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Appreciating and Studying BirdsCHAPTER    1

Birds have a special place in human science and culture: they capture our hearts, arouse 
our curiosity, and inspire a sense of wonder. We revel in the diversity and beauty of their 
forms, and birds also spark the curiosity that drives us toward deeper scientific inquiry 
into their varied ways of life. Every student of ornithology—from recreational birders to 
career scientists—will find much to learn and appreciate in the extraordinary physical 
and behavioral adaptations of birds, their rich evolutionary history, and their command-
ing global presence.

One of the wonderful aspects of enjoying birds is that they are found everywhere 
(Figure 1.01). Their capacity to live in almost every environment is truly remarkable: 
birds occupy windswept arctic tundra and harsh antarctic ice, fog-shrouded mountain-
tops and tropical rainforest understories, the world’s driest deserts and storm-swept high 
seas. They live among us in the most urbanized cities, in suburban backyards, and in the 
most remote wildernesses. Wherever we travel, birds are our constant companions, and 
by discovering more about the birds we find around us, we can come to understand 
many other aspects of the natural world and our relationship to it.

Birds are endlessly fascinating in part because they are so diverse. Birds make use of 
their myriad habitats with a bewildering array of foraging strategies, while performing 
important ecological functions. Many birds capture and consume other animals, from 
tiny insects to large vertebrates, sometimes including other birds. Some birds hunt by 
night, and a few even navigate using echolocation. Others hunt high in the sky with ex-
ceptionally keen vision, diving down with remarkable speed and agility at a moment’s 
notice; many are equally skilled in detecting insects on leaves, or worms in the soil. Still 
others specialize in scavenging, thus speeding up the process of decomposition. Many 
birds eat nectar, seeds, or fruits, sometimes aiding in plant reproduction by serving as 
pollinators and seed dispersers.

The breeding strategies of birds are just as varied as their ecological roles. Many en-
gage in displays with complex choreography as a precursor to mating, often accompa-
nied by intricate vocal performances. Some birds pair together for many years or live in 
extended families, while others mate only for an instant, never to see one another again. 
Some chicks are raised by groups of relatives, some by both parents, others by only their 
father or their mother, and a few receive no parental care at all. Some birds attempt to 
raise just one offspring in every alternate year, while other species can raise large broods 
of chicks several times within a single season. The nests built by birds come in a dazzling 
variety of forms, ranging from simple scrapes on the ground, to intricately woven bas-
kets, to messy piles of sticks that may weigh several tons.

Birds flap, hover, soar, glide, stoop, swim, dive, burrow, walk, hop, and even sprint. 
To us, they often appear—and quickly vanish—as a burst of motion and color. Through 
their migratory movements, birds create living links among continents, oceans, and 
hemispheres. Migratory species know the planet as a north–south stage to be traversed 
twice each year, creating one of the most remarkable migration spectacles on Earth. The 
annual return of individual birds to their precise breeding or overwintering territory 
seems miraculous, and this homing ability is a testament to their underlying adaptations 
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birds can dive deep into water and remain submerged for 
minutes; others can fly at great heights where the air is thin 
and the oxygen correspondingly poor. Different birds can 
extract energy and nutrients by digesting a great range of 
foods, from tough leaves to fluid nectar, and from tiny inver-
tebrates to rodents swallowed whole. Some birds time their 
breeding based on subtle shifts in day length that cause cas-
cading effects on their hormones and reproductive systems. 
Others use specialized areas of their brains to remember the 
locations of thousands of seeds that they have hidden for 
later consumption.

The external beauty of birds is enriched by their variety 
of feathers, which are magnificent in their many functions as 
well as their array of forms (Figure 1.02). Feathers are an 
adaptation found in no other animal group today, but we 
now know that birds are the living descendants of otherwise 
extinct dinosaurs that also sported a great variety of feath-
ered plumage. Feathers provide birds with thermal insula-
tion, waterproofing, and, in many cases, enable their flight. 
Feathers come in bold or cryptic patterns, ornamental 
shapes, incredible shades of color, pure tones, impressive 
lengths, or, in just the right light, brilliant iridescence. Many 
birds combine these features in ways that play a large role in 
both mate choice and camouflage.

There are enough species of living birds—11,000 or so—
to keep the most ardent birders questing after new sightings 
throughout their lives. This rich diversity has evolved over 
150 million years, creating the diversity of avian orders and 
families that populates our field guides. Over the smaller 

for orientation. Other kinds of birds are nomadic, some-
times wandering in great flocks in search of superabundant 
food or prime breeding sites; while other birds are home-
bodies, remaining very close to their hatching site through-
out their entire adult lives.

The songs of some birds are among nature’s most evoca-
tive sounds. Birds vocalize primarily to communicate with 
other birds, but they do so in a great variety of ways and 
across a great range of auditory frequencies. For human bird-
ers and scientists, learning bird calls and songs is often the 
key to discovering what species are present in a habitat or 
location. Going further, we can eavesdrop on the more de-
tailed lives of birds by learning how they use songs to defend 
territories, advertise to mates, warn of potential dangers, 
and communicate about their own status.

Beneath all this behavioral and ecological diversity lies a 
remarkable body plan and a high capacity for physiological 
adaptability. Birds have unique skeletons: every bird is 
equipped with specialized forelimbs and fused hand bones 
that together form a wing. Yet some birds’ wings are pro-
portionally too small for flight, while others have wings 
that are modified into flippers for swimming. All birds have 
beaks, lay eggs, and breathe via a system of one-way air-
flow, which permits more efficient capture of oxygen than 
the in-and-out breathing pattern of mammals. Yet despite 
these similarities, birds have a wondrous variety of physical 
forms—from the smallest hummingbirds to the towering 
ostriches—that are adapted to different ways of life. Their 
internal body processes are similarly multifarious: some 
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Figure 1.01 ​ Birds are found nearly everywhere on Earth. Shown here are (A) American Herring Gulls (Larus smithsonianus) foraging 
in association with a humpback whale, (B) a Black-throated Green Warbler (Setophaga virens) singing on its spring territory in Nova Scotia 
(Canada), (C) a Bar-bellied Pitta (Hydrornis elliotii) photographed on the floor of its rainforest habitat in Vietnam, and (D) a trio of Carpentarian 
Grasswrens (Amytornis dorotheae) in an arid region of Queensland (Australia). (Photos by [A] Macqueen Chen ML656404127, [B] Lyall 
Bouchard ML453514601, [C] JJ Harrison ML612841703, [D] Laurie Ross ML324074521)
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been—and continue to be—discovered and refined through 
studies of birds.

1.1 Avian form and function
The visible features of a bird—its plumage, proportions, and 
body components—offer a visual guide to its identity, be
havior, and ecological role. Because these traits are shaped 
by both evolutionary history and functional demands, they 
serve as a bridge between how birds look and how they live. 
Developing fluency in this visual language allows anyone 
with an interest in birds to achieve a deeper understanding 
of avian diversity.

Birds are familiar to nearly everyone because they are a 
truly ubiquitous component of our natural world: there is 
no place on Earth that humans occupy that is not also fre-
quented by birds. But how do we formally define birds in 
relation to other animals, both those that occur today and 
those that existed in the past?

All birds living today are grouped together into a biologi-
cal entity termed Class Aves. As covered in more depth in 
Chapter 2, the closest living relatives of today’s birds are the 
crocodilians (like the crocodiles, alligators, and caimans). 
Yet in the past, a great diversity of dinosaurs were much 
closer bird relatives, and back then they had a variety of 
bird-like and non-bird-like traits. If we had perfect knowl-
edge of that biological history, or a time machine to observe 
it directly in its full and glorious detail, we would discover 
that there was no one point where a precise ancestor sud-
denly stopped being a dinosaur and started being a bird. 
Many kinds of dinosaurs had bird-like attributes, while 
early birds retained dinosaur-like traits (like teeth) that mod-
ern birds now lack. Instead, it is useful to think of birds as 
the only living representatives of a much broader dinosaur 
radiation that is otherwise now gone. And since birds are 
part of the dinosaurs, and dinosaurs are reptiles, it is only 
via tradition that we often refer to birds being in their own 
Class Aves separately from the other reptiles in Class Rep-
tilia, since birds are unambiguously a subset of the reptiles.

Among living animals, all modern birds share a suite of 
distinctive traits. The most outwardly obvious one is that 
now only birds have feathers. Birds are also among the few 
living groups that lay hard-shelled eggs; and those others 
(including some turtles, geckos, and crocodiles) evolved 
their hard eggshells independently from birds, so some of 
the physiological processes used by laying birds are unique. 
The toothless beaks of birds are similarly distinct, in evolu-
tionary terms, from the beak-like mouthparts of other ani-
mals like turtles and some kinds of fishes. Birds have bones 
that are partly hollow that connect with components of their 
respiratory system; and all birds have wings as their fore-
limbs, though not all bird species use them to fly.

These traits make it easy to recognize a modern bird as 
a  bird, even when considering forms as radically different 

timescales that can be addressed in field studies, birds have 
provided some of the best examples of how evolutionary 
forces play out in nature. Scientists have carefully docu-
mented how natural selection can change bird populations 
in just a few generations, and how intense sexual selection 
can drive the evolution of gaudy plumage and elaborate 
displays. Birds have therefore served as model systems for 
understanding how species of all kinds arise and change 
through time.

Birds have a similarly influential standing in our efforts to 
conserve the natural world. Birds serve as flagships for im-
periled habitats and ecosystems and as early warning sys-
tems for environmental toxins or other destructive forces. 
Conservation efforts focused on birds often help preserve 
many other, less-conspicuous organisms. And owing to their 
charisma and popularity with humans, birds can help in-
spire all of us to be better stewards of natural systems and 
biodiversity.

This book is about all such aspects of avian biology, and 
more. Thanks to a fortuitous combination of diversity, ac-
cessibility, and charisma, birds throughout the ages have 
taught humans an extraordinary amount about natural his-
tory. Nearly everyone has seen and wondered about a bird, 
and this familiarity helps give birds their special inspira-
tional power—birds capture our imagination and curiosity 
by simply being in our presence. Researchers have long har-
nessed this same accessibility of birds to answer questions 
in the laboratory and in the field with relative ease, espe-
cially compared with the challenges of studying most other 
animals. Dozens of principles in evolution, ecology, bioge-
ography, behavior, neurobiology, life history theory, natu
ral resource management, and conservation biology have 

Figure 1.02 ​ The many functions of feathers. The feathers on 
the body of this Wine-throated Hummingbird (Selasphorus ellioti) 
perform many functions simultaneously, from insulation and 
waterproofing, to visual display, to aiding in flight performance. 
(Photo by Daniel López-Velasco ML500057771)
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from the same place. It likewise forms the basis for both de-
veloping birding skills and for designing scientific bird 
surveys.

The next step after finding birds is to identify them. Many 
birds are encountered briefly or under imperfect conditions, 
so identification depends on the setting as well as on aspects 
of the bird itself. Reliable identification in the field depends 
on focusing on the most diagnostic observable features, 
initially the components of bird size and shape, color pat-
tern, behavior, and setting. These features become the evi-
dence for identification. Observers compare them with the 
attributes of likely species, form a hypothesis about the 
bird’s identity, and test that hypothesis against the avail-
able evidence. With experience, this becomes an unconscious 
process in many situations, but even the most experienced 
birders and ornithologists encounter bird identification chal-
lenges where the evidence available to them is so incomplete 
or puzzling that their bird identifications remain provisional. 
This occasional uncertainty is a normal and expected part of 
observing birds in the wild.

After a bird has been found and identified, careful obser-
vation turns attention to how it lives: how it moves, what it 
is foraging on, how it uses the space around it, and how it 
interacts with other birds and its surroundings. These details 
are easy to miss at first (Figure 1.03), but they are what link 
individual encounters to a broader understanding of birds—
their behavior, their ecology, and their place in the environ-
ments they inhabit. Most of the aspects of bird biology 
covered throughout the chapters of this book can be wit-
nessed directly in the field through careful observation of 
wild birds.

1.2.1 Finding birds
Knowing where to look is an important step in finding birds. 
Some habitats consistently support higher overall numbers 

from each other as an ostrich, hummingbird, sparrow, or 
albatross. Luckily, today when you see a bird you can be 
confident that it is part of Aves. The ongoing debates about 
exactly where to draw the bird boundary instead revolve 
around the time, long ago, when many other kinds of dino-
saurs had feathers and hollow bones, laid hard eggs, and 
so on.

All birds share the same basic body plan, but the out-
ward expression of that plan varies enormously across spe-
cies. The same anatomical regions have been modified in 
different ways in different avian lineages, producing the ex-
traordinary diversity of forms seen among birds. Compar-
ing these features across species reveals how evolution has 
shaped external structures to meet a wide range of ecologi-
cal demands.

For observers in the field, these external features of birds 
enable our visual identification of avian species, sexes, and 
age classes. These same features often vary dramatically 
across major avian lineages, making it possible to know at 
a glance whether a particular bird is a thrush, duck, hawk, 
or heron. More subtle differences in proportions, shapes, 
and markings often distinguish the most closely related spe-
cies that can be harder to separate, and careful attention to 
these traits is central to their accurate identification. More 
broadly, many features of avian appearance are linked to 
how birds move, forage, court, reproduce, and otherwise in-
teract with their surroundings.

1.2 Observing birds in the field
Learning how to find and identify birds is a foundational 
skill for both birders and ornithological researchers alike. 
Encountering birds and understanding their behavior all be-
gin in the same place: knowing where and when to look, 
and how to interpret the distinguishing features of different 
species. In this respect, the practices of birders and profes-
sional field ornithologists rely on the same basic observa-
tional approaches.

Birds are distributed unevenly across any landscape, and 
even the most skilled human observers never encounter all 
the individual birds that are present in any complex habitat. 
Instead, every effort to find birds, whether during a casual 
birding walk or in a highly structured field survey, samples 
only a subset of the birds that are there. The set of birds that 
are detected always depends on where and how the search is 
conducted, how long it is sustained, and the environmental 
and observational conditions under which it takes place. 
Some birds are conspicuous and readily observed, whereas 
others often remain hidden, quiet, or are most active at times 
when observers are absent. As a result, the birds that are re-
corded in any given observation period reflect both the 
underlying avian community and the ability and choices of 
the person or people looking for them. Recognizing this con-
nection between observation and sampling helps explain 
why different observers may report different sets of species 

Figure 1.03 ​ Looking closely at familiar birds. The European 
Starling (Sturnus vulgaris) is so common in many parts of the world 
that it is easy to overlook the subtle beauty of its coloration. (Photo 
by Michael Stubblefield ML630557450).
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than a temperate one. These expectations are shaped by the 
prior experience of the observer, their knowledge of species’ 
distributions, and their awareness of seasonal movements 
and cycles. Experienced observers think in terms of which 
species match their expectations and which do not: a bird 
that fits those expectations stands out, but so does one that 
does not. In this way, each field period begins with a work-
ing sense of which birds are most likely to be observed, with 
observations over time gradually refining that expectation 
through additional experience.

Locating an individual bird often begins with noticing a 
flicker of motion within vegetation, a silhouette in the dis-
tance, a shape that seems slightly out of place, or a vocaliza-
tion from an unseen individual. In many cases, there is no 
prolonged view of the bird that allows careful study. Under 
directed attention, these partial cues become easier to notice, 
and what once seemed like an empty landscape begins to 
reveal a steady background of avian activity.

Movement is often the most reliable cue that a bird is pre
sent. Birds tend to move in characteristic ways that distin-
guish them from the surrounding environment. At the same 
time, observers must sort these signals from background 
motion such as wind-driven leaves or shifting shadows. This 
distinction improves with experience, as the eye becomes 
better at filtering out irrelevant movement and focusing on 
patterns that indicate a bird. With time, birds simply begin 
to stand out.

In many settings, most birds are heard before they are 
seen, especially in densely vegetated habitats and during 
spring when many birds are vocalizing. This phenomenon is 
evident in many tropical forests with dense and vertically 
layered vegetation and limited visibility. In such habitats, 
many birds are inherently difficult to see: some remain deep 
within dense vegetation, while others occupy the midstory 
or canopy, where foliage can obscure them even when they 
are nearby. First-time visitors to species-rich tropical for-
ests often anticipate seeing large numbers of colorful birds 
but instead are initially frustrated by encountering a nearly 
continuous wall of vegetation with very few obvious birds 
ever in view. A general truism is that most birds in such set-
tings are detected first by voice, and many are rarely seen 
well at all.

In more open habitats, finding birds often depends on 
systematic scanning of the surrounding landscape. Birds 
may be visible at considerable distances in grasslands, shore-
lines, deserts, and open-water habitats, but they are often 
small, still, or cryptically colored against their background. 
Observers therefore sweep the landscape deliberately, using 
binoculars, spotting scopes, or the unaided eye to search for 
movement, outline, or contrast. A good strategy is to focus 
first on likely locations such as fence posts, isolated shrubs, 
mudflats, or the edges of water, and to revisit these features 
repeatedly. In the sky, scanning often involves watching for 
silhouettes or movement, where flight style and shape can be 
recognized at long range. Even in open settings, detection 

and diversities of birds than others, while some individual 
bird species have narrow ecological niches and are only reli-
ably found in certain habitats (Chapter 13). Because differ
ent habitats support different bird communities, observers 
hoping to encounter many species usually do best by visiting 
several habitat types. Ecotones where different habitats 
meet, such as forest edges or wetland margins, can be espe-
cially productive for finding a high diversity of bird species 
because those ecological boundaries bring together species 
and resources from multiple environments.

At other times, the primary search target might be a par
ticular bird species, one that is likely tied through its ecology 
to a specific part of the local landscape, such as dense under-
story, open canopy, or an exposed shoreline. In these cases, 
success depends on anticipating the typical behaviors and 
habitat use of that target species, including where it feeds, 
perches, or remains concealed. Ornithologists take this ap-
proach when studying a focal species, concentrating their 
search effort in the parts of the habitat where that species 
is most likely to be found. Birders likewise deploy this 
same kind of information when searching for a species of 
interest.

Timing is also important for locating birds. Most birds 
are easiest to find when they are active, and that activity 
follows predictable daily and seasonal rhythms that are 
linked to each species’ annual cycle. In many regions, early 
morning brings a surge of movement and sound as birds 
forage, defend territories, and communicate. Activity 
then often declines as the day warms, especially in hot or 
exposed environments where birds reduce activity and 
remain in shade. Seasonal changes can be even more pro-
nounced. During the breeding season, birds are often con
spicuous as they sing, display, and move frequently within 
territories. During migration, entirely different species may 
pass through an area in a matter of days, sometimes appear-
ing in large numbers after favorable winds or weather 
conditions.

These patterns influence both how many birds are present 
and how detectable they are. Birders take advantage of these 
daily and seasonal rhythms by focusing their efforts at times 
of peak activity, while ornithologists may schedule surveys 
to coincide with periods when target species are most likely 
to be active or vocal. In both cases, attention to timing im-
proves the chances of detection, and documenting the search 
strategy helps ensure that observations are comparable 
across different visits, locations, or years.

Over time, observers develop a sense of which birds are 
likely to be present at a given place and time. The birds an 
observer is likely to encounter in a marsh in early spring dif-
fer from those likely to be present there in midwinter; simi-
larly, a tropical forest presents a different set of possibilities 

Ecotone: a transitional boundary zone where two different 
ecosystems meet.
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each other (Figure 1.04). A bird with a long neck and long 
legs suggests something very different from one with a com-
pact body and short bill, regardless of all other attributes. 
Observers can anchor these impressions by comparison with 
familiar species, using informal references such as robin-
sized or crow-sized. Because these structural features remain 
relatively consistent across lighting conditions and viewing 
angles, they often provide the strongest initial constraints on 
identification.

Color can also be a useful clue to a species’ identity, yet it 
is usually the pattern of colors across the body that carries 
the most weight (Figure 1.05). Rather than trying to match 
exact hues, experienced bird observers focus on contrasts 
and arrangements—light underparts against a darker back, 
bold stripes on the head, or a localized patch of color on the 
wing or tail. These patterns are more stable than precise col-
oration, which can change with lighting, distance, or feather 
wear. Color pattern helps narrow the remaining possibilities 
after size and shape have suggested the broad category to 
which the bird belongs.

Behavior provides an additional line of evidence. Birds 
move through their environments in characteristic ways, and 
these patterns can be highly distinctive. Some species hop 
along branches, others walk steadily on the ground; some 
sally out to catch insects in midair, while others probe me-
thodically for food. Flight style can be equally informative, 
from the undulating path of many small songbirds to the 
steady, direct flight of larger species. These behavioral traits 
can quickly eliminate alternatives that would otherwise re-
main plausible based on appearance alone.

Habitat acts as a final filter, further constraining the set of 
possible identifications. Many species are strongly associated 
with certain environments, and even finer distinctions within 
those environments can matter. A bird seen wading in shal-
low water belongs to a different set of possibilities than one 
swimming in open water or diving into water from above.

By combining habitat with size and shape, color pattern, 
and behavior, observers can reduce a broad set of possibili-
ties to a short list of candidates. Taken together, these four 
elements help make sense of a quick or incomplete view. 
They don’t give the answer on their own, but when used in 
combination they usually point to a shorter, more manage-
able set of possibilities that can then be refined with closer 
observation.

1.2.3 Refining identifications:  
additional lines of evidence
Once an initial bird identification hypothesis is in mind, the 
next step is to look for and evaluate additional evidence, 
especially the field marks that could either support that 

improves greatly with practice as the eye becomes better at 
picking out subtle anomalies of shape and motion.

1.2.2 The four keys framework:  
building an identification hypothesis
When you first see a bird, the initial task is to narrow the 
range of possible identifications as quickly as possible. The 
most effective way to do this is to focus on a small set of 
observable features that tend to be both reliable and broadly 
informative. The four keys framework—size and shape, 
color pattern, behavior, and habitat—provides one practical 
way to organize those observations and use them to generate 
an initial identification hypothesis.

Size and shape are usually the most informative starting 
point. Even a brief or distant view can reveal proportions—
the length of the tail, the thickness of the bill, or the posture 
of the body—that distinguish broad groups of birds from 

B

A

Figure 1.04 ​ Observing size, shape, and proportions. One of 
the most powerful ways to use a bird’s size for identification is to 
measure the bird against itself. For example, these (A) Downy 
(Dryobates pubescens) and (B) Hairy (Leuconotopicus villosus) 
Woodpeckers look almost identical in terms of their plumage 
coloration and patterning, and they occur together in many North 
American habitats. However, compare the length of the bill to the 
head: the Downy Woodpecker’s bill is visually equivalent to only 
about half the width of its head, whereas the Hairy Woodpecker’s 
bill is about the same width as its head. (Photos by Brad Imhoff 
ML307170881/ML308764911)

Field marks: distinctive visual features of a bird, such as its size, 
shape, color pattern, plumage markings, or behavior, that help dis-
tinguish it from other species.
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vegetation or obscured by poor lighting conditions. Many 
birds that cannot be seen at all may still be identified with 
confidence based solely on their vocalizations. Even when a 
particular vocalization is unfamiliar, its pitch, rhythm, and 
repetition can narrow the range of possibilities and guide a 
listener toward its general avian group. In practice, observ-
ers in the field pay attention simultaneously to what they see 
and what they hear from a bird, using each to check the 
other.

Time and place provide another powerful set of boundaries 
on which birds are most likely to be present (Figure 1.06). 
Many migratory species occur in a given location only dur-
ing certain seasons, and all birds worldwide have their own 
unique geographic distribution. A bird that is common 
during migration may therefore be unlikely in midwinter, 
and a species common in one habitat may be absent from a 

scenario or point to alternative possibilities. Early impres-
sions of a bird are often based on a limited set of features, 
and adding a few more observations can shift those impres-
sions quickly. A bird that seems to match the field marks of 
one species at first glance may begin to look different as it 
moves, forages, or vocalizes. For this reason, identification 
may not happen all at once, especially for species that are 
tricky to separate from similar species. Instead, it develops 
over time as an evolving hypothesis as new information 
comes in, and earlier impressions are reconsidered. In field 
settings this process is rarely fully linear; observers may re-
turn to earlier impressions as new evidence comes into view.

Sound is usually the most useful additional line of evi-
dence after visual field marks. Many species produce calls 
or songs that are even more distinctive than their visual ap-
pearance, especially when the bird itself is hidden in dense 

BA C

Figure 1.05 ​ Pattern as an identification clue. A birder in western North America might encounter three finch species in the genus 
Haemorhous. On first look, the red coloration of the male’s head and breast are likely to stand out as the most prominent field mark. But a 
closer comparison of the male (A) House Finch (H. mexicanus), (B) Cassin’s Finch (H. cassinii), and (C) Purple Finch (H. purpureus) reveals how 
bird identification often depends more on the pattern of color across the body than on the exact hue. For separating these finch species, the 
extent of red on the head, breast, back, and rump, together with the streaking and contrast of the facial region and underparts, provides 
more stable identification clues than does the precise shade of red seen under changing light or viewing conditions. (Photos by [A] Matthew 
Plante ML305823741, [B] Jeff Dyck ML533832051, [C] Manny Salas ML521031571)

BA

Figure 1.06 ​ Time and place narrow identification possibilities. (A) Ruby-crowned Kinglets (Corthylio calendula) and (B) Hutton’s Vireos 
(Vireo huttoni) are both small, olive-gray birds with pale wing bars that can look confusingly similar. But in many places in western North Amer
ica where this vireo is resident, the kinglet occurs mainly as a migrant or winter visitor. Season and location can therefore make one 
identification much more likely than the other, even before an observer turns to finer details of structure, behavior, and voice. (Photos by 
[A] Mike Stewart ML122886261, [B] Mark Daly ML339066781)
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are far more informative than others. In many cases, the ab-
sence of expected features—the lack of wing bars, or a tail 
without white feathers—can be just as informative as their 
presence.

Comparison of these marks is central to this process of 
determining a bird’s species identification. Rather than ask-
ing primarily, “What is this bird’s species?,” experienced ob-
servers consider simultaneously, “What other bird species 
could it be?” Considering alternatives makes it easier to rec-
ognize when an initial impression does not fit the evidence. 
An identification may seem plausible at first, but comparison 
with similar species may show that the bird lacks key field 
marks expected for that species. When that happens, the ob-
server must reconsider the initial identification hypothesis. 
In this way, everyone identifying a bird is engaged in a ver-
sion of the general deductive reasoning process that under-
lies scientific research.

This approach helps prevent overconfidence. When sev-
eral species remain possible, a standard approach is to first 
eliminate those that are most clearly inconsistent with the 
evidence. As the set of possibilities becomes smaller, the re-
maining possibilities and their most distinctive differences 
become easier to evaluate, and the ultimate identification be-
comes more secure.

1.2.5 Limits of observation and identification
Many encounters with birds are frustratingly brief and in-
complete, leaving only a limited set of features that can be 
retained and documented with confidence. A bird may dis
appear into vegetation, pass overhead, or fall silent before 
there is time to study it closely. What remains is whatever 
could be seen, heard, photographed, or recorded during that 
encounter.

It is surprisingly easy to misremember or misinterpret 
what was actually seen or heard during a brief encounter 
with an interesting bird. Human perception and memory are 
inherently constructive processes that draw on prior experi-
ence and expectations to fill in gaps, even when we do not 
consciously realize that our brains are operating in this way. 
When a view of a bird is brief or incomplete, the human 
brain therefore may automatically fill in missing details in 
ways that can feel accurate but which do not fully reflect 
what was really observed. Every birder has likely had the 
experience of spotting a common bird but hoping it might 
be something rarer. That hope can influence perception, 
making ambiguous features seem to support the rarer identi-
fication, at least initially. For this reason, careful field ob-
servers remain aware of this tendency in themselves and 
make a point of distinguishing between what they directly 
see or hear and what they only infer, questioning their first 

different nearby habitat. These patterns do not identify a 
bird on their own, but they help define which possibilities 
are most realistic. In practice, this mental filtering often hap-
pens quickly and without conscious attention, as observers 
recognize when a bird does or does not fit what is expected 
for a given place and time.

Variation within bird species adds an additional layer of 
complexity. Birds may differ in appearance depending on 
age, sex, or time of year, and these differences can be sub-
stantial. Juveniles often lack the distinctive features of 
adults, and seasonal molt can alter plumage coloration and 
pattern (Chapter 4). As a result, some birds are a poor vi-
sual match to any field guide depiction of their own species. 
Recognizing this variation prevents otherwise reasonable 
identifications from being rejected too quickly or accepted 
too confidently, and it helps explain why some highly vari-
able birds are consistently more difficult to identify than 
others.

Occasionally, a strange bird simply does not fit any of the 
likely possibilities. These field situations are uncommon, but 
they do occur, and they require a different level of scrutiny. 
An aberrant individual might be the result of hybridization 
between closely related species (Chapter 3), or it might be an 
individual of a species native to a different part of the world 
that has escaped from captivity. Or it might excitingly be a 
true vagrant, a local rarity that is not among the normally 
expected species in that location. In these cases, it is espe-
cially important to rely on observed details and document 
the observation carefully, preferably with photographs or 
recordings so that its identity can be reassessed later.

1.2.4 Similar species and the logic 
of elimination
In many cases, bird identification ultimately comes down to 
choosing among a small set of similar species. A bird may 
match several possibilities in size, shape, and general appear-
ance, leaving only a few realistic options, especially when 
considering only the species likely to be present in a given 
location at a certain time of year. At that point, the remain-
ing task is to determine which of those options best fits the 
available evidence.

The most effective approach is to focus on the field marks 
that separate the remaining alternatives. Closely related or 
similar-looking species often differ in consistent ways, such 
as the proportions of the bill or tail, the presence or absence 
of a particular marking, or a characteristic pattern of move-
ment. These differences may be subtle, but they tend to be 
more reliable than broad impressions of color or size. A sin-
gle, well-observed feature can be more informative than a 
longer list of uncertain ones. Field guide books, or their digi-
tal equivalents, are the primary resource for checking which 
field marks are diagnostic for each species. Such field guides 
are now available for the birds of all regions of the world. 
Not all observed features carry equal weight, and some traits Vagrant: a bird found far beyond the normal range of its species.
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along with the potential for confirmation by people familiar 
with the birds in question. Field observations of the same 
bird made by others can similarly provide valuable confir-
mation or raise new questions.

Once a bird’s identity is known, everything else that can 
be observed about it becomes easier to interpret. Repeated 
encounters with the same species begin to reveal consistent 
aspects of its behavior and ecology. This develops over time 
into an ever-clearer sense of how those birds live within their 
environments, and making future identifications of that spe-
cies easier.

1.3 Birding techniques and tools
At its core, birding is the practice of detecting, identifying, 
and studying birds in the field. Much of our appreciation for 
birds comes from watching them go about their lives, an ac-
tivity that requires little more than interest and curiosity. In 
practice, birders use tools ranging from binoculars to par-
ticipatory science platforms like eBird to extend their obser-
vations. Some of these tools connect individual observations 
to broader scientific efforts, linking everyday birding with 
research and conservation, and they also overlap substan-
tially with the methods used by ornithologists to study birds 
in more formal research contexts.

1.3.1 Binoculars, cameras, and other optics
The stereotypical birder is someone toting a pair of binocu-
lars, staring into the trees in a park to look at distant birds. 
Binoculars are indeed the most common tool used by all 
kinds of birders, from the most casual to the most passion-
ate. Binoculars provide a closer view of field marks used for 
identification and make it easier to observe behavior in de-
tail. Although some binoculars are extremely expensive, bin-
ocular manufacturing technology has advanced such that 
some lower-cost options provide notably high-quality view-
ing experiences. There are so many binocular options avail-
able that it is important to try out a model in person before 
you purchase it, either in a store or by asking to look through 
those carried by fellow birders you meet in the field.

Binoculars come in two primary configurations. In Porro 
prism binoculars, each viewing tube has a Z-shape with the 
objective lens farther apart than the eyepieces. Birders in-
creasingly rely instead on roof prism binoculars in which the 
viewing tube is a straight barrel. Roof prism binoculars tend 
to be lighter and more durable, and many versions are now 
also waterproof.

Binoculars are categorized by two numbers written in the 
format 8 × 42, 10 × 50, and so on. In this format, the first 
number indicates the magnification: an 8× binocular will 
make birds appear eight times closer than without binocu-
lars, a 10× binocular ten times closer. It might seem like the 
greater the magnification, the better a pair of binoculars will 

impressions in the moment and focusing on the features they 
can perceive and recall with confidence.

These limits on observation place clear constraints on 
identification. When only a few features of a bird are discern-
able, the number of species that can be ruled out is limited, 
and multiple identification possibilities may remain. Some 
useful features may be diagnostic, while others are shared 
among many species and carry less weight. Identification be-
comes a matter of evaluating which possibilities are sup-
ported by the available evidence and which are not. When 
the available evidence is insufficient, forcing a definitive an-
swer is a natural but misguided outcome, especially when 
bird species share many features.

Some birds encountered briefly or distantly are identifi-
able only to a broader group, such as a genus or other set of 
related species that are known to be confusing. When faced 
with this kind of uncertainty, a partial identification be-
comes the most accurate outcome. Recording that level of 
identification still conveys useful information consistent 
with the available evidence. For example, male frigatebirds 
(genus Fregata) in flight are difficult to distinguish from one 
another, especially at a distance, and in eBird they can be 
recorded using the predefined tag “frigatebird sp.” when 
they cannot be confidently assigned to a particular frigate-
bird species (Figure 1.07).

Additional lines of evidence can help strengthen or test a 
tricky bird identification. Comparisons with field guides or 
other reference materials can clarify which features are truly 
diagnostic. Photographs and audio recordings may preserve 
details that were missed or only partly perceived in the mo-
ment, allowing closer examination long after the encounter, 

Figure 1.07 ​ The value of partial identifications. Sometimes a 
bird can be identified confidently to a broader group but not to an 
exact species. In those cases, the most accurate identification is the 
most specific one that the available evidence supports. Based on 
their location, these backlit frigatebirds could be one of two species 
that are very hard to separate in flight, so tagging them as 
“frigatebird sp.” is better than forcing an unsupported species-level 
identification. (Photo by Peter Kaestner ML56603671)
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side), or on the center post for Porro prism binoculars. This 
separate one-side focus setting is called the diopter ring. To 
set this adjustment, look only through the non-adjusting 
barrel (close or block your other eye while you do this), and 
use the focus wheel to bring a distant object into perfect fo-
cus. Without further touching the focus wheel, switch eyes 
and switch barrels, and use only the diopter ring to bring the 
same object into sharp focus. The diopter is now calibrated 
at your own personal setting. Remember where the diopter 
ring is set so that you can move it back easily if it drifts away 
from this set point.

While binoculars were long the classic field mark of a 
birder, some now prefer to use a camera with a high magni-
fication lens as their primary or only birding optic. Birding 
with a camera has the advantages of being able to later re-
view a bird’s field marks and identification points, and cam-
era shots are great for sharing sightings on participatory 
science and social media platforms and for documenting 
rare or unusual birds. Using a camera effectively for birding 
is typically more difficult than using binoculars and there-
fore comes with a steeper learning curve.

Birders may also use a small, portable telescope (termed a 
spotting scope) set up on a tripod to view distant birds. 
Spotting scopes are hard to use for fast-moving birds or 
those that are in nearby dense vegetation, but they excel in 
situations where birds are in more open, distant viewing 
locations, as with shorebirds on a distant mudbank, water-
fowl on the other side of an open marsh, or seabirds passing 
by a coastal promontory.

be for watching birds. Yet high magnification comes at two 
real costs: all of us experience inevitable (and sometimes im-
perceptible) hand-shake that counterbalances the magnifica-
tion benefits by blurring the image we see, and greater 
magnification also means a narrower field of view, making it 
hard to find the birds we want to look at (Figure  1.08). 
Most birders therefore choose binoculars within the 7×–10× 
range, with 10× being most suitable for people with particu-
larly steady hands.

The second number is the size of the objective lens (the 
light-gathering lens on the far side from the eyepieces). The 
larger this number, the brighter the view. The downside of 
a larger objective lens is that it makes the binoculars 
heavier. Most binoculars made for birders are therefore in 
the ×35–×50 range.

When using binoculars, make sure that they are correctly 
adjusted for your eyes. Start with the eyecups, which might 
be rubber, or may twist open and shut. If you wear glasses 
while birding, fold or twist the eyecups to the closed posi-
tion; if you do not wear glasses, keep them extended. Then 
hold the binoculars up to your eyes and fold the two barrels 
to the position where the eyecups are directly in line with the 
distance between your eyes. You will know that you have 
this correct when you look through both barrels and see that 
the resulting image forms a perfect visual circle.

The final and most confusing adjustment step is to set the 
focus on the two binocular barrels to compensate for any 
differences in vision between your own left and right eyes, 
since most people have such a difference. First, find the main 
focus wheel on the binoculars that you would use routinely 
when focusing (Figure 1.09). Then, look for a separate ad-
justment knob or setting that changes the focus of only one 
barrel. It might be on one eyepiece (most often on the right 

8×
8×

8×

10×
10×

10×

Magnification strength Field of view Steadiness e�ect

Figure 1.08 ​ Magnification is helpful only when the image remains steady. Binocular labels such as 8 × 42 and 10 × 50 begin with the 
magnification value: an 8× binocular makes a bird appear eight times closer, while a 10× binocular makes it appear ten times closer. Higher 
magnification produces a larger image, but it also narrows the field of view and exaggerates normal hand-shake. For most birders, a handheld 
8× view is easier to keep sharp, while 10× is most effective with very steady hands or added support such as a tripod. (Illustration by Charlotte 
Holden © Cornell Lab of Ornithology)

Spotting scope: a high-powered field telescope used to view 
birds or other wildlife at greater distances than binoculars allow.
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Bird vocalizations vary within species in ways that can re-
flect their behavioral context, the use of broader repertoires, 
the sex or age of the singer, or seasonality. Many species also 
have regional dialects, in which individuals from different ar-
eas sing slightly different versions of the same basic song.

Modern tools have expanded the ways in which bird 
sounds can be learned, visualized, and analyzed. Audio re-
cordings allow repeated listening and comparison across in-
dividuals and species, while visual representations of sound, 
known as spectrograms, translate vocalizations into patterns 
of frequency over time (Chapter 10). These tools allow ob-
servers to “see” differences in pitch, timing, and structure 
that may be difficult to discern by ear alone. Together, audi-
tory and visual approaches can accelerate the learning 
process and improve identification accuracy.

The Merlin Bird ID app (available free for both Android 
phones and iPhones) is the most widely used modern tool 
for identifying bird sounds in the field (Figure 1.11). Merlin 
was created by the Cornell Lab of Ornithology, the same 
institution that produced this Handbook. It includes a 
popular sound identification feature that listens to ambient 
bird vocalizations and suggests likely species in real time, 
using machine-learning approaches trained on large librar-
ies of recorded and curated bird sounds. At the same time, 
the app displays a real-time spectrogram of incoming 
sounds, allowing users to see the structure of bird vocaliza-
tions as they are detected and to connect their auditory im-
pressions with those visual patterns. For many people, this 

1.3.2 Bird vocalizations, song identification, 
and acoustic techniques
At night everywhere, and in many dense habitats during the 
day, most birds are far more often heard than seen. Experi-
enced observers rely heavily on sound to determine which 
species are present. Learning to recognize bird vocalizations 
greatly expands both the number of birds that can be de-
tected and the depth of information that can be gathered 
about them.

Bird sounds are broadly divided into songs and calls, 
which differ in their structure, function, and behavioral con-
text (Chapter 10). Songs tend to be longer and more com-
plex, often associated with territorial defense and mate 
attraction. Calls are typically shorter and simpler, serving 
functions such as maintaining contact between individuals, 
signaling alarm, or coordinating group movements.

Learning to identify bird vocalizations involves recogniz-
ing consistent acoustic features in how sounds are structured 
and produced. Birders may characterize bird sounds in terms 
of their pitch, tempo, rhythm, repetition, and overall tone 
quality. Some vocalizations include trills (rapid sequences of 
repeated notes) or distinctive patterns that can be recognized 
even after only brief exposure. Many birders use mnemonics 
to spark their memory, translating songs into human-like 
phrases that capture their distinctive rhythm or cadence 
(Figure 1.10). With practice, however, most observers shift 
to recognizing the underlying acoustic patterns directly.
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Figure 1.09 ​ Setting the diopter ring calibrates binoculars for differences between your two eyes. First, use the main focus wheel 
while looking through the non-adjusting barrel to make a distant object sharp. Then, without touching the focus wheel again, switch to the 
other eye and use only the diopter ring to sharpen the same object through the adjustable barrel. Once set, the diopter adjustment 
compensates for your personal eye-to-eye focus difference, and the diopter ring should be returned to that mark if it is accidentally moved. 
(Illustration by Charlotte Holden © Cornell Lab of Ornithology)
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Birders and researchers sometimes use acoustic tech-
niques such as playback of recorded songs or calls to attract 
individual species. These approaches can elicit responses 
from birds that are otherwise quiet or hidden, particularly 
during the breeding season when individuals are more likely 
to react to perceived intruders or threats. As a result, such 
techniques can be useful for confirming the presence of cer-
tain species or for improving survey completeness in chal-
lenging environments.

To the uninitiated, few birding behaviors seem stranger 
than hearing someone stand quietly in the woods while 
making repeated pssh sounds into the vegetation. Birders re-
fer to this technique as pishing, in which a series of soft, 
hissing sounds is used to attract birds and draw them into 
view. This sound can elicit close approaches by multiple spe-
cies, especially small passerines, and under the right circum-
stances it can substantially increase both the number of 
individuals and species detected during a period of observa-
tion (Buchmann and Reynolds 2022). Experimental studies 
show that pishing most likely functions by resembling the 
acoustic structure of alarm or scold calls (particularly those 
of chickadees and titmice in the family Paridae), which trig-
ger generalized mobbing responses in many bird communi-
ties (Langham et  al. 2006). In regions where parids are 
common, many birds have evolved to respond to such 

tool provides an accessible and highly engaging entry point 
into learning bird sounds, allowing them to connect unfa-
miliar vocalizations with named species while the bird is still 
vocalizing. All such tools are most effective when used as a 
complement to careful listening and practice at identifying 
birds by sound.

A B

Figure 1.10 ​ Use mnemonics to identify bird songs. Learning bird songs takes practice, but many observers use mnemonics—
memorable words or phrases that approximate the rhythm, pitch pattern, or cadence of a vocalization—to help recognize common 
species. Every region of the world has birds whose songs have inspired local mnemonics; the examples shown here are species often 
heard in spring around the Cornell Lab of Ornithology. (A) The Ovenbird (Seiurus aurocapilla) sings a repeated phrase that grows 
progressively louder and is often rendered as teacher-teacher-teacher. (B) The Eastern Towhee (Pipilo erythrophthalmus) gives a 
distinctive song commonly described as drink-your-teeeeeeee, with the final syllable drawn out into a trill. Mnemonics are simplified 
approximations, but they can help observers remember songs and connect what they hear in the field to a species identification. 
(Photos by Brad Imhoff ML335096071/ML324396161)

Figure 1.11 ​ Merlin as a birding tool. The Merlin Bird ID 
application includes a Sound ID feature that displays a real-time 
spectrogram and suggests likely bird species as it listens. (© Cornell 
Lab of Ornithology)

Pishing: A birding technique in which a series of soft, hissing 
sounds is used to attract birds, often eliciting close approach by 
species responding to perceived alarm or mobbing cues.
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guidelines emphasize restraint and situational awareness, 
encouraging observers to use such methods sparingly, if at 
all, and to avoid contexts where disturbance is likely to be 
consequential. These considerations reflect broader princi
ples of ethical birding.

1.3.3 Bird feeding and attracting
Bird feeding provides a direct way for people to engage with 
birds while fostering observation, learning, and conserva-
tion awareness. Many people first develop their appreciation 
for birds by viewing the species attracted to local feeding 
stations (Figure 1.13).

Bird feeding takes many forms around the world, but all 
share the principle of matching food resources to the eco-
logical needs of local bird species. In temperate regions, 
feeders are often designed to dispense seeds, suet, or other 
high-energy foods that support birds during colder months 
when natural resources are limited. These foods primarily 
attract seed-eating and generalist species, which often domi-
nate feeding sites in these regions (Figure 1.14A).

In tropical locations, feeding stations frequently provide 
fruit or sugar water, attracting species such as tanagers, bar-
bets, hummingbirds, or sunbirds. Feeding sites are common 
at field stations, lodges, and reserves, where they can draw a 
remarkable diversity of species into view. In all cases, the 
types of food provided strongly influence which species are 
attracted and how they use the site (Figure 1.14B).

signals by approaching and investigating potential threats, 
often joining mixed-species mobbing aggregations. As a re-
sult, pishing tends to be most effective in the temperate zone 
and in habitats where birds rely heavily on eavesdropping 
on other birds’ alarm calls, whereas responses to pishing are 
often weaker or more variable in tropical regions where dif
ferent alarm systems prevail. In practical terms, pishing is 
most useful for detecting small, foliage-dwelling insectivores 
that might otherwise remain hidden (Figure 1.12).

A closely related technique termed mob-taping involves 
the playback of recorded alarm or mobbing calls from one 
or more species to attract birds. Unlike pishing, which uses a 
generalized sound, mob-taping employs biologically mean-
ingful signals that can trigger strong, coordinated responses 
from multiple species, sometimes drawing in birds from con-
siderable distances. In practice, this approach is most often 
used during migration or in dense habitats where birds are 
otherwise difficult to detect, but its effectiveness depends 
strongly on local species composition and their behavioral 
context. Because mob-taping can elicit intense and pro-
longed responses, it has become a topic of ongoing tension 
within the birding community about its appropriate use and 
potential impacts.

More generally, because all these sound-based bird at-
traction methods intentionally alter bird behavior, their use 
raises valid ethical considerations. Playback and related 
techniques can distract birds from essential activities such 
as feeding, territorial defense, or care of offspring, and re-
peated use in heavily visited locations can lead to cumula-
tive negative effects. For these reasons, most birding 

Figure 1.12 ​ Pishing to attract small birds. Pishing uses 
repeated soft, hissing pssh sounds to draw nearby birds into view, 
probably because these sounds resemble alarm or scold calls that 
can trigger mobbing responses. Small passerines are often 
especially responsive. This male Golden-crowned Kinglet (Regulus 
satrapa), with its crown feathers raised, shows the kind of alert, 
investigative response that can make pishing useful for detecting 
foliage-dwelling birds that might otherwise remain hidden. (Photo 
by David Turgeon ML331031381)

Figure 1.13 ​ Bird feeders create opportunities for close 
observation. Feeding stations bring birds into places where 
people can watch them closely, often providing an accessible 
connection to bird behavior, identification, and natural history. This 
Rufous Hummingbird (Selasphorus rufus) was photographed at a 
feeder in Ontario (Canada), at a location outside of the normal 
range of this species. (Photo by Brad Reinhardt ML645193839)

Mob-taping: The use of recorded alarm or mobbing calls played 
back in the field to attract birds, typically triggering coordinated 
responses from multiple species investigating a potential threat.
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most effective when implemented thoughtfully, with atten-
tion to local conditions and to the potential consequences 
for the birds involved.

1.3.4 Participatory science
Participatory science connects individual birders and their 
observations to broader scientific and conservation out-
comes. In these projects, volunteer birders contribute data 
such as species observations, counts, or behavioral notes 
that can be combined across large spatial and temporal 
scales. Birds are especially well suited to projects based on 
this crowd-sourced model: they are conspicuous, widely dis-
tributed, and already observed by large numbers of people 
with varying levels of expertise. As a result, bird-focused 
participatory science has become one of the most successful 
examples of how public engagement can directly advance 
scientific understanding.

Participatory science in ornithology takes many forms. 
Some projects focus on specific questions, such as monitor-
ing breeding success, tracking migration timing, or docu-
menting changes in local species composition. Others involve 
coordinated surveys conducted at certain times of year, such 
as seasonal bird counts. These efforts vary in scale from lo-
cal to global, but they share a common goal: to gather data 
that would be difficult or impossible to collect using only 
professional researchers. Every region of the world hosts 
bird-focused participatory science projects that welcome 
contributions from interested non-scientists.

By distributing effort across many observers, participa-
tory science can generate datasets of extraordinary size and 
resolution. The most widely used global platform for bird-
related participatory science is eBird, developed and hosted 
by the Cornell Lab of Ornithology in partnership with many 

Water can be an equally important resource for attracting 
birds. Most birds require reliable access to water for drink-
ing and for maintaining feather condition through bathing. 
In some environments, water availability can limit bird ac-
tivity more than food. Even small water features such as 
shallow basins or birdbaths can attract a wide variety of spe-
cies, particularly in arid habitats. Moving water, such as 
drips or small fountains, is especially effective as a bird at-
tractant because it is both more visible and more easily de-
tected by sound.

The placement and maintenance of feeding and watering 
sites are critical to both their effectiveness and the safety of 
the birds that visit them. Feeders placed near vegetation can 
provide birds with refuge from predators, but they should 
also be positioned to minimize risks such as collisions with 
nearby windows or structures. Regular cleaning of feeders 
and water sources is important, as high densities of birds at 
feeding sites can facilitate the spread of disease.

Birds may take time to discover new feeding sites, but 
once birds become familiar with a feeding location, they of-
ten return regularly and may even adjust their movements or 
daily routines in response to the availability of food. These 
predictable aggregations can provide valuable opportunities 
to observe social interactions, dominance relationships, and 
foraging strategies among individuals and species.

Feeding birds can alter both the behavior of individual 
birds and local ecological dynamics. Concentrating birds at 
feeding sites may change their patterns of movement, in-
crease interactions among species, and in some cases make 
feeding birds more vulnerable to predators. These effects can 
be subtle and context-dependent, but they highlight that 
feeding birds involves actively shaping the environment in 
which those birds live. For this reason, feeding practices are 

A B

Figure 1.14 ​ Bird feeding in temperate and tropical regions. (A) Bird feeders in colder regions often provide seeds or other energy-rich 
foods. These Evening Grosbeaks (Hesperiphona vespertina) illustrate how winter feeding stations can concentrate seed-eating species. (B) In 
tropical regions, feeding stations often provide fruit rather than seeds or suet. These Collared Aracaris (Pteroglossus torquatus) are visiting a 
fruit feeder in Costa Rica. (Photos by [A] Andrew Whetten ML655273056, [B] Karen Szafrajda ML638318117)



Chapter 1   Appreciating and Studying Birds           17

Beyond its utility to individual birders, eBird is structured 
to generate data that can be used for rigorous scientific 
analysis. Each checklist records not only which species were 
observed but also details about how those observations were 
made, allowing researchers to account for differences in de-
tectability among species and habitats. As millions of check-
lists have accumulated, they have created a global dataset 
that documents patterns of bird distribution, abundance, 
and movement. Because these records are standardized, they 
can be analyzed using statistical models that account for the 
variability inherent in human observations.

The scientific and conservation impacts of eBird and 
similar initiatives have been substantial. Aggregated par-
ticipatory science data have been used to map migration 
routes, estimate population trends, identify important habi-
tats, and assess how bird distributions respond to environ-
mental change. Importantly, these contributions arise 
directly from the efforts of individual observers, whose 

organizations and institutions worldwide. Its importance 
comes from the way it turns individual birding observations 
into structured records that can be combined across places, 
seasons, and observers (Box 1.1).

For birders, eBird is a powerful tool for organizing and 
exploring their own past observations. Users can maintain 
life lists, track their sightings over time, and keep detailed 
records of their past bird encounters. The platform also 
helps birders explore recent sightings, identify productive 
eBird hotspots, and refine expectations about what species 
they might encounter, while the same checklist structure also 
makes these records useful for science.

In addition to tabulated bird checklist data, many partici-
patory science platforms now incorporate multimedia rec
ords that capture different aspects of bird biology. Within 
eBird, observers can upload photographs, videos, and sound 
recordings as part of their checklists. These records provide 
direct documentation of species identity, behavior, vocaliza-
tions, and environmental context, and they often serve as 
verifiable evidence for unusual or rare observations. Because 
each media file is linked to a specific checklist, it is also ac-
companied by rich contextual information about when, 
where, and how the observation was made. This integration 
allows researchers to use these media resources in ways that 
extend beyond traditional field notes, enabling studies of vo-
cal variation, molt patterns, behavior, and many other traits 
that can be extracted from archived recordings and images.

eBird checklist: a digital record submitted to eBird that docu-
ments the birds observed at a particular place and time, often with 
associated information about effort and conditions.

Life list: the cumulative record of all bird species an observer has 
personally identified during his or her lifetime.

eBird hotspot: a publicly shared birding location in eBird where 
observations from multiple users are aggregated for a single site.

eBird is an online platform and mobile app, developed by the 
Cornell Lab of Ornithology in partnership with many 
organizations around the world, that allows birders to record, 
organize, and share their bird observations. Users submit 
their sightings as checklists, each tied to a particular place, 
date, and time. An eBird checklist might record a few birds 
seen during a short stop at a pond or all the birds detected 
during a long walk through a forest, wetland, or neighbor-
hood. For birders, eBird provides a personal archive of obser-
vations, life lists, trip records, and local birding history. For 
science, those same checklists become part of a much larger 
database documenting where and when birds occur.

The most valuable eBird checklists, both for birders and for 
science, are those that report all species the observer was able 
to detect and identify during a birding outing rather than incom-
plete checklists that note only the rarest or most unusual birds. 
Complete lists are far more useful to researchers because they 
help document not only which species were detected and how 
many individuals were counted but also which potential species 
went undetected. That information helps researchers distinguish 
places and times where a species was searched for, but not 
found, from records that simply report selected highlights. 

Counts of individuals help birders recognize local abundance 
patterns, migration pulses, and seasonal changes, while also al-
lowing scientists to study relative abundance and population 
trends.

Other eBird checklist details have similar value. Date, time, 
and location help birders learn when and where to find species, 
and they allow researchers to map seasonal movements, habitat 
associations, and range shifts. Effort information, such as dura-
tion, distance traveled, and number of observers, helps birders 
compare one outing with another, and it helps scientists account 
for differences in how intensively people searched for birds.

The option to upload photographs, sound recordings, vid-
eos, and field notes adds another layer of value to eBird submis-
sions. For birders, these materials document memorable obser-
vations and help confirm identifications. When media are up-
loaded through eBird, they are archived in the Macaulay Library 
and become part of a permanent scientific resource. A well-
documented checklist therefore serves two purposes at once: it 
enriches the birder’s own record of an encounter with birds, and 
it adds a more interpretable, verifiable, and useful data point to 
the broader study of bird distribution, abundance, migration, 
and environmental change.

Box 1.1	 eBird as a Tool for Birding and Science
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specific conditions, typically involving brief, infrequent play-
back in low-impact settings. Across these perspectives, there 
is broad agreement that playback should be used sparingly 
and with sensitivity to the welfare of the birds being sought. 
Meanwhile, it is widely acknowledged that audio playbacks 
should be avoided entirely in contexts where disturbance is 
likely to be cumulative or consequential, as in intensely 
birded sites that get a lot of human visitor traffic, or when 
they target particularly sensitive or endangered birds.

These same principles extend beyond playback to other 
aspects of birding technology. Approaching birds too closely 
to photograph or record them can be especially harmful for 
rare or threatened species. More broadly, actions taken to 
photograph birds that alter their behavior can compromise 
the very features that birding photographers seek to capture. 
Ethical bird photography and videography therefore require 
restraint, careful attention to signs of disturbance, and a 
willingness to forgo an image or clip when obtaining it 
would come at a cost to the bird.

When considering the habitats of birds, ethical birders 
are proactive about avoiding damage to that environment. 
They remain on trails and adopt a “leave no trace” approach 
to the greatest degree possible, avoiding trampling vegeta-
tion, minimizing disturbance to substrates such as beaches 
or wetlands, and taking care not to degrade sensitive habi-
tats through repeated use or careless movement.

Birding ethics further involves the responsible collection 
and sharing of information. Birders contribute valuable data 
to scientific and conservation efforts, but this responsibility 
requires honesty and care. Observations should be reported 
accurately and with appropriate attention to identification 
certainty and documentation. At the same time, birders 
must consider whether sharing precise locations—especially 
for rare, threatened, or breeding birds—could lead to exces-
sive disturbance. In such cases, it may be more ethical to 

collective participation connects their local birding activity 
with this global scientific enterprise.

Participatory science thus represents a convergence of ob-
servation, technology, and collaboration. By contributing 
even a single checklist or media record, a birder adds to a 
growing body of knowledge that supports research, conser-
vation, and environmental decision-making. These projects 
enhance the birding experience itself, encouraging observers 
to be more attentive, systematic, and engaged with the birds 
around them.

1.3.5 Birding ethics and best practices
The general ethics of birding derive from the same founda-
tions that guide our moral treatment of nature and of one 
another. Most organizations devoted to birders and birding 
codify these principles into widely shared guidelines that em-
phasize minimizing disturbance to birds and habitats, acting 
with honesty and integrity, and treating both people and 
places with respect. Although the details vary across con-
texts, these codes converge on a common set of expectations 
that place the welfare of birds first while recognizing that 
birding is embedded within broader ecological and social 
systems.

Ethical birding also includes a proactive commitment to 
conservation. Birders can contribute to the well-being of 
birds by supporting habitat protection, reducing human-
caused threats such as window strikes or free-ranging do-
mestic animals, and advocating for policies and practices 
that benefit bird populations (Chapter 15). In this way, bird-
ing becomes a platform for engaging with and supporting 
the natural systems that sustain birds.

When considering individual birds or bird populations, 
the ethical birder assigns a very high priority to the welfare 
of those animals, placing the birds’ well-being higher than 
their own desire to view, photograph, or record them. They 
avoid disturbances that would cause birds to flush or other
wise deviate from their normal behaviors, especially when 
the birds are breeding or engaged in essential behaviors like 
foraging or displaying. Ethical birders also learn to recog-
nize behavioral cues that indicate stress or disturbance, such 
as alarm calling, repeated flushing, distraction displays, or 
abrupt changes in posture or movement (Figure 1.15); when 
such responses to humans occur, it is a clear signal that the 
observer is too close and should withdraw. Birders should 
further be aware of situations where even brief disturbances 
might have large detrimental effects on the disturbed birds, 
such as interruptions to courtship displays, disturbances of 
nesting birds or at nesting colonies, or interruptions of feed-
ing during unusually cold weather or as birds are fueling for 
a long migratory flight.

Feelings about the ethical use of audio playbacks of songs 
or alarm calls vary, but most modern birding guidelines em-
phasize strong caution. While some birders advocate avoid-
ing playback altogether, others accept limited use under 

Figure 1.15 ​ Distracting an observer from the nest. An Upland 
Sandpiper (Bartramia longicauda) will perform a broken wing 
display to draw predators away from her offspring. It also does this 
when a human observer gets too close. (Photo by Alex Lamoreaux 
ML29403761)
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1.4 Museum collections and specimens
Museum collections assembled over the past two centuries 
underpin much of what is known about avian diversity. 
A  few of the largest museum collections each hold more 
than 1 million bird specimens, others only a handful, but 
all are important for the record of avian diversity they pre-
serve. These collections have played a major role in shaping 
our understanding of avian biodiversity. Many types of 
modern research depend on direct access to the information 
contained in physical specimens.

Bird specimen collections provide a direct record of bio-
diversity that documents which birds were present at partic
ular times and places, along with a wide range of information 
about the birds themselves, such  as  the habitat they were 
found in, detailed features of their internal and external anat-
omy, and sometimes even the DNA content of each bird’s 
entire genome. They enable studies that require comparisons 
among different types of birds, whether to understand the 
break points between different species, their evolutionary re-
lationships with other avian groups, or their traits that vary 
in association with factors like bird age, sex, geographic lo-
cation, habitat, and species. Bird specimen collections  are 
thereby a resource used by many ornithological researchers 
and conservation professionals, as well as by students, teach-
ers, and artists.

The creation and use of these collections also raise impor
tant ethical considerations. Modern museum curators fre-
quently salvage birds that die from other causes, such as 
birds that collide with windows or vehicles, or that are 
caught incidentally in human activities, and convert them 
into specimens, but historically most specimens were col-
lected intentionally for scientific purposes. The era of inten-
sive scientific collecting, spanning roughly the mid-1800s to 
the mid-1900s, was sometimes associated with practices and 
perspectives that are now subject to critical reassessment. 
Today, the collection and use of bird specimens are governed 
by strict ethical guidelines, legal protections, and permitting 
systems that aim to balance scientific value with the welfare 
of bird populations.

Visitors to large museum research collections frequently 
ask: “Why do you need so many specimens? Wouldn’t one 
or a few of each species be enough?” For some kinds of re-
search, one specimen is indeed adequate, but for most scien-
tific studies it is important to be able to measure the degree 
of variation in any trait of interest. For example, this broader 
sampling is important for any study that uses statistics to 
test whether two or more groups of birds are different from 
each other (Figure 1.17). Questions about geographic varia-
tion in traits require especially large numbers of specimens 
sampled across broad spatial scales. For example, a global 
analysis of body size variation in barn owls (genus Tyto) 
used measurements from more than 9,000 museum speci-
mens spanning multiple continents to test whether body size 

generalize or withhold location details in order to protect 
those birds.

In the human dimension, ethical birders consider the 
ways in which their actions might benefit or harm others. 
They know and respect laws and regulations related to birds 
and land use, and they never enter private property without 
permission (Figure 1.16). When birding far from home, they 
become familiar with and respect local customs and local 
bird knowledge, and they seek to give back economically to 
the places and their peoples that they visit. They also recog-
nize that birding activity itself can affect local communities 
and landscapes; for example, widely publicized rare bird 
sightings can draw large numbers of observers, potentially 
creating pressures on access, parking, and landowner rela-
tions. They avoid disrupting the outdoor activities of others 
(birders or otherwise), they make space for fellow birders, 
and they share their own birding knowledge, sightings, and 
passion for birds. They also take care to respect personal 
privacy, for example, by avoiding directing binoculars or 
other optics toward people, homes, or private spaces.

Ethical birders understand that birding is a shared activ-
ity and take steps to make it welcoming and accessible to 
others, regardless of experience level or background. In 
group settings, experienced birders and trip leaders have 
an added responsibility to model best practices, ensure 
that group behavior does not unduly disturb birds or habi-
tats, and help others understand and follow ethical guide-
lines. Most broadly, birders act as ambassadors for both 
birds and the birding community, and their behavior can 
influence how others perceive and engage with nature and 
conservation.

Figure 1.16 ​ Birding ethics. One aspect of responsible birding is 
to respect land-access rules and rights, both to avoid disturbing 
vulnerable birds and to maintain positive relationships with land 
managers and owners so that they continue to value birds like this 
Burrowing Owl (Athene cunicularia) that may be present on their 
property. (Photo by Charlie Trent ML640490285)
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1.4.1 Skin specimens
When people think of bird specimens in a museum, they of-
ten envision the taxidermy mounts in exhibit displays that 
show birds in realistic poses. These kinds of lifelike speci-
mens are great for public exhibits, but they are difficult to 
store in large quantities; and they are not standardized in 
how they are prepared. Specimens made for research pur-
poses do not have this lifelike posture. Instead, scientific bird 
specimens traditionally have been prepared in several stan-
dardized ways, including as skeletons, eggs and nests, or as 
whole specimens (including internal organs) preserved in al-
cohol or formalin (Figure  1.18). Among these options, 
round skin specimens that preserve the external parts of a 
bird are the most common in research museum collections. 
Across the different vertebrate groups, only birds have this 
preponderance of skin specimens; skeletons are the most 
abundant type of specimen in mammal collections, and 
whole animals preserved in alcohol are most numerous in 
fish, reptile, and amphibian collections.

In making a standard round skin bird specimen, a pre-
parator removes most of the bird’s internal parts, including 
the organs and muscles that would otherwise rot, leaving 
just the skin with its attached feathers, along with the beak, 
parts of the skull, and some of the bones of the wings and 
legs. The removed body parts are replaced with cotton 

follows Bergmann’s rule, the tendency for animals to be larger 
in colder environments and smaller in warmer ones. This ex-
tensive sampling showed that the owls’ wing length increases 
predictably with latitude and decreases with temperature 
(Romano et  al. 2021). Similarly, a study of Blue-capped 
Manakins (Lepidothrix coronata) and Velvety Manakins 
(L. velutina) combined genetic data with measurements of 
plumage coloration taken from hundreds of museum speci-
mens from more than a hundred localities to test how geo-
graphic distance and environmental variation shape variation 
among populations of these widespread and closely related 
species (Paulo et al. 2023). These kinds of studies depend on 
access to extensive specimen series that capture the full range 
of variation within a species.

A related question is: “You have so many specimens al-
ready; why do you keep adding more?” One answer is that 
birds and their distributions both change over time, and 
regularly adding new specimens allows researchers to study 
these changes, which is an important goal given how rapidly 
birds and their environments are changing owing to human 
causes (Rohwer et al. 2022). Another answer is that we can 
often glean more and better data from new specimens than 
from older material. Current specimen preparators are care-
ful to record every aspect they can about a bird they convert 
into a specimen, whereas a label on a specimen from the 
1800s might indicate only the country in which it was ob-
tained. Modern specimens also are accompanied by new 
types of materials, such as frozen tissue samples, which al-
low types of analyses that are impossible with older samples. 
A final reason is that collections made today will empower 
research done in the future, likely on topics and with meth-
ods not yet invented. Just as today’s researchers stand on the 
shoulders of past ornithologists who made collections in 
their time, future scientists will rely on materials added to 
collections in our current times.

Round skin specimen: a preserved bird specimen prepared with 
the body, feathers, legs, wings, and bill intact, usually in a compact 
form used for study and comparison.

Figure 1.17 ​ Variation within a species. This series of round skin 
museum specimens of Red-winged Blackbirds (Agelaius 
phoeniceus) allows researchers to study how individuals of the same 
species differ in relation to age, sex, season, breeding location, and 
other factors. (Specimens from the Cornell University Museum of 
Vertebrates)

Figure 1.18 ​ Standard research preparations of bird 
specimens. Unlike lifelike taxidermy mounts made for exhibit, 
research specimens are prepared in standardized forms that 
preserve different kinds of information. Shown here are examples 
including a round skin, a spread wing, skeletal elements, frozen 
tissue samples, and a whole bird preserved in fluid. (Specimens 
from the Cornell University Museum of Vertebrates)
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usually not treated with chemicals or preservation agents, 
the dried skin still contains the full DNA genome of that 
individual bird. Using modern genomic methods, research-
ers can analyze that DNA by taking a tiny skin sample 
from the specimen. For example, the endangered Crested 
Ibis (Nipponia nippon) of eastern Asia was once numer-
ous, but then declined close to extinction before recovery 
efforts brought its population numbers to over 2,000 indi-
viduals. Conservation biologists were curious about the 
impacts of this steep decline on the genetics of the species. 
Using DNA from specimens dating as far back as 1841, as 
well as DNA samples from living birds, they found that 
this ibis has lost close to half of the overall genetic varia-
tion once present in the species (Feng et al. 2019). While 
important for ibis conservation planning, this study also 
showcases a general principle about museum specimens: 
they frequently end up being used in ways that the original 
collectors could not have imagined, as with these early ibis 
specimens that long pre-date the discovery of DNA as the 
genetic material.

Even more poignantly, specimens of species that are now 
extinct provide the only genetic sources for studies of these 
birds that can no longer be sampled in the wild. For exam-
ple, researchers extracted genomic data from museum skins 
of the extinct Bachman’s Warbler (Vermivora bachmanii), 
which bred in cane thickets in the southeastern United States 
(Figure 1.20). Genomic analyses based on small tissue sam-
ples from century-old, preserved specimens revealed that 
this warbler had little population structure across its former 
range and likely experienced a rapid population decline just 
before its extinction (Byerly et al. 2024). Because direct field 

stuffing, and the opening (usually in the breast and belly 
area) is sewn back together. The specimen then is dried in a 
standard outstretched orientation, with the wings folded at 
the side and the bill pointing forward. Advantages of round 
skins include the ease of taking many standard measurements 
of structures such as the bill, wing, and tail, and the practical 
utility of housing many specimens together in one museum 
drawer.

Making a beautiful round skin requires practice and skill, 
and it is an artistic endeavor as well as a scientific one. Once 
dried, round skins are highly stable and can last for centu-
ries: on opening a specimen drawer, it can be difficult to dis-
tinguish well-prepared round skins that are many decades 
old from those that were recently prepared. Moisture and 
insects are the greatest threats to round skins; and museum 
curators are careful to keep their specimens dry while being 
vigilant for any signs of carrion beetles or other insects that 
might destroy them.

One challenge with traditional round skin specimens is 
that they become permanently rigid once they are dried, 
such that wings dried in a closed posture can never be 
opened again. In a now-popular variant of the round skin 
specimen type, one wing is removed during preparation 
and pinned out by itself to dry in an outstretched orienta-
tion. These spread wing specimens are useful when research-
ers want to look at details of wing plumage patterning, 
feather molt sequences, or aspects of the wing shape and 
size that are important for aerodynamic performance 
(Figure 1.19).

In recent times, round skin specimens have become use-
ful for an entirely different reason: because they were 

Spread wing specimen: a preserved bird wing prepared in an 
open position so that the arrangement, shape, and condition of 
the wing feathers can be studied.

Figure 1.19 ​ Spread wing specimens. These spread wing 
specimens from the (top row) yellow-shafted and (bottom row) red-
shafted forms of the Northern Flicker (Colaptes auratus) reveal 
details that would be largely hidden in the closed wings of a round 
skin specimen. For example, the top right wing has a few red-hued 
primaries feathers while being mostly yellow-shafted, and the top 
left and bottom right wings both have single molting and 
regrowing flight feathers. (Specimens from the Cornell University 
Museum of Vertebrates)

Figure 1.20 ​ DNA from extinct species. Although Bachman’s 
Warbler (Vermivora bachmanii) has been extinct for more than a 
half-century, a tiny skin sample from this specimen collected in 1890 
allowed researchers to sequence its entire genome (Byerly et al. 
2024). (Specimens from the Cornell University Museum of 
Vertebrates)
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skeletons, such as simmering bones in hot water, may cause 
damage to the more fragile bones of birds. Ironically, these 
dermestid beetles that museum curators use to make skele-
ton specimens are the very same types that they are most 
concerned about finding munching away in their skin 
collections.

After the beetles have completely cleaned the skeleton, it 
is removed from the beetle colony, frozen (to be sure that no 
live beetles hitch a ride into the museum collection), and 
placed in a new box. The box and largest bones are labeled 
with the specimen number, cataloged into the museum data-
base, and placed into the museum collection to make it 
available to researchers.

1.4.3 Eggs and nests
The study of eggs and nests is a specialized branch of orni-
thology termed oology (or oölogy). Egg collecting by both 
scientific oologists and amateur collectors was popular in 
Europe and North America in the late 1800s and early 
1900s, leading ultimately to the vast egg collections now 
held by some major museums. The largest such collections 
in the world, each with over a million individual eggs, are in 
the Natural History Museum at Tring (UK) and the Western 
Foundation of Vertebrate Zoology in California (USA). Egg 
collecting as a hobby fell out of fashion in the 1930s, and 
today the collecting or possession of wild bird eggs is illegal 
everywhere except for scientific purposes under mandatory 
permits and approvals.

Fresh eggs are preserved as research specimens by drilling 
a small hole in the side of the egg and carefully blowing out 
the contents. A similar but more laborious process is used 
to remove embryos from eggs that have undergone partial 
development. As with all other types of avian specimens, 
eggs that are accompanied by detailed information on where 
and when they were collected are far more scientifically 
valuable than eggs that lack this contextual information. 
Egg specimens that are part of the complete natural clutch in 
which they were laid are also more valuable than single eggs 
that have become separated from the others in their clutch. 
Ornithologists use the term egg sets to refer to a group of 
two or more egg specimens that were originally from the 
same clutch.

One of the historically highest-profile uses of egg collec-
tions was in demonstrating how raptor declines in the 1950s 
and 1960s were caused by the agricultural pesticide DDT 
(Chapter 15). Ornithologists working with breeding raptors 
initially observed that these declines were coincident with a 
large increase in how often eggs broke as they were being 
incubated. By measuring Peregrine Falcon (Falco peregrinus) 
eggs collected before and after the widespread use of DDT, 
researchers documented a rapid decline in eggshell thickness 

observations of Bachman’s Warblers were sparse, the genetic 
information archived within these museum specimens now 
provides the only means of reconstructing the species’ popu-
lation history.

Museum specimens can also provide a window into envi-
ronmental conditions experienced by birds over long periods 
of time. For example, researchers analyzed methylmercury 
in the body feathers of Sooty Tern (Onychoprion fuscatus) 
specimens as well as wild birds spanning a 145-year period 
(Cusset et  al. 2023). Through their position at the top of 
marine food chains (Chapter 14), seabirds like Sooty Terns 
tend to accumulate mercury in their bodies. Mercury con-
centrations in the feathers of these terns were almost 
60% higher in the 2020s compared to the 1920s, reflecting 
the human-caused increase in mercury contamination of 
their environment over that same period.

1.4.2 Skeleton specimens
Skeleton specimens are also common in bird collections 
(Figure 1.21). Bird skeletons are delicate and require careful 
extraction methods to ensure that all the bones remain in-
tact and undamaged. Specimens selected for skeletonization 
are often those that are unsuitable for round skins—usually 
due to decay or damage to feathers and soft tissue—or those 
that have been specifically requested, either by a researcher 
or for a collection.

There are many ways to remove the flesh and fat from the 
bones when making a skeleton specimen. Most institutions 
that regularly make this type of specimen use carrion beetles 
in the family Dermestidae to remove the flesh from a skele-
ton. Colonies of these flesh-eating beetles are easy to main-
tain and pose the least amount of risk to even the smallest 
bones. Other methods more suitable for preparing mammal 

Oology (or oölogy): the scientific study of eggs.

Figure 1.21 ​ Skeleton specimens. This skeleton specimen is from 
an American Flamingo (Phoenicopterus ruber). (Specimens from the 
Cornell University Museum of Vertebrates)
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by museum personnel, are the third common type of bird 
specimens after skins and skeletons. The primary advantage 
of spirit specimens is that the entire body of the bird is pre-
served, making it available for later dissection or scanning to 
examine anatomical details. Spirit specimens are particularly 
valuable as subjects for modern three-dimensional imaging 
studies using computed tomography (CT) scanning technol-
ogies, in which the anatomical components of the bird and 
their physical connections can be reconstructed and viewed 
in considerable detail (Box 1.2).

To make a spirit specimen, a fresh bird carcass is typically 
treated with a solution of formaldehyde and water (forma-
lin) in a process termed fixing. Before submerging the speci-
men in this same solution, formalin is injected into the major 
muscles and body cavities using a syringe to ensure that it 
penetrates the internal tissues before they start to decay. 
This step of initially fixing the specimen with formalin 

(Ratcliffe 1967). Later research confirmed that this pesticide 
interferes with calcium metabolism in many raptors and that 
eggs with the highest DDT levels had the thinnest shells. 
This discovery was pivotal to the widespread banning of 
DDT and the subsequent slow recovery of species like these 
falcons, multiple species of eagles, and Ospreys (Pandion 
halieatus).

In contrast to the great number of eggs in museum collec-
tions, specimens of nests are underrepresented, partly 
because nests come in so many forms (Chapter 11), some of 
which are difficult to collect and store: imagine, for example, 
the challenges of moving and archiving a massive eagle or 
Hamerkop (Scopus umbretta) nest the size of a small car. 
Nests to be archived in museums are first treated (often by 
repeated freezing) to kill any insects remaining within the 
nest, then labeled, and stored in boxes.

1.4.4 Spirit specimens, tissues,  
and other collection types
Whole birds preserved in alcohol, which are formally termed 
spirit specimens but often informally referred to as pickles 

One of the great strengths of spirit specimens is that they 
preserve the whole bird, including many internal structures 
that are lost when a specimen is prepared only as a skin or 
skeleton. This makes spirit specimens especially valuable for 
studies based on computed tomography (CT) scanning, 
where X-rays taken from many angles are used to reconstruct 
a three-dimensional digital model of a specimen (Figure 1). 
Because spirit specimens retain the skeleton, muscles, organs, 
and other internal structures largely in place, researchers can 
use CT scans to examine this internal anatomy in ways that 
would otherwise require dissection, digitally slicing through 
the specimen in any plane and separating structures for study 
without permanently altering the specimen itself.

High-resolution CT scans of hummingbird syrinxes revealed 
how their vocal anatomy converges in functionally important 
ways with that of songbirds, including that they have multiple 
intrinsic syringeal muscles and paired sound sources. These 
discoveries help explain how hummingbirds produce their 
complex vocalizations (Riede and Olson 2020). Other studies 
have used CT scans of museum spirit specimens to investigate 
avian brain evolution, as in kingfishers where changes in brain 
shape are associated with lineages that have diversified espe-
cially rapidly, suggesting a relationship between brain evolu-
tion and lineage diversification (Eliason et al. 2021). CT imag-
ing has similarly expanded the study of avian sensory systems: 
scans of the middle ears of more than a hundred bird species 
showed that diving and underwater-foraging birds possess dis-
tinctive anatomical modifications associated with amphibious 
hearing and protection from pressure changes (Zeyl et  al. 
2022).

Many of the scans from these and hundreds of other studies 
are now archived in online repositories, where they can be down-
loaded and reanalyzed by researchers around the world. Because 
CT scanning creates reusable digital models, these data can also 
reduce repeated handling of rare or fragile specimens while 
making anatomical information more widely available to re-
searchers, students, and educators. In this way, spirit specimens 
prepared for traditional museum collections continue to gain 
new scientific value.

Box 1.2	 CT Scanning and the Virtual Dissection of Birds

Figure 1 ​ CT scanning of spirit specimens. This segmented 3D 
digital model depicts the respiratory system of a Red-tailed Hawk 
(Buteo jamaicensis) in blue. It was assembled from microCT scans of a 
spirit specimen of that species. (Image courtesy of Emma R. Schachner)

Spirit specimen: a whole bird or bird part preserved in fluid, usu-
ally alcohol, so that soft tissues and internal structures remain avail-
able for study.
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These specimen components, both the physical specimens 
and their digital counterparts, can be integrated together 
under the concept of an extended specimen (in other words, 
an extended collection of different types of specimen materi-
als all from the same individual bird). For example, a round 
skin specimen of a songbird (the most traditional bird speci-
men type) might now be complemented by a separate spread 
wing specimen, a frozen tissue specimen, parasite specimens 
collected from the bird at the time of preparation, and the 
preserved gut contents of what it had recently eaten when it 
died. Extending into the digital realm, the same specimen 
also might be augmented by audio files of the songs of that 
bird that were recorded while it was still alive, photographs 
or videos of the live bird or of the precise habitat in which it 
was found, or genomic datasets derived from DNA-based 
analyses, among many possibilities (Webster 2017).

This extended specimen approach reflects how modern 
research both relies on and generates a range of specimen 
materials that collectively contribute to a more comprehen-
sive understanding of bird biology. Integrating across these 
multifaceted types of specimens enables ornithologists to ad-
dress complex scientific questions that cannot be addressed 
using physical or digital specimens alone. It is important to 
recognize that all components of an extended specimen have 
potential research value by themselves, but they have even 
more value when they are linked to other specimen types 
that provide different types of information. In general, ex-
tended specimens that are backed by one or more physical 
specimens are vouchered, as they are associated with materi-
als that can be handled, measured, or assayed in ways that 
can help confirm their identity. Vouchered specimens remain 
the gold standard for areas of ornithological research like 
taxonomy and phylogenetics.

1.5 Ornithological research techniques
People who study birds in a scientific context have devel-
oped a powerful and varied set of methods and approaches. 
Birds themselves are so diverse that no single study tech-
nique can ever serve all purposes for all species. This section 
covers some of the more frequent methods; but new tech-
niques are constantly being invented by creative researchers, 
and the technologies that underly these approaches are also 
steadily evolving. We know more about birds now than ever 
before, but there is still so much to discover.

When considering any scientific project or approach to 
studying birds, it is essential to know that across the entire 

creates chemical cross-links in the proteins within the mus-
cles and other tissues, making them firmer to the touch and 
far more resistant to degradation over long-term storage. A 
downside of formalin is that it destroys DNA, so current 
preparators usually take a separate tissue sample before 
starting this fixing process. After resting in the formalin so-
lution for a few days, the specimen is washed in water, then 
moved through a series of solutions of increasing ethanol 
concentration, ending up for permanent storage in 70% eth-
anol. Spirit specimens prepared in this way are stable indef
initely for decades or even centuries, with the major risk 
being drying out if the ethanol solution evaporates.

Starting in the 1980s, it became standard practice to ar-
chive a tissue sample from most newly prepared bird speci-
mens in ways designed to preserve the DNA in those 
materials. Most commonly, tissue samples are initially 
placed in liquid nitrogen and then archived in very cold 
(–80°C) freezers, as freezing is the most reliable method of 
keeping DNA intact. When freezing is not feasible, tissues 
are instead preserved in ethanol or special liquid buffer solu-
tions. Even though genetic material can be obtained from 
many dried skin specimens, the DNA in these tissue samples 
is typically less degraded and far easier to work with in the 
laboratory. These avian tissue collections have enabled 
many modern studies of avian relationships, from fine-scale 
differences among populations of the same species to the 
grand tree of life that connects all living birds (Chapter 2). 
All museums with substantial bird collections now maintain 
a parallel tissue collection, with the largest being curated at 
the Museum of Natural Science at Louisiana State Univer-
sity (USA).

Additional types of physical specimen materials are 
sometimes archived in museums, usually in association with 
targeted research projects. Possibilities include samples of 
external parasites like feather lice and hippoboscid flies, in-
ternal gut parasites such as tapeworms, and blood smears 
used for detecting avian malaria parasites. The undigested 
food contents of the crop and gizzard are sometimes pre-
served in alcohol for diet studies. Individual plucked feathers 
are useful as DNA sources and for their isotopic signature of 
the location where they were grown.

1.4.5 Digital and extended specimens
Avian specimens are no longer limited to the manifestations 
of birds that can be preserved and stored in physical form 
like skins, skeletons, fluid specimens, and such. These tradi-
tional types of specimens are now frequently complemented 
by digital-only information types that can also be considered 
specimens, including sound recordings of songs, photo
graphs of birds, videos of bird behavior, and various digital 
outputs of research methodologies like CT scans and ge-
nome sequences. These digital specimens capture aspects of 
the individual’s phenotype, such as communication signals 
and other behaviors, that are not captured in traditional 
physical specimens.

Extended specimen: a preserved specimen linked to additional 
materials or data, such as tissues, recordings, images, parasites, or 
ecological metadata, that broaden its research value.

Vouchered: Documented by a preserved specimen, image, re-
cording, or other verifiable evidence that supports the identity or 
occurrence of an organism.
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focused on capturing particular species or even specific indi-
vidual birds. Most research projects use mist nets at ground 
level, but it is also possible to use ropes to suspend them 
high in a forest canopy to capture birds that stay at that 
level. Extracting birds tangled in mist nets is a core skill 
learned by many field ornithologists, one that requires atten-
tive coaching and lots of practice to master.

Many mist-netting efforts are conducted at established 
banding stations, where standardized protocols are used to 
capture and process birds. These stations may operate dur-
ing migration or during breeding seasons and can generate 
long-term datasets that help researchers track changes in 
species’ abundance across years or decades. One such 
framework is the Monitoring Avian Productivity and Sur-
vivorship (MAPS) program, which coordinates a network 
of hundreds of banding stations across North America, 
each using standardized methods to estimate vital rates 
such as survival and reproductive output. This kind of co-
ordinated survey program allows data collected at individ-
ual sites to be integrated into large-scale analyses of 
population trends.

Many other trapping methods are used to capture birds 
that are not readily netted. Baited traps are commonly used 
for ground-feeding birds, while walk-in traps can be effec-
tive for some waterfowl and shorebirds. Noose carpets are 
used to capture raptors, and cannon or rocket nets are some-
times deployed to capture flocks of birds in open habitats. 
Each such method is designed to match the behavior and 
ecology of the target species, and researchers select among 
them based on the goals of their study and the logistical con-
straints of their field setting.

Once a bird is captured, careful handling allows re-
searchers to collect a wide range of standardized biological 
measurements from the bird in the hand (Figure  1.23). 

world all wild birds are protected by local and national 
laws, policies, and regulations. Permits (and often more 
than one) are required to capture, handle, mark, tag, or 
sample birds; to move birds or bird samples across political 
boundaries; and often even just to observe birds from a dis-
tance, access the places where they are found, purchase or-
nithological equipment like mist nets, or be in the possession 
of nests, feathers, eggs, or live or dead birds. The legal pen-
alties for violating these laws can be severe, so an anticipa-
tory early step in any avian research program is to ensure 
that all requisite approvals and documents are in place and 
fully compliant.

1.5.1 Capturing, handling, and marking 
wild birds
Many research questions in ornithology require that wild 
birds be captured, measured, sampled, marked, and released 
alive. These activities allow researchers to collect standard-
ized, individual-level data on birds that cannot be obtained 
in other ways. Because capture and handling involve direct 
interaction with wild animals, they always require special-
ized training in proper techniques.

Mist netting is the most widely used method for captur-
ing small and medium-sized birds (Figure 1.22). Mist nets 
are made of a mesh of fine black threads that are nearly in-
visible when shaded and not moving in the wind. They are 
stretched between poles so that birds flying into them fall 
into loose pockets and become temporarily entangled. Nets 
are often positioned along flight paths, habitat edges, or ar-
eas of high bird activity, and they may be used either in stan-
dardized, repeated sampling schemes or in targeted efforts 

A B

Figure 1.22 ​ Mist netting as an ornithological technique. 
Many avian research and monitoring projects use mist nets to 
capture small and medium-sized birds. (A) These nets are stretched 
between two poles, and under good conditions they are nearly 
invisible to birds that are flying toward them. (B) Birds that hit the 
net, like this male Northern Yellow Warbler (Setophaga aestiva), fall 
into a pocket until they are untangled and removed by an 
experienced field researcher. (Photos by Irby Lovette)

Figure 1.23 ​ Measuring wild birds. The wing length of this male 
Red-winged Blackbird (Agelaius phoeniceus) is being measured 
after the bird was captured in a mist net. After being measured and 
banded, it will be released back onto its territory. (Photo by Irby 
Lovette)
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Data derived from marked individuals underpin many 
long-term and large-scale studies of bird populations. By 
tracking individuals across years, researchers can estimate 
factors like survival rates, dispersal distances, individual 
differences in behaviors, and reproductive success, and 
can explore how these parameters vary with age, environ-
ment, or changing conditions. Large, coordinated efforts, 
such as continent-wide banding programs, extend these in-
sights across broad geographic scales, revealing patterns 
that would be difficult to detect through smaller, localized 
studies.

Handling birds also provides opportunities to assess as-
pects of health, physiology, and ecological interactions. Re-
searchers may examine birds for external parasites, collect 
samples to test for pathogens, or evaluate overall condition 
as an indicator of environmental quality. In some cases, 
small blood or tissue samples are collected to support gene
tic or physiological analyses.

Because capturing and handling birds carries risks for 
birds, these activities are governed by strict ethical guide-
lines, extensive training requirements, and legal permits. Re-
searchers must be trained in safe extraction and handling 
techniques to minimize stress and injury, and all capture ac-
tivities are conducted under regulatory frameworks designed 
to protect both individual birds and populations. Careful at-
tention to these considerations ensures that the scientific 
value of capture-based studies is balanced with the welfare 
of the birds involved.

1.5.2 Scientific bird survey methods
The point count is the most widely used traditional survey 
technique for estimating bird populations and assessing 
species diversity in communities of landbirds (Figure 1.25A). 

These measurements commonly include morphometric data 
such as wing and tarsus length, bill size, and body mass, as 
well as assessments of fat reserves, muscle condition, and 
molt status. Because these measurements can be taken con-
sistently across individuals and studies, they provide a basis 
for comparing variation within and among populations and 
years.

Many captured birds can also be aged and sexed using a 
combination of anatomical, plumage, and physiological 
characteristics. Age determination often relies on features 
such as skull ossification, molt limits, or feather wear. Ages 
estimated in these ways usually do not generate an exact 
chronological age but instead can distinguish between birds 
in their first or second years from older individuals. In many 
species, sex can also be discerned through plumage differ-
ences, body size, or the presence of reproductive structures 
such as a brood patch or cloacal protuberance (Chapter 6). 
In some species these distinctions are straightforward to as-
sess, while in others they require considerable experience or 
may not be possible at all.

Marking individual birds allows researchers to follow 
them through time and space. By far the most common ap-
proach involves placing a lightweight aluminum band (alter-
natively termed a ring in some parts of the world) on the 
bird’s leg. Bands are engraved with a unique numerical code 
that can be reported if the bird is later recaptured or found 
dead. In some banding studies of populations that are being 
followed closely, each bird is also outfitted with unique 
combinations of plastic, colored bands that allow individu-
als to be recognized visually from a distance (Figure 1.24). 
Other types of marking tags are sometimes used on large 
birds, including numbered neck collars for geese and swans, 
and numbered wing tags on large raptors.
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Figure 1.24 ​ Banding and marking. Marking individual birds allows researchers to recognize them after release and to build records of 
movement, survival, reproduction, and behavior. (A) Lightweight leg bands on a Piping Plover (Charadrius melodus) include both a uniquely 
numbered metal band and colored bands that can be read visually. (B) Color band combinations on other small birds, such as this Purple-
backed Fairywren (Malurus assimilis), allow individuals to be identified from a distance without recapture. (C) Some larger birds, such as this 
Canada Goose (Branta canadensis), can carry numbered neck collars that are visible at greater distances. Together, these and similar marking 
methods allow later resightings, recaptures, or recoveries to be linked back to known individuals. (Photos by [A] Matthew Brown 
ML463973631, [B] Michael Stubblefield ML595706551, [C] Mason Maron ML643579205)
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There are many types of point counts that vary in the nu-
ances of how they are implemented, but fundamentally 
they all involve an observer recording the birds detected 
from a fixed location (the point) within a predetermined 
period, which is usually relatively short (observation dura-
tions of 5–15 minutes are typical). Point counts are partic-
ularly useful in habitats where dense vegetation or rugged 
terrain makes transect surveys impractical, and where 
many birds are detected by hearing their songs or calls. 
Point counts done as part of scientific projects are stan-
dardized in duration and the time of day at which they are 
conducted.

The simplest version of a point count is one where the 
observer records all birds detected, regardless of their dis-
tance. The next level of refinement includes point counts 
that assess birds only within a predetermined circular 
area, such as 50 or 100 meters in radius around the ob-
server, within which all birds are recorded; yet this method 
still does not account fully for how much detection prob-
ability usually varies among bird species, even within the 
same habitat. A species that commonly flies or forages in 
the open, or that has loud calls or conspicuous display be
haviors, is likely to be detected far more often and at a 
greater distance than a more cryptic species that generally 
stays hidden in the vegetation or that has inconspicuous 
songs or displays, even if both species are present in simi-
lar numbers. Sophisticated point count methodologies 
adjust for detection effects by adding in a detection prob-
ability scaling factor for each species, or by accounting 
for the distance to each detected bird, or by varying the 
count radius depending on the detectability of potential 
species.

The choice of a particular point count method depends 
on the kinds of detection biases that are likely to arise for the 
species, habitats, and research question being studied. A 
study of bird communities in non-native Norway spruce 
plantations, for example, used point counts to compare 
avian assemblages in non-native conifer plantations with 
those in native forest types in Massachusetts (Ritter et  al. 
2023). Because apparent differences among forest types 
could reflect either real differences in bird abundance or dif-
ferences in detectability, the researchers modeled detection 
while accounting for covariates such as observer, date, time 
of day, distance to noise sources such as streams or roads, 
and habitat type. This approach allowed them to evaluate 
habitat associations while reducing the risk that patterns 
in the count data were artifacts of survey conditions. The 
study found that Norway spruce plantations supported bird 
richness similar to native forest habitats and were used by 
several native conifer-associated species, illustrating how 
carefully designed point counts can connect field detections 
to broader ecological inference.

Line transect survey methods differ from point counts in 
that the person conducting the survey moves along a 

Fixed point
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Predetermined 
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B Line transect survey

Figure 1.25 ​ Point count and line transect surveys. (A) In a 
point count survey, an observer records birds seen or heard from a 
fixed location during a standardized time period, often within a 
specified count radius. Detection usually declines with distance 
from the observer. (B) In a line transect survey, the observer moves 
along a predetermined route and records birds detected on either 
side of the path, sometimes also measuring each bird’s distance 
from the transect line. (Illustration by Charlotte Holden © Cornell 
Lab of Ornithology)

Point count: a field survey method in which an observer records 
birds detected from a fixed location during a standardized period 
of time.

Line transect: a field survey method in which an observer records 
birds detected while moving along a defined route.
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Some powerful bird survey approaches combine the point 
count and line transect methods by stringing a series of indi-
vidual point counts along a predetermined transect route. 
This combined method underlies the influential North 
American Breeding Bird Survey (BBS), a continent-wide sur-
vey program that has been ongoing since 1966  in Canada 
and the United States (Box 1.3).

Point counts and transects are most often applied to ter-
restrial birds; other types of birds are censused using a wide 
variety of other methods. Birds that nest in the open in large 
colonies—like some penguins, albatrosses, gannets, and 
terns—can sometimes be counted from photographs or vid-
eos taken from above the colony, these days often by a flying 
drone (Figure 1.27). Cranes, geese, swans, and other water-
fowl are often censused by human observers flying in planes 
or helicopters. Migratory raptors are counted at locations 
where the topography tends to concentrate them during 
their annual movements. Meanwhile, motivated researchers 

predetermined path during the survey period, counting the 
birds they detect along the way (Figure 1.25B). Most of the 
analytical considerations that apply to point counts are also 
relevant to line transects, and researchers use many of the 
same methods to account for them, such as estimating the 
distance between the transect line and the location of each 
detected bird.

Spot mapping is another methodological survey ap-
proach where all locations, movements, and interactions of 
individual birds are marked on a map of the study area 
(Figure 1.26). This is a finer and more detailed type of sur-
vey than point counts and transects, with spot mapping 
allowing researchers to collect density estimates for a spe-
cies as well as valuable natural history data on topics like 
territories, nest locations, and intraspecific interactions. 
The more observer-intensive time demand of spot map-
ping, however, makes it less feasible on a large scale. Even 
so, such intensive mapping can generate unusually rich da-
tasets, as in a repeated spot mapping project on a 
10-hectare forest plot in New Hampshire (USA) that 
showed how territory sizes of Ovenbirds (Seiurus auroca-
pilla) decreased as their local abundance increased (Zam-
marelli et al. 2024).
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Figure 1.26 ​ Spot mapping. Historical spot-map sheets from the Hubbard Brook Experimental Forest show how observers recorded 
Ovenbird (Seiurus aurocapilla) locations, countersinging interactions, and inferred territory boundaries. The density of this species changed 
over time from (A) 2001, when Ovenbirds held fewer, larger territories, to (B) 2009, when their higher local abundance was associated with 
smaller territories. (Photos by Miranda Zammarelli. Illustration by Jillian Ditner © Cornell Lab of Ornithology)

Spot mapping: a field method in which repeated observations of 
individual birds or territories are plotted on a map to estimate ter-
ritory locations, breeding density, or local distribution.
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powerful at discerning trends in where particular bird spe-
cies are increasing or declining.

Bioacoustic sensors are rapidly becoming an important 
extension of traditional bird survey methods (Box 1.4). Au-
tonomous recording units (ARU) can be programmed to rec
ord sound at a fixed location, allowing researchers to sample 
vocal activity for far longer periods than a human observer 
could remain in the field. This makes them especially useful 
in remote areas, at night, and in habitats where many birds 
are more often heard than seen. When deployed singly or in 

around the world have devised many innovative ways of 
censusing and monitoring birds with traits that make the 
more standard methods unreliable.

The analytical toolbox for understanding bird distribu-
tions, abundances, and population trends is also becoming 
ever more powerful. Data on birds derived from many 
sources—citizen science inputs like eBird, traditional scien-
tific survey approaches, and bioacoustic or other sensors—
can now be analyzed in concert with many other types of 
habitat and environmental information, using a variety of 
sophisticated modeling approaches. These advanced models 
are becoming highly accurate at predicting where bird spe-
cies are found. In situations where information has been 
gathered over decades, these models are becoming similarly 

The North American Breeding Bird Survey (BBS) is one of the 
longest-running and most influential bird monitoring pro-
grams in the world. Coordinated jointly by the US Geological 
Survey and the Canadian Wildlife Service, the BBS was estab-
lished in 1966 to provide a standardized approach to tracking 
changes in the abundance and distribution of breeding birds. 
The survey was designed around a relatively simple but highly 
repeatable protocol: skilled observers conduct fixed roadside 
surveys during the breeding season, recording all birds de-
tected by sight or sound at a series of standardized stops. 
The BBS has generated one of the most valuable long-term 
datasets in ecology by combining broad geographic cover-
age with consistent methods repeated annually over decades.

Each BBS route follows a fixed roadside transect of 25 miles 
(approximately 40 kilometers). Along that route, observers stop 
at 50 designated survey points spaced a half mile (0.8 kilometers) 
apart. At each stop, the observer conducts a three-minute point 
count during which every bird heard, and every bird seen within 
a 400-meter radius, is recorded. Surveys begin 30 minutes be-
fore local sunrise and take about five hours to complete. Routes 
are surveyed once each year during the local breeding season, 
and many routes have now been surveyed annually for decades. 
Because most detections involve birds heard rather than seen, 
observer skill in identifying bird vocalizations is essential for 
maintaining data quality and consistency.

The BBS combines elements of both point count and line 
transect methods. The observer travels continuously along a 
transect route, but data collection occurs through a sequence of 
stationary point counts. This design allows the survey to sample 
many habitats efficiently across large areas while maintaining 
standardized observations at each stop. Because the survey uses 
roads as access corridors, however, it also introduces potential 
sampling biases. Roads may pass disproportionately through de-
veloped habitats or habitat edges, and some bird species avoid 
roads while others may be attracted to them. Researchers there-
fore must account for these limitations when interpreting BBS 

results, often combining BBS analyses with additional survey 
methods or statistical approaches that factor in aspects of de-
tectability and habitat representation.

One of the major strengths of the BBS is its emphasis on 
long-term standardization. Each three-minute count provides 
only a brief and incomplete sample of the birds present near that 
stop, and individual counts vary with weather, observer skill, hab-
itat structure, time of season, and bird detectability. Yet the 
enormous spatial and temporal replication of the BBS allows re-
searchers to identify broad-scale trends with considerable statis-
tical power. Modern analyses of BBS data often use hierarchical 
models and other advanced statistical methods to estimate pop-
ulation trajectories, while accounting for sources of variation 
among routes, years, regions, species, and observers. Because 
this same survey framework has now been repeated annually for 
more than half a century, the BBS provides an unusually powerful 
record of ecological change at a continental scale.

The long-term consistency and broad scale of the BBS have 
made it a foundational resource for studying broad patterns of 
ecological change in North American birds. For example, analy-
ses that combined BBS population trajectories with additional 
demographic and population-size data estimated that North 
America has lost nearly 3 billion breeding birds since 1970, in-
cluding substantial declines among many once-common species 
(Rosenberg et  al. 2019). Other studies have used increasingly 
sophisticated analytical approaches applied to BBS data to ex-
amine not only whether bird populations are declining but also 
whether the rates of declines are changing through time. These 
analyses identified regions in which bird losses appear to be ac-
celerating, particularly in parts of the Midwest, mid-Atlantic, and 
California associated with intensive agricultural land use and 
warming temperatures (Leroy et al. 2026). These and the many 
other scientific contributions made using BBS data reflect the 
broader importance of long-term ecological monitoring pro-
grams for understanding how bird populations respond to envi-
ronmental change.

Box 1.3 ​ 	 The North American Breeding Bird Survey

Autonomous recording unit (or ARU): a field-deployed acoustic 
device used to record bird vocalizations and other environmental 
sounds for later identification, monitoring, and analysis.



30           Chapter 1   Appreciating and Studying Birds

(Figure 1.28). Artificial nest boxes make it possible to lo-
cate and revisit nests with ease, which is why they underpin 
many of the most detailed long-term studies of breeding 
birds. Researchers can access these boxes to track each 
breeding attempt and to monitor entire local nest-box-
breeding populations consistently across years. Nest-box-
based studies have provided some of the most detailed 
insights into clutch size, hatching success, parental care, and 
fledging success. Birds that have become model study species 
partly for this practical reason include the three species of 
bluebirds (genus Sialia), Tree Swallows (Tachycineta bi-
color), and several chickadees (genus Poecile) in North 
America, and the Great Tit (Parus major), Eurasian Blue Tit 
(Cyanistes caeruleus), and European Pied Flycatcher (Fice-
dula hypoleuca) in Eurasia.

For species that do not use nest boxes, monitoring repro-
duction requires first locating active nests, a field task that 
can range from straightforward to extremely difficult de-
pending on the species and its habitat. This is easiest for spe-
cies that nest conspicuously. Examples include raptors like 
Ospreys (Pandion haliaetus) that build large stick nests in 
open sites such as treetops, poles, or platforms; thornbirds 
(family Furnariidae) that construct huge or well-defended 
nests; and Northern Gannets (Morus bassanus) and many 
other seabirds that breed colonially on islands with few land 
predators.

Because nest predation is such a strong selective pres-
sure, many species nest in ways that make their nests dif-
ficult to find, both in location and in behavior. To find 
these better-hidden nests, parent birds can be followed as 
they carry nesting material while building or as they carry 

arrays, ARUs can help document species presence, seasonal 
activity, occupancy, and population change; although esti-
mates of abundance and density require careful interpreta-
tion because the recorders detect sounds rather than birds 
directly. Rapid advances in automated sound classification 
are making it possible to process increasingly large acoustic 
datasets, while also underscoring the need to validate auto-
mated identifications against field knowledge and expert 
review.

1.5.3 Monitoring reproduction
Many ornithologists closely monitor the reproduction of 
their study species as a core aspect of their field projects. 
Variation in reproductive success is a major determinant of 
avian fitness and thereby central to many questions about 
bird behavior and ecology (Chapter 3). It also plays a key 
role in population dynamics, which depend on how many 
young birds are produced each year (Chapter 13).

Methods for monitoring reproduction vary depending on 
the species and its breeding system, along with the needs and 
goals of a given research project. Researchers generally mon-
itor reproduction at one of three levels: nest-based, territory-
based, or colony-based. Nest-based studies usually yield the 
most detailed data on individual breeding attempts, while 
territory- and colony-based approaches allow researchers to 
scale up to broader estimates of breeding density and 
population-level reproductive output.

Nest monitoring is the most direct way to quantify repro-
ductive success. Many of the most extensive and long-
running studies of nesting songbirds focus on secondary 
cavity-nesting species that readily nest in artificial nest boxes 

Figure 1.27 ​ Aerial surveys of colonial seabirds. Photos taken from above can be used to count the number of active nests or breeders in 
colonies of seabirds that aggregate in open areas. In this image taken via a drone, the regularly spaced black-and-white birds are adult King 
Penguins (Aptenodytes patagonicus), each incubating an egg on its feet while standing just out of pecking range of adjacent birds. The brown 
individuals are King Penguin juveniles hatched the previous year that have not yet left this nesting area. (Photo by Gemma Clucas)
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Once nests are located, repeated monitoring allows re-
searchers to quantify key components of reproductive suc-
cess, including clutch size, hatching success, and fledging 
success (Chapter 13). Nests found early in the nesting cycle 
provide the most complete information on these patterns of 
success or failure. Most such studies employ standardized 
monitoring protocols, including regular but carefully timed 
nest checks, to allow consistent comparisons across studies 
and years. Tools like temperature data loggers can also be 

food for their nestlings later in the season. Researchers 
may also position themselves near likely nesting areas and 
watch for birds that repeatedly disappear into the same 
area of vegetation. Finding nests during the incubation pe-
riod can be especially difficult, as incubating birds gener-
ally remain still for long periods. Some birds have subtle 
behavioral cues, such as vocalizations when leaving the 
nest or during food transfers between mates, that can aid 
in locating their nests.

To understand the ecology of a bird population, ornitholo-
gists often need to know where the birds occur, how many 
are present, and which species are part the local avian com-
munity. This information helps researchers track population 
changes, identify important habitats, and inform conserva-
tion decisions. Because many bird species are easier to de-
tect through their songs or calls, point counts conducted by 
human field biologists have traditionally been used to survey 
bird communities. Standard point counts also have limita-
tions: they require skilled observers and listeners, they are 
usually restricted to short sampling periods, and they depend 
on which birds are detectable during the brief interval when 
an observer is present. They also tend to be implemented in 
more easily accessed places, as along roads or trails.

Autonomous recording units, or ARUs, are a core tool in an 
alternative approach termed passive acoustic monitoring (PAM). 
ARUs allow researchers to record sound automatically at fixed 
locations. These weatherproof devices can be programmed to 
record on a set schedule, making it possible to sample bird com-
munities for many days or weeks without a human observer be-
ing present at all.

ARUs reduce some of the logistical constraints of traditional 
surveys, but they also introduce new analytical challenges. The 
use of these recording units can minimize immediate human 
disturbance, the units themselves can be placed in more re-
mote locations and other places that are difficult to monitor, 
they increase the spatial and temporal scale of population mon-
itoring, and they offer a level of data-collection repeatability 
and scope that would be impossible to achieve using individual 
human observers. Data from the recordings can additionally be 
archived for future use and reanalyzed later. All these features 
make ARUs especially useful for documenting vocal activity 
and estimating species presence, occupancy, seasonal timing, 
and species richness. But, they are less straightforward for esti-
mating abundance and density, because an ARU records 
sounds rather than counting individual singing birds. ARU de-
tections also depend on whether birds vocalize and on the ac-
curacy of human or automated species identification based on 
sounds made by those birds. Automated classifiers can help 
process large archives, but their outputs still require human 
calibration and validation because false positives and false 

negatives can vary among species, habitats, seasons, and re-
cording conditions.

A study of arctic-breeding shorebirds illustrates both the 
value and the trade-offs of this approach. Researchers compared 
data from ARUs deployed in remote regions of Alaska’s Arctic 
Coastal Plain with those collected through more traditional sur-
veys of shorebird populations. They found that ARUs detected 
33–50% higher species richness compared to the human surveys 
and that the recorders required fewer plots to detect the maxi-
mum number of species. These results reflect one of the main 
strengths of ARUs: they can sample repeatedly at fixed sites, in-
creasing the chance of recording vocal species. Yet some rare 
species were detected in the visual surveys and not in the ARU 
surveys. These differences highlight some of the trade-offs with 
ARUs: they can increase survey coverage in remote landscapes, 
but they do not entirely replace the value of trained observers, 
especially for species that are quiet, rarely vocal, or more easily 
detected by sight.

Perhaps the most significant ongoing challenge with ARUs 
is that while identifying bird species based on sound alone is 
itself a complex analytical puzzle, differentiating acoustically 
among individual birds of the same species is even harder. 
ARUs can provide a census of bird species in an area, but esti-
mates of the density of each such species require that those 
individuals be identified acoustically. Overcoming this limita-
tion is a frontier in ARU-based research. One approach to 
counting individuals is based on how each bird’s position in 
space influences how its sounds are recorded by an ARU, build-
ing models to account for distance, background noise, and 
song rate. Researchers are also developing and validating 
methods that use individual differences in vocalizations, multi-
ple microphones, sound levels, call rates, and the timing of 
sound arrival at different recorders to estimate the locations 
and identities of vocalizing birds.

For example, one study of Eurasian Bitterns (Botaurus stel-
laris) employed an array of recorders during five years of contin-
uous monitoring (Frommolt and Tauchert 2014). By estimating 
the time difference of arrival of acoustic signals to each ARU, the 
researchers mapped the location of each calling bittern and 
tracked changes in the number and spatial distribution of vocal-
izing males through time.

Box 1.4	 Acoustic Monitoring as a Bird Survey Tool
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or the presence of fledglings, can provide evidence of active 
or successful reproduction.

In colonial species where large numbers of birds nest to-
gether in tightly packed aggregations, reproduction is often 
monitored at the level of the colony rather than at individual 
nests (Figure  1.29). Researchers may count active nests, 
eggs, or breeding pairs and repeat these counts over time to 
track changes in colony size and estimate its overall repro-
ductive output. An additional practical reason for observing 
colonially nesting birds from a distance is that in dense colo-
nies, even brief disturbances by a visiting researcher can trig-
ger flushing and mobbing responses that expose eggs or 
chicks to heat stress, cold, or predation, or that increase the 
risk of nest abandonment. This consideration is especially 
important in species where communal responses to distur-
bance can propagate through large areas of a colony.

In some settings, researchers use technological tools to 
extend traditional approaches to monitoring reproduction. 
Photographs or videos taken during drone overflights can 
survey colonial birds such as penguins, allowing accurate 
counts of nesting adults or, later in the season, dependent 
young. From an even farther vantage point, satellite imagery 
has been used to pinpoint the location of Emperor Penguin 
(Aptenodytes forsteri) colonies in otherwise inaccessible re-
gions of Antarctica (Fretwell 2024). Video cameras placed 
near nests can record parental attendance, feeding rates, and 
the causes of nest failure, including predation or environ-
mental disturbance. Automated acoustic recorders can be 
used to detect vocalizations associated with breeding activ-
ity, such as mate attraction, territorial interactions, or provi-
sioning behavior.

No single method captures all aspects of reproduction 
equally well, and each introduces its own sources of bias. 
Detectability of nests and breeding activity varies across 
habitats, species, and stages of the nesting cycle. Repeated 
visits to nests by researchers can, if not carefully managed, 
increase the risk of disturbance or predation. Differences in 

placed in the nest to collect information on a finer scale, in-
cluding female incubation times and more precise estimates 
of when the nest fledged (or was predated/abandoned) 
(Chapter 7).

In species where nests are extremely difficult to locate, 
researchers may instead monitor reproduction indirectly 
through territory-based approaches. By mapping the locations 
of singing males, observing pair formation, and tracking re-
peated use of specific areas, it is possible to estimate the num-
ber of breeding pairs within a site even without finding their 
nests. Additional observations, such as adults carrying food 

A

B

Figure 1.28 ​ Nest monitoring using artificial nest boxes. 
Artificial nest boxes make the breeding attempts of secondary 
cavity-nesting birds easier to locate and monitor throughout 
the nesting cycle. They also create opportunities to study 
competition for limited nest sites, as in interactions between 
(A) Tree Swallows (Tachycineta bicolor) and (B) Eastern Bluebirds 
(Sialia sialis), two North American species that commonly use and 
compete for the same nest boxes. (Photo by Michele Carnerie 
ML634625963)

Figure 1.29 ​ Colony-based 
reproductive monitoring. In dense 
colonies such as this Northern Gannet 
(Morus bassanus) colony, researchers can 
monitor reproduction by counting active 
nests or breeding pairs from a distance, 
minimizing disturbance while tracking 
colony size and reproductive output. 
(Photo by David Turgeon ML475559671)

(continued...)
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Ardenna gravis (Great Shearwaters) 192
Ardenna grisea (Sooty Shearwaters) 68
Ardenna tenuirostris (Short-tailed Shearwa-

ters) 472, 523
Ardeola speciosa (Javan Pond-Herons) 444

Ardeotis kori (Kori Bustards) 71
Ardeotis nigriceps (Great Indian Bustards) 589
area-sensitive species 588
Arenaria interpres (Ruddy Turnstones) 551
arginine vasotocin (AVT) 267
Argya squamiceps (Arabian Babblers) 471
Arizona, USA 499, 516, 519, 536
Aronia melanocarpa (Black chokeberries) 278
Arremon torquatus (White-browed Brush-

finches) 48
Arrowwood viburnum (Viburnum dentatum) 

278
Arses lorealis (Frill-necked Monarchs) 422, 

423
art, feather colors and 163–4
Artamidae (family) 80
arterial system 251–2
arteries 251
arterioles 251
arthropods 309
articulation 222, 223, 223
artificial lighting, navigation and 495
artificial nest boxes 30–1, 32
artificial selection 97, 97–8

pigeons 97
ARU (autonomous recording unit) 29,  

29–30, 31
Ascension Frigatebirds (Fregata aquila) 212
Ashy Tailorbirds (Orthotomus ruficeps) 553, 

553
Asia 476, 477
Asian barbets 77
Asian broadbills 51
Asian Songbird Trade Specialist Group 592
Asian Tits (Parus cinereus) 461
Asio flammeus (Short-eared Owls) 245
Asio otus (Long-eared Owls) 218, 261
asities 78
aspect ratios 192, 192, 194, 194
assemblages 543
assembly rules 555
Asteriornis fossil 60, 63
Astur atricapillus (American Goshawks) 536
Astur cooperii (Cooper’s Hawks) 141, 323
Astur gentilis (Eurasian Goshawks) 187, 599
asymmetric dominance 560
asymmetrical flapping 196
asynchronous hatching 451
Athene cunicularia (Burrowing Owls) 19, 

179, 306, 403, 451
Athene noctua (Little Owls) 179, 407
Atitlan Grebes (Podilymbus gigas) 583
Atlantic Butterfishes (Peprilus triacanthus) 594
Atlantic Puffins (Fratercula arctica) 461
Atlapetes pallidiceps (Pale-headed Brush-

Finches) 613
atlas 224, 225
atria of the heart 251, 251
Atrichornithidae (family) 65, 79
Atronanus fuliginosus (Forest Swallows) 435
attentiveness, in breeding 453
attracting birds 15–6
Auckland Islands Teals (Anas aucklandica) 214
Audouin’s Gulls (Ichthyaetus audouinii) 526
Audubon Society 575, 577
auks 73, 140, 301
Auriparus flaviceps (Verdins) 272, 399, 433
austral migration 482, 482–3

Austral Thrushes (Turdus falcklandii) 478
Australasian honeyeaters 55
Australasian robins 82
Australasian treecreepers 79
Australia 483

extinctions in 579
Australian Brushturkeys (Alectura lathami) 

434, 434
Australian Emus (Dromaius novaehollandiae) 

371
autonomic nervous system 252, 253, 254
autonomous recording unit (ARU) 29,  

29–30, 31
avenue bowers 337
avenue builders 337
Aves (class) 41, 54, 61, 89
avian acoustics see acoustics
avian communities see bird communities
avian diversity see diversity
avian longevity 518
avian mating systems see mating systems
avian radiations 90

see also adaptive radiations
avian social systems see mating and social 

systems
avian sociality see sociality
avian systematics 39
avian vocal mimicry 389
avian-kidney physiology 266–7

lobules 267
avocets 72
axial skeleton 221, 221–7, 222
axis 283
axis cervical vertebra 224–5
Aythya americana (Redheads) 464
Aythya valisineria (Canvasbacks) 255, 464
Aythyinae (genus) 114

B
B lymphocytes 250, 281
babblers 51, 66, 83
babbling stage 414
Bachman’s Warblers (Vermivora bachmanii) 

21, 22, 582, 583
backbone 224
backcrossing 112
backyard conservation 617
Baeolophus bicolor (Tufted Titmice) 154, 

437, 596
Bahama Nuthatches (Sitta insularis) 595
Baillon’s Crakes (Zapornia pusilla) 218, 261
Balaeniceps rex (Shoebills) 40, 74
Balaenicipitidae (family) 74
balance 258
Bald Eagles (Haliaeetus leucocephalus) 174, 

187, 187, 301, 400, 460, 576, 593, 599
Balearica regulorum (Gray Crowned-Cranes) 

218, 261
Baltimore Orioles (Icterus galbula) 46, 116, 

118
egg shape of 444

Bamboo Woodpeckers (Gecinulus viridis) 107
Bananaquits (Coereba flaveola) 566, 567
Banded Wrens (Thryophilus pleurostictus) 

381, 381
banding 26
Band-rumped Storm-Petrels (Hydrobates 

castro) 111
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Bank Swallows (Riparia riparia) 407
Bannerman’s Turacos (Tauraco bannermani) 

587, 587
barb ridge 167, 167
Bar-bellied Pittas (Hydrornis elliotii) 4
barbets see individual species
barbs 136, 136, 137, 140, 140, 143, 163
barbules 136, 136, 138, 140, 143
Bare-throated Bellbirds (Procnias nudicollis) 

413
Bar-headed Goose (Anser indicus) 263
barn owls 75, 91, 292
Barn Swallows (Hirundo rustica) 68, 98, 

202, 211, 343, 431, 503, 511, 532
Barnacle Goose (Branta leucopsis) 499
Barratt’s Warblers (Bradypterus barratti) 482
Barred Antshrikes (Thamnophilus doliatus) 

562, 562
Barred Forest-Falcons (Micrastur ruficollis) 

130
Barred Owls (Strix varia) 611
Barred Warblers (Curruca nisoria) 218, 261
Bar-tailed Godwits (Limosa lapponica) 223, 

483, 484, 487, 490
Bartramia longicauda (Upland Sandpipers) 

18, 496
basal metabolic rate (BMR) 276, 277
basic plumage 176, 176
Bat Falcons (Falco rufigularis) 130
Bat Hawks (Macheiramphus alcinus) 130, 

317, 317
Batesian mimicry 149, 307, 307
bathing behaviors 172, 172–3
batises 80
Batrachostomus hodgsoni (Hodgson’s Frog-

mouths) 2, 3
Batrachostomus septimus (Philippine Frog-

mouths) 218, 261
batrachotoxins 148, 149
Bats (order Chiroptera) 317, 393
Bay Wrens (Cantorchilus nigricapillus) 387
Baya Weavers (Ploceus philippinus) 433, 433
Bay-breasted Warblers (Setophaga castanea) 

40, 41, 89, 563
BBS (North American Breeding Bird Survey) 29
beaks 222, 222

foraging and 310–1, 312, 313
Bearded Reedlings (Panurus biarmicus) 82
Bearded Vultures (Gypaetus barbatus) 317, 

318, 603
beauty of birds 4
bee-eaters 64, 76, 311

fossils 62
bees 309
beetle grubs 310
begging calls 385, 401
behavioral ecology, foundational studies in 

334
behavioral isolation 107
behaviors, identifying birds 8
Bell Miners (Manorina melanophrys) 363, 

363, 561
bellbirds 80

see also individual species
Bering Strait 498
Bermuda Petrels (Pterodroma cahow) 584
Bernieridae (family) 82
berrypeckers 80, 81

best practices in birding 18–9
beta diversity 546, 547
beta-keratin 169
bet-hedging strategies 512
Bewick’s Wrens (Thryomanes bewickii) 412
Bicknell’s Thrushes (Catharus bicknelli) 437
Bicolored Antbirds (Gymnopithys bicolor) 325
bilateral gynandromorphs 124
bile 245, 246
bile ducts 246, 246
biliverdin 156, 157
bills 222, 222, 223, 224, 312, 313

capture/extraction foraging strategies 311, 
314

binocular vision 254, 256
binoculars 11–2, 12, 13
binomial name 42, 43
biodiversity hotspots 588

protecting 616
biofilms 312
biogeographic realms 42, 66, 67, 67
biological clocks, migration timing and 491
Biological Dynamics of Forest Fragments 

Project 588
biological species concept 46
biomechanics of flight 183–4
biotic environment, life histories and 510
biotic factors 528, 528, 529
biparental care 347
bird brain 288, 289
bird communities 543–4

bird movements affecting 553–4
boreal forest songbirds 563
competition experiments 562, 564
complex interactions in 567–71
defining 544
density inflation 567–8
ecological drift in 554–6
ecological forces in 556–67
ecological release 562
elevational zonation 560
environmental filtering 557, 560
facilitation 564–6
food chains 569–71
food webs 569–71
heterospecific attraction 566
interplay of two types of selection 558
interspecific competition 559, 561
island biogeography theory 568–9
measures of diversity in 543–7, 549
metacommunities as networks 553
predation 566–7
speciation and niche evolution shaping 

550–3
three processes shaping 549–56
tropic cascades 569–71

bird conservation see conservation
Bird Directive of the European Union 577
bird feeders 15, 15–6, 16
bird movements see movements of birds
bird walks, levels of diversity of 547
BirdCast project 498
birding

see also techniques and tools for birding
ethics 18–9, 19
Merlin Bird ID app 13, 14
techniques and tools 11–28
with young people and newcomers 620

BirdLife International 577, 619
Birds Directive (EU) 577
bird-singing competitions 592
birds-of-paradise 66, 67, 81, 94, 114, 333

extreme plumage of 341
birdsong, neural basis of 289
birdwatching

participatory science and 618
recreational 615

Bismarck Archipelago 555, 556, 567
bitter taste receptors 294
bitterns 75
Biziura lobata (Musk Ducks) 415
Black chokeberries (Aronia melanocarpa)  

278
Black Coucals (Centropus grillii) 357
Black Grouse (Lyrurus tetrix) 160, 338, 

338, 340, 356
Black Herons (Egretta ardesiaca) 301
Black Jacobins (Florisuga fusca) 292
Black Kites (Milvus migrans) 305, 474
Black Robins (Petroica traversi) 365, 609, 

610, 610
Black Skimmers (Rynchops niger) 187, 300, 

301
Black Stilts (Himantopus novaezelandiae)  

611
Black Swifts (Cypseloides niger) 193
Black Vultures (Coragyps aura) 183
Black Wheatears (Oenanthe leucura) 343, 

343
Black-and-white Becards (Pachyramphus 

albogriseus) 408, 409
Black-and-white Warblers (Mniotilta varia) 

89, 473
Black-bellied Plovers (Pluvialis squatarola) 44
Black-bellied Seedcrackers (Pyrenestes ostri-

nus) 319
Black-billed Cuckoo-Doves (Macropygia 

nigrirostris) 555
Black-billed Cuckoos (Coccyzus erythrop-

thalmus) 218, 261
Black-billed Magpies (Pica hudsonia) 197, 

202
Black-billed Streamertails (Trochilus scitulus) 

110
blackbirds 66, 86

see also individual species
Black-browed Albatross (Thalassarche mela-

nophris) 521
Blackburnian Warblers (Setophaga fusca) 

480, 496, 563
Black-capped Chickadees (Poecile atricapil-

lus) 68–9, 118, 289, 342, 380, 380, 
384, 391, 393, 400, 517

Black-capped Donacobius (Donacobius atri-
capilla) 82

Black-crowned Night Herons (Nycticorax 
nycticorax) 68

Black-headed Grosbeaks (Pheucticus mela-
nocephalus) 544

Black-headed Gulls (Chroicocephalus ridi-
bundus) 345

Black-headed Nightingale-Thrushes (Catha-
rus mexicanus) 560

Black-legged Kittiwakes (Rissa tridactyla) 
455, 477, 512

Black-necked Cranes (Grus nigricollis) 576



Index           ﻿653

Black-necked Red-Cotingas (Phoenicircus 
nigricollis) 161, 162

Black-necked Stilts (Himantopus mexicanus) 
450

Black-nest Swiftlets (Aerodramus maximus) 
292

Blackpoll Warblers (Setophaga striata) 279, 
279, 471

Black-spotted Bare-eyes (Phlegopsis nigro-
maculata) 547

Black-tailed Gnatcatchers (Polioptila melan-
ura) 272

breeding nests of 272
Black-tailed Godwits (Limosa limosa) 474, 

535, 535, 557
Black-throated Blue Warblers (Setophaga 

caerulescens) 328, 349, 423, 473, 477, 
497, 538, 538

Black-throated Finches (Poephila cincta) 
478, 479

Black-throated Green Warblers (Setophaga 
virens) 4, 160, 161, 563

blastoderm 441
blood 250–1
Blood Pheasants (Ithaginis cruentus) 453
blood pressure 265
blood vessels 222, 232, 234, 251–2
Blue Birds-of-Paradise (Paradisaea rudolphi) 

354
Blue Jays (Cyanocitta cristata) 183, 307, 

307, 322, 379, 387, 388, 521
Blue Tits (Cyanistes caeruleus) 282, 307
Blue-and-black Tanagers (Tangara vassorii) 

560
Blue-and-yellow Macaws (Ara ararauna) 

218, 261, 460
Blue-billed White-Terns (Gygis candida) 429
bluebirds see individual species
Blue-capped Cordonbleus (Uraeginthus 

cyanocephalus) 390
Blue-capped Ifritas (Ifrita kowaldi) 81, 148, 

149
Blue-footed Boobies (Sula nebouxii) 160, 

282, 438, 452
Blue-headed Vireos (Vireo solitarius) 431
Blue-necked Tanagers (Tangara cyanicollis) 

560
Blue-tailed Emeralds (Chlorostilbon mellisu-

gus) 275
Blue-throated Macaws (Ara glaucogularis) 

532, 532
Blue-throated Mountain-gems (Lampornis 

clemenciae) 292
Bluethroats (Luscinia svecica) 98, 349
Blue-winged Pittas (Pitta moluccensis) 164
Blue-winged Warblers (Vermivora cyanop-

tera) 119, 119
boatbills 79
Bobolinks (Dolichonyx oryzivorus) 175, 

431, 473, 596
body down 144, 144
body lift effects 194
body mass and water balance 265
body sizes 512–3

intermittent flight energy-saving strategies 
200–2

power available from the flight muscles 
199, 199–200, 200

soaring flight energy-saving strategies 202, 
205

body temperature 528
see also thermoregulation

Bogor Botanical Gardens 587
Bolinas Lagoon, USA 531
Bombay Natural History Society 602
Bombycilla cedrorum (Cedar Waxwings) 

102, 155, 156, 486
Bombycillidae (family) 66, 83
Bombycilloidea (superfamily) 66
Bonaparte’s Gulls (Chroicocephalus philadel-

phia) 326
Bonasa umbellus (Ruffed Grouse) 225, 389
bone specialization 317, 318
bones

apneumatic 221
backbone 224
dentary 221–2
internal structure of 220
jaw 222
pneumatic 220, 220, 221

boobies 74, 301
see also individual species

Bornean Bristleheads (Pityriasis gymnoceph-
ala) 80

Bornean Crested Firebacks (Lophura ignita) 
218, 261

Botaurus lentiginosus (American Bitterns) 92
Botaurus stellaris (Eurasian Bitterns) 31
bottom-up effects 570, 571
bowerbirds 65, 67, 79, 336–7, 337
Brachypteraciidae (family) 76
Bradypterus barratti (Barratt’s Warblers) 482
brain 221, 252, 253, 253

caching and 316
vision and 256

brain physiology 288–9
brain weight 288
Bramblings (Fringilla montifringilla) 497
branched feather form generation 167–8
branches (phylogeny) 49
Brandt’s Cormorants (Urile penicillatus) 

218, 261
Branta canadensis (Canada Goose) 26, 183, 

313, 459, 499
Branta leucopsis (Barnacle Goose) 499
Branta ruficollis (Red-breasted Goose) 565
Brazilian Teals (Amazonetta brasiliensis) 154
breathing cycles 239–40, 240
breeding 3, 422–67

altricial chicks 456–7
attentiveness in 453
brood parasitism 463–7
captive 607
colonial 359
communal 366, 370, 370–1
comparison of cooperative systems 366
cooperative 362, 362–5, 368–9
eggs and clutches 440–9
endocrine system seasonal 285–6
food abundance and 426
hatching 455–6
incubation and hatching 449–56
itinerant 428
landscapes of fear and 324
latitudinal variation 449
location 424–8

migration and 478
nestlings and fledglings 456–63
nests and nest building 428–40
patterns of attentiveness 453
plural 366, 368–9, 368–70, 369
precocial chicks 456–7
prospecting for new breeding sites 477
singular 365, 365–6, 366, 368
testosterone levels and 285
timing 424–8
when birds breed 424

breeding associations 359–60
Breeding Bird Survey (BBS) 29
breeding dispersal 474, 474
breeding sites 473
Brewer’s Blackbirds (Euphagus cyanocepha-

lus) 255
Brewster’s Warblers (hybrid) 119, 119
bridgehead populations 475
bright orange beaks 342
bristlebirds 79
bristles 138, 144, 144–6, 146
broadbills 51, 65, 78
broad-front migration 489, 489
Broad-tailed Hummingbirds (Selasphorus 

platycercus) 159
bronchi 237, 238, 239
Bronzed Cowbirds (Molothrus aeneus) 255
brood parasitism 110, 111, 463, 463–7, 465

aggression against 464
coevolutionary arms race 466, 466–7
host defenses against 465–6

brood patches 450, 450–1, 451
brood reduction 451, 524, 524

in boobies 452
brood sizes 512
brooding 450–1, 451
Brotogeris chrysoptera (Golden-winged 

Parakeets) 224
Brown Boobies (Sula leucogaster) 450
Brown Boobooks (Ninox scutulata) 444
Brown Creepers (Certhia americana) 328
Brown Noddies (Anous stolidus) 519
Brown Pelicans (Pelecanus occidentalis) 241
Brown Skuas (Stercorarius antarcticus) 337
Brown Thornbills (Acanthiza pusilla) 388
Brown Thrashers (Toxostoma rufum) 102, 

168, 384, 386, 404, 410, 596
Brown-headed Cowbirds (Molothrus ater) 

397, 411, 465, 467
Brownish Twistwings (Cnipodectes subbrun-

neus) 551–2, 552
Brushturkey mound 434
Bubo scandiacus (Snowy Owls) 146, 147, 

448, 481, 565
Bubo virginianus (Great Horned Owls) 155, 

439, 576
Bubulcus ibis (Cattle Egrets) 476, 564
Bucanetes githagineus (Trumpeter Finches) 557
Bucconidae (family) 77
Bucerotidae (family) 76
Bucerotiformes (order) 76
Budgerigars (Melopsittacus undulatus) 98, 

153, 160, 161, 202, 275, 414
Buff-breasted Sandpipers (Calidris subrufi-

collis) 490
Buff-rumped Thornbills (Acanthiza reguloi-

des) 401
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building collisions 495
building surfaces, navigation and 495
bulbuls 66, 83
Bull-headed Shrikes (Lanius bucephalus) 316
Bullock’s Orioles (Icterus bullockii) 46,  

116, 118
Bulwer’s Petrels (Bulweria bulwerii) 346
Bumpus, Hermon 92
buntings see individual species
Buphagidae (family) 84
Burhinidae (family) 72
burrow nest 435
Burrowing Owls (Athene cunicularia) 19, 

179, 306, 403, 451
Burrowing Parakeets (Cyanoliseus patago-

nus) 600
bursa of Fabricius 250, 250, 281
bush warblers 66, 83
bushshrikes 66, 80
bustards 64
butcherbirds 80, 81, 315
Buteo galapagoensis (Galapagos Hawks) 

169, 356, 356–7, 370, 498, 500
Buteo jamaicensis (Red-tailed Hawks) 23, 

218, 241, 261, 399
Buteo regalis (Ferruginous Hawks) 484
Buteo solitarius (Hawaiian Hawks) 609
Buteo swainsoni (Swainson’s Hawks) 305, 

488, 570
Butorides virescens (Green Herons) 306, 306
butterflies 308
buttonquails 73

C
Cacatua galerita (Sulpher-crested Cockatoos) 

542, 543
Cacatuidae (family) 67, 77
caching 311, 311, 314–6
Cacicus cela (Yellow-rumped Caciques) 428
Cactus Wrens (Campylorhynchus brunneica-

pillus) 433
calamus 139, 139, 140, 143
Calcariidae (family) 85
Calcarius lapponicus (Lapland Longspurs) 

287
Calcarius pictus (Smith’s Longspurs) 359
calcium (Ca) 221, 265
Calidris alba (Sanderlings) 311, 551
Calidris alpina (Dunlins) 310, 312, 531
Calidris canutus (Red Knots) 488, 497
Calidris ferruginea (Curlew Sandpipers) 490
Calidris mauri (Western Sandpipers) 310, 

312, 490, 497
Calidris melanotos (Pectoral Sandpipers) 428
Calidris minutilla (Least Sandpipers) 312

egg shape of 444
Calidris pugnax (Ruffs) 94, 121, 354
Calidris pusilla (Semipalmated Sandpipers) 

351, 470–1, 551
Calidris pygmaea (Spoon-billed Sandpipers) 

490
Calidris subruficollis (Buff-breasted Sandpip-

ers) 490
California, USA 520, 529, 531
California Condors (Gymnogyps california-

nus) 199, 460, 533, 608, 608, 609
California Gnatcatchers (Polioptila califor-

nica) 598, 599

California Gulls (Larus californicus) 616
California Quails (Callipepla californica) 245
California Towhees (Melozone crissalis) 387, 

388
Callaeas wilsoni (North Island Kokakos) 81
Callaeidae (family) 81
Calliope Hummingbirds 265
Callipepla californica (California Quails) 245
Callipepla gambelii (Gambel’s Quails) 172, 

265
calls 377, 384–6
Calonectris diomedea (Cory’s Shearwaters) 

494, 495
Calypte anna (Anna’s Hummingbirds) 207, 

414, 448, 596
Calypte costae (Costa’s Hummingbirds) 414
Calyptomenidae (family) 78
Calyptophilidae (family) 86
Calyptura cristata (Kinglet Calypturas) 584
Camarhynchus pallidus (Woodpecker 

Finches) 309, 309
Camarhynchus pauper (Medium Tree-

Finches) 393
camber 189, 189
Cambodia 531
cameras 11–2
camouflage 146–8

adaptations for 92
Campbell Island 605
Campephagidae (family) 79
Campephilus imperialis (Imperial Wood-

peckers) 320, 583
Campephilus principalis (Ivory-billed Wood-

peckers) 320
Campo Flickers (Colaptes campestris) 311
Campo Troupials (Icterus jamacaii) 152, 154
Camptorhynchus labradorius (Labrador 

Ducks) 581, 621
Campylorhynchus brunneicapillus (Cactus 

Wrens) 433
Campylorhynchus capistratus (Rufous-

backed Wrens) 565
Campylorhynchus fasciatus (Fasciated 

Wrens) 387, 387
Canachites canadensis (Spruce Grouse) 245
Canada 528
Canada Geese (Branta canadensis) 26, 183, 

313, 459, 499
Canada Jays (Perisoreus canadensis) 315
Canadian Wildlife Service 29
“canary in the coal mine” 616
Canary Islands 215, 512
Canebrake Wrens (Cantorchilus zeledoni) 387
Canirallus (genera) 72
Cantorchilus nigricapillus (Bay Wrens) 387
Cantorchilus zeledoni (Canebrake Wrens) 387
Canvasbacks (Aythya valisineria) 255, 464
Cape Cormorants (Phalacrocorax capensis) 

532
Cape May Warblers (Setophaga tigrina) 89, 

141, 563
capillaries 251, 252

air 238
Capitonidae (family) 77
Capricorn Silvereyes (Zosterops lateralis 

chlorocephalus), 109
Caprimulgidae (family) 75
Caprimulgiformes (order) 64, 75, 114

Caprimulgimorphae (family) 75
Caprimulgus longipennis (Standard-winged 

Nightjars) 100, 100
captive breeding 607
captive rearing 606, 609
captivity nests 435
capture, foraging and 307–10
Capuchino seedeaters 112, 113
caracaras 77, 302
carbohydrates, in diet 277
carbon monoxide 616
Cardellina versicolor (Pink-headed  

Warblers) 89
cardiac muscle (heart) 234, 251
Cardinalidae (family) 66, 86
Cardinalis cardinalis (Northern Cardinals) 124, 

152, 176, 391, 391, 455, 567–8, 596
Cardinalis sinuatus (Pyrrhuloxias) 309
cardinals 66, 86
care and maintenance of feathers 171–3

see also preening
Cariamidae (family) 77
Cariamiformes (order) 64, 77
Caribbean see individual countries
Caribbean Songbirds Initiative 592
carina 226, 226
carnivores 300
Carola’s Parotias (Parotia carolae) 161, 162
Carolina Chickadees (Poecile carolinensis) 

68–9, 118
Carolina Parakeets (Conuropsis carolinensis) 

582, 582
Carolina Wrens (Thryothorus ludovicianus) 

557
carotenoids 134–5, 154, 155, 155, 156, 

160, 161, 162
carotid arteries 251
Carpentarian Grasswrens (Amytornis doro-

theae) 4
Carpodacus (genus) 129
carpometacarpus 229
Carrion Crows (Corvus corone) 118
carrying capacity (K) 525, 525
carryover effect 528, 528
cartilage 221
Cassin’s Finches (Haemorhous cassinii) 9
cassowaries 70, 226
Casuariidae (order) 70
Casuariiformes (order) 70
catbirds (genus Ailuroedus) 336

see also individual species
Cathartes aura (Turkey Vultures) 183, 203, 

209, 210, 241, 258, 293
Cathartidae (family) 75–6
Cathartiformes (order) 75–6
Catharus aurantiirostris (Orange-billed 

Nightingale-Thrushes) 560
Catharus bicknelli (Bicknell’s Thrushes) 437
Catharus guttatus (Hermit Thrush) 377
Catharus mexicanus (Black-headed 

Nightingale-Thrushes) 560
Catharus ustulatus (Swainson’s Thrushes) 

484, 500, 501
cats, bird deaths and 617
Cattle Egrets (Bubulcus ibis) 476, 564
caudal vertebrae 224, 225, 227
cavity adopters 435
cavity nests 427, 430, 435–6
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ceca 245–6, 247
Cedar Waxwings (Bombycilla cedrorum) 

102, 155, 156, 486
celestial navigation 492–3
cellular respiration 264
Central America 482

see also individual countries
central fovea 256, 257
central nervous system (CNS) 252, 252–3, 253
central place foraging 305, 305
Centrocercus urophasianus (Greater Sage-

Grouse) 243, 279
Centronyx henslowii (Henslow’s Sparrows) 

529, 529
Centropus grillii (Black Coucals) 357
Centropus superciliosus (White-browed 

Coucals) 357
Cephalopterus penduliger (Long-wattled 

Umbrellabirds) 102, 103
Ceratopipra mentalis (Red-capped Mana-

kins) 275
body temperature of 275

cere 235, 235
cerebellum 253, 253
Certhia americana (Brown Creepers) 328
Certhidea (genus) 128
Certhiidae (family) 66, 84
Certhioidea (superfamily) 66
Cerulean Warblers (Setophaga cerulea) 89, 

458, 471, 620
cervical vertebrae 224–5, 225
Ceryle rudis (Pied Kingfishers) 183, 300
Cettiidae (family) 66, 83
Chaetopidae (family) 81
Chaetops (genus) 51
Chaetura pelagica (Chimney Swifts) 243, 498
chain migration 486, 486
chalazae 441
Chalcites basalis (Horsfield’s Bronze-

Cuckoos) 401, 465, 466
Chamaea fasciata (Wrentits) 479
character (traits) 50
character displacement 127
Charadriidae (family) 73
Charadriiformes (order) 64, 72–3
Charadrius hiaticula (Common Ringed Plo-

vers) 485
Charadrius melodus (Piping Plovers) 26, 

599, 611
Charadrius semipalmatus (Semipalmated 

Plovers) 312
Charadrius vociferus (Killdeer) 147, 446, 462
Chatham Albatross (Thalassarche eremita) 

144
chats 66
chat-tanagers 86
checkerboard pattern, of species distribution 

555
chemical reception 258
Chestnut Antpittas (Grallaria blakei) 44
Chestnut-backed Antbirds (Poliocrania  

exsul) 472
Chestnut-backed Thornbirds (Phacellodo-

mus dorsalis) 440
Chestnut-bellied Seed-Finches (Sporophila 

angolensis) 592
Chestnut-crowned Babblers (Pomatostomus 

ruficeps) 363, 416, 416

chick-a-dee call 383
chickadees 51, 66, 67, 68–9, 82, 314, 316, 

521
see also individual species

chickens 79, 98, 120, 229, 235, 248, 268, 
277, 439, 443, 456

head-bobbing behaviors 256
leg spurs 229, 229

Chile 478, 483, 489
Chimney Swifts (Chaetura pelagica) 243, 498
China 168, 169
Chinese Blackbirds (Turdus mandarinus) 388
Chionidae (family) 72
Chionis albus (Snowy Sheathbills) 304
Chlamydera maculata (Spotted Bowerbirds) 

337
Chlamydera nuchalis (Great Bowerbirds) 

336, 337
Chlamydotis undulata (African Houbaras) 

512, 532
Chloebia gouldiae (Gouldian Finches) 104, 

122
Chloephaga picta (Upland Geese) 459
Chloridops kona (Kona Grosbeaks) 318, 

318, 621
Chloris chloris (European Greenfinches) 248
Chlorophanes spiza (Green Honeycreepers) 

124
chlorophonias 85
Chloropseidae (family) 66, 85
Chlorospingus (genus) 86
Chlorostilbon mellisugus (Blue-tailed  

Emeralds) 275
choana, nostrils 236
Chondrohierax uncinatus (Hook-billed 

Kites) 218, 261, 309, 319
Chopi Blackbirds (Gnorimopsar chopi) 413
chorioallantoic membrane 443
choroid 257
choruses 386, 386–7
Chowchillas (Orthonyx spaldingii) 478, 480
Chroicocephalus philadelphia (Bonaparte’s 

Gulls) 326
Chroicocephalus ridibundus (Black-headed 

Gulls) 345
chromosomes 104, 115, 120, 120–3, 122–4
Chrysococcyx cupreus (African Emerald 

Cuckoos) 161, 162
Chukars (Alectoris chukar) 213
Cicinnurus regius (King Birds-of-Paradise) 

341, 592
Ciconia ciconia (White Storks) 245, 501
Ciconiidae (family) 74
Ciconiiformes (order) 74
ciliary body 257
ciliary muscle 256
Cincinnati Zoo (USA) 576
Cinclidae (family) 84
Cinclosomatidae (family) 79
Cinclus cinclus (White-throated Dippers) 397
Cinclus mexicanus (American Dippers) 430
circadian clock 492
circadian rhythm hypothesis 274
circle migration 484
circulatory system 250–2, 251
Circus cyaneus (Hen Harriers) 218, 261
Circus hudsonius (Northern Harriers)  

298–9, 458

Cisticolidae (family) 82
Cistothorus palustris (Marsh Wrens) 175, 405
CITES (Convention on International Trade 

in Endangered Species of Wild Fauna 
and Flora) 577–8, 578, 592

clades 41, 42
see also specific clades by name

Clark’s Nutcrackers (Nucifraga columbiana) 
253, 289, 315, 315, 599, 616

classification of birds
see also species; specific orders and fami-

lies by name
avian classification, generally 39–42, 40, 41
defining and delimiting species 45–6
English and local names 44–5
naming bird species 42–4
new birds 43
species concepts 46–7

clavicle bones 227
claws 229, 232, 233

wing 229
clay licks 304, 304
Clements, Frederick 544
Cliff Swallows (Petrochelidon pyrrhonota) 

94, 360, 360, 439
Climacteridae (family) 79
climate 529, 529

life histories and 510
molts and 179

climate change 594
history 498
migration and 497
as threat 593–6
tipping points 594–6
trophic mismatches from 425

cloaca 245–6, 246, 247, 247, 248, 249, 267
cross section of 268
water and salt balance 267–8

“cloacal kiss” 249
cloacal phallus 249
cloacal protuberance 248, 248
clock-shifting experiments 492
Club-winged Manakins (Machaeropterus 

deliciosus) 150
clutch sizes 510, 511, 512, 512, 514–7, 

515, 516
food 516
habitat productivity and 516, 516
latitudinal gradients 515, 515
life history and 514–7
predation risk 516, 517, 517

clutches 440, 440–9
size flexibility 448
size variation 447–9

Cnemial crest 230
Cnemophilidae (family) 81
Cnipodectes subbrunneus (Brownish Twist-

wings) 551–2, 552
Cnipodectes superrufus (Rufous Twistwings) 

551, 552
Coal Tits (Periparus ater) 564
Coccyzus americanus (Yellow-billed Cuck-

oos) 618
Coccyzus erythropthalmus (Black-billed 

Cuckoos) 218, 261
Cocha Cashu Biological Station 548
cockatoos 67, 77

see also individual species



﻿656           Index

Cocos Finches (Pinaroloxias inornata) 319, 
320

Cocos Island 319
Coereba flaveola (Bananaquits) 566, 567
coevolutionary arms race 466, 466–7
cognition 288–95
coherent scattering 157
Colaptes auratus (Northern Flickers) 21, 

449, 471, 515, 515
Colaptes campestris (Campo Flickers) 311
cold, thermoregulation and handling 272–3
Colibri thalassinus (Mexican Violetears) 414
colic ceca 246, 246
Coliidae (family) 76
Coliiformes (order) 69, 76
Colinus virginianus (Northern Bobwhites) 

453, 454, 523
Collared Aracaris (Pteroglossus torquatus) 16
Collared Flycatchers (Ficedula albicollis) 

93–4, 94, 115, 477
Collared Sparrowhawks (Tachyspiza cirro-

cephala) 130, 400
Collocalia esculenta (Glossy Swiftlets) 243
Coloeus monedula (Eurasian Jackdaws) 89, 

346, 347
Colombian Grebes (Podiceps andinus) 583
colon 247
colonial breeding, at extreme densities 359
colonial nesting 426, 427, 428
colonial seabirds 30
colonization 474–5, 477

speciation 108–9
colony-based reproductive monitoring 32
color spaces 153
color vision 152, 256, 257
colors

bright orange beaks 342
feathers and plumage in general 135–80
iris 255
layering 163, 164
mating and variation of 339, 340
perception and production 151–5, 153, 

157–63
pigmentary 153–4, 154, 156, 157
printing 162
production in feathers 152
structural 152, 152, 154, 157–8

Columba livia (Rock Pigeons) 96, 97, 98, 
189, 197, 197, 235, 253, 271, 280, 
292, 475, 492, 509, 552

Columbaves (clade) 64
Columbidae (family) 72
Columbiformes (order) 64, 72
combinatorial speciation 112, 113
commensalism 564, 564–6
Common Chaffinches (Fringilla coelebs) 176, 

384, 385, 497, 527
Common Chiffchaffs (Phylloscopus colly-

bita) 488
Common Cuckoos (Cuculus canorus) 121, 

444, 446, 465, 465, 466, 484
Common Eiders (Somateria mollissima) 144, 

174, 282, 323
Common Grackles (Quiscalus quiscula) 141
Common Gulls (Larus canus) 174
Common Hill Mynas (Gracula religiosa) 410
Common Hoopoes (Upupa epops) 89, 148
Common Kingfishers (Alcedo atthis) 135, 135

Common Loons (Gavia immer) 41, 105, 
348, 348, 382

Common Mergansers (Mergus merganser) 
41

Common Murres (Uria aalge) 445, 594
Common Mynas (Acridotheres tristis) 475, 

477, 477
Common Nightingales (Luscinia megarhyn-

chos) 384, 386, 404, 406, 487
Common Ostriches (Struthio camelus) 41, 

226, 230, 231, 253, 264, 275–6, 371, 
439, 444, 459, 528, 579

daily water budget for 264
large intestine of 245

Common Pauraques (Nyctidromus albicollis) 
147, 233

Common Poorwills (Phalaenoptilus nuttallii) 
274

torpor 274
Common Quails (Coturnix coturnix) 482
Common Ravens (Corvus corax) 81, 302, 

326
Common Redshanks (Tringa totanus) 361, 

361
Common Reed Warblers (Acrocephalus  

scirpaceus) 466, 488, 494
Common Ringed Plovers (Charadrius hiat-

icula) 485
Common Swifts (Apus apus) 187, 192, 193, 

243, 486
Common Tailorbirds (Orthotomus sutorius) 

438
Common Terns (Sterna hirundo) 594
Common Yellowthroats (Geothlypis trichas) 

496
communal breeding 366
communal singing 386–7
communication see acoustics; song; 

vocalization
community 543, 543–71

see also specific topics and terms
compass step 489
competition 392–4
competition experiments 562, 564
competitive dominance 561
competitive exclusion principle 555
competitive release, density inflation under 

568
complex interactions 567–71

density inflation 567–8
food chains 569–71
food webs 569–71
island biogeography theory 568–9
tropic cascades 569–71

complex polyandry 358
composition 545
condition-dependent signaling 102
condors 184, 186, 186, 199
conductive heat exchange 270
cones, eyes 152, 256
Confuciusornis (genus) 59, 61
Confuciusornis sanctus fossils 170
connected communities 553
Conopophagidae (family) 78
conservation 575–621

adaptive management 614
captive rearing and reintroduction 606–9
eliminating introduced mammals 604–6

extinctions 579–84
five steps to successful 578
genetic rescue 610–1
habitat management and restoration 611–3
history of bird 576–9
major threats to bird populations 584–97
origins and development of 576–8
setting priorities 598
solutions and successes 597–614
success, Great Egrets 574, 575
translocation 609–11
utilitarian role of priorities 601

conservation biology 578–9
conservation easement 613
Conservation India 605
conservation organizations, contributing to 

620–1
conservation projects 617–21
conservation-reliant species 611, 611
constructive interference 158
consumer choices 620
consumption

see also food
foraging and 307–10

contact calls 385, 402
contamination 592
contour feathers 138, 140, 140–1
Conuropsis carolinensis (Carolina Parakeets) 

582, 582
convective heat exchange 270
Convention on International Trade in En-

dangered Species of Wild Fauna and 
Flora (CITES) 577–8, 578, 592

Convention on Nature Protection and Wild-
life Preservation in the Western 
Hemisphere (1940) 577

convergent evolution 127, 129, 129–30, 130
cooperative breeding 362, 362–5, 368–9

ecological drivers of 364–5
fitness logic of helping behaviors 362–4
singular breeding 365–6, 368

cooperative hunting 327
Cooper’s Hawks (Astur cooperii) 141, 323
coordinated vocal signaling 399
Copper River Delta, Alaska 488
Copsychus malabaricus (White-rumped 

Shamas) 592
copulation 249–50

extrapair 345
copulation-solicitation displays 397
Coraciidae (family) 76
Coraciiformes (order) 64, 76–7
coracoids 227
Coragyps aura (Black Vultures) 183
Corapipo altera (White-ruffed Manakins) 523
Corcoracidae (family) 81
Corcorax melanorhamphos (White-winged 

Choughs) 81, 400, 431
cormorants 64, 74, 135, 141, 311
cornea 256, 257
Cornell Lab of Ornithology 13, 16–7, 70, 618 

See also eBird, Merlin Bird ID app
Corthylio calendula (Ruby-crowned King-

lets) 9
corticosterone 283

extreme weather and 288
holding birds triggering release of 287

Corvidae (family) 51, 66, 81
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Corvides (clade) 65–6
corvids 51, 315, 346, 347, 406
Corvus brachyrhynchos (American Crows) 

173, 203, 223, 258, 315, 322, 323, 
364, 458, 533

Corvus corax (Common Ravens) 81,  
302, 326

Corvus cornix (Hooded Crows) 118
Corvus corone (Carrion Crows) 118
Corvus crassirostris (Thick-billed Ravens) 

271
Corvus hawaiiensis (Hawaiian Crows)  

608, 609
Corvus moneduloides (New Caledonian 

Crows) 310, 310
Cory’s Shearwaters (Calonectris diomedea) 

494, 495
Costa Rica 532, 534
Costa’s Hummingbirds (Calypte costae) 414
Cotinga maynana (Plum-throated Cotingas) 

159
cotingas 65, 78
Cotingidae (family) 65, 78
Coturnix coturnix (Common Quails) 482
countercurrent heat exchange 273
countershading 147, 147
coursers 73
courtship coordination 397, 399
courtship delays 341
courtship feeding 98, 99–100, 102, 342
coverts 134–5, 140, 140
cowbirds 86

see also individual species
vocal learning in 411

Crab-Plovers (Dromas ardeola) 73
Cracidae (family) 71
Cracticus torquatus (Gray Butcherbirds) 396
Crane Foundation 607
cranes 64, 72
cranial kinesis 223, 223
cranial nerves 253–4
cranium 221, 222, 223
Craveri’s Murrelets (Synthliboramphus 

craveri) 459
creches 459
Crescent-chested Warblers (Oreothlypis 

superciliosa) 89
crescentchests 78
Crested Auklets (Aethia cristatella) 293
Crested Bellbirds (Oreoica gutturalis) 80
crested berrypeckers 80
Crested Jayshrikes (Platylophus galericula-

tus) 81
Crested Larks (Galerida cristata) 559
Crested Oropendolas (Psarocolius decuma-

nus) 218, 261
Crested Pigeons (Ocyphaps lophotes) 149, 

389
Crested Tits (Lophophanes cristatus) 315, 566
Crested Treeswifts (Hemiprocne coronata) 432
Cretaceous birds 58–9, 268

fossils 60–1
Gondwana breakup 63
major groups of 59
reconstructions of 59

Cretaceous Period 58
Cretaceous–Paleogene (K–Pg) boundary 

event 60, 60, 61

critical period 409
critically endangered species 578, 580, 584
crop 242, 243–4, 246
crop milk 242, 243, 462
crossbills 314

see also individual species
interactions of 558

cross-foster 608, 609
cross-pollination 302
Crotophaga major (Greater Anis) 447

eggs of 447
crown group, modern birds 60
crows 51, 66, 81

see also individual species
crypsis 146–8
Cryptic Becards (Pachyramphus salvini)  

408, 409
cryptic plumage 147
cryptochromes 294
crystallized song 289
CT scanning 23
Cuba 215
Cuban Trogons (Priotelus temnurus) 134–5
Cuckoo-rollers (Leptosomus discolor) 76
cuckoos 64, 71

see also individual species
cuckooshrikes 79
Cuculidae (family) 71
Cuculiformes (order) 64, 71
Cuculus canorus (Common Cuckoos) 121, 

444, 446, 465, 465, 466, 484
Cuculus optatus (Oriental cuckoos) 121
cup nests 431, 431, 438

variations 432
cupwings 82
curassows 235
Curlew Sandpipers (Calidris ferruginea) 490
Curruca nisoria (Barred Warblers) 218, 261
cursorial 212, 213
curves, accumulation 546
cussing birds 415
Cut-throats (Amadina fasciata) 161, 162
Cyanerpes caeruleus (Purple Honeycreepers) 

302
Cyanistes caeruleus (Eurasian Blue Tits) 30, 

101, 103, 282, 291, 293, 307, 335, 
337, 343, 378, 404, 416, 484, 559

Cyanocitta cristata (Blue Jays) 183, 307, 
307, 322, 379, 387, 388, 521

Cyanocitta stelleri (Steller’s Jays) 388
Cyanoliseus patagonus (Burrowing Para-

keets) 600
Cyanolyca nanus (Dwarf Jays) 81
Cyanopsitta spixii (Spix’s Macaws) 583
Cygnus buccinator (Trumpeter Swans) 237
Cygnus cygnus (Whooper Swans) 455
Cyphorhinus phaeocephalus (Song Wrens) 565
Cypseloides niger (Black Swifts) 193
Cypsiurus parvus (African Palm Swifts) 431, 

432

D
Dacelo rex (Shovel-billed Kookaburras) 304, 

304
daily energy budget 276, 277
daily water intake 266
Dalmatian Pelicans (Pelecanus crispus) 280, 

280

dance choreography, in Superb Lyrebird 397
Daphne Major Island 94, 95–6, 112, 127
Dapple-throats (Arcanator orostruthus) 84
Dark-eyed Juncos (Junco hyemalis) 125, 125
Dark-throated Seedeaters (Sporophila rufi-

collis) 113
Darwin, Charles 91, 97–8, 319, 333, 334–5

male mate choice 338
Darwin’s finches, natural selection in 90, 94, 

95–6, 112, 128, 128
Dasyornithidae (family) 79
dawn chorus 378
dear enemy effect 394
deception 403
deceptive alarm calls 329
deep torpor 273–4
definitive plumages 174, 174
dehydration 271
Delaware Bay, USA 488
delayed plumage maturation 151, 151, 523, 

523
Delichon urbicum (Western House-Martins) 

202
delimitation, species 45–6
demography 509, 521, 521
Dendragapus obscurus (Dusky Grouse) 245
Dendrocincla fuliginosa (Plain-brown Wood-

creepers) 325
Dendrocopos leucotos (White-backed Wood-

peckers) 151
Dendrocygninae (genus) 114
density dependence 525, 525
density inflation 567, 567–8

under competitive release 568
density-dependent ecological selection 559
density-independent factors 526, 526
dentary bones 221–2
depression, inbreeding 365
dermal core 167
dermis 165
desert birds

metabolism of 272
water-limitations of 265

Desert Larks (Ammomanes deserti) 263
Desert Sparrows (Passer simplex) 43
destructive interference 158
determinate layer 448, 449
dialects 408, 408
Dicaeidae (family) 85
Dicaeum hirundinaceum (Mistletoebirds) 432
diclofenac 602
Dicruridae (family) 81
Dicrurus adsimilis (Fork-tailed Drongos) 329
Dicrurus paradiseus (Greater Racket-tailed 

Drongos) 403
diet

water balance and 265–6
wild fruit 278

diet categorization 300, 302
diet specialization 316, 317

trade-offs in 318–9
dietary requirements 277–8
differential introgression 116
digestion 242–6, 275–9

of plant fiber 278–9
digestive system 242, 242–6, 243, 244, 245, 

246
smooth muscle in 234
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digital specimens 24
digitigrades 230
digits 230
dihedral wing position 208, 208, 209, 210
dilution effect 361, 533
dimorphism 98, 101, 106, 124
dinosaurs 5

feather impressions in fossils 57
nesting behavior 57
origins of birds in 54–7, 55, 61

Diomedea exulans (Snowy Albatross) 74, 
494

Diomedeidae (family) 74
diopter ring 13
Diphyllodes respublica (Wilson’s Birds-of-

Paradise) 102, 103
dippers 84, 472
direct benefits 98, 99, 339, 615
direct exploitation 591
direct fitness 96, 97, 362
disassortative mating 122, 123
diseases

ecoimmunology 281–2
immune system elements 281
introduced 590–1
parasites 280
pathogens 279–80

dishonest signaling 403
dispersal 108, 109, 471, 472, 472, 474–5, 

475, 476, 477, 479
see also migration
connections among populations and 478

disruptive coloration 147, 147
dissection, virtual 23
distractions, nest protection 18
distress calls 399
distribution patterns, mechanistic modeling 

of 527
distributions, avians 67–9
disturbance-based foraging 324, 324
Diuca diuca (Diuca Finches) 119
Diuca Finches (Diuca diuca) 119
diurnal birds 289
diurnal raptors 64
diversity 4, 38, 38–89

alpha 546
beta 546, 547
classification of see classification of birds
four metrics in community 545
gamma 549
geographic scales of avian 546–7, 549
geography, effect of 66–9
global patterns of 66–9
living birds, variation in diversity of 42, 69
measures of 543–7, 549
orders and families of modern birds 

70–86
origins of birds 54–66
phylogenetics 47–54
predation determining tit 567
production and distribution of global 550
speciation and niche evolution shaping 

550–3
three levels of species 546
weather, effect of 68–9

diving abilities 141, 301
opercula and 235

divorce 342–3

DNA
see also genetics and adaptations; specific 

topics
barcodes 52
from extinct species 21
molecular clock method 61
sequences 52
tools 34, 36
unexpected relationships revealed by 

genetic data 51
Dodos (Raphus cucullatus) 215, 226, 580, 

580, 591, 608, 621
Dolichonyx oryzivorus (Bobolinks) 175, 

431, 473, 596
domed nests 430, 431, 431–2
domestic chickens (Gallus gallus) 120, 229, 

248, 268, 277, 439, 443, 456
see also chickens

domestic homing pigeons (Columba livia) 
289

domestic pigeons (Columba livia) 492
domesticated canaries (Serinus canaria) 98, 

616
dominance, competitive 561
Donacobiidae (family) 82
Donacobius atricapilla (Black-capped Dona-

cobius) 82
double maypole bowers 337
Double-crested Cormorants (Nannopterum 

auritum) 41, 154, 218, 261, 533
Double-toothed Kites (Harpagus bidentatus) 

564
doubly labeled water method 276
Dovekies (Alle alle) 348, 348
doves 64, 72

see also individual species
down feathers 138, 142–4, 143, 145
Downy Woodpeckers (Dryobates pubescens) 

8, 390, 471
drag 184, 184, 186–8, 187, 188

forms 186–8
modulation 188–90
no-slip condition 188
wing/tail shapes 190, 192, 194–5

dreaming 290
Dromadidae (family) 73
Dromaius novaehollandiae (Emus) 64, 70, 

143, 144, 226, 226, 231, 237, 237, 
305, 439, 459–60, 460

Dromas ardeola (Crab-Plovers) 73
drongos 81
drought, natural selection and 95–6
drumming, woodpecker 383, 389, 390
Dryobates minor (Lesser Spotted Woodpeck-

ers) 471
Dryobates pubescens (Downy Woodpeckers) 

8, 390, 471
Dryocopus pileatus (Pileated Woodpeckers) 

201, 588
Dryoscopus gambensis (Northern Puffbacks) 

218, 261
ducks 41, 63, 237, 249

see also individual species
hybridization 114

duets 386, 386–7
duetting 388
Dulidae (family) 83
Dulus dominicus (Palmchats) 83, 433

Dumetella carolinensis (Gray Catbirds) 156, 
459, 566

Dunlins (Calidris alpina) 310, 312, 531
Dunnocks (Prunella modularis) 85, 358
duodenum 245, 246, 246
Durrell Wildlife Park 606
Dusky Flycatchers (Empidonax oberholseri) 

561
Dusky Grouse (Dendragapus obscurus) 245
dust bathing behaviors 172, 172–3
Dwarf Jays (Cyanolyca nanus) 81
dynamic pressure 184, 184, 185
dynamic soaring 193, 203, 205, 205

E
eagles 64, 76

see also individual species
ears 257–8, 258
East Maui Watershed Preserve 606, 606
Eastern Bluebirds (Sialia sialis) 32, 209, 532
Eastern Cattle-Egrets (Ardea coromanda) 

305, 476
Eastern Kingbirds (Tyrannus tyrannus) 462
Eastern Meadowlarks (Sturnella magna) 129
Eastern Phoebes (Sayornis phoebe) 413, 461
Eastern Rock Nuthatches (Sitta tephronota) 

435
Eastern Screech-Owls (Megascops asio) 175, 

175, 258, 265, 323, 565
Eastern Towhees (Pipilo erythrophthalmus) 

14, 255, 596
Eastern Whip-poor-wills (Antrostomus vo-

ciferus) 473
eBird 11, 16–7, 17, 29, 40, 44, 484, 499, 

547, 547, 618, 618, 632
bird walk diversity 547
checklist 17
hotspots 17
nested diversity metrics 547

Echo Parakeets (Psittacula eques) 608
echolocation, birds vs. bats 393
Eclectus polychloros (Papuan Eclectus) 89, 

105, 106, 542, 543
eclipse plumage 176, 177, 178
eco-evolutionary dynamics 558, 559
eco-evolutionary feedback 558, 559
ecoimmunology 281–2
ecological dangers 591–3, 600
ecological drift 554, 554–6
ecological forces

commensalism 564–6
competition experiments 562, 564
ecological release 562
environmental filtering 557
facilitation 564–6
heterospecific attraction 566
interspecific competition 559, 561
mutualism 564–6
predation 566–7

ecological niche 550
ecological niche modeling 527, 527
ecological niches 526, 526–8, 527
ecological opportunity 127
ecological release 318, 319, 562, 562
ecological selection 556, 558
ecology of bird populations 509–10
ecosystem management 614
ecosystem services 615
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ecosystems, degraded 612–3
ecotones 7, 116
ectoparasites 149
Ectopistes migratorius (Passenger Pigeons) 

575, 575, 576, 581, 595, 621
edge effects 588
education, environmental 620
egg dumping 464
egg shaping 450
egg tooth 455
eggs 248, 440–9

basic anatomy of 441
characteristic of 441
on cliff edges 445
clutch size variation 447–9
color variation 446–7
evolution and structure 440–3
interval between laid 447–9
shape variation 444–6, 445
size extremes 444
size variation 443–4
specimen collections 22–3
texture variation 446–7, 447
well-camouflaged 446
yolk rings 442

eggshell composition 442
egrets 41, 75, 301
Egretta ardesiaca (Black Herons) 301
Egretta rufescens (Reddish Egrets) 301
Egretta thula (Snowy Egrets) 141, 301, 306, 

577
Egyptian Plovers (Pluvianus aegyptius) 72, 450
Egyptian Vultures (Neophron percnopterus) 

309
eiders 323
El Niño–Southern Oscillation (ENSO) 530, 538
Elachura formosa (Spotted Elachuras) 84
Elachuridae (family) 84
Elanoides forficatus (Swallow-tailed Kites) 171
electrolytes 264, 265
electromagnetic energy 146, 152
electromagnetic induction 294
Elegant Crested-Tinamous (Eudromia 

elegans) 446
eggs of 446

Eleonora’s Falcons (Falco eleonorae) 315, 
426, 495, 509, 510

Elephant Birds (Aepyornis maximus) 443, 
579, 579, 621

elevated nesting mounds 431
elevational migrants 482, 482
elevational niche-shift migration 482
elevational replacement 560
elevational zonation 560, 561
Emberiza alcoveri (flightless buntings) 215
Emberiza aureola (Yellow-breasted  

Buntings) 591
Emberiza hortulana (Ortolan Buntings) 474, 

591
Emberizidae (family) 85
embryo development 443
embryonic membranes 443
emergency-only hypothesis 274
emigration 522–3
emotional enjoyment, birds and 616–7
Emperor Penguins (Aptenodytes forsteri)  

32, 91, 235, 263, 301, 401, 402, 430, 
453, 462

breeding nests of 273
huddling 273

Empidonax alnorum (Alder Flycatchers) 
413, 413

Empidonax minimus (Least Flycatchers) 35
Empidonax oberholseri (Dusky Flycatchers) 

561
Empidonax traillii (Willow Flycatchers) 126, 

126, 413, 413, 481
Empidonax wrightii (Gray Flycatchers)  

561
Emus (Dromaius novaehollandiae) 64, 70, 

143, 144, 226, 226, 231, 237, 237, 
305, 439, 459–60, 460

Enantiornithes (genus) 59, 60
Endangered Species Act 577, 584
endangerment 599
endemism 598–9
endocrine system

energy regulation 286–7
hormone cycles 285–6
hormone effects 287–8
hormone signaling 282–3
hormones, sex, and reproduction 283–5
seasonal breeding 285–6
stress 286–7

endothermy 269
energetics 378
energy regulation 286–7
energy requirements 303–4

in physiology 275–7
energy-saving flight strategies

intermittent flight 200–2
soaring 202, 205

Ensifera ensifera (Sword-billed Humming-
birds) 89, 226

ENSO (El Niño–Southern Oscillation)  
530, 538

environmental education 620
environmental factors 528–9, 529
environmental filtering 557, 560
Eocene Epoch 62
Eolophus roseicapilla (Galahs) 268, 268
EPC (extrapair copulation) 345, 345, 350
epidermal collar 166, 166, 167, 168
epidermis 165–6
equator, diversity near 66
Equatorial Antpittas (Grallaria saturata)  

89
Eremophila alpestris (Horned Larks) 431, 

528, 570
Erithacus rubecula (European Robins) 294, 

392, 392, 406, 495, 527
Erpornis zantholeuca (White-bellied Erpor-

nis) 51, 80
Erythrocercidae (family) 83
erythrocytes 250–1
Eskimo Curlews (Numenius borealis) 582, 

583, 591
esophagus 236, 242, 242, 243, 243–4, 246
Española Ground-Finches (Geospiza 

conirostris) 112
Estrildidae (family) 85
ethics 19

in birding 18–9
protecting birds and 616–7

Eucometis penicillata (Gray-headed Tana-
gers) 325

Eudromia elegans (Elegant Crested-
Tinamous) 446

eggs of 446
Eudyptes chrysolophus (Macaroni Penguins) 

154
Eulacestoma nigropectus (Wattled Plough-

bills) 80
Eulacestomatidae (family) 80
Eulampis jugularis (Purple-throated Caribs) 

307, 319
eumelanin 154, 160
Eupetes macrocerus (Malaysian Rail-

babblers) 81
Eupetidae (family) 81
Euphagus carolinus (Rusty Blackbirds) 486
Euphagus cyanocephalus (Brewer’s Black-

birds) 255
Euphonias 85
Euplectes ardens (Red-collared Widowbirds) 

99
Euplectes axillaris (Fan-tailed Widowbirds) 99
Euplectes progne (Long-tailed Widowbirds) 99
Eurasia, vultures of 302
Eurasian Bitterns (Botaurus stellaris) 31
Eurasian Blackbirds (Turdus merula) 405, 

481, 482, 503
Eurasian Blackcaps (Sylvia atricapilla) 272, 

488, 494, 501, 502
breeding nests of 272–3

Eurasian Blue Tits (Cyanistes caeruleus) 30, 
101, 103, 291, 293, 335, 337, 339, 
343, 351, 378, 404, 416, 484, 559

vocal consistency of 338
Eurasian Collared-Doves (Streptopelia deca-

octo) 597
Eurasian Coots (Fulica atra) 439
Eurasian Curlews (Numenius arquata) 324
Eurasian Goshawks (Astur gentilis) 187, 599
Eurasian Green Woodpeckers (Picus viridis) 

224
Eurasian Griffons (Gyps fulvus) 250
Eurasian Jackdaws (Coloeus monedula) 89, 

346, 347
Eurasian Jays (Garrulus glandarius) 218, 261
Eurasian Kestrels (Falco tinnunculus) 291
Eurasian Linnets (Linaria cannabina) 176
Eurasian Moorhens (Gallinula chloropus) 

104
Eurasian Nuthatches (Sitta europaea) 102
Eurasian Oystercatchers (Haematopus 

ostralegus) 92–3, 93
Eurasian Pygmy-Owls (Glaucidium passeri-

num) 314, 566, 566
Eurasian sandgrouse 64
Eurasian Skylarks (Alauda arvensis) 394, 527
Eurasian Sparrowhawks (Accipiter nisus) 

361, 518, 519, 593
Eurasian Spoonbills (Platalea leucorodia) 487
Eurasian Wrynecks (Jynx torquilla) 462, 471
Eurillas virens (Little Greenbuls) 406
European Bee-eaters (Merops apiaster) 68, 

188
European Greenfinches (Chloris chloris) 248
European Herring Gulls (Larus argentatus) 

174, 316, 333, 334
European Pied Flycatchers (Ficedula hypo-

leuca) 30, 115, 405
plumage variation of 339, 339, 351
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European Robins (Erithacus rubecula) 294, 
392, 392, 406, 495, 527

European Serins (Serinus serinus) 337
European Shags (Gulosus aristotelis) 218,  

261
European Starlings (Sturnus vulgaris) 93, 

176, 196–7, 202, 248, 266, 277, 317, 
340, 348, 349, 475, 492, 527, 527, 552

feathers of 6
Euryceros prevostii (Helmet Vangas) 89, 585
Eurylaimidae (family) 78
Eurypyga helias (Sunbitterns) 64, 73, 598
Eurypygidae (family) 73
Eurypygiformes (order) 64, 73
Eutrophication 593
evaporative cooling 271, 528
evaporative heat loss 270
evaporative water loss 265
Evening Grosbeaks (Hesperiphona vesper-

tina) 16, 480
evenness 544
everglades 613
evolution

feathers 168–71
of flight 212–6

evolution of birds 91–130
adaptive radiations and convergent evolu-

tion 126–30, 129, 130
genes, genomes, and adaptations 120–6
hybridization 112–20
natural selection 91–8
sexual selection 98–106
speciation 106–12

evolutionarily stable strategy 328, 329
evolutionary trees 49, 49

theory behind 50
excretory organs and ducts 247, 247–8
exploded leks 353
exploitation

direct 591
indirect 591
managing 604

exploitative competition 559
extended specimen 24, 24
extinct seabirds 581
extinction 579–84

in Anthropocene 579–80
continents historical 581–4
humans influencing 579–80
mass extinction 38, 60–2, 579
modern 581, 582
oceanic islands historical 580–1
probability of 601
rarity 584
risk 584
specialization and 319–20
vulnerability 584

extinction vortex 594–7, 595
extraction foraging stage 307–10, 308, 309
extralimitals 499
extrapair copulation (EPC) 345, 345, 350
extrapair fertilization 105, 345
extrapair mating 344

ecological and life history drivers of 
345–6

forced 346–7
in Superb Fairywrens 367

extrapair paternity 345

extreme courtship delays 341
extreme weather events 593–4
eyes 254–7, 255–7

see also vision
anatomy 256, 257
color vision 152, 152–3
cones 152
iris color 255
muscles 256
solar cues and 492

F
facial bristles 311, 313
facilitation 564, 564–6
facultative brood parasitism 463, 463–4
facultative migrants 479, 479, 480
fairy flycatchers 82
fairy-bluebirds 85
fairywrens 65, 79, 472

see also individual species
infidelity in 367

Falco amurensis (Amur Falcons) 605
Falco columbarius (Merlins) 531
Falco eleonorae (Eleonora’s Falcons) 315, 

426, 495, 509, 510
Falco hypoleucos (Gray Falcons) 480
Falco peregrinus (Peregrine Falcons) 67–8, 

106, 182, 211, 235, 497, 509, 510, 
532, 565, 593, 606, 607, 616

Falco punctatus (Mauritius Kestrels) 608
Falco rufigularis (Bat Falcons) 130
Falco rupicolus (Rock Kestrels) 565
Falco sparverius (American Kestrels) 183, 

187, 291, 315, 342, 453
Falco tinnunculus (Eurasian Kestrels) 291
Falconidae (family) 64, 77
Falconiformes (order) 77, 129
falcons 64, 67–8, 77, 129, 130

see also individual species
Falcunculidae (family) 80
fallouts, migration 496, 496–8
families 70–86

see also specific orders and families by 
name

family Indicatoridae (Young honeyguides) 465
fan trees see phylogeny or phylogenetic trees
Fan-tailed Widowbirds (Euplectes axillaris) 

99
fantails 80
fascia 232
Fasciated Wrens (Campylorhynchus fascia-

tus) 387, 387
fast life histories 512, 512, 513
fat, migration 487
fat score 487
fathers, benefits of attentive 349
fats, in diet 277
feather follicles 165, 165–7
feather lice 96, 96
feather nest lining 437
feather wettability 141
feathers 134–5, 135–80

see also plumage
basic features 136, 136–7
branched form generation 167–8
camouflage and crypsis 146–8
care for 171–3
colors 136, 163–4

development 163, 165–8
dinosaur traits inherited by birds 56–7
evolution 168–71
fossil discoveries 170, 170
fossil impressions 57
fossils 168–9, 169
functions of 5
growth of 165, 165, 166, 166
lax 214
light and solar radiation and 146
number of 139
numbering system for 140
patterns 136
pin feathers 167, 167, 168
size of 139
social recognition and signaling functions 

149, 151
sound production 148–9, 150
structure and function of 136–49, 137, 151
textures 160–3, 162
types 138
unfurling stages 166
water absorbency 141, 142
water repellency 140, 141
wear 175–6, 176
weight of 139

fecal sac 462, 463
fecundity 521, 521, 522–3, 531
feeders and feeding 15, 15–6, 16

see also food
feeding rates 320, 320–1
female birds

cues of male quality 343
Darwin on 334–5

female defense polygyny 352–3
female song 391
femur 230, 230
fence effect 568
fermentation 244
fermentation uses 302
Ferruginous Hawks (Buteo regalis) 484
fertilization 249–50

extrapair 345
fibula 230
Ficedula albicollis (Collared Flycatchers) 

93–4, 94, 115, 477
Ficedula hypoleuca (European Pied Flycatch-

ers) 30, 115, 405
plumage variation of 339, 339

field marks 8
field metabolic rate 276, 277

measuring 276
fields of vision 256
figbirds 80
Fiji Bush Warblers (Horornis ruficapilla) 108
filoplumes 138, 144, 144–6, 145
filter foraging 313
finches 66, 85, 110, 128, 309, 319, 524, 

528, 536
see also individual species

finfoots 72
fire, diversity influence of 611
fire escape stopovers 488
firehawks 305
Fire-maned Bowerbirds (Sericulus bakeri) 337
fish

as food 300–1
social foraging and 324
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fitness 92
hybrid fitness 114, 114–5, 116
inclusive 362
indirect fitness 96–7

Five-striped Sparrows (Amphispizopsis  
quinquestriata) 404

flagship species 599
Flame Bowerbirds (Sericulus ardens) 337
flamingos 64, 71, 311, 313

see also individual species
longevity 518

flap-bounding 200, 200–2
flap-gliding 193, 200, 200–2, 204
flapping

asymmetrical 196
body size and 201, 201
thrust and 196–7

flapping velocity 196, 196
fledglings 423, 456–63, 458

defense 462
developmental periods 460
feeding 461–2
independence of 460
leaving the nest 458–60
nest sanitation 462–3
parental care 461–5
as perilous life event 458, 459
recognition among parents 460–1

flee alarm calls 399
flight 183–216

background 183–216
biomechanics 183–4
energy-saving strategies 200–2
evolution of 212–6
gliding 204
maneuvering and stability 183, 208–9, 

211–2
metabolic rates in flying birds 275
muscles 198, 199–200, 232, 233, 234
physics for 185
power for flight 195–202, 199, 200, 

205–6
power requirements for 197–9
transitioning modes of 211

flight feathers 137, 137, 138
locomotion and 137–40

flightless birds
sternums and keels of 226
wing skeleton arrangement in 228, 228

flightless buntings (Emberiza alcoveri) 215
flightlessness, evolution of 214, 214–6, 215
floaters 98, 99, 346, 534, 534
floating nests 430
Florida everglades 613
Florida Scrub-Jays (Aphelocoma coerules-

cens) 97, 348, 364, 366, 518
Florisuga fusca (Black Jacobins) 292
Florisuga mellivora (White-necked Jacobins) 

151, 456, 457
flowerpeckers 85
flufftails 72
flush-pursuit foraging strategy 306
flycatchers 96, 115, 477

see also individual species
Flying Steamer-Ducks (Tachyeres patachoni-

cus) 561, 562
flyways 487–9, 489, 490
foliage-gleaning warblers 305

food 299–329, 300
abundance factors 320, 320–1
caching behaviors 315
clutch sizes 516
diversity of foods 300, 300, 302
energy and nutrients 303–4
limitations on 530, 530, 531
nutrition 275–9
specialization and generalization in 

316–20
storing 311, 314–6
supplemental 530, 531

food availability, song influenced by 405
food chains and food webs 569, 569–71

compared 570
foot claws 232
foraging 299, 300, 304, 304–11, 305, 306, 

309, 313, 314–6
beaks and tongues as tools for 310–1
capture, extraction, and consumption 

307–10
filter 313
flush-pursuit foraging strategy 306
functional responses 320, 320–1, 321
in landscapes of fear 323, 323–4
learning 307
modeling behavior 320–4
optimal foraging theory 322, 322–3, 323
search and recognition 304–7
sit-and-wait foraging strategy 306
social 324, 325, 326–9
specialization 316–8, 317
traplining behaviors 306–7, 307

foraging guilds 328–9, 329
forced extrapair matings 346–7

copulation in a cavity-nesting corvid  
347

forelimb bones, tetrapod vertebrates 228
forest communities, censusing birds in di-

verse 548
forest habitat 585

for conservation 617
Forest Swallows (Atronanus fuliginosus) 435
forest tracts, species requiring 588
Fork-tailed Drongos (Dicrurus adsimilis) 

329, 403
Fork-tailed Flycatchers (Tyrannus savana) 

111, 499
Fork-tailed Palm Swifts (Tachornis squamata) 

437
Formicariidae (family) 79
forms, of birds 5–6
Forpus passerinus (Green-rumped Parrotlets) 

402, 414
fossil discoveries

feathers 168–9, 169, 170, 170
Microraptor gui 169

fossils
Archaeopteryx lithographica 54, 58
Cretaceous birds 60–1
diversification of modern birds 62, 69
Eocene Epoch 62
feather impressions in 57
mass extinction and origin of modern 

birds 60–1
founder effect 109
fovea 256, 256, 257
FOXP2 gene 289

Franklin’s Gulls (Leucophaeus pipixcan) 
223, 496

Fratercula arctica (Atlantic Puffins) 461
Fratercula cirrhata (Tufted Puffins) 191
Fregata aquila (Ascension Frigatebirds) 212
Fregata magnificens (Magnificent Frigate-

birds) 191, 390, 498
Fregata minor (Great Frigatebirds) 193, 290
Fregatidae (family) 74
Fregetta maoriana (Storm-Petrels) 74, 584
frequency 378, 379
friction drag 186, 186, 188
frigatebirds 64, 74, 193, 212, 301

coracoids 228
as kleptoparasites 326
maneuvering by 211

fright molt 179
Frill-necked Monarchs (Arses lorealis) 422, 

423
Fringilla coelebs (Common Chaffinches) 176, 

384, 385, 497, 527
Fringilla montifringilla (Bramblings) 497
Fringillidae (family) 66, 85
frogmouths 64, 75, 91
frugivores 302, 302, 307, 317
frugivory 278
Fulica americana (American Coots) 464, 464
Fulica atra (Eurasian Coots) 439
Fulica cornuta (Horned Coots) 430, 431
fulmars, longevity 517
Fulmarus glacialis (Northern Fulmars) 293, 

453
functional diversity 545
functional responses 320, 320, 321, 321
functional traits 545
functions, of birds 5–6
fundamental niches 526, 526–8, 527
furcula (wishbone) 193, 197, 222, 228, 

229, 232, 233
Furnariida (group) 65
Furnariidae (family) 65, 79
Furnarius rufus (Rufous Horneros) 394, 

436, 436
fused skeleton regions 221, 222

G
Gabar Goshawks (Micronisus gabar) 94
Galahs (Eolophus roseicapilla) 268, 268
Galápagos Archipelago 302, 309, 319,  

528, 536
Galápagos archipelago, finches 90, 94, 95–

6, 112, 128, 128
Galápagos finches 69, 86, 128, 128, 536
Galapagos Hawks (Buteo galapagoensis) 

169, 356, 356–7, 359, 370, 498, 500
Galapagos Penguins (Spheniscus mendiculus) 

188
Galbula ruficauda (Rufous-tailed Jacamars) 

308
Galbulidae (family) 77
Galerida cristata (Crested Larks) 559
gallbladder 246
Galliformes (order) 60, 71
Gallinago media (Great Snipes) 484
Gallinula chloropus (Eurasian Moorhens) 

104
Gallirallus owstoni (Guam Rails) 214, 215
Galloanserae (clade) 41, 60, 60–1, 61, 63, 63
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Gallus gallus (domestic chickens) 229, 248, 
268, 277, 439, 443, 456

Gallus gallus (Red Junglefowl) 98, 120, 444
Gambel’s Quails (Callipepla gambelii) 172, 

265
game theory 328, 329
gamma diversity 549
gannets 64, 74, 301
gap analysis 600, 601, 601
gape flanges 456
gape size 322, 322
Garden Warblers (Sylvia borin) 488, 494
Garrulus glandarius (Eurasian Jays) 218, 261
gastroliths 244, 244
Gavia immer (Common Loons) 41, 105, 

348, 348, 382
Gavia stellata (Red-throated Loons) 218, 261
Gaviidae (family) 41, 73–4
Gaviiformes (order) 64, 73–4
Gecinulus rafflesii (Olive-backed Woodpeck-

ers) 107, 231
Gecinulus viridis (Bamboo Woodpeckers) 107
geese 41, 63

see also individual species
hybridization 114

gene expression 123, 123–5
gene regulation 125
generalists 299, 299, 300
generalized lineage species concept 46
genetic bottleneck 596, 608
genetic compatibility 101, 104, 105
genetic distinctiveness 598
genetic diversity, loss of 596
genetic drift 596
genetic monogamy 344, 345
genetic recordkeeping 609
genetic rescue 120, 609–11, 610
genetics and adaptations 120–6

see also origins of birds
camouflage, adaptations for 92
chromosomes 104, 115, 120–3, 122–4
components of avian genome 121–3
founder events reducing genetic diversity 

109
gene expression 123–5
genome structure and size 120–1
individual variations 93
intersexual selection, genetic benefits 

103–5
iris color and 255
mate choice, genetic benefits of 340
non-genetic variations 93
research methods 34, 36
sex determination 121
supergenes 121, 122
understanding birds through genomics 

125–6, 126
visible differences caused by gene regula-

tion 125
wild organisms, genetic information of 616

genomes 50
see also genetics and adaptations

Gentoo Penguins (Pygoscelis papua) 242
genus see individual genera
genus Aepyornis (elephant birds) 443
genus Ailuroedus (catbirds) 337
Geococcyx californianus (Greater Roadrun-

ners) 187, 218, 261, 275

geographic acoustic variations 408
geographic information system (GIS) tech-

nology 601
geographic isolation

see also islands and archipelagos
speciation and 107, 107–10, 108

geographic range 586
geography, effect on avian diversity 66–9
geophagy 303, 303–4
Geospiza conirostris (Española Ground-

Finches) 112
Geospiza fortis (Medium Ground-Finches) 

94, 95–6, 112, 127
Geospiza magnirostris (Large Ground-

Finches) 90, 95–6, 127, 128
Geospiza septentrionalis (Vampire Ground-

Finches) 302
Geothlypis philadelphia (Mourning Warblers) 

89
Geothlypis trichas (Common Yellowthroats) 

496
germinal disc 441
germline-restricted chromosomes 123
Geronticus eremita (Northern Bald Ibis) 204
Giant Cowbirds (Molothrus oryzivorus)  

423, 428
giant house mice 589
Giant Hummingbirds (Patagona gigas) 235, 

248
Giant Ibises (Pseudibis gigantea) 531
gizzards (ventriculus) 244, 244, 246, 304
glaciers 498
glands see specific glands
Glareolidae (family) 73
Glaucidium gnoma (Northern Pygmy-Owls) 

179
Glaucidium passerinum (Eurasian Pygmy-

Owls) 314, 566, 566
Glaucous Macaws (Anodorhynchus glaucus) 

584
Gleason, Henry 544
glide angle 195, 195
gliding flight 189, 189, 193, 204

passive stability and 211
stability during passive 210
tree-down hypothesis and 212

global patterns of avian diversity 39, 66–9
avian distributions and their limits 67–9
biogeographic realms 42, 67
variation in diversity of living birds 42, 69

Global Positioning System (GPS) 33, 491
global treaty for bird protection 577
Globe Skimmer dragonflies (Pantala flaves-

cens) 605
globular nests 430, 433, 433
Glossy Swiftlets (Collocalia esculenta) 243
glottis 236, 236
glucagon 245
gnatcatchers 84
gnateaters 78
Gnorimopsar chopi (Chopi Blackbirds) 413
godwits 487, 535
Golden Bowerbirds (Prionodura newtoniana) 

336
Golden Eagles (Aquila chrysaetos) 209, 209, 

308, 533
Golden Palm Weavers (Ploceus bojeri) 155
Golden Tanagers (Tangara arthus) 560

Golden-breasted Starlings (Lamprotornis 
regius) 156, 157

Golden-cheeked Warblers (Setophaga 
chrysoparia) 603, 603

Golden-collared Manakins (Manacus vitel-
linus) 275, 353, 354

Golden-crowned Kinglets (Regulus satrapa) 
15, 263

Golden-crowned Manakins (Lepidothrix 
vilasboasi) 49, 49

Golden-crowned Sparrows (Zonotrichia 
atricapilla) 361

Golden-fronted Bowerbirds (Amblyornis 
flavifrons) 336

Golden-winged Parakeets (Brotogeris 
chrysoptera) 224

Golden-winged Warblers (Vermivora chrysop-
tera) 89, 119, 119

gonads 248
Gondwana supercontinent 63, 64
good genes 101, 102, 103
Gotland Island, Sweden 477
Gouldian Finches (Chloebia gouldiae) 104, 122
GPS (Global Positioning System) 33, 491
grackles 86
Gracula religiosa (Common Hill Mynas) 410
Grallaria blakei (Chestnut Antpittas) 44
Grallaria rufula (Muisca Antpittas, Rufous 

Antpittas) 44, 44
Grallaria saturata (Equatorial Antpittas) 89
Grallariidae (family) 78–9
Grallina cyanoleuca (Magpie-larks) 431, 432
granaries 315
granivores 302
Grant, Peter and Rosemary 95
grassbirds 82
Grasshopper Sparrows (Ammodramus sa-

vannarum) 523
grassroots activism 619–20
grasswrens 79
Grauer’s broadbills 78
Gray Butcherbirds (Cracticus torquatus) 396
Gray Catbirds (Dumetella carolinensis) 156, 

459, 566
Gray Crowned-Cranes (Balearica regulorum) 

218, 261
Gray Falcons (Falco hypoleucos) 480
Gray Flycatchers (Empidonax wrightii) 561
Gray Parrots (Psittacus erithacus) 239
Gray-chested Babblers (Kakamega  

poliothorax) 84
Gray-crowned Babblers (Pomatostomus 

temporalis) 364
Gray-headed Tanagers (Eucometis penicil-

lata) 325
Graylag Geese (Anser anser) 209, 209, 333, 

334
Great American Interchange 66, 67
Great Auks (Pinguinus impennis) 576, 580, 

581, 591
Great Black-backed Gulls (Larus marinus) 

174, 268
Great Blue Herons (Ardea herodias) 163, 

183, 359
Great Bowerbirds (Chlamydera nuchalis) 

336, 337
Great Bustards (Otis tarda) 71, 322
Great Egrets (Ardea alba) 574, 575, 576
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Great Frigatebirds (Fregata minor) 193, 290
Great Gray Owls (Strix nebulosa) 292
Great Gray Shrikes (Lanius excubitor) 102
Great Green Macaws (Ara ambiguus) 532, 

532
Great Horned Owls (Bubo virginianus) 155, 

439, 576
Great Indian Bustards (Ardeotis nigriceps) 

589
Great Kiskadees (Pitangus sulphuratus) 96
Great Potoos (Nyctibius grandis) 92
Great Reed Warblers (Acrocephalus arundi-

naceus) 235, 533
Great Shearwaters (Ardenna gravis) 192
Great Snipes (Gallinago media) 354, 484
Great Tinamous (Tinamus major) 446

eggs of 446
Great Tits (Parus major) 30, 35, 168, 272, 

307, 323, 392, 406, 407, 407, 456, 
475, 530, 531, 561

Greater Anis (Crotophaga major) 370, 447
eggs of 447

Greater Antillean tanagers 86
Greater Birds-of-Paradise (Paradisaea  

apoda) 40, 341
Greater Flamingos (Phoenicopterus roseus) 

171, 313
Greater Honeyguides (Indicator indicator) 

565
Greater Hoopoe-Larks (Alaemon alaudipes) 

266, 428
Greater Lophorinas (Lophorina latipennis) 

116
Greater Melampittas (Megalampitta gigan-

tea) 81
Greater Prairie-Chickens (Tympanuchus 

cupido) 298–9, 353, 513, 536, 610
Greater Racket-tailed Drongos (Dicrurus 

paradiseus) 403
Greater Rheas (Rhea americana) 64, 172
Greater Roadrunners (Geococcyx california-

nus) 187, 218, 261, 275
Greater Sage-Grouse (Centrocercus uropha-

sianus) 243, 279, 353
Greater White-fronted Geese (Anser albi-

frons) 265
grebes 41, 64, 71

see also individual species
green broadbills 78
Green Herons (Butorides virescens) 306, 

306
Green Honeycreepers (Chlorophanes spiza) 

124
Green Hylias (Hylia prasina) 82
Green Woodhoopoes (Phoeniculus purpu-

reus) 407
Green-crowned Brilliant Hummingbirds 

(Heliodoxa jacula) 275
Green-headed Tanagers (Tangara seledon) 89
Greenish Schiffornis (Schiffornis virescens) 51
Greenish Warblers (Phylloscopus trochiloi-

des) 337
Green-rumped Parrotlets (Forpus passerinus) 

402, 414
Green-winged Teals (Anas crecca) 220, 486
Grey Parrots (Psittacus erithacus) 578
Grey Plovers (Pluvialis squatarola) 44
Greylag Geese (Anser anser) 397

Groove-billed Anis (Crotophaga sulcirostris) 
370–1

Grosbeak Weavers (Amblyospiza albifrons) 
309, 439

Ground Tits (Pseudopodoces humilis) 51
ground-babblers 83
ground-hornbills 76
ground-nesting birds 91
ground-rollers 76
ground-up hypothesis 212, 213
group augmentation 368, 369
group entrainment 498, 499
group foraging

cooperative hunting 327
models of 327–8
situations for 324, 326–7

group selection 526, 526
grouse 94, 537–8

see also individual species
Gruidae (family) 72
Gruiformes (order) 64, 72
Grus americana (Whooping Cranes) 237, 606
Grus japonensis (Red-crowned Cranes) 397, 

399, 576
Grus nigricollis (Black-necked Cranes) 576
Guam Rails (Gallirallus owstoni) 214, 215
Guanay Cormorants (Leucocarbo bougain-

villiorum) 304, 305, 530
guano 615
guans 63
Gubernatrix cristata (Yellow Cardinals) 119
Guianan Cocks-of-the-rock (Rupicola ru-

picola) 353
guild 562
guillemots 301
guineafowl 71
Guira Cuckoo 331–2, 333
gular fluttering 270, 271
Gulf of Maine, USA 496
Gulf of Mexico 496
Gulf of St. Lawrence, Canada 323
gulls 73, 114, 316, 317

see also individual species
Gulosus aristotelis (European Shags) 218, 261
Gygis candida (Blue-billed White-Terns) 429
Gymnogyps californianus (California Con-

dors) 199, 460, 608, 608, 609
Gymnopithys bicolor (Bicolored Antbirds) 325
Gymnorhinus cyanocephalus (Pinyon Jays) 

385, 386, 461, 615
gynandromorphic birds 124
Gypaetus barbatus (Bearded Vultures) 317, 

318, 603
Gypohierax angolensis (Palm-nut Vultures) 

317
Gyps africanus (White-backed Vultures) 199
Gyps bengalensis (White-rumped Vultures) 

326, 602
Gyps fulvus (Eurasian Griffons) 250
Gyps indicus (Indian Vultures) 602
Gyps tenuirostris (Slender-billed Vultures) 

326, 602
Gyrfalcons (Falco rusticolus) 537

H
H5N1 avian influenza 255
H5N1 influenza 533
habitat islands 587

habitat isolation 107
habitat matrix 553
habitat reserves

network guidelines 604
protecting networks of 603

habitat saturation 364
habitat specialization 586

declines predicted 552
habitats

clutch size and productivity of 516, 516
for identifying birds 8
local movement and 472
loss 584
loss and fragmentation 584–9
management 611–3
management and restoration 611–3
patch movement patterns 553
patchy 524
protection 577, 598–601
quality of 534, 534
restoration 611–3
territoriality and 533–6, 534

Haematopodidae (family) 73
Haematopus ostralegus (Eurasian Oyster-

catchers) 92–3, 93
Haematopus palliatus (American Oyster-

catchers) 89, 218, 261, 312
Haemorhous cassinii (Cassin’s Finches) 9
Haemorhous mexicanus (House Finches) 9, 

272, 338, 340
Haemorhous purpureus (Purple Finches) 9, 

176, 176
Hairy Woodpeckers (Leuconotopicus villo-

sus) 8, 313, 390, 450
Haldane’s Rule 115
half hitch 439
Haliaeetus albicilla (White-tailed Eagles) 

301, 475
Haliaeetus leucocephalus (Bald Eagles) 174, 

187, 187, 301, 400, 460, 576, 593, 599
Haliaeetus leucoryphus (Pallas’s Fish Eagles) 

586
Halmahera Paradise-crows (Lycocorax  

pyrrhopterus) 164
Hamerkops (Scopus umbretta) 74, 75, 433, 

435
handicap principle 102
Happy Wrens (Pheugopedius felix) 397
Harpagus bidentatus (Double-toothed Kites) 

564
Harris’s Hawks (Parabuteo unicinctus) 327, 

327, 524
hatching 449–56, 455, 455–6
Hawaii 215, 318, 318

diseases 590
recent species extinctions 591

Hawaii Amakihis (Hemignathus virens) 
590

Hawaiian birds, avian malaria and 591
Hawaiian Crows (Corvus hawaiiensis)  

608, 609
Hawaiian Ducks (Anas wyvilliana) 119
Hawaiian Hawks (Buteo solitarius) 609
Hawaiian honeycreepers 69, 85, 127, 128, 

129, 581
Hawaiian honeyeaters 83, 129
Hawfinches (Coccothraustes coccothraustes) 

308
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hawks 64, 76, 129, 130, 517
see also individual species
fovea 256

head-bobbing behaviors 256
hearing 257–8, 291–2

average threshold 292
heart 251, 251
heat

balance, calculating 270
thermoregulation and handling 271–2

heat stress 528
Heath Hens (Tympanuchus cupido cupido) 576
Heliodoxa jacula (Green-crowned Brilliant 

Hummingbirds) 275
Heliornis fulica (Sungrebes) 462, 463
Heliornithidae (family) 72
Helmet Vangas (Euryceros prevostii) 89, 585
helmetshrikes 80
Helmitheros vermivorum (Worm-eating 

Warblers) 401, 437, 588, 588
helpers and helping 362

fitness logic of helping behaviors 362–4
nest condition improved by 363
paternity negative correlation with 367
reciprocal 369

Hemignathus virens (Hawaii Amakihis) 590
Hemignathus wilsoni (Akiapolaaus) 89
Hemiprocne coronata (Crested Treeswifts) 432
Hemiprocnidae (family) 75
Hen Harriers (Circus cyaneus) 218, 261
Henslow’s Sparrows (Centronyx henslowii) 

529, 529
hepatic lymph tissue 250
hepatic portal vein 250
herbivores 302

see also individual species
heritability 92
Hermit Thrushes (Catharus guttatus) 377
herons 41, 75, 301, 306, 306
Hesperiphona vespertina (Evening Gros-

beaks) 16, 480
Hesperornis (genus) 59
Hesperornithiformes (order) 60
Heteralocha acutirostris (Huias) 319, 319, 

552
heterodactyl toe configuration 231
heterogametic sex 121, 524, 524
Heteronetta atricapilla (South American 

Black-headed Ducks) 464
heterospecific attraction 566, 566
heterothermy, regional 273
hey-sweetie whistle song 383, 384, 391
high feeding specialization 317
high vocal center (HVC) 253
highly pathogenic avian influenza (HPAI) 

280, 591
Himalayan Bluetails (Tarsiger rufilatus) 279, 

279
Himalayan Monals (Lophophorus impeja-

nus) 160
Himantopus mexicanus (Black-necked Stilts) 

450
Himantopus novaezelandiae (Black Stilts) 611
Himatione sanguinea (Apapanes) 302, 590
hippocampus 289
Hirundapus caudacutus (White-throated 

Needletails) 471
Hirundinidae (family) 41, 66, 82

Hirundo rustica (Barn Swallows) 68, 98, 
202, 211, 343, 431, 511, 532

Hirundo rustica erythrogaster (Barn Swal-
lows) 503

Hoatzins (Opisthocomus hoazin) 64, 69, 72, 
229, 229, 243, 243, 279, 302

Hodgson’s Frogmouths (Batrachostomus 
hodgsoni) 2, 3

holding birds 287
hollow bird bones 220
home range 472, 472
homeostasis 263, 264
homeotherms 299, 299
homeothermy 269, 273
homing pigeons 474, 492
Honduran Emeralds (Amazilia luciae) 526
honeycreepers 318, 318
honeyeaters 65, 79, 129

see also individual species
honeyguides 64, 77, 464–5, 565

see also individual species
Hooded Crows (Corvus cornix) 118
Hooded Grebes (Podiceps gallardoi) 590
Hooded Pitohuis (Pitohui dichrous) 148
Hooded Plovers (Thinornis cucullatus) 611
Hooded Warblers (Setophaga citrina) 89
Hook-billed Kites (Chondrohierax uncina-

tus) 218, 261, 309, 319
hooklets 136, 136, 137, 138
hoopoes 76

fossils 62
hopping 483, 484
hormone signaling 282–3
hormones 282, 283–5

cycles 285–6
effects, immediate and longer-lasting 287–8
measuring, in wild birds 283
visibility of 282

hornbills 76
extreme dedication of 436
molting 179
nesting biology of 436

Horned Coots (Fulica cornuta) 430, 431
Horned Grebes (Podiceps auritus) 218, 261
Horned Larks (Eremophila alpestris) 431, 

528, 570
Horornis ruficapilla (Fiji Bush Warblers) 108
horsehair fungus 437
Horsfield’s Bronze-Cuckoos (Chalcites basa-

lis) 401, 465, 466
host 463
hotspots 585, 599
House Finches (Haemorhous mexicanus) 9, 

272, 338, 339, 340
metabolic rate of 272

House Sparrows (Passer domesticus) 42–3, 
43, 85, 92, 105, 105, 112, 172, 266, 
268, 272, 324, 552, 597

metabolic rate of 272
hovering 200, 205–6, 206

flight muscles 200
induced drag and 188

HPA axis see hypothalamic-pituitary-adrenal 
axis

HPAI (highly pathogenic avian influenza) 
280, 591

HPG axis see hypothalamic-pituitary-adrenal 
axis

Hubbard Brook Experimental Forest  
studies 35

Hudsonian Godwits (Limosa haemastica) 
483, 484, 594, 597

Hudsonian Whimbrels (Numenius hudsoni-
cus) 312, 483

hue, of colors 153
Huias (Heteralocha acutirostris) 319, 319, 552
human infrastructure, bird mortality and 591
Humboldt Current 530
humerus 232, 233
Hume’s Ground-Jays (Pseudopodoces  

humilis) 51
hummingbirds 41, 62, 64, 75, 114, 135, 

205–6, 206, 207, 262–3, 268, 302
see also individual species
flight 199, 199, 200
foraging strategies 310–1, 311
metabolic rates 199
sounds 150
tongues 242
torpor in 274
traplining behaviors 306–7, 307
vocal learning in 414
wing shapes 192

Humphrey-Parkes (H-P) nomenclature for 
plumages and molts 177, 177

Hurricane Idalia 498
Hurricane Wilma 498
Hutton’s Vireos (Vireo huttoni) 9
Hyacinth Macaws (Anodorhynchus hyacin-

thinus) 308, 308
hybrid index 112
hybrid speciation 111–2
hybrid zones 115–8, 116, 117, 118, 500
hybridization 112, 112–20, 116, 117

conservation 118–20
distinctive offspring 119
hybrid fitness 114, 114–5, 116
hybrid zones 115–8, 117, 118
waterfowl hybrids 114

Hydrobates castro (Band-rumped Storm-
Petrels) 111

Hydrobates leucorhous (Leach’s Storm-
Petrels) 105, 453

Hydrobatidae (family) 74
Hydrophasianus chirurgus (Pheasant-tailed 

Jacanas) 357, 357
Hydrornis elliotii (Bar-bellied Pittas) 4
Hydrornis irena (Malayan Banded-Pittas) 89
Hylia prasina (Green Hylias) 82
Hyliidae (family) 82
hyliotas 82
Hyliotidae (family) 82
Hylocitrea bonensis (Hylocitreas) 83
Hylocitreas (Hylocitrea bonensis) 83
Hylocitreidae (family) 83
Hylophylax naevioides (Spotted Antbirds) 

286, 286, 325, 413
hyoid apparatus 222, 223, 224, 224
hyperthermia 271
Hypocoliidae (family) 66, 83
Hypocolius (Hypocolius ampelinus) 66, 83
Hypocolius ampelinus (Hypocolius) 66, 83
hypoglossal nucleus (nXIIts) 289
hypothalamic-pituitary-adrenal axis (HPA 

axis) 286
holding birds triggering 287
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hypothalamic-pituitary-gonadal axis (HPG 
axis) 284

hypothalamus 284

I
IBAs (Important Bird Areas) 577, 619
Ibera Seedeaters (Sporophila iberaensis)  

151
Iberian Peninsula 488
Ibidorhyncha struthersii (Ibisbills) 72
Ibidorhynchidae (family) 72
Ibisbills (Ibidorhyncha struthersii) 72
ibises 74

see also individual species
icebergs 158
Ichthyaetus audouinii (Audouin’s Gulls) 526
Ichthyornis (genus) 59, 60, 61
Icteria virens (Yellow-breasted Chats) 86
Icteridae (family) 66, 86
Icteriidae (family) 86
Icterus bullockii (Bullock’s Orioles) 46,  

116, 118
Icterus galbula (Baltimore Orioles) 46,  

116, 118
egg shape of 444

Icterus icterus (Venezuelan Troupials) 397
Icterus jamacaii (Campo Troupials) 152, 154
Icterus oberi (Montserrat Orioles) 587, 587
ideal free distribution 534, 534
identification 6

limits of 10–1
location for 9
Merlin Bird ID app 13, 14
observations 8
partial 11
refining 8–10
similar species 10
of song 14

ifrita 148, 149
Ifrita kowaldi (Blue-capped Ifritas) 81, 148
Ifritidae (family) 81
ileum 245, 246
ilium 225, 229, 229
immigration 522–3
immune system 279
immune system elements 281
immunity, adaptive or acquired 281
immunocompetence 281
immunocompetence handicap hypothesis 282
immunology 279
Imperial Eagles (Aquila heliaca) 472
Imperial Woodpeckers (Campephilus impe-

rialis) 320, 583
Important Bird Areas (IBAs) 577, 619
inbreeding 104, 105, 536, 536
inbreeding depression 365, 596
incest, avoidance 365
inclusive fitness 97, 362
incoherent scattering 157, 158, 158
incubation 449, 449–56, 453

behavior in 454–5
egg turning during 455
rhythm in Tree Swallows 454

incubation period 451
indeterminate layer 448, 449
India, diclofenac use in 602
Indian Paradise-Flycatchers (Terpsiphone 

paradisi) 174, 175

Indian Peafowl (Pavo cristatus) 103, 229, 
291, 333, 576, 597

Indian Skimmers (Rynchops albicollis) 430
Indian Vultures (Gyps indicus) 602
Indicator indicator (Greater Honeyguides) 

565
indicator species 599
Indicatoridae (family) 77
Indigo Buntings (Passerina cyanea) 492
indigobirds 85, 110
indirect benefits 102, 103

mate choice 339, 340, 340
indirect exploitation 591
indirect fitness 96–7, 97, 362
indirect incubation, by megapodes 434
individual variations 93
Indonesia 585
induced drag 186, 186, 187, 188
infections 533, 537
infidelity, in Fairywrens 367
influenza A virus 533
infraorbital sinus 236
infrasound 257, 257, 494
infundibulum 247, 248, 249
innate immunity 281
innate vocalizations, learned vs. 412–5
inner ear 258
innovations, key 69
insect populations, bird controlling 616
insectivores 300, 308

foraging guilds 328
insemination 249–50
insulation 142, 143
insulin 245
intensity, of colors 153
interclavicle 228
interference 157–8, 158
interference competition 559, 562
interlocking loops 439
intermittent flight 200, 200–2, 201
International Commission on Zoological 

Nomenclature (ICZN) 43
International Union for Conservation of 

Nature and Natural Resources (IUCN) 
576

Red List 580
inter-seasonal effects 594
intersexual selection 98–9, 99, 100, 101–5
interspecific competition 559, 559, 561
interspecific interactions 542, 543
interspecific territoriality 561
Intertropical Convergence Zone 305
intrasexual selection 98, 99, 99, 100, 105–6
intratarsal joint 230, 230
introduced mammals, eliminating 604–6
invasive mammalian predators 604
invasive species 475

introduced 589–90
inverse density dependence 536, 536
invertivores 300
Ioras 80
Ipswich sparrows (Passerculus sandwichensis 

princeps) 40–2, 42
Irenidae (family) 85
iridescence 151, 151, 158–60, 159, 160
iris 218, 255, 256, 257
irruptive migrants 479, 479–81, 480
ischium 225, 229, 229

island biogeography theory 568–9, 569
Island Canaries (Serinus canaria) 289, 294, 

410
Island Monarchs (Monarcha cinerascens) 

556
Island Scrub-Jays (Aphelocoma insularis) 125
island syndrome 96
islands and archipelagos

adaptive radiation and 128
biogeography theory 568–9, 569
diversity on 66–7
Galápagos archipelago, finches 90, 94, 

95–6, 112, 128, 128
genetic diversifications 96, 108–10, 109, 

127–9, 128
Hawaiian archipelago 129
Madagascar vangas 128–9
Socorro Island 605

Italian Sparrows (Passer italiae) 112
Ithaginis cruentus (Blood Pheasants) 453
itinerant breeding 428
IUCN see International Union for Conserva-

tion of Nature and Natural Resources
Ivory-billed Woodcreepers (Xiphorhynchus 

flavigaster) 478, 479, 583
Ivory-billed Woodpeckers (Campephilus 

principalis) 320
Ixoreus naevius (Varied Thrushes) 526
Ixothraupis xanthogastra (Yellow-bellied 

Tanagers) 218, 261

J
jacamars 77, 308, 311
jacanas 73, 91
Jacanidae (family) 73
jaegers 73, 536
Jamaica 497
Javan Pond-Herons (Ardeola speciosa) 444
jaw bones 222, 223
jays 51, 66, 81, 97, 314, 322, 517

see also individual species
Jehol Biota deposits 169
jejunum 246
jewel-babblers 79
joint venture 614
jumps 484
Junco hyemalis (Dark-eyed Juncos) 125, 125
Jynx torquilla (Eurasian Wrynecks) 462, 471

K
Kagus (Rhynochetos jubatus) 64, 73, 598, 

598
Kakamega poliothorax (Gray-chested Bab-

blers) 84
Kakapos (Strigops habroptilus) 77, 214, 

226, 293, 382, 577
Karoo Prinias (Prinia maculosa) 453
Kauai Oos (Moho braccatus) 83, 590, 591
Kauai’s Akikikis (Oreomystis bairdi) 590
keel 226, 226, 233
keratin 136, 137, 140, 141, 157, 158, 159, 

159, 160, 161, 169
feather evolution and 169

keratinocytes 166, 167, 167
kestrels see individual species
kettle 205, 205
key innovations 69
keystone species 599, 600
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kidneys 247, 247, 266
lobule of 267

Killdeer (Charadrius vociferus) 147, 446, 462
kin selection 96–7, 97, 362
King Birds-of-Paradise (Cicinnurus regius) 

341, 592
King Eiders (Somateria spectabilis) 174
King Penguins (Aptenodytes patagonicus) 

30, 156, 407, 430, 508–9
egg shape of 444

King Vultures (Sarcoramphus papa) 218, 261
kingfishers 64, 77, 301, 306

see also individual species
Kinglet Calypturas (Calyptura cristata) 584
kinglets 84
King-of-Saxony Birds-of-Paradise (Pteri-

dophora alberti) 382
Kirtland’s Warblers (Setophaga kirtlandii) 

472, 509, 510, 528
Kissimmee Prairie 607
kites 64, 76

see also individual species
kiting 205–6, 206
kiwis 162–3, 163, 228

see also individual species
smell senses 235, 258

kleptoparasitism (piracy) interactions, defini-
tion 326, 326, 327

knee joint 230, 230
Knysna Turacos (Tauraco corythaix) 156
koilin 244
Kona Grosbeaks (Chloridops kona) 318, 

318, 621
Kori Bustards (Ardeotis kori) 71
K-selection 521, 521

L
Labrador Ducks (Camptorhynchus labrado-

rius) 581, 621
Lacey Act (US) 577
Lack, David 514, 515
Lagopus lagopus (Willow Ptarmigans) 536, 

537, 538
Lagopus leucura (White-tailed Ptarmigans) 

457, 616
Lagopus muta (Rock Ptarmigans) 92, 158, 

536, 537
Lagopus scotica (Red Grouse) 536, 537
Lake Alaotra 589
Lake Ducks (Oxyura vittata) 249
Lampornis clemenciae (Blue-throated 

Mountain-gems) 292
Lamprotornis purpureus (Purple Starlings) 

161, 162
Lamprotornis regius (Golden-breasted Star-

lings) 156, 157
Lamprotornis superbus (Superb Starlings) 

345, 368, 368, 369
landfowl 114
landscape features 532, 532–3
landscape of fear 566
landscapes of fear 323, 323–4, 324
Laniarius atroflavus (Yellow-breasted Bou-

bous) 394
Laniidae (family) 66, 67, 81
Lanio versicolor (White-winged Shrike-

Tanagers) 329
Lanius bucephalus (Bull-headed Shrikes) 316

Lanius collurio (Red-backed Shrikes) 478, 484
Lanius excubitor (Great Gray Shrikes) 102
Lanius ludovicianus (Loggerhead Shrikes) 

316
Lapland Longspurs (Calcarius lapponicus) 

287, 521
Lappet-faced Vultures (Torgos tracheliotos) 

263, 326
lapwings 73

see also individual species
larder hoarding 314, 315
Large Ground-Finches (Geospiza magniros-

tris) 90, 95–6, 127, 128
large intestine 245–6, 246, 247
Laridae (family) 73
larks 82
Larus argentatus (European Herring Gulls) 

174, 316, 333, 334
Larus californicus (California Gulls) 616
Larus canus (Common Gulls) 174
Larus delawarensis (Ring-billed Gulls) 174
Larus fuscus (Lesser Black-backed Gulls) 

174, 484
Larus marinus (Great Black-backed Gulls) 

174, 268
Larus michahellis (Yellow-legged Gulls) 340, 

454, 526
Larus smithsonianus (American Herring 

Gulls) 4, 174, 316, 450
larynx 236, 236, 237
Last Glacial Maximum 498
latitudinal diversity gradient 66
latitudinal gradients, clutch size and 515, 

515
latitudinal variation 449
Laughing Gulls (Leucophaeus atricilla) 

460–1
laughingthrushes 83
Lawes’ Parotias (Parotia lawesii) 341
Lawrence’s Warblers (hybrid) 119, 119
lax feathers 215
Laysan Albatross (Phoebastria immutabilis) 

193, 203, 268, 344, 448, 517
Laysan Finches (Telespiza cantans) 309
Lazarus species 584
Lazuli Buntings (Passerina amoena) 33
Leach’s Storm-Petrels (Hydrobates leu-

corhous) 105, 453
leaf warblers 66, 83
leafbirds 66, 85
leapfrog migration 485, 485
learned songs 408–10
learning 307, 308

feeding specialization and 319, 320
spatial 316, 316

Least Concern species 578
Least Flycatchers (Empidonax minimus) 35
Least Sandpipers (Calidris minutilla) 312

egg shape of 444
Legatus leucophaius (Piratic Flycatchers) 

429
leg-powered searching behavior 305–6
legs

bone homology of 230
spurs on 229, 229

Leiothrichidae (family) 66, 83
Leipoa ocellata (Malleefowl) 423, 434

mound of 434

lek and lekking 94, 353
displays 338, 354
subtle mate choice cues in 354
three-morph, polygyny 355

lek paradox 356
lek polygyny 353
lens 256, 257
Lepidothrix (genus) 47, 49
Lepidothrix iris (Opal-crowned Manakins) 

49, 49
Lepidothrix nattereri (Snow-capped Mana-

kins) 49, 49
Lepidothrix vilasboasi (Golden-crowned 

Manakins) 49, 49
Leptocoma zeylonica (Purple-rumped Sun-

birds) 431
Leptosomidae (family) 76
Leptosomiformes (order) 76
Leptosomus discolor (Cuckoo-rollers) 76
Lesser Akialoas (Akialoa obscura) 318, 318
Lesser Black-backed Gulls (Larus fuscus) 

174, 484
Lesser Melampittas (Megalampitta  

lugubris) 81
Lesser Spotted Woodpeckers (Dryobates 

minor) 471
Lesser Yellowlegs (Tringa flavipes) 488, 597
Leucocarbo bougainvilliorum (Guanay Cor-

morants) 304, 305, 530
Leuconotopicus borealis (Red-cockaded 

Woodpeckers) 586
Leuconotopicus villosus (Hairy Woodpeck-

ers) 8, 313, 390, 450
Leucophaeus atricilla (Laughing Gulls) 

460–1
Leucophaeus pipixcan (Franklin’s Gulls) 

223, 496
leukocytes 250
Lewis’s Woodpeckers (Melanerpes lewis) 202
Liaoning Province, China 168
lice 96, 96
life history 511

aging and senescence 517–9, 519
clutch sizes 514–7, 515
continuum of strategies 521, 521
food limitation 530, 530, 531
fundamentals of 510–4
reproductive decisions 519–21
young birds 519

life history traits 510, 511
life lists 17
life table 511
life zones 560
lifetime reproductive success 94
lift 184, 184, 186, 186

angle of attack 186
body and tail effects 194, 195
camber 189
modulation 188–90
soaring birds 187, 187, 189
wing/tail shapes 190, 192, 194–5

lift-to-drag ratios 189, 192, 192, 193
light 146

absorbing 153–4, 157
colors 152, 152–3

limitations, population 525, 525
Limnodromus scolopaceus (Long-billed 

Dowitchers) 187
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Limnothlypis swainsonii (Swainson’s War-
blers) 472

Limosa fedoa (Marbled Godwits) 312
Limosa haemastica (Hudsonian Godwits) 

483, 484, 594, 597
Limosa lapponica (Bar-tailed Godwits) 223, 

483, 484, 487, 490
Limosa limosa (Black-tailed Godwits) 474, 

535, 535, 557
Limpkins (Aramus guarauna) 72
Linaria cannabina (Eurasian Linnets) 176
line transect survey method 27, 27–8
linear sequence in avian classification 40, 41
Linnaean system of classification 41, 42–3
Lipaugus vociferans (Screaming Pihas) 395, 

395
Little Greenbuls (Eurillas virens) 406
Little Hermits (Phaethornis longuemareus) 

353
Little Owls (Athene noctua) 179, 407
Little Swifts (Apus affinis) 439
liver 246, 246
living birds see modern birds
load lightening 363
lobules, of Avian kidney 267
local abundance 586
local adaptation 125
local movements 472, 472–3
local names see individual species
location, for identification 9, 9
locomotion, flight feathers and 137–40
Locustellidae (family) 82
Loggerhead Shrikes (Lanius ludovicianus) 

316
logrunners 79
Lonchura punctulata (Scaly-breasted Mu-

nias) 328, 328
Long-billed Curlews (Numenius americanus) 

311
Long-billed Dowitchers (Limnodromus scol-

opaceus) 187
Long-billed Hermits (Phaethornis longiros-

tris) 395, 408, 414, 414
longbills 81
longclaws 129, 129
long-distance migration 501, 501–2
Long-eared Owls (Asio otus) 218, 261
longevity of birds 518
longspurs 85
Long-tailed Hermits (Phaethornis supercilio-

sus) 559
Long-tailed Jaegers (Stercorarius longicau-

dus) 496, 536
Long-tailed Manakins (Chiroxiphia linearis) 

355
Long-tailed Sylphs (Aglaiocercus kingii) 100
Long-tailed Tits (Aegithalos caudatus) 82, 

104, 365, 437, 437, 561
Long-tailed Widowbirds (Euplectes progne) 

99
long-term field study 36, 36
long-term studies 35, 36
Long-wattled Umbrellabirds (Cephalopterus 

penduliger) 102, 103
loons 64, 73–4

see also individual species
loop migration 484, 484, 485
loop of Henle 266, 267

loop tuck 439
Lophophanes cristatus (Crested Tits) 315, 566
Lophophorus impejanus (Himalayan Mon-

als) 160
Lophorina latipennis (Greater Lophorinas) 

116
Lophorina superba (Vogelkop Lophorinas) 

116
Lophura diardi (Siamese Firebacks) 218, 261
Lophura ignita (Bornean Crested Firebacks) 

218, 261
Lorenz, Konrad 333
loudness 378, 379
Louisiana, USA 496
low frequency sounds 494
lower intestine 267–8

water and salt balance 267–8
Loxia curvirostra (Red Crossbills) 311, 314, 

319, 558
Loxia leucoptera (White-winged Crossbills) 

285
Loxioides bailleui (Palila) 611
lumbar vertebrae 224, 225
lumping (classification) 43
lungs 238–42, 239
Luscinia megarhynchos (Common Nightin-

gales) 384, 386, 404, 406, 487
Luscinia svecica (Bluethroats) 98
Lybiidae (family) 77
Lycocorax pyrrhopterus (Halmahera 

Paradise-crows) 164
lymph 250, 250
lymphatic system 250, 250
lyrebirds 65, 79
Lyrurus tetrix (Black Grouse) 338, 338, 340

M
Macaroni Penguins (Eudyptes chrysolophus) 

154
MacArthur, Robert 563
macaws

see also individual species
clay licks and 304

MacGregor’s Bowerbirds (Amblyornis mac-
gregoriae) 336, 337

Machaerirhynchidae (family) 79–80
Machaeropterus deliciosus (Club-winged 

Manakins) 150
Macheiramphus alcinus (Bat Hawks) 130, 

317, 317
Machias Seal Island 496
Macrocephalon maleo (Maleos) 445
macrochromosomes 121
Macronectes giganteus (Southern Giant-

Petrels) 511
Macronyx croceus (Yellow-throated Long-

claws) 129
Macropygia mackinlayi (Spot-breasted 

Cuckoo-Doves) 555
Macropygia nigrirostris (Black-billed 

Cuckoo-Doves) 555
Macrosphenidae (family) 82
maculation 446
Madagascar 585

endemics 611
Madera Canyon 547
Magellanic Penguins (Spheniscus magellani-

cus) 450

Magellanic Plovers (Pluvianellus socialis) 72
magnetic map 494
magnetic perception and cues 493–4
magnetic sense 294–5
magnetite 294
magnetoreception 493–4
magnification, for identification 12
Magnificent Frigatebirds (Fregata magnifi-

cens) 191, 390, 498
Magnolia Warblers (Setophaga magnolia) 

89, 533
Magpie Goose (Anseranas semipalmata) 70
Magpie-larks (Grallina cyanoleuca) 431, 432
magpies 80, 81

see also individual species
Malaconotidae (family) 66, 80
Malagasy endemic mesites 64
Malagasy warblers 82
malaria 591
Malay Archipelago 476
Malayan Banded-Pittas (Hydrornis irena) 89
Malaysian Rail-babblers (Eupetes macro-

cerus) 81
male guarding 349
male song 335
male-only parental care 357
Maleos (Macrocephalon maleo) 444
Mallards (Anas platyrhynchos) 119, 183, 

220, 259, 346, 595
Mallee Emuwrens (Stipiturus mallee) 611, 

612
Malleefowl (Leipoa ocellata) 423, 434

mound of 434
Maluridae (family) 65, 79
Malurus assimilis (Purple-backed Fairy

wrens) 26
Malurus coronatus (Purple-crowned Fairy

wrens) 92, 387
Malurus cyaneus (Superb Fairywrens) 363, 

366, 367, 385, 391, 400, 401, 444, 594
Malurus lamberti (Variegated Fairywrens) 

426
Malurus melanocephalus (Red-backed  

Fairywrens) 426
Manacus candei (White-collared Manakins) 

354
Manacus manacus (White-bearded  

Manakins) 377
Manacus vitellinus (Golden-collared  

Manakins) 275, 354
manakins 47–9, 49, 65, 94, 519

see also individual species
sounds 150

Mandarin Ducks (Aix galericulata)  
160, 162

mandibles 221, 221, 222
maneuvering and stability in flight 208,  

208–9, 209, 210, 211–2, 212
mechanics of 208–9, 211
trade-offs in 211–2

Mangere Island 609
for conservation 606–9
Whooping Crane 607

Mangrove Swallows (Tachycineta albilinea) 
346

Mangrove Yellow Warblers (Setophaga pete-
chia) 172

Maniraptora (dinosaurs) 56, 61
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Manorina melanophrys (Bell Miners) 363, 
363, 561

Manu Biosphere Reserve, Peru 529
map step 489
Marbled Godwits (Limosa fedoa) 312
marginal power 200, 200
marking 26
Marsh Sandpipers (Tringa stagnatilis) 490
Marsh Seedeaters (Sporophila palustris) 113
Marsh Warblers (Acrocephalus palustris) 

388, 388
Marsh Wrens (Cistothorus palustris) 175, 405
Martha (final Passenger Pigeons) 576
martins see individual species
Masked Lapwings (Vanellus miles) 229, 455
mass extinction 38, 60, 60, 60–2, 579
mass mortality events, migration and 496
mast seeding 520
mate attraction 394–7
mate guarding 349, 350
mating and social systems 332–3, 333–71, 

335, 347–8
adaptive value of male choice 339–42, 340
behavior 343–5
competition and intrasexual selection 

105–6
ecological and life history drivers 345–6
extrapair 345–6
female mate choice 334–5, 337–8
forced extrapair 346–7
intersexual selection 98–9, 99, 100, 101–5
intrasexual selection 98, 99, 99, 100, 

105–6
male choice 338–9
male color variation 339
monogamy 348–51
nest stones and male quality 343
outside of pair bond 344–5
polyandry 356–8
polygynandry 358–9
polygyny 351–6
recognition and signaling 149, 151
reproductive investment and shifts in male 

choice 342–3
sexual selection and mate choice 334–8
social systems comparison to 335
testosterone levels and 285
vocal consistency and success of 338

Maui Parrotbills (Pseudonestor xanthoph-
rys) 606

Mauritius Kestrels (Falco punctatus) 608
maxilla 222, 222
maximum range speed 198, 198
Maypole bowers 337
meadowlarks 129, 129
mechanical sounds 383
mechanistic modeling 527
Medium Ground-Finches (Geospiza fortis) 

94, 95–6, 112, 127
Medium Tree-Finches (Camarhynchus pau-

per) 393
megafauna 580, 594
Megalaimidae (family) 77
Megalampitta gigantea (Greater Melampit-

tas) 81
Megalampitta lugubris (Lesser Melampittas) 

81
megapodes 259

Megapodiidae/megapodes (family) 63, 71
Megascops asio (Eastern Screech-Owls) 258, 

265, 323, 565
meiosis 120
Melampittidae (family) 81
Melanerpes formicivorus (Acorn Woodpeck-

ers) 315, 520, 520, 530, 596
Melanerpes lewis (Lewis’s Woodpeckers) 202
melanins 134–5, 153, 153–5, 155, 157, 

158, 160, 161
Melanocharitidae (family) 81
Melanochlora sultanea (Sultan Tits) 51
Melanopareiidae (family) 78
melanosomes 154, 154, 159, 170
Meleagris gallopavo (Wild Turkeys) 172, 

282, 282
Meliphagidae (family) 55, 65, 79, 129
Melopsittacus undulatus (Budgerigars) 98, 

153, 160, 161, 202, 275, 414
Melospiza georgiana (Swamp Sparrows) 

337, 394, 404
Melospiza melodia (Song Sparrows) 101, 

105, 285, 287, 323, 324, 342, 342, 
392–3, 394, 394, 405, 407, 530

Melozone crissalis (California Towhees)  
387, 388

memory, caching and 316
Menura novaehollandiae (Superb Lyrebirds) 

377, 387–9, 398
Menuridae (family) 65, 79
mergansers 224, 300

see also individual species
Merginae (genus) 114
Mergus merganser (Common Mergansers) 41
Mergus serrator (Red-breasted Mergansers) 

313
Merlin Bird ID app 13, 14
Merlins (Falco columbarius) 531
Meropidae (family) 76

fossils 62
Merops apiaster (European Bee-eaters) 68, 188
Merops nubicoides (Southern Carmine  

Bee-eaters) 305
mesites 69, 71
Mesitornithidae (family) 71
Mesitornithiformes (order) 64, 69, 71
metabolic exchange, in hepatic system 250
metabolic heat production 270
metabolic rate 199, 269

see also field metabolic rate
in flying bird 275

metabolism 265, 275–9
flight, metabolic rates in flying bird 275
water turnover and, in desert and non-

desert species 272
metacarpal bone 140
metacommunities 553
metapopulations 478, 478, 524, 524–5, 

525, 601–4, 603
metatarsals 230
meteorology, migration and 495–6
Mexican Jays (Aphelocoma wollweberi) 368
Mexican Violetears (Colibri thalassinus) 414
Micrastur ruficollis (Barred Forest-Falcons) 

130
microbaroms 494
Microbates cinereiventris (Tawny-faced 

Gnatwrens) 553, 553

microbial symbiosis 278–9
microbiome, migration changes effecting 279
microchromosomes 121
micro-computed tomography (micro-CT) 220
microhabitat specialists 553
Micronisus gabar (Gabar Goshawks) 94
Microraptor (genus) 57
Microraptor gui fossil discovery 169, 170
Microspizias superciliosus (Tiny Hawks) 76
middle ear 257–8
migration 193, 470–1, 471, 472, 473, 474, 

478–501
Africa and 481, 481–3, 485, 497–500, 

500, 501
age differences 487
altitudinal 482, 483
annual movement types 478–83
austral 482, 482–3
biological clocks for timing of 491
breeding and 478
broad-front 489, 489
celestial navigation 492–3
chain 486, 486
circle 484
climate change and 497
connectivity in 483–6
definition 478, 478
elevational niche-shift 482
fallouts 496, 496–8
fat 487
flyways 487–9
leapfrog 485, 485
long-distance 501, 501–2
loop 484, 484, 485
magnetic perception and cues 493–4
mass mortality events and 496
meteorology and 495–6
microbiome changes with 279
molts and 179
mortality and 496–8, 497
navigation 491–2
orientation 493
orientation and navigation 491, 491–2
origins of 501–3
paces and paths 483–6, 484
sensory cue integration for navigation 494–5
sex differences 487
solar cues and circadian clock 492
staging areas 487–9
stopover sites 487–9
timing and orientation 489–95
weather and 495–8
wind and 495

Migratory Bird and Game Mammal Treaty 
577

Migratory Bird Convention Act 577
Migratory Bird Treaty Act (USA) 577
migratory connectivity 486, 486, 486–7
migratory divides 500–1, 501
migratory dropout 503, 503
migratory fallouts 496, 496–8, 503
migratory restlessness 489–91, 501, 502
Milky Storks (Mycteria cinerea) 119
Milvus migrans (Black Kites) 305, 474
Milvus milvus (Red Kites) 484, 503
mimicking natural disturbance 611
mimicry 307, 307, 387–9

Batesian 149, 307, 307
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Müllerian 149, 307, 307
vocal 388

Mimidae (family) 66, 84
Mimus gilvus (Tropical Mockingbirds) 394, 

404
Mimus graysoni (Socorro Mockingbirds) 

605–6
Mimus polyglottos (Northern Mockingbirds) 

388, 388, 410
minerals, in diet 277–8
minimum power speed 198, 198
minimum viable population 600
Miocene period 62
mirage, acoustic 292
Mirandornithes (clade) 64
mismatch hypothesis 425
mist netting 25, 25
Mistletoebirds (Dicaeum hirundinaceum)  

432
mitochondrial DNA (mtDNA) 52
mitrospingid tanagers 86
Mitrospingidae (family) 86
mixed-species flock 329, 565
mnemonics, for song identification 13, 14
Mniotilta varia (Black-and-white Warblers) 

89, 473
mobbing 361
mobbing calls 399, 400
mob-taping 15, 15
mockingbirds 66, 84

see also individual species
modern avian extinctions 582
modern birds

diversification of 62–3
orders and families of 70–86 see also spe-

cific orders and families by name
origin of 60–2, 61
relationships within 63
variation in diversity of living birds 42

Modulatricidae (family) 84
Modulatrix stictigula (Spot-throats) 84
Moho braccatus (Kauai Oos) 83, 590, 591
Mohoidae (family) 83–4, 129
Mohouidae (family) 79
molecular clock method 61
Molothrus aeneus (Bronzed Cowbirds) 255
Molothrus ater (Brown-headed Cowbirds) 

397, 411, 465, 467
Molothrus bonariensis (Shiny Cowbirds) 613
Molothrus oryzivorus (Giant Cowbirds) 423, 

428
molt limits 178, 178
molt migration 179, 488, 488, 489
molting 173, 173, 175–6

progression and timing of 179–80
strategies for 177–9

molts 173–80
timing and progression issues 179

Momotidae (family) 77
monarch butterflies 307, 307
monarch flycatchers 81
Monarcha cinerascens (Island Monarchs) 556
Monarchidae (family) 81
Monk Parakeets (Myiopsitta monachus) 

414, 433
Mono Lake, California, USA 487
monocular vision 254
monofilament 168, 168

monogamy 347, 348–51
genetic 344
reproductively monogamous birds 348
social 345, 348

monomorphic species 151
monophyletic groups 41, 42
Montezuma Oropendolas (Psarocolius mon-

tezuma) 352, 352, 423, 428
Montserrat Orioles (Icterus oberi) 587, 587
morphs 510, 510
mortality

California Condors causes of 609
climate patterns and 517
clutch size and 517
human infrastructure and bird 591
life table 511
migration 496–8, 497
predation and 531, 531
senescence and 518
young bird life history and 519

Morus bassanus (Northern Gannets) 30, 32, 
218, 235, 255, 261, 301, 428

mosaic speciation 111–2, 112, 113
mosquitoes 533

disease-transmitting 590
Motacilla alba (White Wagtails) 117
Motacilla flava (Western Yellow Wagtails) 42
Motacillidae (family) 66, 85
motion parallax 254, 254
motmots 64, 77
motor development 458
motor pathway 289
Mottled Berryhunters (Rhagologus leu-

costigma) 80
mound nests 433, 433, 435, 435
Mountain Bluebirds (Sialia currucoides) 153, 

154
Mountain Chickadees (Poecile gambeli) 316, 

474, 521
mountain environments 529, 529
Mourning Doves (Zenaida macroura) 182, 

191, 439
Mourning Warblers (Geothlypis philadel-

phia) 89
mousebirds 69, 76

see also individual species
fossils 62

mouths 236, 236
movement corridor 554
movements of birds 471, 553–4

evolution of 498, 500–3
for locating birds 7
types 480

moving air molecules 379
Mozambique Channel 495
mud nesting 438
mud nests 439
Muisca Antpittas (Grallaria rufula) 44
Müllerian mimicry 149, 307, 307
multi-brooded 448, 449
multi-individual chorusing 387
multimodal display 399
munias 85
Murchison Mountains 609
murres 73, 301, 445
Muscicapa adusta (African Dusky Flycatch-

ers) 482
Muscicapa striata (Spotted Flycatchers) 494

Muscicapidae (family) 66, 84
Muscicapoidea (super family) 66
muscles

cardiac 234
eyes 256
flight 198, 232, 233, 234
power available from the flight muscles 

199, 199–200, 200
skeletal 232, 233, 234, 234
smooth 234
syringeal 237, 238

muscular system 232, 233, 234, 234
museum collections 19–24

see also specimen collections
Musk Ducks (Biziura lobata) 415
Musophagidae (family) 71
Musophagiformes (order) 64, 71
mutual mate choice 339
mutualism 302, 564, 564–6
Myanmar 171
Mycteria americana (Wood Storks) 271, 613
Mycteria cinerea (Milky Storks) 119
Mycteria leucocephala (Painted Storks). 119
Myioborus miniatus (Slate-throated Red-

starts) 306, 306
Myioborus pictus (Painted Redstarts) 306
Myiopsitta monachus (Monk Parakeets) 

414, 433
Myrmoderus loricatus (White-bibbed Ant-

birds) 107, 107
Myrmoderus squamosus (Squamate Ant-

birds) 107, 107
Myzomela sanguinolenta (Scarlet Myzome-

las) 426

N
Naga peoples 605
Namaqua Sandgrouse (Pterocles namaqua) 

142
names

English and local names 44–5
International Commission on Zoological 

Nomenclature (ICZN) 43
Linnaean system of classification 41, 42–3

Namibia 532
naming systems, plumages 176–7
Nannopterum auritum (Double-crested Cor-

morants) 41, 154, 218, 261, 533
nares 235, 235
Narina Trogons (Apaloderma narina) 554, 

554
nasal cavities 236, 236
nasal septum 236
natal dispersal 474, 474, 475
natal down 143, 143
natural selection 91, 91–8, 558

artificial selection 97–8
conditions for 92–4
Darwin, Charles 91, 97–8
Darwin’s finches 90, 94, 95–6, 112, 128, 

128
drought and 95–6, 95
kin selection and indirect fitness 96–7
lifetime reproductive success 94
ongoing natural selection, examples of 94–6
optimal foraging and 322
other organisms, imposed by birds 96, 96
plumage, selective breeding 97



﻿670           Index

Nature Conservancy 612
navigation 491, 491, 491–2, 493

celestial navigation 492–3
magnetic perception and cues 493–4
by odor 293
sensory cue integration for 494–5

Nazca Boobies (Sula granti) 345, 452
near-infrared (NIR) 146
Nebraska, USA 483
nectar 302
Nectariniidae (family) 66, 85
nectarivores 302, 302, 303, 317
neighborhood conservation 617
nematodes 537
Neoaves 61, 61

evolutionary relationships within 63–4
Neognathae 61, 61
neognaths 61, 62, 63
Neomorphus geoffroyi (Rufous-vented 

Ground-Cuckoos) 325
Neophron percnopterus (Egyptian Vultures) 

309
Neornithines 224
Neosittidae (family) 80
nephrons 266, 267
nervous system 252–4
Nesoenas mayeri (Pink Pigeons) 608
Nesospiza (genus) 110
nest helpers 362
nest monitoring 30, 32
nested diversity metrics 547
Nestling Green-rumped Parrotlets (Forpus 

passerinus) 414
nestlings 145, 423, 456–63

begging for food 456
parasitic 466
sensory and motor development 458
temperature regulation 457–8
weight gain 457–8

nests and nesting 428–40
appropriation 438–40
artificial boxes 30–1, 32
birds without 429, 429–30
brood parasitism 110, 111
building 428–40
condition 363
defense of 465
distribution 427
diversity of 430
fungus fiber lining 437
intersexual selection 101–2, 104
intrasexual selection 105, 106
linings 437, 437–8
mist 25, 25
natural selection and 99, 100, 106
of Oilbirds 461
of Ospreys 440
predation 516, 517, 519, 531
reuse of 438–40
sanitation 462–3
sexual selection 99, 106
sites 532, 532–3
speciation and 110, 111
specimen collections of 22–3
structures, social 370
successful nests 93
torpor influenced by 275
types of 429–37

neurons 252, 252
neurotoxins 148
neutral theory, of ecological communities 554
New Caledonian Crows (Corvus moneduloi-

des) 310
New Hampshire, USA 477, 497
New Holland Honeyeaters (Phylidonyris 

novaehollandiae) 294
New World 9-primaried Oscines 66
New World barbets 77
New World blackbirds 427
New World orioles 86
New World parrots 77
New World sparrows 86
New World suboscines 65
New World vultures 62, 75, 76
New World warblers 86
New York City 527
New Zealand 214, 215, 483, 487
New Zealand Bellbirds (Anthornis melan-

ura) 399
New Zealand extinctions 581
New Zealand parrots 77
New Zealand wrens 65, 413
Newton’s Third Law of Motion 186
NGOs (non-governmental organizations) 

620–1
Nicatoridae (family) 82
nicators 82
niche breadth 550, 551

close relatives differing in 552
niche evolution, shaping diversity 550–3
niche overlap 551, 562, 563
niche partitioning 563
nictitating membrane 257, 257, 258
nidicolous 460
nidifugous 460
Night Parrots (Pezoporus occidentalis) 584
“nightbird” orders 75
nightjars 64, 75, 114, 135, 300

see also individual species
Ninox rufa (Rufous Owls) 106
NIR (near-infrared) 146
nitrogenous waste 267
nocturnal birds 289–90
nodes (phylogeny) 49
nomadic birds 481, 481
nomadism 480
nonbreeding associations 360–2
non-governmental organizations (NGOs) 

620–1
nonmigratory movements 472–5, 477–8
non-native predators 589
nonvocal acoustic signals 389–90
North American Breeding Bird Survey (BBS) 29
North American sparrows 409
North Atlantic Oscillation 538
North Island Kokakos (Callaeas wilsoni) 81
Northern Bald Ibis (Geronticus eremita) 204
Northern Bobwhites (Colinus virginianus) 

453, 454, 523
Northern Cardinals (Cardinalis cardinalis) 

124, 124, 138, 152, 176, 183, 347, 
391, 391, 455, 567–8, 596

Northern Flickers (Colaptes auratus) 21, 
357, 399, 449, 471, 515, 515

Northern Fulmars (Fulmarus glacialis) 293, 
453

Northern Gannets (Morus bassanus) 30, 32, 
218, 235, 255, 261, 301, 428

Northern Harriers (Circus hudsonius)  
298–9, 458

northern home hypothesis 502
Northern House Wrens (Troglodytes aedon) 

105, 265, 323, 444, 448
Northern Mockingbirds (Mimus polyglottos) 

388, 388, 410
Northern Nutcrackers (Nucifraga caryo-

catactes) 311, 313, 616
Northern Puffbacks (Dryoscopus gambensis) 

218, 261
Northern Pygmy-Owls (Glaucidium gnoma) 

179
Northern Saw-whet Owls (Aegolius acadicus) 

156, 258
Northern Shovelers (Spatula clypeata) 564
Northern Spotted Owls (Strix occidentalis 

caurina) 599
Northern Wheatears (Oenanthe oenanthe) 

498, 500
Northern Yellow Warblers (Setophaga aes-

tiva) 25, 465
no-slip condition 188
notarium 222, 225, 225
not-for-profit organizations 620
Notharchus hyperrhynchus (White-necked 

Puffbirds) 311, 313
Nothura maculosa (Spotted Nothuras) 446

eggs of 446
Notiomystidae (family) 81
Notiomystis cincta (Stitchbirds) 81, 596
Nucifraga caryocatactes (Northern Nut-

crackers) 313, 616
Nucifraga columbiana (Clark’s Nutcrackers) 

253, 289, 315, 315, 599, 616
nuclear species 565
nuclei 289
Numenius americanus (Long-billed Curlews) 

311
Numenius arquata (Eurasian Curlews) 324
Numenius borealis (Eskimo Curlews) 582, 

583, 591
Numenius hudsonicus (Hudsonian Whim-

brels) 312, 483
Numenius tenuirostris (Slender-billed Cur-

lews) 583
Numididae (family) 71, 115
nuthatches 66, 84
nutrients 303–4
nutrition 275–9

see also food
nXIIts (hypoglossal nucleus) 289
Nyctanassa violacea (Yellow-crowned Night 

Herons) 172, 218, 261
Nyctibiidae (family) 75
Nyctibiiformes (order) 64, 75
Nyctibius grandis (Great Potoos) 92
Nycticorax nycticorax (Black-crowned Night 

Herons) 68
Nyctidromus albicollis (Common Pauraques) 

147, 233

O
oak trees 520
obligate brood parasitism 464, 464–5
obligate migrants 480, 481, 481, 482
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observation see identification
occipital condyle 224, 225
ocean currents 530
oceanic islands historical extinctions 580–1
Oceanites oceanicus (Wilson’s Storm-Petrels) 

68, 69
Oceanitidae (family) 74
Ocellated Antbirds (Phaenostictus mclean-

nani) 325
Ocyphaps lophotes (Crested Pigeons) 149, 

389
Odontophoridae (family) 71
odor profiles 293
Oenanthe leucura (Black Wheatears) 343, 

343
Oenanthe oenanthe (Northern Wheatears) 

498
Ognorhynchus icterotis (Yellow-eared Par-

rots) 597, 597
Oilbirds (Steatornis caripensis) 64, 75, 292, 

393, 460, 461
fossils 62

Okarito Brown Kiwis (Apteryx rowi) 382
Old World buntings 85
Old World flycatchers 84
Old World orioles 80
Old World parrots 78
Old World sparrows 85
Old World suboscines 65
Old World vultures 76
olfactory nerve 253
olfactory orientation 494
Oligocene period 62
Olive Warblers (Peucedramus taeniatus) 85
Olive-backed Woodpeckers (Gecinulus raffle-

sii) 107, 231
omnivores 302
On the Origin of Species (Darwin) 97–8
Onychoprion fuscatus (Sooty Terns) 359, 

359, 498
Onychorhynchidae (family) 78
Onychorhynchus coronatus (Tropical Royal 

Flycatchers) 376, 377
oology 22, 440
Opal-crowned Manakins (Lepidothrix iris) 

49, 49
open-ended learning 410
operational sex ratio 100, 101, 344
operculum 235
Opisthocomidae (family) 69, 72
Opisthocomiformes (order) 64, 72
Opisthocomus hoazin (Hoatzins) 64, 69, 72, 

229, 229, 243, 243, 279, 302
optic nerve 257
Optimal Foraging Theory 322, 322–3, 323
Orange-billed Nightingale-Thrushes (Catha-

rus aurantiirostris) 560
orbits 221, 222
order Chiroptera (Bats) 393
orders of modern birds 70–86

see also specific orders and families by 
name

Oreocharis arfaki (Tit Berrypeckers) 80
Oreoica gutturalis (Crested Bellbirds) 80
Oreoicidae (family) 80
Oreomystis bairdi (Kauai’s Akikikis) 590
Oreothlypis superciliosa (Crescent-chested 

Warblers) 89

Oriental Cuckoos (Cuculus optatus) 121
Oriental Honey-buzzards (Pernis ptilorhyn-

chus) 309
Oriental Pied-Hornbills (Anthracoceros albi-

rostris) 436
orientation 491, 491, 491–2, 493

integrating multiple systems for 494
Oriente Warblers (Teretistris fornsi) 86
origins of birds 54–66, 61

Archaeopteryx 57–8
Cretaceous birds 58–9
dinosaurs, origins in 54–7
feathers and other dinosaur traits inher-

ited by birds 56–7
mass extinction 60, 60–2
modern birds, diversification of 62–3
modern birds, origin of 60–2, 61
Neoaves, evolutionary relationships 

within 63–4
passerines, evolutionary radiation of 64–6
theropod dinosaurs, birds as 54–6
unexpected relationships revealed by 

genetic data 51
orioles 66, 86, 118

see also individual species
Oriolidae (family) 80
Oriolus larvatus (African Black-headed Ori-

oles) 554, 554
Ornate Hawk-Eagles (Spizaetus ornatus) 463
Ornimegalonyx oteroi 215
ornithological research techniques 24–6
Ornithological Society of Pakistan 602
Ornorectes cristatus (Piping Bellbirds) 80
oropendolas 86
Orthonychidae (family) 79
Orthonyx spaldingii (Chowchillas) 478, 480
Orthotomus ruficeps (Ashy Tailorbirds) 553, 

553
Orthotomus sutorius (Common Tailorbirds) 

438
Ortolan Buntings (Emberiza hortulana) 474, 

591
oscillogram 380
oscine passerines 289
oscine songbird families 387
oscines passerines (songbirds) 64–6

see also Passeriformes (order)
osmosis 264
Ospreys (Pandion haliaetus) 23, 30, 76, 147, 

301, 307, 340, 342, 440, 593
ossification 221, 221
Ostriches (Struthio camelus) 41, 226, 230, 

231, 253, 264, 275–6, 371, 439, 444, 
459, 528, 579

daily water budget for 264
large intestine of 245

Otididae (family) 71
Otidiformes (order) 64, 71
Otidimorphae (clade) 64
Otis tarda (Great Bustards) 71, 322
ovaries 247, 248
Ovenbirds (Seiurus aurocapilla) 14, 28, 35, 

65, 79, 89, 407, 430, 432
overhand knot 439
overlapping niches 561
overwinter 486, 486
oviducts 249, 250
ovulation 249

owlet-nightjars 64, 67, 75
owls 64, 75, 91, 536

see also individual species
eyes 254
molts 179
plumage polymorphism in 175, 175
quiet flight of 149

oxpeckers 84, 304
oxygen consumption 199, 275
Oxyruncidae (family) 78
Oxyruncus cristatus (Sharpbills) 78
Oxyura jamaicensis (Ruddy Ducks) 119, 

586
Oxyura leucocephala (White-headed Ducks) 

119, 586
Oxyura vittata (Lake Ducks) 249
Oxyurinae (genus) 114
oystercatchers 73, 92–3, 300, 472

P
Pachycephala rufiventris (Rufous Whistlers) 

384, 384
Pachycephalidae (family) 80
Pachyptila desolata (Antarctic Prions) 395
Pachyramphus albogriseus (Black-and-white 

Becards) 408, 409
Pachyramphus salvini (Cryptic Becards) 408, 

409
Pacific Black Ducks (Anas superciliosa) 119
Pacific Golden-Plovers (Pluvialis fulva) 483
Pacific Wrens (Troglodytes pacificus) 108, 

382, 383, 544
Painted Buntings (Passerina ciris) 487
Painted Buttonquails (Turnix varius) 218, 261
Painted Redstarts (Myioborus pictus) 306
Painted Storks (Mycteria leucocephala). 119
painted-snipes 73
pair bonds 344

mating outside 344–5
Pale-headed Brush-Finches (Atlapetes pallidi-

ceps) 613
paleognaths 62, 63, 63
Pale-winged Trumpeters (Psophia leucop-

tera) 358, 358
Palilas (Loxioides bailleui) 611
Pallas’s Cormorants (Phalacrocorax perspi-

cillatus) 580, 581
Pallas’s Fish Eagles (Haliaeetus leucoryphus) 

586
Pallid Swifts (Apus pallidus) 305
Palm Cockatoos (Probosciger aterrimus) 

154, 389
Palm Warblers (Setophaga palmarum) 201
Palmchats (Dulus dominicus) 83, 433
Palmeria dolei (Akohekohes) 606
Palm-nut Vultures (Gypohierax angolensis) 

317
PAM (passive acoustic monitoring) 31
Pampa curvipennis (Wedge-tailed Sabrew-

ings) 414
pancreas 245, 246
Pandion haliaetus (Ospreys) 23, 30, 76, 147, 

301, 307, 340, 440, 593
Pandionidae (family) 76
Panuridae (family) 82
Panurus biarmicus (Bearded Reedlings) 82
Papuan Eclectus (Eclectus polychloros) 89, 

105, 106, 542, 543
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parabronchi 238, 239
Parabuteo unicinctus (Harris’s Hawks) 327, 

327, 524
Paradisaea apoda (Greater Birds-of-Paradise) 

40
Paradisaea rubra (Red Birds-of-Paradise) 341
Paradisaea rudolphi (Blue Birds-of-Paradise) 

354
Paradisaeidae (family) 66, 67, 81
Paradise Parakeets (Psephotus pulcherrimus) 

583, 584
Paradise Parrots (Psephotellus pulcherrimus) 

552
Paradise Riflebirds (Ptiloris paradiseus) 158
Paradise Tanagers (Tangara chilensis) 560
Paradoxornithidae (family) 83
Paramythia (genus) 80
Paramythiidae (family) 80
parapatric populations 47
parasites 280, 533, 537
Parasitic Jaegers (Stercorarius parasiticus) 326
parasitic nestlings 466
Parasitic Weavers (Anomalospiza imberbis) 

466, 466
parasympathetic system 254, 254
pardalotes 79
Pardalotidae (family) 79
Pardalotus punctatus (Spotted Pardalotes) 435
parent species 112
parenting, song functions 400–2
Paridae (family) 51, 66, 67, 82
Parotia carolae (Carola’s Parotias) 161, 162
Parotia lawesii (Lawes’ Parotias) 341
Parotia wahnesi (Wahnes’s Parotias) 164
parrotbills 83
parrots 64, 77, 106, 156, 157, 235, 536

see also individual species
clavicle in 228
clay soil consumption 304
illegal capture and trade of 600
longevity 518
seed-cracking 308, 308

partial identifications 11, 11
partial migrants 481, 481, 482
participatory science 618, 618
Parulidae (family) 41, 66, 86, 89
Parus cinereus (Asian Tits) 461
Parus major (Great Tits) 30, 35, 168, 272, 

307, 323, 392, 406, 407, 407, 456, 
475, 530, 561

Passenger Pigeons (Ectopistes migratorius) 
575, 575, 576, 581, 595, 621

Passer (genus) 43
Passer domesticus (House Sparrows) 42–3, 

43, 85, 92, 105, 105, 112, 172, 266, 
268, 324, 552

metabolic rate of 272
Passer flaveolus (Plain-backed Sparrows) 43
Passer hispaniolensis (Spanish Sparrows) 

112
Passer italiae (Italian Sparrows) 112
Passer simplex (Desert Sparrows) 43
Passerculus sandwichensis (Savannah Spar-

rows) 40, 405, 410, 528
Passerculus sandwichensis princeps (Ipswich 

Sparrows) 40–2, 42
Passerellidae (family) 86
Passeridae (family) 66, 85

Passeriformes (order) 41, 64–6, 69, 78–86, 
89, 413

fossils 62
major subgroups within 65

Passerina amoena (Lazuli Buntings) 33
Passerina ciris (Painted Buntings) 487
Passerina cyanea (Indigo Buntings) 492
passerines

diversification of 69
evolutionary radiation of 64–6
fossils 62

Passeroidea (superfamily) 66
passive acoustic monitoring (PAM) 31
passive stability 208, 209, 211
Patagona gigas (Giant Hummingbirds) 235, 

248
Patagonia, Argentina 483
Patagonia picnic table effect 499
patch movement patterns 553
patella (kneecap) 230, 230
paternity

extrapair 345
helper correlation with 367

pathogens 279–80, 533
patterns of color, identification 9
Pavo cristatus (Indian Peafowl) 103, 229, 

291, 333, 576, 597
peafowl 115
pectinate claw 232, 232, 233
pectoral girdle 228
Pectoral Sandpipers (Calidris melanotos) 428
pectoralis major 232, 233, 234
pectoralis muscles 226
Pedionomidae (family) 73
Pedionomus torquatus (Plains-wanderers) 73
pelagic seabirds 69
Pelagodroma marina (White-faced Storm-

Petrels) 300–1
Pelecanidae (family) 75
Pelecaniformes (order) 64, 74–5
Pelecanus crispus (Dalmatian Pelicans) 280, 

280
Pelecanus erythrorhynchos (American White 

Pelicans) 188, 327, 327
Pelecanus occidentalis (Brown Pelicans) 241
Pelican Island, Florida 577
pelicans 41, 64, 75, 300, 495

see also individual species
furcula in 228

pellets 245
Pellorneidae (family) 66, 83
Pel’s Fishing-Owls (Scotopelia peli) 301
pelvic bones 227
pelvic girdle 229, 229
pelvis 229, 230
penduline-tits 82
pendulous cup nests 431, 438
penguins 53, 64, 74, 140, 141, 311

see also individual species
keels of 227
supracoracoideus muscle in 228
vocal signatures of 402

penis 249
pennaceous feathers 162
pennaceous region 137, 137, 138, 140
pensile cup nests 431
pensile nests 432
Peprilus triacanthus (Atlantic Butterfish) 594

perception of colors 152, 152–3, 153
percussive sound 389
Peregrine Falcons (Falco peregrinus) 67–8, 

106, 182, 211, 235, 497, 509, 510, 
532, 565, 593, 606, 607, 616

Peregrine Fund 602
Periparus ater (Coal Tits) 564
peripheral nervous system 253–4
Perisoreus canadensis (Canada Jays) 315
Perisoreus infaustus (Siberian Jays) 315
Pernis ptilorhynchus (Oriental Honey-

buzzards) 309
Peru 529, 529
Peruvian Boobies (Sula variegata) 530
pessulus 237
pesticide 592–3, 608, 617, 619
petrels 41, 74, 193

see also individual species
longevity 518

Petrochelidon pyrrhonota (Cliff Swallows) 
94, 360, 360, 439

Petroica australis (South Island Robins) 315, 
405

Petroica macrocephala (Tomtits) 609
Petroica traversi (Black Robins) 365, 609, 

610, 610
Petroicidae (family) 82
Peucaea ruficauda (Stripe-headed Sparrows) 

391, 392
Peucedramidae (family) 85
Peucedramus taeniatus (Olive Warblers) 85
Pezophaps solitaria (Rodrigues Solitaires) 580
Phacellodomus dorsalis (Chestnut-backed 

Thornbirds) 440
Phaenicophilidae (family) 86
Phaenostictus mcleannani (Ocellated Ant-

birds) 325
Phaethontidae (family) 73
Phaethontiformes (order) 73
Phaethornis longirostris (Long-billed Her-

mits) 395, 408, 414, 414
Phaethornis superciliosus (Long-tailed Her-

mits) 559
phagocytic cell 281
Phainopepla (Phainopepla nitens) 146, 399, 

428
movements of 429

Phalacrocoracidae (family) 74
Phalacrocorax capensis (Cape Cormorants) 

532
Phalacrocorax perspicillatus (Pallas’s Cor-

morants) 580, 581
Phalaenoptilus nuttallii (Common Poorwills) 

274, 274
phalanges (finger bones) 230
phalaropes 471, 487
Phalaropus (genus) 100
Phalaropus fulicarius (Red Phalaropes) 101, 

471
Phalaropus tricolor (Wilson’s Phalaropes) 

487, 564
phallus 249
Pharomachrus mocinno (Resplendent Quet-

zals) 482, 483
pharynx (throat) 236, 236
Phasianidae (family) 71, 115
Phasianus colchicus (Ring-necked Pheasants) 

183
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pheasants 41
Pheasant-tailed Jacanas (Hydrophasianus 

chirurgus) 357, 357
Phenological mismatch 594
pheomelanins 154, 160
Pheucticus ludovicianus (Rose-breasted 

Grosbeaks) 486, 544
Pheucticus melanocephalus (Black-headed 

Grosbeaks) 544
Pheugopedius euophrys (Plain-tailed Wrens) 

387
Pheugopedius felix (Happy Wrens) 397
Philepittidae (family) 78
Philesturnus (genus) 81
Philetairus socius (Sociable Weavers) 94, 369
Philippine Eagles (Pithecophaga jefferyi) 76, 

600, 600
Philippine Frogmouths (Batrachostomus 

septimus) 218, 261
Philodice mitchellii (Purple-throated Wood-

stars) 274
philopatry 473, 473–4, 488
Phlegopsis nigromaculata (Black-spotted 

Bare-eyes) 547
Phoebastria immutabilis (Laysan Albatross) 

193, 203, 268, 344, 448, 517
Phoebastria irrorata (Waved Albatross) 200
Phoenicircus nigricollis (Black-necked Red-

Cotingas) 161, 162
Phoenicopteridae (family) 71
Phoenicopteriformes (order) 64, 71
Phoenicopterus roseus (Greater Flamingos) 

171, 313
Phoenicopterus ruber (American Flamingos) 

89, 430, 498
Phoeniculidae (family) 76
Phoeniculus purpureus (Green Woodhoo-

poes) 407
Pholidornis rushiae (Tit-hylias) 82
Phonygammus keraudrenii (Trumpet Manu-

codes) 237, 237
photoperiod 285, 426, 491, 491, 492
photoreceptors 492
Phylidonyris novaehollandiae (New Holland 

Honeyeaters) 294
Phylloscopidae (family) 66, 83
Phylloscopus trochiloides (Greenish War-

blers) 337
Phylloscopus trochilus (Willow Warblers) 

93, 500, 501
phylogenetic species concept 46
phylogenetics 39, 47–54

building phylogenetic trees 52
phylogenomics 52
phylogeny or phylogenetic trees 41, 47–54, 49

branches 49
building phylogenetic trees 52
complete tree of living birds 53
defined 40, 47–50
dinosaurs 55
importance of 55
modern bird origins and relationships 61, 63
molecular techniques, phylogenetic  

inference and 50–4
nodes 49
polytomy 49
terminal nodes 49
theory behind 50

physics of bird flight 185
physiology 263–95

see also sensory physiology
adaptability 4
avian-kidney 266–7
body mass and water balance 265
brain 288–9
cloaca and lower intestine 267–8
cognition and sensory physiology 288–95
dietary requirements 277–8
disease 279–82
endocrine system 282–8
energy requirements 275–7
homeostasis 263–4
kidneys 266–7
maintaining water and salt balance  

264–9
microbial symbiosis 278–9
nutrition, digestion, and metabolism 275–9
plant fiber digestion 278–9
salt glands 268–9, 269
thermoregulation 269–75
water and salt balance 264–6
water and salt budgets 264–6

Pica hudsonia (Black-billed Magpies) 197, 202
Picathartes (genus) 51
Picathartidae (family) 81
Picidae (family) 67, 77
Piciformes (order) 64, 77
Picus viridis (Eurasian Green Woodpeckers) 

224
Pied Currawongs (Strepera graculina) 361, 

388, 400
Pied Kingfishers (Ceryle rudis) 183, 300
pigeons 64, 72, 96, 97–8, 235, 294

see also individual species
clay soil consumption 304
head-bobbing behaviors 256
selective breeding 97

pigment colors, mixing 160
pigmentary colors 153–4, 154, 156, 157
Pileated Woodpeckers (Dryocopus pileatus) 

201, 588
pin feathers 167, 167, 168
Pinaroloxias inornata (Cocos Finches) 319, 

320
Pinguinus impennis (Great Auks) 576, 580, 

581, 591
Pink Pigeons (Nesoenas mayeri) 608
Pink-headed Ducks (Rhodonessa caryophyl-

lacea) 583
Pink-headed Warblers (Cardellina versicolor) 

89
Pinyon Jays (Gymnorhinus cyanocephalus) 

385, 386, 461, 615
Pipilo erythrophthalmus (Eastern Towhees) 

14, 255, 596
Piping Bellbirds (Ornorectes cristatus) 80
Piping Plovers (Charadrius melodus) 26, 

599, 611
pipits 66, 85
pipped 455
Pipridae (family) 47–9, 65
Piranga olivacea (Scarlet Tanagers) 135, 

176, 177, 496
Piratic Flycatchers (Legatus leucophaius) 429
pishing technique 14, 15
Pitangus sulphuratus (Great Kiskadees) 96

pitch, maneuvering and stability in flight 
208, 208

Pithecophaga jefferyi (Philippine Eagles) 76, 
600, 600

Pitohui dichrous (Hooded Pitohuis) 148
pitohuis 148, 149
Pitta moluccensis (Blue-winged Pittas) 164
pittas 65, 78
Pittidae (family) 78
pituitary glands 286
Pityriasidae (family) 80
Pityriasis gymnocephala (Bornean Bristle-

heads) 80
Plain-backed Sparrows (Passer flaveolus) 43
Plain-brown Woodcreepers (Dendrocincla 

fuliginosa) 325
Plains-wanderers (Pedionomus torquatus) 73
Plain-tailed Wrens (Pheugopedius euophrys) 

387
planetarium studies 493
plant fiber, digestion of 278–9
plantcutters (Phytotoma species) 302
Plasmodium relictum 533
plastic song 412
Platalea ajaja (Roseate Spoonbills) 613
Platalea leucorodia (Eurasian Spoonbills) 487
platform nests 430, 430–1
Platylophidae (family) 81
Platylophus galericulatus (Crested Jay-

shrikes) 81
Platyspiza crassirostris (Vegetarian Finches) 

302
Platysteiridae (family) 80
Plecopterinae (genus) 114
Plectrophenax nivalis (Snow Buntings) 85, 

147, 351
Ploceidae (family) 66, 85
Ploceus bojeri (Golden Palm Weavers) 155
Ploceus philippinus (Baya Weavers) 433, 433
plovers 73

see also individual species
plumage 135–80, 151, 176, 176

see also colors
annual cycles in 175–6
bilateral gynandromorphs 124
camouflage, adaptations for 92
cryptic 147
definitive plumages 174, 174
delayed maturation in 151, 151
differential introgression 117
dimorphism 98, 101, 106, 124, 151, 151
European Pied Flycatchers 339, 339
gene regulation, visible differences caused 

by 125
Humphrey-Parkes (H-P) nomenclature 

177, 177
individual variations 93
mosaic speciation 113
naming systems 176–7
polyandrous species, sexual dimorphism 

in 101
polymorphism in 174–5, 175
selective breeding 97
sexual selection 99, 100, 103, 104, 105
status signaling 105
subadult plumages 173, 173–4, 174
supergenes and 122
textures 160–3, 162
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Plum-throated Cotingas (Cotinga maynana) 
159

plumulaceous afterfeathers 144
plumulaceous feathers 162
plumulaceous region 137, 137, 138, 140
plunge-diving 301
plural breeding 366, 368–9, 368–70, 369
Pluvialis dominica (American Golden-

Plovers) 597
Pluvialis fulva (Pacific Golden-Plovers) 483
Pluvialis squatarola (Black-bellied or Grey 

Plovers) 44
Pluvianellidae (family) 72
Pluvianellus socialis (Magellanic Plovers) 72
Pluvianidae (family) 72
Pluvianus aegyptius (Egyptian Plovers) 72, 

450
pneumatic bones 56, 220, 220, 221
Pnoepygidae (family) 82
Podargidae (family) 75
Podargiformes (order) 64, 75
Podiceps andinus (Colombian Grebes) 583
Podiceps auritus (Horned Grebes) 218, 261
Podiceps gallardoi (Hooded Grebes) 590
Podicipedidae (family) 41, 71
Podicipediformes (order) 64, 71
Podilymbus gigas (Atitlan Grebes) 583
Podoces panderi (Turkestan Ground-Jays) 

51
Poecile atricapillus (Black-capped Chicka-

dees) 68–9, 118, 289, 342, 380, 380, 
384, 391, 393, 400, 517

Poecile carolinensis (Carolina Chickadees) 
68–9, 118

Poecile gambeli (Mountain Chickadees) 316, 
474, 521

Poecile montanus (Willow Tits) 315, 397, 
564, 566

metabolic rate of 272
Poephila cincta (Black-throated Finches) 

478, 479
Pogoniulus bilineatus (Yellow-rumped Tin-

kerbirds) 127
Pogoniulus subsulphureus (Yellow-throated 

Tinkerbirds) 127
Pogonocichla stellata (White-starred Robins) 

482
point count survey method 26–7, 27
poison dart frogs 148
polarization, of sunlight 492
Poliocrania exsul (Chestnut-backed Ant-

birds) 472
Polioptila californica (California Gnatcatch-

ers) 598, 599
Polioptila melanura (Black-tailed Gnatcatch-

ers) 272
Polioptilidae (family) 84
pollinators 302
pollution, as threat 591
polyandrous species, sexual dimorphism in 

101
polyandry 347, 356–8

complex 358
sequential 357
social 356

polygynandry 347, 358–9
polygyny 341, 347, 351–6

female defense 352–3

resource defense 353
three-morph lek 355

polymorphism 319, 319
plumage 174–5, 175

Polysticta stelleri (Steller’s Eiders) 174
polytomy 49
Pomatostomidae (family) 79
Pomatostomus ruficeps (Chestnut-crowned 

Babblers) 363, 416, 416
Pomatostomus temporalis (Gray-crowned 

Babblers) 364
Poo-uli (Melamprosops phaeosoma) 590, 591
population cycles 536, 537–8, 538
population dynamics 525–36, 538

abiotic factors in 509, 528–9
ecological niches and population processes 

526–8, 527
food limitation and 530, 530, 531
nest sites and landscape features 532, 

532–3
parasites and pathogens 533
population cycles 536, 537–8, 538
predation and 531, 531
social behaviors and 535–6
territoriality and social factors 533–6, 

534, 535, 536
population limitation 525, 525
population management-reliant species 611
population regulation 525, 525
population structure 125
population viability analysis (PVA) 601, 603
populations 46, 508–9, 509–39

changes, long-term studies 35
connectivity 486
increases as threat 596–7
long-term studies 35

porphyrins 155, 155, 156, 157
Porphyrio hochstetteri (South Island Taka-

hes) 214, 215, 215
Porphyrio martinica (Purple Gallinules) 214
posterior chamber 256, 257
potassium 265
pothole marshes 488
potoos 64, 75, 91
powder down 140, 141, 141
power 195, 195

available from flight muscles 199,  
199–200, 200

flight, requirements for 197–9
for flight 195–202, 205–6

Powerful Owls (Ninox strenua) 361
Prakash, Vibhu 602
pratincoles 73
precipitous vulture declines 602
precocial 424
precocial chicks 145, 456–7

altricial chicks vs. 457
leaving nest 460

predation 531, 531, 566–7, 567
alarm calls 399–400
clutch size and risk of 516, 517, 517

predator distraction displays 462
predators 286

see also individual species
aquatic 300
bird communities 566–7
ecological forces and 566–7
eliminating introduced mammals 604–6

guilds of 328
introduced 589–90
invasive mammalian 604
non-native 589
visual capabilities of 148

preening 96, 96, 171, 171–2
prescribed burning 612, 613
pressure 185
pressure drag 186, 186, 188, 195, 195
prey switching 536, 536
primaries 139, 139
principle of allocation 318, 319
Prinia maculosa (Karoo Prinias) 453
Prinia subflava (Tawny-flanked Prinias) 466
Prionodura newtoniana (Golden Bower-

birds) 336
Prionops plumatus (White-crested Helmet-

shrikes) 218, 261
Prionops retzii (Retz’s Helmetshrikes) 218, 

261
prioritization frameworks 598–601
priority effect 556
Priotelus temnurus (Cuban Trogons) 134–5
Probosciger aterrimus (Palm Cockatoos) 

154, 389
Procellariidae (family) 74
Procellariiformes (order) 64, 74, 235, 244
process 221, 221
Procnias albus (White Bellbirds) 395, 395, 

396
Procnias nudicollis (Bare-throated Bellbirds) 

413
Procnias tricarunculatus (Three-wattled Bell-

birds) 413
producers 328, 328
progression of molts 179, 179–80
Promeropidae (family) 66, 84
Prong-billed Barbets (Semnornis frantzii) 77
propagule populations 475
proportions, for identifying birds 8
proprioceptive neurons 252, 252
prospecting for new breeding sites 477
protection laws, earliest 576
protein metabolism 267
proteins, in diet 277
proventriculus 244, 244, 246
proximate explanation 514, 514
Prunella collaris (Alpine Accentors) 358, 

358, 397
Prunella modularis (Dunnocks) 85
Prunellidae (family) 66, 85
Przevalski’s Pinktails (Urocynchramus pyl-

zowi) 85
Psarocolius decumanus (Crested Oropendo-

las) 218, 261
Psarocolius montezuma (Montezuma Oro-

pendolas) 423, 428
Psephotellus pulcherrimus (Paradise Parrots) 

552
Psephotus pulcherrimus (Paradise Parakeets) 

583, 584
Pseudastur albicollis (White Hawks) 564
Pseudibis gigantea (Giant Ibises) 531
pseudo-babblers 79
Pseudochelidon sirintarae (White-eyed River 

Martins) 584
Pseudonestor xanthophrys (Maui Parrot-

bills) 606
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Pseudopodoces humilis (Ground Tits, prev. 
Hume’s Ground-Jays) 51

Psittacidae (family) 77–8
Psittaciformes (order) 64, 77–8
psittacofulvins 156, 157
Psittacosaurus (dinosaur) 169
Psittacula eques (Echo Parakeets) 608
Psittaculidae (family) 78
Psittacus erithacus (Grey Parrots) 578
Psitteuteles porphyrocephalus (Purple-

crowned Lorikeets) 313
Psophia leucoptera (Pale-winged Trumpet-

ers) 358, 358
Psophiidae (family) 72
Psophodidae (family) 80
ptarmigans 537–8
Pteridophora alberti (King-of-Saxony Birds-

of-Paradise) 382
pterins 156
Pterocles namaqua (Namaqua Sandgrouse) 

142
Pterocles senegallus (Spotted Sandgrouse) 263
Pteroclidae (family) 71–2
Pterocliformes (order) 64, 71–2
Pterodroma cahow (Bermuda Petrels) 584
Pterodroma longirostris (Stejneger’s Petrels) 

488
Pterodroma madeira (Zino’s Petrels) 606
Pteroglossus torquatus (Collared Aracaris) 16
pterosaur fossils 168
Pteruthius (genus) 51
pterylae (feather tracts) 165, 165
Ptiliogonatidae (family) 66, 83
Ptilonorhynchidae (family) 65, 67, 79, 336
Ptilonorhynchus violaceus (Satin Bower-

birds) 100, 218, 261, 337, 354, 406
Ptiloris paradiseus (Paradise Riflebirds) 158
Ptiloris victoriae (Victoria’s Riflebirds) 341
pubis 225, 229, 229
Puerto Rican Tanagers 86
Puerto Rico 516
puffbirds 77, 306, 311

see also individual species
puffins 73, 300
pulmonary arteries 251, 251
Purple Finches (Haemorhous purpureus) 9, 

176, 176
Purple Gallinules (Porphyrio martinica) 214
Purple Honeycreepers (Cyanerpes caeruleus) 

302
Purple Starlings (Lamprotornis purpureus) 

161, 162
Purple-backed Fairywrens (Malurus assi-

milis) 26
Purple-crowned Fairywrens (Malurus 

coronatus) 92, 350, 387
Purple-crowned Lorikeets (Psitteuteles 

porphyrocephalus) 313
Purple-rumped Sunbirds (Leptocoma 

zeylonica) 431
Purple-throated Caribs (Eulampis jugularis) 

307, 319
Purple-throated Woodstars (Philodice 

mitchellii) 274
torpor of 274

PVA (population viability analysis) 601, 603
Pycnonotidae (family) 66, 83
pygmy wren-babblers 82

Pygoscelis adeliae (Adelie Penguins) 50, 359
Pygoscelis papua (Gentoo Penguins) 242
pygostyle 225, 226, 227
pylorus 245
Pyrenestes ostrinus (Black-bellied Seedcrack-

ers) 319
Pyrrhocorax graculus (Yellow-billed 

Choughs) 253
Pyrrhuloxias (Cardinalis sinuatus) 309

Q
quadrate 222
quail 63, 115

see also individual species
quail-thrushes 79
quasi-ordered keratin 159, 160
Quelea quelea (Red-billed Queleas) 403, 

426, 439, 481, 481
quill knobs 139
Quiscalus palustris (Slender-billed Grackles) 

583
Quiscalus quiscula (Common Grackles) 141

R
rachis 136, 136, 137, 140, 142, 143, 167
rachis ridge 167, 167
radiations 90

see also adaptive radiations
radiative heat exchange 270
radio-frequency identification (RFID) tags 

33, 33
rails 64, 72
rainbirds 45
rainfall 528, 529

population cycles and 538
Rallidae (family) 72
Ramphastidae (family) 77
Ramphastos dicolorus (Red-breasted Tou-

cans) 218, 261
Ramsar List of Wetlands of International 

Importance 577
ramus 136, 136, 137, 163, 167
range expansion 476
Raphus cucullatus (Dodos) 215, 226
rapid eye movement (REM) 290
raptors 64, 130, 235, 300, 495, 531

see also individual species
plumage polymorphism in 175, 175
vision 254

rarity
among geographically restricted species 

587
six forms of 586

ratites 41, 62, 63, 63, 64, 305, 371
realized niches 527, 527, 528
receiver 383
receiver-side limits 416
reciprocal helping 369
reciprocity 369
recreational birdwatching 615
rectrices 134–5, 138, 138, 140
Recurvirostra americana (American Avocets) 

483, 484
Recurvirostridae (family) 72
Red Birds-of-Paradise (Paradisaea rubra) 341
Red Crossbills (Loxia curvirostra) 311, 314, 

319, 348, 558
Red Grouse (Lagopus scotica) 536, 537

Red Junglefowl (Gallus gallus) 98
egg shape of 444

Red Kites (Milvus milvus) 484, 503
Red Knots (Calidris canutus) 488, 497
Red List of Threatened Species 578
Red Phalaropes (Phalaropus fulicarius) 101, 

349, 357, 471
Red Siskins (Spinus cucullatus) 98, 591
Red-and-green Macaws (Ara chloropterus) 

304
Red-backed Fairywrens (Malurus melano-

cephalus) 426
Red-backed Shrikes (Lanius collurio) 478, 

484
Red-billed Queleas (Quelea quelea) 403, 

426, 439, 481, 481
Red-billed Streamertails (Trochilus polyt-

mus) 110, 194
Red-breasted Geese (Branta ruficollis) 565
Red-breasted Mergansers (Mergus serrator) 

313
Red-breasted Nuthatches (Sitta canadensis) 

400
Red-breasted Sapsuckers (Sphyrapicus ruber) 

544
Red-breasted Toucans (Ramphastos dicolo-

rus) 218, 261
Red-capped Manakins (Ceratopipra men-

talis) 275
body temperature of 275

Red-cheeked Cordonbleus (Uraeginthus ben-
galus) 565

Red-cockaded Woodpeckers (Leuconotopi-
cus borealis) 586

Red-collared Widowbirds (Euplectes ardens) 
99

Red-crowned Cranes (Grus japonensis) 397, 
399, 576

Reddish Egrets (Egretta rufescens) 301
Red-eyed Vireos (Vireo olivaceus) 35, 155, 

156, 255, 588
Redheads (Aythya americana) 464
Redpolls (Acanthis flammea) 43–4
redstarts 306, 306
Red-tailed Hawks (Buteo jamaicensis) 23, 

218, 241, 261, 399
Red-throated Loons (Gavia stellata) 218, 261
Red-winged Blackbirds (Agelaius phoeni-

ceus) 20, 25, 149, 352, 400, 401, 459, 
463, 561

Redwings (Turdus iliacus) 291
reed warblers 66, 82
reedlings 82
Reeves’s Pheasants (Syrmaticus reevesii) 195
reflexes 252
refraction 157, 157–8
refugia 108, 109
Regent Bowerbirds (Sericulus chrysocepha-

lus) 337
Regent Honeyeaters (Anthochaera Phrygia) 

89
regional heterothermy 273
regional species pool 549
regulation, population 525, 525
Regulidae (family) 84
Regulus satrapa (Golden-crowned Kinglets) 

15, 263
reinforcement, in natural selection 115, 116
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reintroduction 606–9
of California Condors 609

relative abundance 556
REM sleep 290
remiges 137, 137, 139, 140
Remizidae (family) 82
repertoire complexity 404, 404–5
repertoires 383, 384
reproduction 283–5

monitoring 30–3, 32
social cues stimulating 284

reproductive decisions 519–21
reproductive isolation 106, 107, 116
reproductive retaliation 349
reproductive skew 354–5
reproductive success 93, 94

age structure and 523, 523
territorial occupancy and 534, 535

reproductively monogamous birds 348
Reptilia (class) 54
research techniques

DNA tools 34, 36
long-term studies 35, 36
monitoring reproduction 30–3, 32
scientific bird survey methods 26–30
technological advances 33
tracking birds 33–4
of wild birds 25–6

reserve design 601–4
residency 480
resident birds 478, 478
residual reproductive value 517, 517
resorption 221
resource competition 551
resource defense 392–4
resource defense polygyny 353
resources, population and 535, 535
respiratory system 235–42, 236, 237, 238, 

239, 240
pneumatic bones and 220–1

Resplendent Quetzals (Pharomachrus  
mocinno) 482, 483

restoration, riparian 612
restoration projects 613
restricted species 587
retina 256, 257
retort nest 433, 433
Retz’s Helmetshrikes (Prionops retzii) 218, 

261
Réunion Solitaires (Threskiornis solitarius) 

580
RFID (radio-frequency identification) tags 

33, 33
Rhagologidae (family) 80
Rhagologus leucostigma (Mottled Berry-

hunters) 80
rhamphotheca 222, 222
Rhea americana (Greater Rheas) 64, 172
rheas 226, 229

see also individual species
Rheidae (family) 70
Rheiformes (order) 70
Rhinocryptidae (family) 79
Rhipidura leucophrys (Willie-wagtails) 430
Rhipiduridae (family) 80–1
Rhodinocichla rosea (Rosy Thrush-Tanagers) 

85
Rhodinocichlidae (family) 85

Rhodonessa caryophyllacea (Pink-headed 
Ducks) 583

rhynchokinesis 222, 223, 223
Rhynchopsitta pachyrhyncha (Thick-billed 

Parrots) 536
Rhynochetidae (family) 73
Rhynochetos jubatus (Kagus) 64, 73, 598, 

598
Rhyticeros undulatus (Wreathed Hornbills) 

479
ribs 225, 226
Richard’s Pipits (Anthus richardi) 499
richness 544
Ricklefs, Robert 512
rictal bristles 144, 145, 311, 311
Riflemans (Acanthisitta chloris) 413
Ring-billed Gulls (Larus delawarensis) 174
Ring-necked Pheasants (Phasianus colchicus) 

183
Riparia riparia (Bank Swallows) 407
riparian restoration 612
Ripper, the Musk Duck 415
Rissa tridactyla (Black-legged Kittiwakes) 

455, 477, 512
robins see individual species
Rock Kestrels (Falco rupicolus) 565
Rock Pigeons (Columba livia) 96, 97, 98, 

189, 197, 197, 199, 200, 235, 253, 
271, 292, 475, 509, 552

Rock Ptarmigans (Lagopus muta) 92, 158, 
536, 537

Rock Sparrows (Petronia petronia) 339
Rock Wrens (Salpinctes obsoletus) 531
rockfowl 51, 81
rockjumpers 51, 81
Rodrigues Solitaires (Pezophaps solitaria) 580
roll, maneuvering and stability in flight 208, 

208
rollers 64, 76
Roosevelt, Theodore 577
roosters, leg spurs 229
root (phylogeny) 49
Roseate Spoonbills (Platalea ajaja) 613
Roseate Terns (Sterna dougallii) 603
Rose-breasted Grosbeaks (Pheucticus ludovi-

cianus) 486, 544
rosefinches 129
Ross’s Geese (Anser rossii) 425
Rostratulidae (family) 73
Rostrhamus sociabilis (Snail Kite) 309
Rosy Thrush-Tanagers (Rhodinocichla  

rosea) 85
Rosy-faced Lovebirds (Agapornis roseicollis) 

98
round skin specimens 20, 20–1
routine hypothesis 274
royal flycatchers 78
Royal Society for the Protection of Birds 

(RSPB) 577
r-selection 521, 521, 522
RSPB (Royal Society for the Protection of 

Birds) 577
Ruby-crowned Kinglets (Corthylio calen-

dula) 9
Ruby-throated Hummingbirds (Archilochus 

colubris) 183, 481
Ruddy Ducks (Oxyura jamaicensis) 119, 586
Ruddy Turnstones (Arenaria interpres) 551

Ruffed Grouse (Bonasa umbellus) 225, 389
Ruffs (Calidris pugnax) 94, 121, 354

mating strategies of 355
three-morph lek polygyny 355

Rufous Antpittas (Grallaria rufula) 44, 44
Rufous Horneros (Furnarius rufus) 394, 

436, 436
Rufous Hummingbirds (Selasphorus rufus) 

15, 207, 307
Rufous Owls (Ninox rufa) 106
Rufous Piculets (Sasia abnormis) 430
Rufous Twistwings (Cnipodectes superrufus) 

551, 552
Rufous Whistlers (Pachycephala rufiventris) 

384, 384
Rufous-backed Wrens (Campylorhynchus 

capistratus) 565
Rufous-collared Sparrows (Zonotrichia 

capensis) 179, 408, 534
Rufous-naped Bellbirds (Aleadryas rufinu-

cha) 80
Rufous-tailed Hummingbirds (Amazilia 

tzacatl) 526
Rufous-tailed Jacamars (Galbula ruficauda) 

308
Rufous-vented Ground-Cuckoos (Neomor-

phus geoffroyi) 325
runaway sexual selection 102
Rupicola peruvianus (Andean Cock-of-the-

rock) 100
Rusty Blackbirds (Euphagus carolinus) 486
Rynchops albicollis (Indian Skimmers) 430
Rynchops niger (Black Skimmers) 187, 300, 

301

S
Sabine’s Gulls (Xema sabini) 89, 496
sacral vertebrae 225
saddlebacks 81
Saddle-billed Storks (Ephippiorhynchus sen-

egalensis) 255
safety in numbers 361
Sagittariidae (family) 76
Sagittarius serpentarius (Secretarybirds) 76, 

246, 305
salivary glands 242–3
sallying 306
Salpornithidae (family) 84
salt balance, in physiology 264–9
salt budgets 264–6
salt glands 236, 236, 264, 268, 268–9
Saltmarsh Sparrows (Ammospiza caudacuta) 

570
same-sex pair bonds 344
Sanderlings (Calidris alba) 230, 311, 551
sandgrouse 71–2, 141, 142
Sandhill Cranes (Antigone canadensis) 89, 237
sandpipers 73

see also individual species
Sapayoa aenigma (Sapayoas) 51, 65, 78
Sapayoas (Sapayoa aenigma) 51, 65, 78
Sapayoidae (family) 78
sapsucker tongues 242
Sarcophanops steerii (Wattled Broadbills) 

218, 261
Sarcoramphus papa (King Vultures) 218, 261
Sarothrura (genera) 72
Sarothruridae (family) 72
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Sasia abnormis (Rufous Piculets) 430
satellite species 565
Satin Bowerbirds (Ptilonorhynchus violaceus) 

100, 218, 261, 337, 354, 355, 406
satinbirds 81
saturation, of colors 153
Satyr Tragopans (Tragopan satyra) 471
Savannah Sparrows (Passerculus sand-

wichensis) 40, 405, 410, 528
Sayornis phoebe (Eastern Phoebes) 413, 461
Scaly-breasted Munias (Lonchura punctu-

lata) 328, 328
scapula 227, 228
Scarlet Macaws (Ara macao) 156, 513
Scarlet Myzomelas (Myzomela sanguino-

lenta) 426
Scarlet Tanagers (Piranga olivacea) 135, 

176, 177, 496
scatter hoarding 314, 316
scatter-hoarding species 289
scavengers 302, 304, 317, 326, 326
Scenopoeetes dentirostris (Tooth-billed Bow-

erbirds) 336–7
scent, to located food 293
Schiffornis virescens (Greenish Schiffornis) 51
science

see also specific topics
birding support from 16–8, 17
eBird as tool for 17
participatory science 618

scientific bird survey methods 26–30
scimitar-babblers 83
scimitarbills 76
sclera 257
scleral ring 221, 222
Scolopacidae (family) 73
Scolopax minor (American Woodcocks) 218, 

261, 428, 455, 479
Scopidae (family) 75
Scopus umbretta (Hamerkops) 74, 75, 433, 

435
Scotopelia peli (Pel’s Fishing-Owls) 301
scrape nests 430, 430
scratching techniques, preening 171–2, 172
screamers, fossils 62
Screaming Pihas (Lipaugus vociferans) 395, 

395
Scripps’s Murrelets (Synthliboramphus 

scrippsi) 606
scroungers 328, 328
scrub-birds 65, 79
scrub-jays 125
seabirds 301

see also specific birds and families by name
Cretaceous birds 59
diversity of 67, 69
dynamic soaring 205
maneuvering by 211
nares of 235
soaring 203
social foraging and 324
tube-nosed 193
with worldwide distributions 69

search images 321, 321
seasonal breeding 285–6
secondaries 139, 139
Secretarybirds (Sagittarius serpentarius) 76, 

246, 305

Sedge Warblers (Acrocephalus schoenobae-
nus) 395, 405

seeds 302, 302, 520
caching 314, 315
cracking 307–8, 308, 309

seedsnipes 73
Seiurus aurocapilla (Ovenbirds) 14, 28, 35, 

79, 89, 407, 430, 432
Selasphorus ellioti (Wine-throated Hum-

mingbirds) 5
Selasphorus platycercus (Broad-tailed Hum-

mingbirds) 159
Selasphorus rufus (Rufous Hummingbirds) 

15, 207, 307
Selasphorus sasin (Allen’s Hummingbirds) 

275
Selenidera maculirostris (Spot-billed Tou-

canets) 218, 261
Semioptera wallacii (Standardwing Birds-of-

Paradise) 341
Semipalmated Plovers (Charadrius semipal-

matus) 312
Semipalmated Sandpipers (Calidris pusilla) 

351, 470–1, 551
semiplumes 138, 142–4, 143
Semnornis frantzii (Prong-billed Barbets) 77
Semnornis ramphastinus (Toucan Barbets) 77
Semnornithidae (family) 77
sender 383
senescence 517–9, 518, 519
sensitive period 409
sensory cranial nerves 253
sensory development 458
sensory physiology 288

birdsong neural basis 289
hearing 291–2
magnetic sense 294–5
sleep 289–90
smell 292–3
song system 289
taste 294
vision 290–1

sensory systems 252–9
sentinels 329, 329
sequential polyandry 357
Sericornis frontalis (White-browed Scrub

wrens) 384, 400, 517
Sericulus ardens (Flame Bowerbirds) 336
Sericulus bakeri (Fire-maned Bowerbirds) 337
Sericulus chrysocephalus (Regent Bower-

birds) 337
seriemas 64, 77, 305
Serinus canaria (domesticated canaries) 98
Serinus canaria (Island Canaries) 289, 294, 410
Serinus serinus (European Serins) 337
serrated edges, bills 311, 313
Setophaga (genus) 40, 41, 89
Setophaga aestiva (Northern Yellow War-

blers) 25, 465
Setophaga caerulescens (Black-throated Blue 

Warblers) 328, 423, 473, 477, 497, 
538, 538

Setophaga castanea (Bay-breasted Warblers) 
40, 41, 89, 563

Setophaga cerulea (Cerulean Warblers) 89, 
458, 471, 620

Setophaga chrysoparia (Golden-cheeked 
Warblers) 603, 603

Setophaga citrina (Hooded Warblers) 89
Setophaga coronata (Yellow-rumped War-

blers) 471, 479, 480, 509, 510
Setophaga fusca (Blackburnian Warblers) 

480, 496
Setophaga kirtlandii (Kirtland’s Warblers) 

472, 509, 510, 528
Setophaga magnolia (Magnolia Warblers) 

89, 533
Setophaga palmarum (Palm Warblers) 201
Setophaga petechia (Mangrove Yellow War-

blers) 172
Setophaga ruticilla (American Redstarts) 35, 

89, 105, 174, 238, 328, 395, 473, 481
Setophaga striata (Blackpoll Warblers) 279, 

279, 471
Setophaga tigrina (Cape May Warblers) 89, 

141, 563
Setophaga virens (Black-throated Green 

Warblers) 4, 160, 161
sex 283–5
sex determination 121, 123
sex ratios 523, 523–4
sex recognition 151
sexual dichromatism 151
sexual dimorphism 151, 151, 319, 319
sexual selection 98, 98–106, 99, 100, 334

benefits of intersexual selection 101, 
101–5

courtship feeding 102
dimorphism in polyandrous species 101
extremes 103
female mate choice 334–5, 337–8
genetic benefits, intersexual selection 

103–5
handicaps of intersexual selection 102–3
intersexual selection 98–9, 99, 101–5
intrasexual selection 99, 105–6
mating competition and intrasexual se

lection 105–6
plumage 99, 100, 103, 104, 105
runaways, intersexual selection 102–3

Seychelles Warblers (Acrocephalus sechellen-
sis) 349, 350, 534

shags 74
shallow torpor 274–5
shape, for identifying birds 8
Sharpbills (Oxyruncus cristatus) 78
Sharp-shinned Hawks (Accipiter striatus) 

192
shearwaters 41, 74

longevity 518
sheathbills 72
sheaths 166, 167
shell 442–3
shellfish, extraction and 309
Shiny Cowbirds (Molothrus bonariensis) 613
shock molt 179
Shoebills (Balaeniceps rex) 40, 74
shorebirds 64, 72, 73, 310, 311, 312

see also individual species
fallouts and 496
flyways 490
niches on tidal mudflat 551
predation of 531

Short-eared Owls (Asio flammeus) 245
Short-tailed Shearwaters (Ardenna tenuiros-

tris) 472, 523
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Short-tailed Weasel 531
Shovel-billed Kookaburras (Dacelo rex) 304, 

304
shrike-babblers 51, 80
shrikes 66, 67, 81, 315

see also individual species
shrike-tits 80
Sialia currucoides (Mountain Bluebirds) 153, 

154
Sialia mexicana (Western Bluebirds) 93, 475
Sialia sialis (Eastern Bluebirds) 32, 209, 532
Siamese Firebacks (Lophura diardi) 218, 261
Siberian Jays (Perisoreus infaustus) 315
Sierra Madre Occidental 583
Sierra Nevada, USA 474
signaling

dishonest 403
feathers’ functions 149, 151

silky-flycatchers 66, 83
Silvereyes (Zosterops lateralis) 109, 294
simple loop 439
simple weave 439
singing

see also vocal learning and development
structures related to 238

single-brooded 448, 449
singular breeding 365, 365–6, 366, 368
sink 603
sister taxa 49, 49
sit-and-wait foraging strategy 301, 306
Sitta canadensis (Red-breasted Nuthatches) 

400
Sitta carolinensis (White-breasted Nuthatches) 

565
Sitta ephronota (Eastern Rock Nuthatches) 435
Sitta europaea (Eurasian Nuthatches) 102
Sitta neumayer (Western Rock Nuthatches) 

435, 435
sittellas 80
Sittidae (family) 66, 84
Six Ways Birds Can Be Rare 586
size, for identifying birds 8
skeletal muscles 232, 232, 233, 234, 234
skeletal system 220–30, 232
skeleton specimens 22, 22
skimmers 73, 304
skin 165
skipping 483, 484
skuas 73
skull 221, 222, 225
Slate-throated Redstarts (Myioborus minia-

tus) 306, 306
Slaty-tailed Trogons (Trogon massena) 427
sleep 289–90
Slender-billed Curlews (Numenius tenuiros-

tris) 583
Slender-billed Grackles (Quiscalus palustris) 

583
Slender-billed Vultures (Gyps tenuirostris) 

326, 602
slip knot 439
slope soaring 202, 202, 203
slow life histories 512, 512, 513
small intestine 245–6
smell 292–3, 293
smell senses 235, 236, 258
Smith’s Longspurs (Calcarius pictus) 359
smooth muscles 234, 234

Snail Kites (Rostrhamus sociabilis) 309
snipes 91
Snow Buntings (Plectrophenax nivalis) 85, 

147, 351
Snow Geese (Anser caerulescens) 147, 510, 

510–1, 597, 597
Snow-capped Manakins (Lepidothrix natter-

eri) 49, 49
Snowy Albatross (Diomedea exulans) 74, 

241, 494
Snowy Egrets (Egretta thula) 141, 301, 306, 

577
Snowy Owls (Bubo scandiacus) 146, 147, 

448, 481, 565
Snowy Sheathbills (Chionis albus) 304
soaring birds 189, 203

air sacs 241
energy-saving strategies 202, 205
flight muscles 200
lift 187, 187, 189
passive stability and 211
wind and 495

Sociable Lapwings (Vanellus gregarius) 490
Sociable Weavers (Philetairus socius) 94, 

369, 370
social behaviors 286

navigation cues and 494
population dynamics and 535–6
reproduction stimulated by cues 284

social cohesion 402–3
social factors 533–6, 534, 535, 536
social foraging 324, 325, 326–9

foraging guilds 328–9
models of 327–8
situations for 324, 326–7

social localization 293
social mate 345
social monogamy 345, 348

genetic monogamy and 345
social nest structures 370
social polyandry 356
social systems

see also mating and social systems
defined 332–3, 335

sociality 359
breeding associations 359–60
communal breeding 366, 370, 370–1
cooperative breeding 362–5
cost of 358
nonbreeding associations 360–2
plural breeding 368–70, 369
safety in numbers 361
singular breeding 365–6, 368

Socorro Island 605
Socorro Mockingbirds (Mimus graysoni) 

605–6
sodium 265
SOI (Southern Oscillation Index) 538
soil, eating 303–4, 304
solar cues 492
solar radiation 146
Somateria fischeri (Spectacled Eiders) 40
Somateria mollissima (Common Eiders) 144, 

174, 282, 323
Somateria spectabilis (King Eiders) 174
song 383, 383–4

see also acoustics; vocal consistency; vocal 
learning and development

advertising territory 393
audio playback and ethics 18
cryptic diversity revealed 409
duetting 388
female 391, 393
identification 13–5
male quality and 342
mating, of Zebra Finch 335
mnemonics for identifying 14
multi-individual chorusing 387
repertoires 383, 384
species recognition by 107, 107
vocal mimicry 388

song rate 404–5
Song Sparrows (Melospiza melodia) 101, 

105, 285, 287, 323, 324, 342, 342, 
365, 392–4, 394, 405–7, 530

song system 289
Song Thrushes (Turdus philomelos) 437
Song Wrens (Cyphorhinus phaeocephalus) 

565
songbirds 64

see also Passeriformes (order); specific 
species

boreal forest communities 563
competitions 592
learning 410
molts 175–6, 176
nighttime for 378
seed-cracking 308
wing shapes 192

Songbirds in Trade Database 592
song-type matching 394
Sooty Shearwaters (Ardenna grisea) 68
Sooty Terns (Onychoprion fuscatus) 359, 

359, 498
sounds

see also song
feathers and production of 148–9, 150
hummingbirds 150
for identification 9
manakins 150
physical basis of 379
production of 237

source 603
South Africa 482
South America see individual countries
South American Black-headed Ducks (Het-

eronetta atricapilla) 464
South Asia vultures 602
South Island Robins (Petroica australis) 315, 

405
South Island Takahes (Porphyrio hochstet-

teri) 214, 215, 215, 610, 610
Southern Brown Kiwis (Apteryx australis) 

163
Southern Carmine Bee-eaters (Merops nubi-

coides) 305
Southern Cassowaries (Casuarius casuarius) 

601
Southern Giant-Petrels (Macronectes gigan-

teus) 511
southern home hypothesis 502
Southern House Wrens (Troglodytes muscu-

lus) 165, 448, 511
Southern Lapwings (Vanellus chilensis) 45, 

363
Southern Oscillation Index (SOI) 538
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Southern Penduline-Tits (Anthoscopus minu-
tus) 433

Southern Pied-Babblers (Turdoides bicolor) 
402, 402

Southern Royal Albatross (Diomedea 
epomophora) 236

Southern Yellow-billed Hornbills (Tockus 
leucomelas) 218, 261, 594

Spanish Sparrows (Passer hispaniolensis) 112
spark bird 620
Sparkling Violetears (Colibri coruscans) 207
sparrows see individual species
spatial sorting 477
Spatula clypeata (Northern Shovelers) 564
specialists 299, 299
specialization

bone 317, 318
diet 316, 317, 318–9
extinction and 319–20
foraging 316, 317, 317, 318
scavengers 317
spectrum of 316–8

speciation 45, 69, 106–12
allopatric speciation 108, 108, 109
colonization 108–9
defined 45, 106, 107
geographic isolation 108, 109–10
mosaic and hybrid speciation 111–2
reproductive barriers 107–8
separation in time 110–1
shaping diversity 550–3
sympatric speciation in brood parasites 111
without geographic isolation 109–10

species
see also individual species
defined 40
delimitation 45, 45–6, 48
linear sequence and 41
naming bird species 42–4
species concepts 46–7

species accumulation curves 546
species complexes 48, 48, 49
species concepts 46, 46–7

categories 45
species delimitation 45, 45–6, 48
species distribution, checkerboard pattern  

of 555
species diversity, three levels of 546
species packing 562, 563
species turnover 549
species variation 20
species-area relationship 587
specimen collections 19–24, 20

digital and extended 24, 24
eggs and nests 22–3
extended specimen 24, 24
skeletons 22, 22
skin 20–2
spirit specimens 23, 23–4
spread wing 21
tissues 23–4
vouchered 24

specimen preparation 20
Spectacled Eiders (Somateria fischeri) 40
spectrogram 380
sperm 248, 248, 249, 250
sperm competition 105
Spheniscidae (family) 53, 74

Sphenisciformes (order) 64, 74
spheniscins 157
Spheniscus magellanicus (Magellanic Pen-

guins) 450
Spheniscus mendiculus (Galapagos Penguins) 

188
Sphyrapicus ruber (Red-breasted Sapsuckers) 

544
Sphyrapicus varius (Yellow-bellied Sapsuck-

ers) 390, 471, 544
spiderhunters 85
spinal cord 252, 253
spindalises 86
spinebills 302
Spinus cucullatus (Red Siskins) 98, 591
Spinus tristis (American Goldfinches) 424, 

426
spiral coil 439
spirit specimens 23
Spix’s Macaws (Cyanopsitta spixii) 583
Spizaetus ornatus (Ornate Hawk-Eagles) 463
splash-feeding 301
spleen 246
Splendid Fairywrens (Malurus splendens) 396
splitting (classification) 44, 44
Spoon-billed Sandpipers (Calidris pygmaea) 

490
spoonbills 74
Sporophila (genus) 113
Sporophila angolensis (Chestnut-bellied 

Seed-Finches) 592
Sporophila falcirostris (Temminck’s Seedeat-

ers) 426
Sporophila funerea (Thick-billed Seed-

Finches) 309
Sporophila hypoxantha (Tawny-bellied Seed-

eaters) 113, 151
Sporophila iberaensis (Ibera Seedeaters) 151
Sporophila palustris (Marsh Seedeaters) 113
Sporophila ruficollis (Dark-throated Seedeat-

ers) 113
spot mapping 28, 28
Spot-billed Toucanets (Selenidera maculiros-

tris) 218, 261
Spot-breasted Cuckoo-Doves (Macropygia 

mackinlayi) 555
Spotless Starlings (Sturnus unicolor) 438, 

477
Spotted Antbirds (Hylophylax naevioides) 

286, 286, 325, 413
Spotted Bowerbirds (Chlamydera maculata) 

337
Spotted Catbirds (Ailuroedus maculosus) 

337, 382
spotted creepers 84
Spotted Elachuras (Elachura formosa) 84
Spotted Flycatchers (Muscicapa striata) 494
Spotted Nothuras (Nothura maculosa) 446

eggs of 446
Spotted Owls (Strix occidentalis) 611
Spotted Pardalotes (Pardalotus punctatus) 

435
Spotted Sandgrouse (Pterocles senegallus) 

263
Spotted Sandpipers (Actitis macularius) 100
Spot-throats (Modulatrix stictigula) 84
spotting scopes 12, 12
spread wing specimens 21, 21

Spruce Grouse (Canachites canadensis) 245
spurs 229, 229
Squamate Antbirds (Myrmoderus squamo-

sus) 107, 107
stability in flight see maneuvering and stabil-

ity in flight
stacked distribution 486
stage-builders 337
staging areas 487–9, 488
stall, angle of attack 189, 190
standard cup nest 430
Standardwing Birds-of-Paradise (Semioptera 

wallacii) 341
Standard-winged Nightjars (Caprimulgus 

longipennis) 100, 100
starlings 66, 84, 235, 317

see also individual species
statant cup nests 431
static pressure 185, 186
status signaling via plumage 105
Steatornis caripensis (Oilbirds) 64, 75, 292, 

393, 460, 461
fossils 62

Steatornithidae (family) 75
fossils 62

Steatornithiformes (order) 64, 75
Stejneger’s Petrels (Pterodroma longirostris) 

488, 489
stellar orientation system 492–3
Steller’s Eiders (Polysticta stelleri) 174
Steller’s Jays (Cyanocitta stelleri) 388
stem groups 58
Stenostiridae (family) 82
Stephens Island Wrens (Traversia lyalli) 581
stepping stones 603
stepping-stone dispersal 109
Stercorariidae (family) 73
Stercorarius antarcticus (Brown Skuas) 337
Stercorarius longicaudus (Long-tailed Jae-

gers) 496, 536
Stercorarius parasiticus (Parasitic Jaegers) 

326
Sterna dougallii (Roseate Terns) 603
Sterna hirundo (Common Terns) 594
Sterna paradisaea (Arctic Terns) 68, 69, 473, 

473
sternal ribs 226
sternum 225, 225, 226
stilts 72
Stipiturus mallee (Mallee Emuwrens) 611, 

612
Stitchbirds (Notiomystis cincta) 81, 346, 596
stitchwork nest 438
stochastic variation 595, 595
stomach 244–5
stopover 483, 483
stopover sites 483, 483, 487–9
storks 74
Storm-Petrels (Fregetta maoriana) 74, 584
Strange-tailed Tyrants (Alectrurus risora) 

587, 587
Streamer-tailed Tyrants (Gubernetes yetapa) 

195
streamlining 140
Strepera graculina (Pied Currawongs) 388, 

400
Streptopelia roseogrisea (African Collared-

Doves) 284, 284
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stress 286–7
stress response 283
stressors 286, 287
Striated Thornbills (Acanthiza lineata) 432
Strigidae (family) 75
Strigiformes (order) 64, 75
Strigopidae (family) 77
Strigops habroptila (Kakapos) 214, 214, 

226, 293, 577
Strigops habroptilus (Kakapos) 77, 382
Stripe-headed Sparrows (Peucaea ruficauda) 

391, 392
Strisores 63, 64, 75
Strix aluco (Tawny Owls) 187
Strix nebulosa (Great Gray Owls) 292
Strix occidentalis (Spotted Owls) 611
Strix occidentalis caurina (Northern Spotted 

Owls) 599
Strix varia (Barred Owls) 611
structural blues 158–60, 159

printing 163
structural colors 152, 152, 154, 157–8, 160

printing 163
Struthidea cinerea (Apostlebirds) 81, 431
Struthio camelus (Ostriches) 41, 226, 230, 

231, 253, 264, 275–6, 371, 439, 444, 
459, 528, 579

daily water budget for 264
large intestine of 245

Struthionidae (family) 41, 70
Struthioniformes (order) 70
studbook 608, 609
studying birds 3–5

see also birding
bird vocalizations 13–5
form and function 5–6
identification hypothesis 8
locating for 6–8
museum collections and specimens  

19–24, 20
observing in field 6–8
ornithological research techniques 24–6
song identification 13–5

Sturnella magna (Eastern Meadowlarks) 129
Sturnella neglecta (Western Meadowlarks) 

570
Sturnidae (family) 66, 84
Sturnus unicolor (Spotless Starlings) 438, 

477
Sturnus vulgaris (European Starlings) 6, 93, 

176, 196–7, 202, 248, 266, 277, 317, 
475, 492, 527, 527, 552

subadult plumages 173, 173–4, 174
subclades 41
subclavian arteries 251
suboscine passerines 413
suboscine song development 413
suboscines 65

see also Passeriformes (order)
subpectoral diverticula 240, 241
subpopulations 478
subsongs 289, 412
subspecies 40

see also individual subspecies
in names 43

sugarbirds 66, 84, 302
Sula granti (Nazca Boobies) 452
Sula leucogaster (Brown Boobies) 450

Sula nebouxii (Blue-footed Boobies) 160, 
282, 438, 452

Sula variegata (Peruvian Boobies) 530
sulfur-containing compounds 593
Sulidae (family) 74
Suliformes (order) 64, 74
Sulpher-crested Cockatoos (Cacatua galerita) 

542, 543
Sultan Tits (Melanochlora sultanea) 51
sunbirds 66, 85
Sunbitterns (Eurypyga helias) 64, 73, 598
Sungrebes (Heliornis fulica) 462, 463
sunlight, cues from 492
sunning behaviors 172–3
Superb Fairywrens (Malurus cyaneus) 363, 

365, 366, 367, 385, 391, 400, 401, 
444, 594

Superb Lyrebirds (Menura novaehollandiae) 
377, 387–9, 398

song type and dance choreographies of 
398

Superb Starlings (Lamprotornis superbus) 
345, 368, 368, 369

superblack plumage 164
supergenes 121, 122
supermatrix approach, building phylogenetic 

trees 52, 52–4
supertramp 556
supertramp species 109
supertree approach, building phylogenetic 

trees 52, 52–4
supplemental food 530, 531
supplemental plumage 176, 177
supracoracoideus muscles 197, 207, 226, 

228, 232, 233, 234
survey effort 546, 547
survey methods and tools 26–30, 31

acoustic monitoring 31
scientific 26–30

survival rate 522, 522
survivorship 522, 522, 522–3
suspended molt 178, 178
suture zone 545
sutures 221
Svalbard 537
Swainson’s Hawks (Buteo swainsoni) 305, 

488, 500, 570
Swainson’s Thrushes (Catharus ustulatus) 

484, 500, 501
Swainson’s Warblers (Limnothlypis  

swainsonii) 472
swallows 41, 66, 82

see also individual species
bathing 172

Swallow-tailed Kites (Elanoides forficatus) 
171

Swamp Sparrows (Melospiza georgiana) 
337, 394, 404

swans see individual species
swifts 41, 64, 75

bathing 172
flapping 196, 197
flight 193
maneuvering 209
wing shapes 192, 193

swimming birds 140
Sword-billed Hummingbirds (Ensifera  

ensifera) 89, 226

Sylvia atricapilla (Eurasian Blackcaps) 272, 
488, 494, 501, 502

breeding nests of 272–3
Sylvia borin (Garden Warblers) 488, 494
sylviid warblers 83
Sylviidae (family) 83
Sylvioidea (superfamily) 66
sympathetic system 254, 254
sympatric speciation 110
sympatric speciation in brood parasites 111
synsacrum 222, 224, 225, 226, 227
Synthliboramphus craveri (Craveri’s Murre-

lets) 459
Synthliboramphus scrippsi (Scripps’s Mur-

relets) 606
syringeal muscles 237, 238
syrinx 236–8, 237, 238
Syrrhaptes tibetanus (Tibetan Sandgrouse) 

142
systematics, avian 39

T
T lymphocytes 281
Tachornis squamata (Fork-tailed Palm 

Swifts) 437
Tachybaptus rufolavatus (Alaotra Grebes) 

589
Tachycineta albilinea (Mangrove Swallows) 

346
Tachycineta bicolor (Tree Swallows) 30, 32, 

209, 282, 287, 454, 457
Tachycineta leucorrhoa (White-rumped 

Swallows) 346
Tachyeres patachonicus (Flying Steamer-

Ducks) 561, 562
Tachymarptis melba (Alpine Swifts) 290
Tachyspiza cirrocephala (Collared Sparrow-

hawks) 130, 400
tactile structures 258–9
Tadorninae (genus) 114
Taeniopygia guttata (Zebra Finches) 98, 

106, 121, 202, 265, 285, 289, 290, 
293, 335, 397, 401, 409, 524

Taiga Bean-Geese (Anser fabalis) 494, 499
tails

drag 190, 192, 194–5
lift effects 190, 192, 194–5, 195

tanagers 41, 66, 86, 110, 164
Tangara arthus (Golden Tanagers) 560
Tangara chilensis (Paradise Tanagers) 560
Tangara cyanicollis (Blue-necked Tanagers) 

560
Tangara seledon (Green-headed Tanagers) 89
Tangara vassorii (Blue-and-black Tanagers) 

560
tapaculos 79
Tarsiger rufilatus (Himalayan Bluetails) 279, 

279
tarsometatarsus 230, 230
tarsus 230
taste 258, 294
taste buds 259
Tauraco corythaix (Knysna Turacos) 156
Tawny Owls (Strix aluco) 187
Tawny-bellied Seedeaters (Sporophila hypo-

xantha) 113, 151
Tawny-faced Gnatwrens (Microbates cine-

reiventris) 553, 553
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Tawny-flanked Prinias (Prinia subflava) 466
taxonomic distinctiveness 598
taxonomy defined 40
techniques and tools for birding

acoustic 13–5
binoculars 11–2, 12, 13
cameras 11–2
ethics and best practices 18–9
feeding and attracting 15–6
participatory science 16–8

technology
advances in research techniques 33
Merlin Bird ID app 13, 14
for monitoring birdlife 33

teeth 224
Telespiza cantans (Laysan Finches) 309
Telluraves 64
Temminck’s Seedeaters (Sporophila falciros-

tris) 426
temperate zones 498
temperature regulation, egg shaping as form 

of 450
temperatures 528, 529, 529

population cycles and 538
temporal speciation 111
tendons 232
Teretistridae (family) 86
Teretistris fernandinae (Yellow-headed War-

blers) 86
Teretistris fornsi (Oriente Warblers) 86
terns 73

see also individual species
bathing 172

Terpsiphone paradisi (Indian Paradise-
Flycatchers) 174, 175

terrestrial bird communities 567
territoriality 533–6, 534, 535, 536

song-types and disputes 394
testes 247, 248
testosterone 285
Tetrao tetrix (Black Grouse) 160
tetrapod vertebrates, forelimb bones 228
textures, feathers and plumage 160–3, 162
Thalassarche eremita (Chatham Albatrosses) 

144
Thalassarche melanophris (Black-browed 

Albatross) 521
Thamnophilidae (family) 65, 78
Thamnophilus caerulescens (Variable Ant-

shrikes) 529
Thamnophilus doliatus (Barred Antshrikes) 

562, 562
thermal challenges 286
thermal flexibility 271
thermal neutral zone 269
thermal soaring 202, 202, 203, 205
thermals 200, 200, 495–6
thermoregulation 269–75

cold 272–3
costs of 269–71
heat 271–972
torpor 273–5

Theropoda (dinosaurs) 54–6, 55, 56, 57, 
61, 168

Thick-billed Murres (Uria lomvia) 461
Thick-billed Parrots (Rhynchopsitta pachy-

rhyncha) 536
Thick-billed Ravens (Corvus crassirostris) 271

Thick-billed Seed-Finches (Sporophila fune-
rea) 309

thick-knees 72
Thinocoridae (family) 73
Thinornis cucullatus (Hooded Plovers) 611
thoracic cage 225, 225–6, 226
thoracic vertebrae 224, 225, 225
thornbills 79
thrashers 84

see also individual species
Thraupidae (family) 41, 66, 86
threat management reliant species 611
threats, individual, alarm calls 399–400
threats, to bird populations

climate change 593–6
direct exploitation 591
habitat loss and fragmentation 584–9
indirect exploitation 591
introduced diseases 590–1
introduced invasive species 589–90
introduced predators 589–90
major 584–9
population increases 596–7
toxins and pollution 591–3

Three-wattled Bellbirds (Procnias tricaruncu-
latus) 413

Threskiornis solitarius (Réunion Solitaires) 
580

Threskiornithidae (family) 74
throat 236, 236
thrombocytes 250–1
thrushes 51, 66, 84, 482, 523, 524

see also individual species
thrust 184, 184, 196, 196–7
Thryomanes bewickii (Bewick’s Wrens) 412
Thryophilus pleurostictus (Banded Wrens) 

381, 381
Thryothorus ludovicianus (Carolina Wrens) 

557
Tibetan Sandgrouse (Syrrhaptes tibetanus) 142
tibia 230
tibiotarsus 230, 230
Tichodroma muraria (Wallcreepers) 84
Tichodromidae (family) 84
ticks 533
tidal mudflat 551
Timaliidae (family) 51, 66, 83
time-compensated sun compass 492
timing

for identification 9, 9
for locating birds 7
molts, timing and progression of 179, 

179–80
Tinamidae/tinamous (family) 70
Tinamiformes (order) 70
tinamous 41, 62, 63, 64
Tinamus major (Great Tinamous) 446, 547

eggs of 446
Tinbergen, Nikolaas 333
Tiny Hawks (Microspizias superciliosus) 76
tip-reversal upstroke 196
Tit Berrypeckers (Oreocharis arfaki) 80
Tit-hylias (Pholidornis rushiae) 82
titmice 82
tits 51, 66, 67, 82, 314

see also individual species
diversity, predation determining 567

Tityridae/tityras (family) 78

Tockus leucomelas (Southern Yellow-billed 
Hornbills) 218, 261, 594

Todidae (family) 76
todies 62, 76
toes 230, 231
Tomtits (Petroica macrocephala) 609
tongues 242, 242–3, 311, 313

foraging and 310–1, 312, 313
tools 306, 310
Tooth-billed Bowerbirds (Scenopoeetes den-

tirostris) 336–7
top-down effect 570, 571
Torgos tracheliotos (Lappet-faced Vultures) 

263, 326
torpor 273–5, 274

in hummingbirds 262–3
thermoregulation 273–5

torque, maneuvering and stability in flight 
208, 208, 210

tortoises 308–9
Toucan Barbets (Semnornis ramphastinus) 

77
toucans 77
toxins, as threat 591
Toxostoma rufum (Brown Thrashers) 102, 

168, 384, 386, 404, 410, 596
trachea (windpipe) 236, 236–8, 237, 238, 

238, 239
tracheobronchial syrinx 238
tracheophones 238, 238
tracking

research techniques 33–4
tags 33–4

trafficking, of wild birds 592
tragedy of the commons 615
Tragopan satyra (Satyr Tragopans) 471
transcriptome 123
translational velocity 196, 196
translocation 608, 609, 609–11
translocation experiments 491–2
traplining 306–7, 307
trapping methods 25, 25–6
Traversia lyalli (Stephens Island Wrens) 581
Tree Swallows (Tachycineta bicolor) 30, 32, 

209, 282, 287, 454, 457
tree-babblers 83
treecreepers 66, 84
tree-down hypothesis 212, 212
treeswifts 75
trichomoniasis 280
Trigonoceps occipitalis (White-headed Vul-

tures) 326
trill 380, 381
Tringa flavipes (Lesser Yellowlegs) 488, 597
Tringa semipalmata (Willets) 311
Tringa stagnatilis (Marsh Sandpipers) 490
Tringa totanus (Common Redshanks) 361, 

361
triosseal canal 228, 233
Trochilidae (family) 41, 75, 199
Trochilus polytmus (Red-billed Streamer-

tails) 110, 194
Trochilus scitulus (Black-billed Streamertails) 

110
Troglodytes aedon (Northern House Wrens) 

105, 265, 444, 448
Troglodytes hiemalis (Winter Wrens) 108, 

544
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Troglodytes musculus (Southern House 
Wrens) 165, 448, 511

Troglodytes pacificus (Pacific Wrens) 108, 
382, 383, 544

Troglodytidae (family) 66, 84
Trogon massena (Slaty-tailed Trogons) 427
Trogonidae (family) 76
Trogoniformes. (order) 76
trogons 76
trophic cascades 569–71, 570, 571
trophic mismatch 424, 425
tropical birds

community field study 548
field studies of 548

Tropical Mockingbirds (Mimus gilvus) 394, 
404

Tropical Royal Flycatchers (Onychorhyn-
chus coronatus) 376, 377

tropicbirds 73
troupials 86
Trumpet Manucodes (Phonygammus kerau-

drenii) 237, 237
Trumpeter Finches (Bucanetes githagineus) 

557
Trumpeter Swans (Cygnus buccinator) 237
trumpeters 72
tube-nosed seabirds 193
tubenoses 64, 235, 235, 236

salt glands 236, 236
smell senses 235–6, 258

Tufted Puffins (Fratercula cirrhata) 191
Tufted Titmice (Baeolophus bicolor) 154, 

437, 596
turacos 64

see also individual species
turacoverdin 155, 156
Turdidae (family) 51, 66, 84
Turdoides bicolor (Southern Pied-Babblers) 

402, 402
Turdus falcklandii (Austral Thrushes) 478
Turdus iliacus (Redwings) 291
Turdus mandarinus (Chinese Blackbirds) 

388
Turdus merula (Eurasian Blackbirds) 405, 

481, 482, 503
Turdus migratorius (American Robins) 222, 

302, 424, 526
Turdus philomelos (Song Thrushes) 437
Turkestan Ground-Jays (Podoces panderi) 51
Turkey Vultures (Cathartes aura) 183, 203, 

209, 210, 241, 258, 293
Turnicidae (family) 73
Turnix varius (Painted Buttonquails) 218, 

261
Turquoise-fronted Parrots (Amazona aestiva) 

600
Tympanuchus cupido (Greater Prairie-

Chickens) 298–9, 513, 536, 610
tympanum 237
Tyrannida (group) 65
Tyrannidae (family) 65, 78
Tyrannus savana (Fork-tailed Flycatchers) 

111, 499
Tyrannus tyrannus (Eastern Kingbirds) 462
tyrant flycatchers 65, 78
Tyto (genus) 91
Tyto alba (Western Barn Owls) 187, 350, 

536

Tyto furcata (American Barn Owls) 89, 451
Tyto species (Barn owls) 292
Tytonidae (family) 75

U
ulna 140
ultimate explanation 514, 514
ultralight aircraft guides 607
ultraviolet (UV) 135, 136, 153, 156
umbrella species 599, 600
uncinate processes 226, 226
UNESCO World Heritage List 577
uniparental care 348
United Kingdom (UK) 537
United Nations Conference on the Human 

Environment 577
Upland Geese (Chloephaga picta) 459
Upland Sandpipers (Bartramia longicauda) 

18, 496
Upupa epops (Common Hoopoes) 89, 148
Upupidae (family) 76

fossils 62
Uraeginthus bengalus (Red-cheeked Cor-

donbleus) 565
Uraeginthus cyanocephalus (Blue-capped 

Cordonbleus) 390
Uranomitra franciae (Andean Emeralds) 266
urea 247
ureters 247, 247
urethra 249
Uria aalge (Common MuRres) 445
Uria lomvia (Thick-billed Murres) 461
uric acid 247, 266
Urile penicillatus (Brandt’s Cormorants) 

218, 261
Urocynchramidae (family) 85
Urocynchramus pylzowi (Przevalski’s Pink-

tails) 85
urogenital system 247, 247–50, 248, 249
uropygial (preen) gland 171, 171
US Geological Survey 29
utilitarian role, of conservation priority 601

V
vagrancy 476, 498, 499
vagrant traps 499
vagrants 10, 498, 498, 499
Vampire Ground-Finches (Geospiza septen-

trionalis) 302
Van Dam’s Vangas (Xenopirostris damii) 

611
Vancouver Island, Canada 527
Vanellus chilensis (Southern Lapwings) 45, 

363
Vanellus gregarius (Sociable Lapwings) 490
Vanellus miles (Masked Lapwings) 229, 455
vanes 136, 136, 137, 138–9, 163
vangas 66, 80, 128, 128–9
Vangidae (family) 66, 80
Vantablack 164
Variable Antshrikes (Thamnophilus caerules-

cens) 529
variations

individual 93
non-genetic 93

Varied Thrushes (Ixoreus naevius) 526
Variegated Fairywrens (Malurus lamberti) 

426

vectors 533
Vegavis fossil 60, 61, 63
Vegetarian Finches (Platyspiza crassirostris) 

302
veins 251–2
velocity 185

flapping 196
lift and 186, 186
power requirements and 198, 198
translational 196

Venezuelan Troupials (Icterus icterus) 397
venous system 251–2
vent 246
ventricles of the heart 251, 251
venules 252
Verdins (Auriparus flaviceps) 272, 399, 433

breeding nests of 272
Vermivora bachmanii (Bachman’s Warblers) 

21, 22, 582, 583
Vermivora chrysoptera (Golden-winged War-

blers) 89, 119, 119
Vermivora cyanoptera (Blue-winged War-

blers) 119, 119
Versicolored Barbets (Eubucco versicolor) 

529
vertebrae 224, 225, 227
vertebral column 224, 225, 227
vertebral ribs 226
vertivores 300
very low frequency sounds 494
vestibulocochlear cranial nerve 253
vestigial (functionless) structures 229, 229
V-formations 183, 188
viability analysis 601–4
Victoria’s Riflebirds (Ptiloris victoriae) 341
Vidua (genus) 110
Viduidae (family) 85
vigilance 619–20
Vireo griseus (White-eyed Vireos) 155, 156, 

566
Vireo huttoni (Hutton’s Vireos) 9
Vireo olivaceus (Red-eyed Vireos) 35, 155, 

156, 255, 588
Vireo solitarius (Blue-headed Vireos) 431
Vireonidae/vireos (family) 51, 66, 80
vireos see individual species
virtual dissection 23
visible light 152, 152–3
vision 254–7, 255–7, 290–1

binocular vision 254, 256
color 152, 256, 257
fields of vision 256
monocular vision 254

visual acuity 291
visualizing sounds 379–80

eyes assisting ears 380–3
vital rates 522, 522–3
vitamins, in diet 277–8
vitelline membrane 441
vitreous chamber 257

of eye 256
vocal babbling stage 414
vocal consistency 404

mating success and 338
vocal diversity, spectrograms of 382
vocal learning and development 408–17

acoustic signal constraints 415–7
beyond songbirds 412–5
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practice, error, and improvement 412
sensitive periods for learned songs 408–10

vocal mimicry 388, 389
vocal performance 403, 403–4
vocal production 409
vocal signal processing 416
vocalization 13–5, 383

see also acoustic signals and signaling 
functions; acoustics; song

complex suites of 386
long-distance 395
visualizing 380

Vogelkop Bowerbirds (Amblyornis inornata) 
336, 337

Vogelkop Lophorinas (Lophorina superba) 
116

voice prints 414
von Frisch, Karl 333
vouchered specimens 24
vulnerability 599
Vultur gryphus (Andean Condors) 184, 186, 

186, 200, 460
vultures 64, 302

see also individual species
decline 602

W
Wadden Sea, EU 488
wading birds 64, 74, 75
wagtails 66, 85
Wahnes’s Parotias (Parotia wahnesi) 164
“wall of death” 62
Wallace, Alfred Russel 91
Wallace’s Line 66, 67, 68
Wallcreepers (Tichodroma muraria) 84
Wangi-wangi White-eyes (Zosterops paruh-

besar) 43, 43
warblers 66, 534

see also individual species
Warbling White-eyes (Zosterops japonicus) 

564
wasps 309
water absorbency, feathers 141, 142
water and salt balance 264–6

avian kidney physiology 266–7
cloaca and lower intestine 267–8
salt glands 268–9

water balance
body mass and 265
in physiology 264–9

water budgets 264–6, 266
water intake, differences in daily 266
water repellency, feathers 140, 141
water turnover, rates of 272
waterbirds

see also specific birds and families by 
name

diversity of 64, 67–8
molts 179

waterfowl 249
waterfowl hybrids 114
waterproofing, feathers 141
wattlebirds 81
Wattled Broadbills (Sarcophanops steerii) 

218, 261
Wattled Ploughbills (Eulacestoma nigropec-

tus) 80
wattle-eyes 80

Waved Albatross (Phoebastria irrorata) 200
waxbills 85
waxwings 66, 83, 156
wear, plumage 175–6, 176
weather

avian diversity, effect on 68–9
corticosterone and extreme 288
migration and 495–8

weavers 66, 85
see also individual species

weaving techniques 439
webbed toes 231
wedgebills 80
Wedge-tailed Eagles (Aquila audax) 290, 

291
Wedge-tailed Sabrewings (Pampa curvipen-

nis) 414
weight 184
West Nile virus 533, 591
Western Barn Owls (Tyto alba) 187, 350, 

536
Western Bluebirds (Sialia mexicana) 93, 475
Western Cattle-Egrets (Ardea ibis) 305, 305, 

476
Western House-Martins (Delichon urbicum) 

202, 532, 532
Western Meadowlarks (Sturnella neglecta) 

570
Western Rock Nuthatches (Sitta neumayer) 

435, 435
Western Sandpipers (Calidris mauri) 310, 

312, 490, 497
Western Yellow Wagtails (Motacilla flava) 42
wetlands restoration projects 613
wettability 141
whipbirds 80
Whiskered Auklets (Aethia pygmaea) 258
whistlers 80
White Bellbirds (Procnias albus) 395, 395, 396
White Hawks (Pseudastur albicollis) 564
White Storks (Ciconia ciconia) 245, 501
White Wagtails (Motacilla alba) 117
White-backed Vultures (Gyps africanus) 199
White-backed Woodpeckers (Dendrocopos 

leucotos) 151
White-bearded Manakins (Manacus 

manacus) 377
White-bellied Erpornis (Erpornis 

zantholeuca) 51, 80
White-bibbed Antbirds (Myrmoderus 

loricatus) 107, 107
White-breasted Nuthatches (Sitta 

carolinensis) 565
White-browed Brushfinches (Arremon 

torquatus) 48
White-browed Coucals (Centropus 

superciliosus) 357
White-browed Scrubwrens (Sericornis 

frontalis) 384, 400, 517
White-collared Manakins (Manacus candei) 

354
White-crested Helmetshrikes (Prionops 

plumatus) 218, 261
White-crowned Sparrows (Zonotrichia 

leucophrys) 265, 406, 406, 408, 409, 
410, 473, 474

White-eyed River Martins (Pseudochelidon 
sirintarae) 584

White-eyed Vireos (Vireo griseus) 155, 156, 
566

white-eyes 69, 83
White-faced Storm-Petrels (Pelagodroma 

marina) 300–1
White-headed Ducks (Oxyura leucocephala) 

119, 586
White-headed Vultures (Trigonoceps occipi-

talis) 326
whiteheads 79
White-necked Jacobins (Florisuga mellivora) 

151, 207, 456, 457
White-necked Puffbirds (Notharchus 

hyperrhynchus) 311, 313
White-nest Swiftlets (Aerodramus 

fuciphagus) 243, 292, 431, 615
White-ruffed Manakins (Corapipo altera) 

523
White-rumped Shamas (Copsychus 

malabaricus) 592
White-rumped Swallows (Tachycineta 

leucorrhoa) 346
White-rumped Vultures (Gyps bengalensis) 

326, 602
White-starred Robins (Pogonocichla stellata) 

482
White-tailed Eagles (Haliaeetus albicilla) 

301, 475
White-tailed Kites (Elanus leucurus) 206
White-tailed Ptarmigans (Lagopus leucura) 

457, 616
White-throated Dippers (Cinclus cinclus) 

397
White-throated Hummingbirds (Leucochlo-

ris albicollis) 206
White-throated Needletails (Hirundapus 

caudacutus) 471
White-throated Sparrows (Zonotrichia albi-

collis) 121, 122, 407
White-winged Choughs (Corcorax melanor-

hamphos) 81, 400, 431
White-winged Crossbills (Loxia leucoptera) 

285
White-winged Doves (Zenaida asiatica) 244, 

318
White-winged Shrike-Tanagers (Lanio 

versicolor) 329
whole-body homeothermy 273

see also torpor
Whooper Swans (Cygnus cygnus) 455
Whooping Cranes (Grus americana) 237, 

606
conservation of 607

widowbirds, sexual selection in 99
wild birds

see also birding
capturing, handling, marking of 25–6
community involvement in conservation 

of 617–21
direct benefits of 615
emotion and ethical considerations of 

616–7
indirect benefits of 615–6
individual involvement in conservation of 

617–21
measuring 25
trafficking 592
value of 614–7
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Wild Birds’ Protection Act of 1864 576
Wild Birds Protection Acts (UK) 576
Wild Budgerigars (Melopsittacus undulatus) 

98
Wild Life (Protection) Act of India 577
Wild Turkeys (Meleagris gallopavo) 172, 

282, 282
wildlife refuge, establishing 577
Willets (Tringa semipalmata) 311
Willie-wagtails (Rhipidura leucophrys) 430
Willow Flycatchers (Empidonax traillii) 126, 

126, 413, 413, 481
Willow Ptarmigans (Lagopus lagopus) 536, 

537, 538
Willow Tits (Poecile montanus) 315, 397, 

564, 566
metabolic rate of 272

Willow Warblers (Phylloscopus trochilus) 
93, 500, 501

Wilson’s Birds-of-Paradise (Diphyllodes re-
spublica) 102, 103

Wilson’s Phalaropes (Phalaropus tricolor) 
487, 564

Wilson’s Plovers (Anarhynchus wilsonia) 
449

Wilson’s Storm-Petrels (Oceanites oceanicus) 
68, 69

wind
migration and 495
soaring birds and 495

Wine-throated Hummingbirds (Selasphorus 
ellioti) 5

wing chord 189, 189, 192, 192
wing loading 190, 190, 191, 193, 194, 194
wing-assisted incline running 213, 213
wingbeat patterns 197
wings 183

shape and beat patterns 197
shape effects on lift/drag 190, 192, 194, 

194–5, 209, 210
spurs on 229, 229

wingspans 189, 189
aspect ratio 192

wingtip vortices 187, 187, 188, 190, 191
Winter Wrens (Troglodytes hiemalis) 108, 

544
wishbone (furcula) 193, 197, 222, 228, 

229, 232, 233
within-season dispersal 475
Wood Ducks (Aix sponsa) 177, 178, 288, 604
Wood Storks (Mycteria americana) 271, 613
wood warblers 66
woodcocks 91
woodcreepers 67, 79
woodhoopoes 76

Woodpecker Finches (Camarhynchus pal-
lidus) 309, 309

woodpeckers 64, 67, 77, 224, 227, 311, 320
see also individual species
drumming, by species 390
food storage by 315
tongues 242, 243

woodswallows 80
Worm-eating Warblers (Helmitheros vermi-

vorum) 401, 437, 588, 588
Wreathed Hornbills (Rhyticeros undulatus) 

479
wrens 66, 84

see also individual species
Wrenthrushes (Zeledonia coronata) 86
Wrentits (Chamaea fasciata) 479
Wytham Woods studies 35

X
Xanthocephalus xanthocephalus (Yellow-

headed Blackbirds) 285, 561
Xema sabini (Sabine’s Gulls) 89, 496
Xenopirostris damii (Van Dam’s Vangas) 

611
Xiphorhynchus flavigaster (Ivory-billed 

Woodcreepers) 478, 479, 583

Y
yaw, maneuvering and stability in flight 208, 

208
yaw stability 208, 209, 210
Yellow Cardinals (Gubernatrix cristata) 119
yellow flycatchers 83
Yellow Sea 488
Yellow-bellied Sapsuckers (Sphyrapicus 

varius) 390, 471, 544
Yellow-bellied Tanagers (Ixothraupis 

xanthogastra) 218, 261
Yellow-billed Choughs (Pyrrhocorax 

graculus) 253
Yellow-billed Cuckoos (Coccyzus 

americanus) 618
Yellow-breasted Boubous (Laniarius 

atroflavus) 394
Yellow-breasted Buntings (Emberiza aureola) 

591
Yellow-breasted Chats (Icteria virens) 86
Yellow-crowned Night Herons (Nyctanassa 

violacea) 172, 218, 261
Yellow-eared Parrots (Ognorhynchus 

icterotis) 597, 597
Yellow-headed Blackbirds (Xanthocephalus 

xanthocephalus) 285, 561
Yellow-headed Warblers (Teretistris 

fernandinae) 86

Yellow-legged Gulls (Larus michahellis) 340, 
454, 526

Yellow-rumped Caciques (Cacicus cela) 428
Yellow-rumped Tinkerbirds (Pogoniulus 

bilineatus) 127
Yellow-rumped Warblers (Setophaga coro-

nata) 471, 479, 480, 509, 510, 563
Yellow-Tailed Black-Cockatoos (Zanda fune-

rea) 382
Yellow-throated Longclaws (Macronyx cro-

ceus) 129
Yellow-throated Tinkerbirds (Pogoniulus 

subsulphureus) 127
yolk 441
yolk rings 442
Young honeyguides (family Indicatoridae) 

465
yuhinas 83

Z
Zanda funerea (Yellow-Tailed Black-

Cockatoos) 382
Zapornia pusilla (Baillon’s Crakes) 218, 

261
Zebra Finches (Taeniopygia guttata) 98, 

106, 121, 202, 265, 285, 289, 290, 
293, 335, 397, 401, 409, 426, 524

Zeledonia coronata (Wrenthrushes) 86
Zeledoniidae (family) 86
Zenaida asiatica (White-winged Doves) 244, 

318
Zenaida macroura (Mourning Doves) 182, 

191, 439
Zino’s Petrels (Pterodroma madeira) 606
Zonotrichia albicollis (White-throated Spar-

rows) 121, 407
Zonotrichia atricapilla (Golden-crowned 

Sparrows) 361
Zonotrichia capensis (Rufous-collared Spar-

rows) 179, 408, 534
Zonotrichia leucophrys (White-crowned 

Sparrows) 406, 406, 408, 409, 410, 
473, 474

Zosteropidae (family) 69, 83
Zosterops (genus) 69
Zosterops japonicus (Warbling White-eyes) 

564
Zosterops lateralis (Silvereyes) 109, 294
Zosterops lateralis chlorocephalus (Capri-

corn Silvereyes), 109
Zosterops paruhbesar (Wangi-wangi White-

eyes) 43, 43
Zugunruhe (migratory restlessness) 490, 

491, 501, 502
zygodactyl toe configuration 231




