrots, 28, 53, 98, 137

Parrot: Eclectus, 137, plate 18; Greater
Vasa, 138

Parrotbill, Vinous-throated, 67

Partridge: Grey, 109; Red-legged, 167, 168;
Rock, 167,168

Parulidae, 189

Parus humilis. See Tit, Ground

Parus major. See Tit, Great

Passer domesticus. See Sparrow, House

Passer hispaniolensis. See Sparrow, Spanish

Passer italiae. See Sparrow, Italian

Passer montanus. See Sparrow, Eurasian Tree

Passerella iliaca. See Sparrow, Fox; Sparrow,
Red Fox

Passerella unalaschensis. See Sparrow, Sooty
Fox

Passerellidae, 189

Passerida, 187; biogeography of;, 187-190

Passerides, 186-187

Passeriformes, 18, 27, 28, 50, 98; historical
biogeography of, 184-187; phylogeny of,
184, 185

Passerina amoena. See Bunting, Lazuli

Passerina caerulea. See Grosbeak, Blue

Passerina cyanea. See Bunting, Indigo

paternity, extra-pair, 119

Pavo cristatus. See Peafowl, Indian

peacock, 130, 139
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Peafowl, Indian, 130

Pedionomus torquatus. See Plains-wanderer

Pelecanus erythrorhynchus. See Pelican,
American White

Pelican, American White, 117

Penguin: Adelie, 78; Emperor, 56; Gentoo,
78; Rockhopper, 117

penguins, 31, 50, 53,197

penis, of ducks, 141

Perdix perdix. See Partridge, Grey

Perisoreus canadensis. See Jay, Canada

Perisoreus infaustus. See Jay, Siberian

Perrins, Christopher, 110-111

Petrel, Band-rumped Storm, 161, 166

petrels, 20, 176

Petrie, Marion, 130

Petrochelidon pyrrhonota. See Swallow, Cliff

phalaropes, 119, 125, 136

Phasianus colchicus. See Pheasant,
Ring-necked

Pheasant, Ring-necked. 95

pheasants, 47, 176

phenology, and climate change, 204—207

phenotype, defined, 8

Pheucticus ludovicianus. See Grosbeak,
Rose-breasted

Philydor novaesi. See Foliage-gleaner,
Alagoas

Phorusrhacidae (terror birds), 54

Phylloscopus collybita. See Chiffchaff

phylogenetic comparative method, 53, 72-73

phylogenetic constraints, 53, 98

phylogenetic niche conservatism, 195, 203,
208

phylogenetic tree: difficulties in determin-
ing, 29; evidence from morphology, 19;
explained, 19; inference of, from DNA
sequences, 22—28; parsimony method for
inferring, 27. See also phylogeny

phylogeny: as basis of classification, 32-35;
confidence in, 27; conveying relationships,
17; as evidence of evolutionary history,
6, 31; and gene tree, 22; of living bird
groups, 48-s1. See also phylogenetic tree
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Pica hudsonia. See Magpie, Black-billed

Picathartes gymnocephalus. See Rockfowl,
White-necked

Picathartes oreas. See Rockfowl,
Grey-necked.

Picathartidae, 186

Piciformes, 50, 98

piculets, 100, 101

Picus viridis. See Woodpecker, Eurasian
Green

Pigeon, Snow, 93

pigeons, in The Origin of Species, 11

Pinaroloxias inornata. See Finch, Cocos

Pipit: Meadow, plate 16; Rosy, 93; South
Georgia, 210

pipits, 187

Piranga ludoviciana. See Tanager,
Western

Piranga olivacea. See Tanager, Scarlet

Pitangus sulfuratus. See Kiskadee, Great

pitohuis, 176

Pitta, Banded, 185

pittas, 27, 50,184

Plains-wanderer, 176

plasticity: and climate change, 204-206;
phenotypic, 68, 205

Plectropterus gambensis. See Goose,
Spur-winged

Plectrophenax nivalis. See Bunting, Snow

Plegadis falcinellus. See Ibis, Glossy

pleiotropy, 82

Plover, Kentish, 121

Plover, Mountain, 121

Podiceps occipitalis. See Grebe, Silvery

Podiceps taczanowskii. See Grebe, Junin

Poephila acuticauda. See Finch, Long-tailed

polymorphism: in bill size, 79, 81; in
coloration, 59, 82, plate 11, plate 13, plate 14,
plate 15; defined, 59; in eggs, 87, plate 16;
and MCI1R gene, 59, 82; natural selection
and, 79

populations, decline in, 198

Porphyrio hochstetteri. See Takahe

potoos, 176

INDEX

Prairie Chicken: Greater, 29; Lesser, 29

pratincoles, 1, 50, 54

predictability of evolution, s4. See also
phylogenetic constraints

preference: evolution of, 131-136; of females
for males, 126; veiled, 132

Price, Trevor, 68,166, 172

Prinia, Tawny-flanked, 88

Prinia subflava. See Prinia, Tawny-flanked

Procellariiformes, 92

Prum, Richard, 4850, 55, 95, 135, 141,
142,147

Prunella collaris. See Accentor, Alpine

Prunella modularis. See Dunnock

Pryke, Sarah, 82-83

Pseudocalyptomena graueri. See Broadbill,
Grauer’s

pseudogenes, 435

Pseudopodoces humilis. See Tit, Ground

Psittaciformes, 98

Ptarmigan, Rock, 208

Pterocles lichtensteinii. See Sandgrouse,
Lichtenstein’s

pufibirds, 176, 194

Puffin, Atlantic, 12

Pulido, Francisco, 67

Pulido-Santacruz, Paola, 195

Pycnonotus zeylandicus. See Bulbul,
Straw-headed

Pygoscelis adeliae. See Penguin, Adelie

Pygoscelis papua. See Penguin, Gentoo

pygostyle, 18, 41, 45

Pyrenestes ostrinus. See Seedcracker,
Black-bellied

Quail, 47; Japanese, 109

quail-thrushes, 186

questions, how and why, 2

Quiscalus major. See Grackle, Boat-tailed

Rail, Okinawa, 157, plate 33
Ramphastidae, 34

Randi, Ettore, 167

Raphanus cucullatus. See Dodo
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Ratcliffe, Laurene, 161

ratites: hypotheses for distribution of,
181-182; loss of flight in, 31; parental care
in, 118; phylogeny of, 182

ravens, 186

reciprocity, 146

Redhead, 123

Redstart, American 33

Redshank: Common, 35, 145, 146;
Spotted, 35

Reed, Thomas, 13-114

relationship, coeflicient of, between kin,
148; phylogeny and, 17; similarity and, 18;
uncertainty of] 29

Rensch, Bernhard, 73

reproduction, cost of, 113

reproductive isolation, 159, 160; behavioral,
161, 169; causes of, 168; evidence of,
161-162; premating, 161, 169; postmating,
161, 167, 168; reinforcement of, 170

reproductive “strategies,” 85

Reptilia, 33

Reyer, Hans-Ulrich, 150-151

rheas, 177, 182

Rice, William, 141

Riehl, Christina, 154-155

Robin, 125

Robinson, Scott, 104

Rockfowl: Grey-necked, 187, plate 43;
White-necked, plate 38

rockfowl, 186

Rockwren, New Zealand, 28, 185

rosefinch, 188, 189, 193

Rostratulus benghalensis. See Painted-Snipe,
Greater

Ruff, 75, 79, 80, 84, 89, 127

Ryan, Michael, 131

Rynchops nigra. See Skimmer, Black

Safran, Rebecca, 171

saltation, 99

Sanderling, 16

Sandgrouse, 48; Lichtenstein’s, plate 7;
skeleton of, 43
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Sandpiper, 127; bill length of, 100; Least, 16,
64; Semipalmated, plate 12; Spoon-billed,
plate 45; Spotted, 119

Sapayoa, 185

Sapayoa aenigma. See Sapayoa

satinbirds, 186

Schondube, Jorge, 71

Sciophylax castanea. See Antbird,
Chestnut-tailed

Scolopax minor. See Woodcock, American

screametr, 47, 127, 128

Scythrops novaehollandiae. See Cuckoo,
Channel-billed

Seedcracker, Black-bellied, 1, 79, 89,
plate 1

seedeaters, 189

Selasphorus calliope. See Hummingbird,
Calliope

selection. See natural selection; sexual
selection; social selection

selfish herd, 144, 145

senescence, evolution of, 112; in birds, 113

sensory bias, 132, 169

Sericulus ardens. See Bowerbird, Flame

seriema, 50

Setophaga, phylogeny of; 29. See also
Dendroica; Warbler

Setophaga coronata. See Warbler,
Yellow-rumped

Setophaga fusca. See Warbler, Blackburnian

Setophaga kirtlandii. See Warbler,

Kirtland’s

Setophaga petechia. See Warbler, Yellow

Setophaga ruticilla. See Redstart, American

Setophaga striata. See Warbler, Blackpoll

Setophaga tigrina. See Warbler, Cape May

Setophaga virens. See Warbler, Black-throated
Green

sex chromosomes, 152

sex ratio: effect of, on parental care, 121-123;
female alteration of, 152

sexual conflict: in ducks 141-142; and sexual
selection, 141

sexually antagonistic selection, 82
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sexual selection: defined, 121; differing
among populations, 171; experimentally
demonstrated, 129, 130; of female
characteristics, 136; forms of, 126; by
male-male competition, 127; mutual, 138;
proposed by Darwin, 12; reversed, 139;
runaway, 134; and speciation, 170

sexy son hypothesis, 134-135

shearwaters, 92

Sherry, Thomas, 106

Shoebill, 176, plate 37

Shrike, Red-backed, 89

shrikes, 186

shrike-tyrant, 192-193

Sialis sialis. See Bluebird, Eastern

Sibley, Charles, 14, 154

siblicide, 117

side effect, genetic, 71, 136, 205. See also
pleiotropy

Simpson, George Gaylord, 54, 55

single-nucleotide polymorphisms, 77.
See also SNPs

Sinosuthora webbiana. See Parrotbill,
Vinous-throated

Siskin, Pine, 16

siskins, 188

sister groups, 17, 34, 37, 90

sister species, 17

sitellas, 186

skeleton: of Archaeopteryx, 43; of
bird, 43

skimmer, 53, 56; Black, plate 9

Skua, Arctic. See Jaeger, Parasitic

Skutch, Alexander, 113

Smith, Brian, 194

Smith, James, 61

Smith, Thomas, 13

Snipe, Greater Painted, plate 25

snipe, painted, 119, 122

SNPs, 78. See also single-nucleotide
polymorphisms

social behavior, 144, 145

social selection, 116, 126; and monogamy,

139; and plumage evolution. 137, 139

INDEX

Soler, Manuel, 88

songbirds. See Passeriformes

South America, diversification in,
189-190

Sparrow: Chipping, 125; Eurasian Tree, 4;
Fox, 164; House, 4, 63, 125, 127, 172, 187;
Italian, 4, 172; Red Fox, plate 34;
Rufous-collared, 190; Saltmarsh, 203;
Song, 61,160; Sooty Fox, plate 34;
Spanish, 4, 172; White-crowned, 190;
White-throated, 16, 75. 83, 89, plate 14

sparrows, 186; New World, 189; Old
World, 187

Sparrowhawk: Black, 86; Eurasian, 145

specialization, evolution of, 102-103

speciation: allopatric, 159, 166; and climate
stability, 195; defined, 13, 159, 166;
ecological, 169; ephemeral, 173, 194;
hybrid, 172; rate of, 173, 174, 194; sexual
selection and, 170; speed of, 172;
sympatric, 166

species: genetic differences between, 159;
invasive, 199; new, 157; recognition of, 161,
164; sister, 17; sympatric, 159; threatened,
199, 200

species concept, biological, 159, 160, 163,
166; phylogenetic, 159, 164

spinetails, 176

Spinus pinus. See Siskin, Pine

Spizella passerina. See Sparrow, Chipping

splitting, of species, 158

Spottiswoode, Claire, 87, 88

Starling, European, 110

starlings, 143, 145, 187

State of the World's Birds, The, 198

stem group, defined, 38

Steatornis caripensis. See Oilbird

Stercorarius parasiticus. See Jaeger, Parasitic

Stevens, Martin, 88

stimuli, supernormal, 116, 129

storm-petrels, 92

Storz, Jay, 93-94

strategies: life history, 109; mixed mating,
141; reproductive, 86
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Streptopelia roseogrisea. See Dove, African
Collared

Stresemann, Erwin, 160

Strigops habroptila. See Kakapo

Strix aluco. See Owl, Tawny

Sturnus vulgaris. See Starling, European

suboscines, 27, 50, 189; phylogeny and
biogeography of, 184-185

subspecies, 158

sugar, evolution of perception of, 91

sugarbirds, 187

Sula granti. See Booby, Nazca

Sula sula. See Booby, Red-footed

Sumasgutner, Petra, 87

sunbirds, 53, 176, 187

sungrebe, 57

Swallow: Barn, 171, 178; Cliff, 61, 123, 143,
144; Tree, 92,130

swallows, 53, 54, 143, 186, 187

Swift: Chimney, 92; Common, 110, 111

swifts, 38, 53, 54

Sylvia atricapilla. See Blackcap

Sylvia borin. See Warbler, Garden

Sylviida, 187

sympatric, defined, 104

sympatry, evolution of, 171

Symposiachrus. See monarchs, pied

Synthliboramphus antiquus. See Murrelet,
Ancient

Székely, Tamds, 121-122

Tachycineta bicolor. See Swallow, Tree

Taeniopygia guttata. See Finch, Zebra

tail, of Archaeopteryx, 42

Takahe, 31; plate 4

Tanager: Bay-headed, 190; Blue-grey, 190;
Flame-faced, plate 29; Plain-colored, 139,
plate 29; Red-necked, plate 29; Scarlet,
28, 33, 202; Silver-throated, plate 29;
Western, 125

tanagers, 28, 176, 189. See also Thraupidae

Tangara cyanocephala. See Tanager,
Red-necked

Tangara gyrola. See Tanager, Bay-headed
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Tangara icterocephala. See Tanager,
Silver-throated

Tangara inornata. See Tanager,
Plain-colored

Tangara parzudakii. See Tanager,
Flame-faced

Tangara tanagers, 139

Taste for the Beautiful, A, 131

Tauraco porphyreolophus. See Turaco,
Purple-crested

taxon (pl. taxa), defined, 32; higher, 32; as
reflecting phylogeny, 32-33

teeth: in Cretaceous birds, 45; genes for, in
bird genome, 45

Terborgh, John, 104

Tern, Inca, 125

theropod dinosaurs, as bird ancestors, 41

thrashers, 176, 187

Thraupidae, 28, 174,189

Thraupis episcopus. See Tanager, Blue-grey

Thrush, Hermit, 208

thrushes, 186, 187

Tinamou, Solitary, plate 40

tinamous, 47, 169, 176, 181-182

Tinamus solitarius. See Tinamou, Solitary

Tinbergen, Niko, 14

Tingley, Morgan, 208

Tit: Blue, 67, 69, 104, 131, 207; Great, 18, 19,
31, 69, 104, 110, 116, 185; Ground, 18, 19, 31,
55, 94; Long-tailed, 150

tits, 18, 186, 187

Tobias, Joseph, 138, 169

toe arrangements, 98

toucans, 34, 176

trade-off, 82, 110, 113

Treecreeper, 160

Tringa erythropus. See Redshank, Spotted

Tringa flavipes. See Yellowlegs, Lesser

Tringa melanoleuca. See Yellowlegs,
Greater

Tringa semipalmata. See Willet

Tringa tetanus. See Redshank, Common

Troglodytes aedon aedon. See Wren,
Northern House
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Troglodytes aedon musculus. See Wren,
Southern House

Troglodytes hiemalis. See Wren, Winter

Troglodytes pacificus. See Wren, Pacific

Troglodytes troglodytes. See Wren,
Eurasian

Trogon: Collared, plate 39; Elegant, 177;
Scarlet-rumped, plate 39

Trogon collaris. See Trogon, Collared

Trogon elegans. See Trogon, Elegant

trogons: geographic distribution of, 176,
179; historical distribution of, 181

trumpeters, 176

Turdus merula. See Blackbird, European

Turaco, Purple-crested, plate 8

turacos, 48, 176, 179, 195

Turkey, Wild, 149, plate 31

Tympanuchus. See Grouse, Sharp-tailed;
Prairie Chicken

Tyrannus tyrannus. See Kingbird, Eastern

Tyrannus melancholicus. See Kingbird,
Tropical

tyrant: ground, 192-193; water, 192-193

tyrant flycatchers, 27, 51, 184

Tyto alba. See Owl, Barn

Umbrellabird, Long-wattled, 13
Uria aalge. See Murre, Common

Vanellus vanellus. See Lapwing, Northern

Vangidae, 186

variation: continuous, 59, 60, 62; and
evolutionary rescue, 205; genetic, s8,
7s; heritable, 61; preexisting, 67;
standing, 205

Vehrencamp, Sandra, 154

Vermivora chrysoptera. See Warbler,
Golden-winged

Vermivora cyanoptera. See Warbler,
Blue-winged

vicariance. See cleavage

Viduidae, 87

Vireonidae, 186

vireos, 186

INDEX

Volatinia jacarina. See Grassquit,
Blue-black

Voyage of the Beagle, The, 10, 11

Vulture: New World, 32; Palm-nut, 54

wagtails, 187

Wallace, Alfred Russel, 57, 59, 177

Wallace’s line, 177

Warbler: Blackburnian, 29, 103, 130;
Blackpoll, 2, 207; Black-throated Green,
103; Blue-winged, 162, 163, 185; Cape May,
103; Cerulean, 29; Garden, 73; Golden-
winged, 162, 163, 185; Great Reed, 81, 89, 134;
plate 16; Kirtland’s, 190; Reed, 87, plate
16; Orange-crowned, 104; Seychelles, 152;
Townsend’s, 29; Virginia’s, 104; Yellow, 127;
Yellow-rumped, 92, 103

warblers, 29, 30, 139, 173, 174, 176, 186, 187,
189, 203

water birds (Aequorlitornithes), ss;
phylogenetic relationships among,
49,50

waterthrush, 173, 174

waxbills, 187

Waxwing, Cedar, 28, 75, 92, 185

waxwings, 187

weavers, 187

‘Weir, Jason, 172, 195

Werner, Tracy, 106

West-Eberhard, Mary Jane, 116, 126,
136, 138

whistlers, 186

Whittingham, Linda, 171

whydah, 87

widowbird, 87

Widowbird, Long-tailed, 129

‘Wiemann, Jasmina, 44

Wiens, John, 208, 209

Willet, 35

Wilson, Allan, 24-25, 90, 106

Woodcock, American, $6, plate 10

woodcreeper, 143, 169, 173

Woodpecker: Acorn, 143; cited by Darwin,
12; Cream-colored, 196; Eurasian Green,
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196; Great Slaty, 196; Great Spotted, 196;
Grey-and-buff, 100; Guayaquil, 196;
Hairy, 208; Heart-spotted, 100, 101, 196;
101; Pileated, 101, 196; Red-bellied, 208;
Red-headed, 196

woodpeckers, 169, 177; evolution of
geographic distribution of, 196, 197;
mosaic evolution in, 100

woodshrikes, 186

Wren: Eurasian, 158; Northern House, 113;
Pacific, 158; Southern House, 113;
Winter, 158

wrens, 138, 172, 186, 187

Wrentit, 178, 187

Wrybill, 69, 70

wryneck, 100, 101
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Xenicus gilviventris. See Rockwren, New
Zealand

Xenoglaux loweryi. See Owlet,
Long-owhiskered

Yellowlegs: Greater, 35; Lesser, 35
Yellowthroat, Common, 171, plate 36

Zahavi, Amotz, 133

Zink, Robert, 164

Zonotrichia albicollis. See Sparrow,
White-throated

Zonotrichia capensis. See Sparrow,
Rufous-collared

Zugunruhe, 67, 206

Zuk, Marlene, 134

For general queries, contact webmaster@press.princeton.edu





